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Abstract

Obijectives: Early recognition and intervention of patients with the anti-N-methyl-D-
aspartate receptor (NMDAR) encephalitis are important to achieve a better prognosis.
The study aims to summarize the real-world perspectives of anti-NMDAR encephalitis
patients in China via electronic medical records (EMRs).

Methods: Using EMRs of patients from 2013 to 2019 from West China Hospital in
China, a retrospective research was conducted to demonstrate the temporary rank of
clinical characteristics and disease prognosis of anti-NMDAR encephalitis. The modi-
fied Rankin Scale (mRS) scores were used to divide the anti-NMDAR-encephalitis into
two groups (poor prognosis vs. good prognosis). Chi-square test and logistic regression
were used to analyze factors associated with prognosis.

Results: Here, 78 patients were included. The most common clinical characteristics
are cognitive dysfunction (86.0%) and thought disorder (86.0%). Cognitive dysfunction,
thought disorder, and seizures tended to appear soon after prodrome symptoms. Logis-
tics analysis results showed that cognitive dysfunction (OR = 4.48, 95% Cl = 1.09-
18.47), the score of (GCS < 8) (OR = 4.52, 95% Cl = 1.18-17.32), positive antibodies
inserum (OR =4.89,95% Cl = 1.19-20.13) and delay immunotherapy (OR = 4.76, 95%
Cl=1.79-12.60) were risk factors of poor clinical outcomes.

Conclusions: There are two peaks in the development of autoimmune encephalitis
(AE). The first peak is cognitive dysfunction, and the second peak is autonomic dys-
function. Cognitive dysfunction and GCS score <8 at admission, antibodies positive in

serum, and delay immunotherapy were risk factors for a poor prognosis at discharge.
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1 | INTRODUCTION

Encephalitis is an inflammatory disease of the brain caused by an infec-
tious pathogen or by autoimmune processes. Autoimmune encephali-
tis (AE) can be associated with specific autoantibodies, such as classical
onconeuronal antibodies (e.g., anti-Hu,Yo,Ri,Ma2,CV2)which targets
intracellular antigens and are often related to underlying cancer. They
can be associated with T-cell-mediated cytotoxicity (Bien et al., 2012).
Generally speaking, onconeuronal antibodies were considered to be
related with classical limbic encephalitis (LE). However, the antibodies
against neuronal cell surface antigens were discovered in the studies of
limbic encephalitis, referred to neuronal surface antibody syndromes
(NSAS; Zuliani et al., 2019). In 2000, Bien et al. reported four patients
with LE without tumor. In 2001, Buckley et al. found two patients
with LE had voltage-gated potassium channel (VGKC) antibody while
their onconeuronal antibody was negative. Subsequent works iden-
tified that VGKC-antibody-associated encephalopathy is a common
form of autoimmune, non-paraneoplastic (Vincent et al., 2004) and
reversible disease (Thieben et al., 2004). AE had gradually entered the
public eye since the first case of anti-N-methyl-D-aspartate receptor
(NMDAR) encephalitis was reported in 2007 (Dalmau et al., 2007).
AE accounts for at least 20% of encephalitis (Granerod et al., 2013).
Although the AE is rare, with an estimated incidence of 0.8/100,000
per year in the western population (Dubey et al., 2018), the influence
of this disease in neurology and psychiatry is considered remarkable
(Dalmau & Graus, 2018). Moreover, anti-NMDAR encephalitis is the
most common form of AE (Dubey et al., 2018). Given that patients with
anti-NMDAR encephalitis present a constellation of symptoms that are
usually atypical and varied (Dalmau et al., 2008), this disease is difficult
to be diagnosed at an early stage. Therefore, providing timely diagno-
sis and identified risk factors is very important (Vollmer & Mccarthy,
2016).

The anti-NMDAR encephalitis usually progresses rapidly over days
or weeks, usually starting with atypical psychiatric symptoms (e.g.,
alter mood, memory deficit or sleep disturbance) or prodrome symp-
toms (e.g., fever or headache). Dalmau’s study found that only 23%
of patients with anti-NMDAR encephalitis were initially inspected by
a neurologist, while 77% were first seen by a psychiatrist (Dalmau
et al., 2008). Not handling anti-NMDAR encephalitis timely can worsen
psychiatric symptoms. In turn, it can lead to delay in correct diagno-
sis, which affects the identification by psychiatrists. Although previ-
ous researches have demonstrated that 81% of patients with anti-
NMDAR encephalitis have a good prognosis (Titulaer et al., 2013), 86%
of patients will have long-term neurological deficits (e.g., fatigue and
emotional lability; Yeshokumar et al., 2017) and 5—11% of the anti-
NMDAR encephalitis will die (Chi et al., 2017). Thus, a comprehen-
sive understanding of what factors may affect the prognosis of anti-
NMDAR encephalitis can potentially influence treatment regimens and
is essential in offering a beneficial perspective to clinicians, patients,
and family members.

Capturing and using clinical information to ensure a safe, high

quality, and sustainable healthcare service is vital. Information from
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electronic medical records (EMRs) has been important to decision-
making on the disease (Fennelly et al., 2020). EMRs can provide
real-world clinical information on disease development, progression,
and intervention strategies. Effectively using the EMRs contributes to
reduce repetition of tests and work and promotes the safety and qual-
ity of healthcare provided (Castillo et al., 2010; O’Donnell et al., 2018).

Thus, this survey aimed to answer the following questions based
on EMRs. What are the frequency and temporal rank of anti-NMDAR
encephalitis? What factors can be used to predict the prognosis?
Answers from the above questions can be used as real-world evidence

to timely identify and effectively manage anti-NMDAR encephalitis.

2 | METHODS

2.1 | Data source

This research has attained approval from the Ethics Committee of
the West China Hospital, Sichuan University. We analyzed the data
from the EMRs of West China Hospital. The hospital has a large vol-
ume of patient-level data, which provides a platform for accomplishing
a retrospective database research among patients with anti-NMDAR
encephalitis. During the research, patients’ personal information was

kept confidential.

2.2 | Procedure

Data between January 1, 2013, and December 30, 2019, were
extracted, mainly including information on patient clinical features,
diagnosis, and detailed treatment-related strategies in the period of
hospitalization. Inclusion criteria were: (1) primary discharge diag-
nosis as anti-NMDAR encephalitis; (2) first-episode drug-naive anti-
NMDAR encephalitis. Exclusion criteria included were: (1) no lum-
bar puncture cerebrospinal fluid (CSF) examination (e.g., no test or
no record); (2) negative for NMDAR antibodies in CSF examination
(Gresa-Arribas et al., 2014); (3) re-admitted to hospital because of anti-
NMDAR encephalitis; (4) incomplete clinical information. The process

of data extraction is shown in Figure 1.

2.3 | Study variables

The demographic (gender and age) is directly extracted from EMRs.
Chart review was conducted to gain data regarding incidence trend
and clinical characteristics at admission. The incidence trend was
calculated by the annual number of diagnosed cases of anti-NMDAR
encephalitis and the time for primary diagnosis (no-anti-NMDAR
encephalitis) to diagnosis correcting (anti-NMDAR encephalitis). The
clinical characteristics include the score of Glasgow coma scale (GCS),
altered behavior, cognitive dysfunction, disturbance of perception,

thought disorder, seizure, movement disorder, sleep disturbance,
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FIGURE 1 The process of data extraction
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emotional lability, autonomic dysfunction, and viral prodrome. The
GCS score was used to assess the level of consciousness of patients
at admission. Autonomic dysfunction was detected by sustained atrial
tachycardia or bradycardia, orthostatic hypotension (>20 mmHg fall
in systolic pressure or >10 mmHg falls in diastolic pressure within
3 min of standing), hyperhidrosis, persistently labile blood pressure,
ventricular tachycardia, or cardiac asystole (Dubey et al., 2017). Pro-
dromal symptoms were defined as patients presenting the following
symptoms: rhinorrhea, sore throat, diarrhea, and fever (Dubey et al.,
2017). The time of “interval to immunotherapy” is defined as the time
from admission to start using immunotherapy.

Antibody tests for all patients were accomplished in the same lab-
oratory of Peking Union Medical College Hospital, China. The titers
of serum antibodies were considered as weakly positive (1:10), pos-
itive (1:32 to 1:100), and strongly positive (1:320), respectively. CSF
antibody titers were defined as weakly positive (1:1), positive (1:3.2 to
1:10), and strongly positive (>1:32) (Gu et al., 2019).

The results of other laboratory tests (electroencephalography
[EEG], brain magnetic resonance imaging [MRI], chest and abdomen
computerized tomography [CT]) were directly extracted from the
EMRs. We judged whether the patients have tumors according to the
results of the chest and abdomen CT.

The process of treatment (treatment patterns of first-line and
second-line, intensive care unit [ICU] admission, mechanical ventila-
tion) was reviewed and documented by two authors. Treatment pat-
terns can be divided as first-line treatment (high-dose steroids, plasma
exchange [PE], and/or IV immunoglobulin [IVIG]) and second-line treat-
ment (rituximab [RTX] and/or cyclophosphamide [CP]; Titulaer et al.,
2013; Yeshokumar et al., 2017).

We used the modified Rankin Scale (mRS) to divide the anti-NMDAR

encephalitis into good prognosis (mRS scores of 0-2) and poor progno-

sis (MRS scores of 3-6) at the time of discharge from hospital (Gresa-
Arribas et al., 2014).

24 | Statistics

This research was primarily descriptive, and as such, data were sum-
marized and presented as percentages or medians with interquartile
ranges as appropriate for the data types (continuous variables and
categorical variables). Difference between groups (good prognosis vs.
poor prognosis) is identified by the Chi-square test for categorical vari-
ables. Estimated coefficients (8s) and odds ratios (ORs) were calculated
via logistic regression. p < 0.05 was considered as statistical signifi-
cance. All statistical analyses were performed using R-studio 3.6.

3 | RESULT

3.1 |
trends

Demographic characteristics and incidence

A search of EMRs yielded 1429 patients with a primary discharge diag-
nosis of encephalitis, of which 78 was considered eligible anti-NMDAR
encephalitis cases. Of the 78 patients, females (42, 53.85%) outnum-
bered males (36, 46.15%). With a median age of 29 at admission, the
youngest patient was 14 years old and the oldest was 65 years old.

Of the 78 patients, O was diagnosed in 2013, accounting for 0% of
all patients; 2 in 2014, accounting for 1.7%; 2 in 2015, accounting for
1.7% and 9 in 2016, accounting for 7.4%. There were 16 cases in 2017
and 36 cases in 2018. In 2019, there were 56 cases, accounting for

46.3%. As shown in Figure 2, the annual number of diagnosed cases
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FIGURE 2 The annual number of diagnosed cases and corrected diagnosis of anti-NMDAR encephalitis. The blue line illustrates change in the
number of anti-NMDAR encephalitis cases diagnosed per year. The red line illustrates the changes in time from primary diagnosis to diagnosis
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FIGURE 3 Clinical characteristics of anti-NMDAR encephalitis patients at admission. Data extracted from the EMRs of West China Hospital

during January 1, 2013 and December 30,2019

of anti-NMDAR encephalitis trended upward. Of the 78 patients, 14
were misdiagnosed as no-AE (e.g., acute and transient psychotic dis-
order, schizophrenia, manic episode, and major depressive disorder) at
admission, accounting for 17.95%.

3.2 | Clinical characteristics

The temporal sequence where each clinical characteristic was first
reported in EMRs was coded numerically as ranks 1, 2, 3, 4, 5, etc.
(1 = first, 2 = second, 3 = third, 4 = fourth, 5 = fifth, etc.). Clinical
characteristics were recorded in EMRs. If the clinical features were not

reported in EMRs, it was scored as “absent.” In turn, it was scored as

“present.” If two clinical features occur at the same time, they were
coded in the same temporal sequence. If the clinical features were not
reported in EMRs, it was scored as “absent.” The frequency of clinical
features was presented in Figure 3. The most commonly observed clin-
ical characteristics were cognitive dysfunction (67, 85.90%), thought
disorder (67, 85.90%), altered behavior (61, 78.21%), sleep distur-
bance (55, 70.51%), seizure (43, 55.13%), prodrome symptoms (42,
53.85%), emotional ability (39, 50.00%), disturbance of perception (38,
48.72%), autonomic dysfunction (13, 16.67%), and movement disorder
(9,11.54%).

Figure 4 illustrates that patients whose disease process was
related to clinical characteristics shows prodrome symptoms that

dominate the earliest phase of the anti-NMDAR encephalitis phase.
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FIGURE 4 Temporal sequence of the first appearance. The x-axis represents the temporal rank of each clinical characteristic. The y-axis
represents the frequency that each clinical characteristic was sorted into different ranks

Cognitive dysfunction, thought disorder, and seizures tended to
appear soon after the prodrome symptoms. Autonomic dysfunction
and movement disorder suggested a secondary and a third peak,

respectively.

3.3 | Univariate analysis

Among 78 anti-NMDAR encephalitis patients, 33 (42.30%) had a
favorable prognosis and 45 (57.70%) patients had a poor progno-
sis at discharge. There were significant variables including cognitive
dysfunction (p = 0.03), seizure (p = 0.05) and movement disorder
(p = 0.04), antibody-positive in serum (p = 0.02), utilization of mechan-
ical ventilation (p = 0.04), GCS score <8 (p = 0.02) and interval to
immunotherapy (p = 0.00) between groups. The details are shown in
Table 1.

3.4 | Logistics analysis of a poor prognosis

The logistics analysis results demonstrated that cognitive dysfunc-
tion (OR = 4.48, 95%, Cl = 1.09-18.47), positive serum antibody
(OR = 4.89, 95% Cl = 1.19-20.13), strongly positive serum antibody
(OR = 9.33, 95% Cl = 1.05-82.78), score of GCS <8 (OR = 4.52,
95% Cl = 1.18-17.32) and delay immunotherapy (OR = 4.76, 95%
Cl=1.79-12.60) were risk factors of poor prognosis. There is no signif-
icant association in other factors, such as movement disorder and uti-
lization of mechanical ventilation, and a poor prognosis. The details are

shown in Table 2.

4 | DISCUSSION

4.1 | Demographic and incidence trend of
anti-NMDAR encephalitis patients

Previous studies found that nearly 80% of AE are seen in women, of
which half of the cases occurred in women above the age of 18 (Dal-
mau et al,, 2019). However, in the current research, the sex ratio for
anti-NMDAR encephalitis was nearly balanced. Previous researchers
have found that the median age of anti-NMDAR encephalitis patients
was between 21 and 28 (Chi et al., 2017; Titulaer et al., 2013), while
in this research the median age is 29. This may have contributed to
our data bias. We collected data only from West China Hospital, and
most children and adolescents may choose to go to a specialist hos-
pital (e.g., West China Women’s and Children’s Hospital). From 2013
to 2019, the number of diagnosed anti-NMDAR encephalitis cases
has increased annually, which may be associated with the antibodies’
detection methods. The time for primary diagnosis (no-anti-NMDAR
encephalitis) to diagnosis correcting (anti-NMDAR encephalitis) shows
adownward trend, which may be associated with increased awareness

of anti-NMDAR encephalitis among psychiatrists and neurologists.

4.2 | Frequency and temporal rank of anti-NMDAR
encephalitis patients

In 70% of patients, anti-NMDAR encephalitis starts with prodromal
symptoms (Dalmau et al., 2011; Lucaet al.,2011) We found that 54% of

patients have represented prodromal symptoms that appeared earlier
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TABLE 1 Results from the univariate analysis of the two groups

Prognosis

Variable Good? (n=33) Poor® (n = 45) X2 p

Demographic

Age 0.00 0.97
<29 16 (48.48%) 22 (48.89%)
>29 17 (51.52%) 23(51.11%)

Sex 221 0.17
Male 12 (36.36%) 24 (53.33%)
Female 21(63.64%) 21(46.67%)

Clinical characteristics

Altered behavior 243 0.12
Yes 23(69.70%) 38 (84.44%)
No 10 (30.30%) 7(15.56%)

Cognitive dysfunction 4.86 0.03
Yes 25(75.76%) 42(93.33%)
No 8(24.24%) 3(6.67%)

Disturbance of perception 0.24 0.62
Yes 15 (45.45%) 23(51.11%)
No 18 (54.55%) 22 (48.89%)

Thought disorder 0.79 0.38
Yes 27 (81.82%) 40 (88.89%)
No 6(18.18%) 5(11.11%)

Seizure 3.73 0.05
Yes 14 (42.42%) 29 (64.44%)
No 19(57.58%) 16 (35.56%)

Movement disorder 4.06 0.04
Yes 1(3.03%) 8(17.78%)
No 32(96.97%) 37 (82.22%)

Sleep disturbance 1.88 0.17
Yes 26 (78.79%) 29 (64.44%)
No 7(21.21%) 16 (35.56%)

Emotional ability 0.47 0.49
Yes 15 (45.45%) 24 (53.33%)
No 18 (54.55%) 21(46.67%)

Autonomic dysfunction 0.1 0.76
Yes 6(18.18%) 7(15.56%)
No 27 (81.82%) 38(84.44%)

Prodrome symptoms 0.13 0.72
Yes 17 (51.52%) 25 (55.56%)
No 16 (48.48%) 20 (44.44%)

Antibodies titers

CSF 2.87 0.24
Weakly positive 3(9.09%) 2 (4.44%)
Positive 11 (33.33%) 9 (20.00%)
Strongly positive 19 (57.58%) 34 (75.56%)

Serum 9.45 0.02

(Continues)
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TABLE 1 (Continued)
Prognosis

Variable Good? (n=33) Poor® (n = 45) X2 p
Negative 24(72.73%) 18 (40.00%)
Weakly positive 5(15.15%) 9 (20.00%)
Positive 3(9.09%) 11(24.44%)
Strongly positive 1(3.03%) 7 (15.56%)

Auxiliary examination

GCS 5.42 0.02
<8 3(9.09%) 14 (31.11%)
>8 30(90.91%) 31(68.89%)
MRI 1.09 0.58
Normal 11(33.33%) 20 (44.44%)
Abnormal 20(60.61%) 22 (48.89%)
Not report 2 (6.06%) 3(6.67%)

EEG 0.31 0.86
Normal 5(15.15%) 5(11.11%)
Abnormal 19 (57.58%) 28 (62.22%)
Not report 9(27.27%) 12 (26.67%)

Tumor 3.25 0.07
Yes 1(3.03%) 7(15.56%)
No 32(96.97%) 38 (84.44%)

Therapy strategies

Mechanical ventilation 4.06 0.04
Yes 1(3.03%) 8(17.78%)
No 32(96.97%) 37(82.22%)

Transfer to ICU 3.09 0.08
Yes 0(0.00%) 4(8.89%)
No 33(100.0%) 41(91.11%)

Interval toimmunotherapy® 10.4 0
<5days 20(60.61%) 11(24.44%)
>5days 13(39.39%) 34 (75.56%)

aModified Rankin Scale (mRS) scores of 0-2.
bModified Rankin Scale (mRS) scores of 3-6.
“The time from admission to start of immunotherapy (median, 5 days).

Abbreviations: CSF = cerebrospinal fluid; EEG = electroencephalography; GCS = Glasgow Coma Scale; ICU = intensive care unit; MRI = magnetic resonance

imaging.

relative to other symptoms. The prodromal infection may be regarded
as the antigenic trigger for the inflation of anti-NMDAR-specific lym-
phocytes by molecular mimicry (Peery et al., 2012). The temporal rank
of clinical characteristics demonstrated in this research is consistent
with Irani’s research (Irani et al., 2010), which showed that psychiatric
and cognitive disorders appeared at an early stage. While in Gurrera’s
study (Gurrera, 2019), the present sample size collected from EMRs is
much more extensive. Sleep disturbance may play the role as a bridge
symptom in the progression of the disease. After the sleep disturbance,
the second peak (autonomic dysfunction) and the third peak (move-
ment disorder) appeared. Also, Blattner’s study found that untreated

sleep complaints may have adversely influenced the automatic and
cognitive functions (Blattner & Day, 2020).

At present, there is scarce number of studies systematically assess-
ing sleep disturbance in people with autoimmune encephalitis and
most of them are based on case reports not focused on sleep (Mufoz-
Lopetegi et al., 2020). However, sleep disturbance is an essential part
of anti-NMDAR encephalitis and has relevant clinical implications. It
is usually severe and persists beyond the acute phase of the disease,
affecting the process of recovery and quality of the patients’ life (Arifio
et al.,, 2020). Therefore, an adequate management for sleep distur-
bance may help in both diagnosis and overall recovery.
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TABLE 2 Logistics analysis of risk factors associated with poor
clinical outcomes

Variable Case (good?/total) OR, 95%Cl
Demographic
Age

<29 16 (48.48%) Ref.

>29 17 (51.52%) 0.98(0.40-2.42)
Sex

Male 12(36.36%) Ref.

Female 21(63.64%) 0.50(0.20-1.25)
Clinical characteristics
Altered behavior

Yes 23(69.70%) Ref.

No 10 (30.30%) 2.36(0.79-7.06)
Cognitive dysfunction

Yes 25(75.76%) Ref.

No 8(24.24%) 4.48(1.09-18.47)
Disturbance of perception

Yes 15 (45.45%) Ref.

No 18(54.55%) 1.26 (0.51-3.09)
Thought disorder

Yes 27 (81.82%) Ref.

No 6(18.18%) 1.78(0.49-6.42)
Seizure

Yes 14 (42.42%) Ref.

No 19(57.58%) 2.46(0.98-6.18)
Movement disorder

Yes 1(3.03%) Ref.

No 32(96.97%) 6.92(0.82-58.34)
Sleep disturbance

Yes 26 (78.79%) Ref.

No 7(21.21%) 0.49(0.17-1.37)
Emotional ability

Yes 15 (45.45%) Ref.

No 18 (54.55%) 1.37(0.56-3.38)
Autonomic dysfunction

Yes 6(18.18%) Ref.

No 27 (81.82%) 0.83(0.25-2.74)
Prodrome symptoms

Yes 17 (51.52%) Ref.

No 16 (48.48%) 1.18 (0.48-2.90)
Antibodies titers
CSF

Weakly positive 3(9.09%) Ref.

Positive 11(33.33%) 1.23(0.17-9.02)

Strongly positive 19(57.58%) 2.68(0.41-17.51)
Serum

(Continues)
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TABLE 2 (Continued)

Variable Case (good?/total) OR, 95% ClI

Negative 24 (72.73%) Ref.

Weakly positive 5(15.15%) 2.40(0.69-8.40)

Positive 3(9.09%) 4.89(1.19-20.13)

Strongly positive 1(3.03%) 9.33(1.05-82.78)
Auxiliary examination
GCS

<8 3(9.09%) Ref.

>8 30(90.91%) 4.52(1.18-17.32)
MRI

Normal 11(33.33%) Ref.

Abnormal 20 (60.61%) 0.61(0.23-1.57)

Not report 2 (6.06%) 0.83(0.12-5.71)
EEG

Normal 5(15.15%) Ref.

Abnormal 19(57.58%) 1.47(0.38-5.80)

Not report 9(27.27%) 1.33(0.29-6.04)
Tumor

Yes 1(3.03%) Ref.

No 32(96.97%) 5.90(0.69-50.48)
Therapy strategies
Mechanical ventilation

Yes 1(3.03%) Ref.

No 32(96.97%) 6.92(0.82-58.34)
Transfer to ICU

Yes 0(0.00%) Ref.

No 33(100.00%) 1300260257 (0-)
Interval to immunotherapy®

<5 days 20 (60.61%) Ref.

>5 days 13(39.39%) 4.76(1.79-12.60)

aModified Rankin Scale (mRS) scores of 0-2.

bThe time from admission to start of immunotherapy (median, 5 days).
Abbreviations: CSF = cerebrospinal fluid; EEG = electroencephalography;
GCS = Glasgow Coma Scale; ICU = intensive care unit; MRl = magnetic res-
onance imaging.

4.3 | Factors for the prognosis of anti-NMDAR
encephalitis patients

In this research, we reported 33 patients who represent a good
prognosis and evaluated the risk factors of poor prognosis. The good
outcomes of anti-NMDAR encephalitis in this study was 42.30%, which
was much higher than 41% in the United States (Singh et al., 2015) and
38.3% in China (Mo et al., 2020). The variability may be explained by
the differential medical model in different regions. Results showed that
patients with cognitive dysfunction (95% Cl = 1.09-18.47), seizure
(95% Cl = 0.98-6.18), movement disorder (95% Cl = 0.82-58.34),
and GCS < 8 (95% Cl = 1.18-17.32) were risk factors for poor clinical
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outcomes, while seizure and movement disorder have not achieved
significant differences in logistics analysis. It is cautious that the CI
is relatively wider in this study. There may still be enough precision
to make decisions about factors of prognosis, as the width of the ClI
for an individual study depends to a large extent on the sample size
(Julian Higgins, 2020) and our study have a smaller one. Some studies
have found that the scores of GCS <8 can be regarded as a risk factor
for a poor short-term (at discharge) and or long-term (3 months and 6
months after the discharge) clinical outcome (Chi et al.,2017; Mo et al.,
2020). The most common reasons for ICU admission were seizure and
altered mental state (Hacohen et al., 2013). Moreover, patients who
were transferred to ICU often had a poor clinical outcome despite
using timely immunotherapy (Mittal et al., 2016). In this study, most
patients represent seizure and movement disorders during disease
progression instead of the initial stage. Thus, timely diagnosis and
immunotherapy is a critical prognostic factor (De Montmollin et al.,
2017; Titulaer et al., 2013). The starting of immunotherapy as soon as
possible can hinder disease progression and decrease the transfer rate
to the ICU and promote a good clinical outcome. An unexpected finding
was that positive and strongly positive titers in serum correlate with
worse clinical outcome instead of titers in CSF. Gresa-Arribas’s study
found an association between high titer in CSF and poor outcome and
the decrease of titers in CSF correlated with better clinical outcomes
(Gresa-Arribas et al., 2014). All patients with “definite” anti-NMDAR
encephalitis have antibodies in CSF, while 14—30% of patients’ anti-
bodies in the serum are negative (Gresa-Arribas et al., 2014; Leypoldt
et al,, 2015; Newman et al., 2016). Thus, the examination of titers in
serum plays an essential role in the process of treatment.

4.4 | Clinical implications

Anti-NMDAR encephalitis increase the economic burden on both
patients and society (Cohen et al., 2019), but the management of anti-
NMDAR encephalitis patients (e.g., delays in diagnosis and transporta-
tion to specialized centers) in China is still poor. Patients with “red
flag symptoms” (e.g., prodromal symptoms, acute or subacute psychi-
atric symptoms, and seizure; Pollak et al., 2020) should be handled
urgently and undergo antibodies examination. Furthermore, the CSF
antibody examination should be considered in the initial diagnostic
testing. Examination of only the serum is insufficient, although serum
testing is more sensitive for several specific antibodies (Leypoldt et al.,
2015) and titers in serum are related to a clinical outcome at discharge.
The risk factors of poor clinical outcomes can help clinicians evaluate
the possible prognosis at the early stage and provide early monitoring
and supportive treatment strategies. Besides, clinicians can interpret
the possible clinical outcomes for patients and patients’ family mem-

bers to promote the therapeutic relationship.

4.5 | Strengths and limitations

The current study has some potential strengths, which mainly includes:

(1) the data is directly extract from the EMRs. Real-world evidence has

the potential to offer useful information about the use and prognosis
of a given clinical treatment within a setting most relevant to routine
clinical practice in China; (2) we only included initial anti-NMDAR
encephalitis patients so the effect of the medication on anti-NMDAR
encephalitis was ruled out. However, our study had some limitations,
including (1) the sample size of the current study was insufficient. (2)
Patients with anti-NMDAR encephalitis coming from only one specific
hospital might limit the generalizability of our findings; (3) we only
included “definite” anti-NMDAR encephalitis patients whose anti-
NMDAR was detected in the CSF in this study. Probable anti-NMDAR
encephalitis was not included. (4) We only evaluated the prognosis at
discharge, and cannot rule out the patients who were relapsed or dead.
There is a need for prospective and multicenter trails in the future. (5)
In the retrospective study, for the clinical symptoms that if it did not
appear in the EMR was scored as “absent” (Gurrera, 2019), ignoring

the probably missing data.

5 | CONCLUSION

In summary, we analyzed the temporary rank of clinical character-
istics and risk factors for prognosis among anti-NMDAR encephali-
tis. Although the spectrum of features at admission and course of
anti-NMDAR encephalitis is wide, new psychiatric symptoms and
accompanied prodromal symptoms can be regarded as “red flag” for
anti-NMDAR encephalitis. Cognitive dysfunction, antibodies titers in
serum, GCS scores (<8), and interval to immunotherapy (>5 days) were
risk factors for a poor prognosis.

AUTHOR CONTRIBUTIONS

Wei Zhang conceived the study, contributed to the planning, draft, revi-
sion of the manuscript. Fenfen Ge, Runnan Yang, and Yue Wang wrote
the first draft of this paper. Fenfen Ge and Jingwen Jiang analyzed and
interpreted the data. Fenfen Ge and Mengtong Wan revised the draft
critically for important intellectual content. All authors contributed to
the revision of the manuscript. All authors gave the final approval of the
version to be published.

PEER REVIEW
The peer review history for this article is available at https://publons.
com/publon/10.1002/brb3.2277.

DATA AVAILABILITY STATEMENT
The original contributions presented in the study can be acquired from
corresponding author.

ORCID

Mengtong Wan "' https://orcid.org/0000-0002-3115-4331

REFERENCES

Arifo, H., Mufoz-Lopetegi, A., Martinez-Hernandez, E., Armangue, T.,, Rosa-
Justicia, M., Escudero, D., Matos, N., Graus, F., Sugranyes, G., Castro-
Fornieles, J., Compte, A., Dalmau, J., & Santamaria, J. (2020). Sleep dis-
orders in anti-NMDAR encephalitis. Neurology, 95(6), e671-e684. http:
//doi.org/10.1212/WNL.0000000000009987


https://publons.com/publon/10.1002/brb3.2277
https://publons.com/publon/10.1002/brb3.2277
https://orcid.org/0000-0002-3115-4331
https://orcid.org/0000-0002-3115-4331
http://doi.org/10.1212/WNL.0000000000009987
http://doi.org/10.1212/WNL.0000000000009987

Brain and Behavior

100f 11 Wl LEY

Bien, C. G,, Schulze-Bonhage, A., Deckert, M., Urbach, H., Helmstaedter, C.,
Grunwald, T., Schaller, C., & Elger, A. C. E. (2000). Limbic encephalitis not
associated with neoplasm as a cause of temporal lobe epilepsy. Neurol-
ogy, 55(12), 1823-1828. http://doi.org/10.1212/WNL.55.12.1823

Bien, C. G., Vincent, A., Barnett, M. H., Becker, A. J., Blumcke, I., Graus, F.,
Jellinger, K. A, Reuss, D. E., Ribalta, T., Schlegel, J., Sutton, I., Lassmann,
H., & Bauer, J. (2012). Immunopathology of autoantibody-associated
encephalitides: Clues for pathogenesis. Brain: A Journal of Neurology,
135(Pt 5), 1622-1638. http://doi.org/10.1093/brain/aws082

Blattner, M. S., & Day, G. S. (2020). Sleep disturbances in patients with
autoimmune encephalitis. Current Neurology and Neuroscience Reports,
20(7), 28. http://doi.org/10.1007/s11910-020-01048-0

Buckley, C., Oger, J., Clover, L., Tlzln, E., Carpenter, K., Jackson, M., &
Vincent, A. (2001). Potassium channel antibodies in two patients with
reversible limbic encephalitis. Annals of Neurology, 50(1), 73-78. http:
//doi.org/10.1002/ana.1097

Castillo, V. H., Martinez-Garcia, A. I., & Pulido, J. R. G. (2010). A knowledge-
based taxonomy of critical factors for adopting electronic health record
systems by physicians: A systematic literature review. BMC Medical Infor-
matics and Decision Making 10, 60.

Chi, X., Wang, W., Huang, C., Wu, M., Zhang, L., Li, J., & Zhou, D. (2017) Risk
factors for mortality in patients with anti-NMDA receptor encephalitis.
Acta Neurologica Scandinavica, 136(4), 298-304. http://doi.org/10.1111/
ane.12723

Cohen, J,, Sotoca, J., Gandhi, S., Yeshokumar, A. K., Gordon-Lipkin, E., Geo-
cadin, R. G,, Frick, K. D., Probasco, J. C., & Venkatesan, A. (2019). Autoim-
mune encephalitis: A costly condition. Neurology, 92(9), e964-e972.

Dalmau, J., Armangué, T., Planaguma, J., Radosevic, M., Mannara, F., Ley-
poldt, F.,, Geis, C., Lancaster, E., Titulaer, M. J,, Rosenfeld, M. R., & Graus, F.
(2019). An update on anti-NMDA receptor encephalitis for neurologists
and psychiatrists: Mechanisms and models. Lancet Neurology, 18(11),
1045-1057. http://doi.org/10.1016/51474-4422(19)30244-3

Dalmau, J., Gleichman, A. J., Hughes, E. G., Rossi, J. E., Peng, X., Lai, M., Des-
sain, S. K., Rosenfeld, M. R., Balice-Gordon, R., & Lynch, D. R. (2008). Anti-
NMDA-receptor encephalitis: Case series and analysis of the effects of
antibodies. Lancet Neurology, 7(12), 1091-1098. http://doi.org/10.1016/
S1474-4422(08)70224-2

Dalmau, J., & Graus, F. (2018). Antibody-mediated encephalitis. The New
England Journal of Medicine, 378(9), 840-851. http://doi.org/10.1056/
NEJMra1708712

Dalmau, J., Lancaster, E., Martinez-Hernandez, E., Rosenfeld, M. R., & Balice-
Gordon, R. (2011) Clinical experience and laboratory investigations in
patients with anti-NMDAR encephalitis. Lancet Neurology, 10(1), 63-74.
http://doi.org/10.1016/51474-4422(10)70253-2

Dalmau, J., Ttzun, E., Wu, H.-Y,, Masjuan, J., Rossi, J. E., Voloschin, A,
Baehring, J. M., Shimazaki, H., Koide, R., King, D., Mason, W., Sansing, L.
H., Dichter, M. A,, Rosenfeld, M. R., & Lynch, D. R. (2007). Paraneoplastic
anti-N-methyl-D-aspartate receptor encephalitis associated with ovar-
ian teratoma. Annals of Neurology, 61(1), 25-36. http://doi.org/10.1002/
ana.21050

De Montmollin, E., Demeret, S., Brulé, N., Conrad, M., Dailler, F., Lerolle, N.,
Navellou, J.-C., Schwebel, C., Alves, M., Cour, M., Engrand, N., Tonnelier,
J.-M., Maury, E., Ruckly, S., Picard, G., Rogemond, V., Magalhaes, E., Shar-
shar, T, Timsit, J.-F,, ... Sonneville, R. (2017). Anti-N-methyl-D-aspartate
receptor encephalitis in adult patients requiring intensive care. Amer-
ican Journal of Respiratory and Critical Care Medicine, 195(4), 491-499.
http://doi.org/10.1164/rccm.201603-05070C

Dubey, D., Pittock, S. J., Kelly, C. R., Mckeon, A., Lopez-Chiriboga, A. S.,
Lennon, V. A,, Gadoth, A, Smith, C. Y., Bryant, S. C., Klein, C. J., Aksamit,
A. J,, Toledano, M., Boeve, B. F, Tillema, J.-M., & Flanagan, E. P. (2018).
Autoimmune encephalitis epidemiology and a comparison to infec-
tious encephalitis. Annals of Neurology, 83(1), 166-177. http://doi.org/10.
1002/ana.25131

Dubey, D., Singh, J., Britton, J. W,, Pittock, S. J., Flanagan, E. P, Lennon, V. A,
Tillema, J.-M., Wirrell, E., Shin, C., So, E., Cascino, G. D., Wingerchuk, D.

Open Access

YANGET AL.

M., Hoerth, M. T,, Shih, J. J., Nickels, K. C., & Mckeon, A. (2017). Predictive
models in the diagnosis and treatment of autoimmune epilepsy. Epilepsia,
58(7),1181-1189. http://doi.org/10.1111/epi.13797

Fennelly, O., Cunningham, C., Grogan, L., Cronin, H., O’shea, C., Roche, M.,
Lawlor, F., & O’hare, N. (2020). Successfully implementing a national
electronic health record: A rapid umbrella review. International Journal
of Medical Informatics, 144, 104281. http://doi.org/10.1016/j.ijmedinf.
2020.104281

Granerod, J., Cousens, S., Davies, N. W. S., Crowcroft, N. S., & Thomas, S. L.
(2013). New estimates of incidence of encephalitis in England. Emerging
Infectious Diseases, 19(9), 1455-1462. https://doi.org/10.3201/eid1909.
130064

Gresa-Arribas, N., Titulaer, M. J,, Torrents, A., Aguilar, E., Mccracken, L., Ley-
poldt, F., Gleichman, A. J., Balice-Gordon, R., Rosenfeld, M. R., Lynch,
D., Graus, F, & Dalmau, J. (2014). Antibody titres at diagnosis and
during follow-up of anti-NMDA receptor encephalitis: A retrospective
study. The Lancet Neurology, 13(2), 167-177. http://doi.org/10.1016/
S1474-4422(13)70282-5

Gu, Y., Zhong, M., He, L., Li, W., Huang, Y., Liu, J., Chen, Y., & Xiao, Z. (2019).
Epidemiology of antibody-positive autoimmune encephalitis in South-
west China: A multicenter study. Frontiers in Immunology, 10,2611-2611.
http://doi.org/10.3389/fimmu.2019.02611

Gurrera, R. J. (2019). Frequency and temporal sequence of clinical features
in adults with anti-NMDA receptor encephalitis presenting with psychi-
atric symptoms. Psychological Medicine, 49(16), 2709-2716. http://doi.
org/10.1017/50033291718003665

Hacohen, Y., Wright, S., Waters, P, Agrawal, S., Carr, L., Cross, H., De Sousa,
C., Devile, C,, Fallon, P, Gupta, R., Hedderly, T., Hughes, E., Kerr, T, Las-
celles, K., Lin, J.-P, Philip, S., Pohl, K., Prabahkar, P, Smith, M., ... Lim,
M. J. (2013). Paediatric autoimmune encephalopathies: Clinical features,
laboratory investigations and outcomes in patients with or without anti-
bodies to known central nervous system autoantigens. Journal of Neu-
rology, Neurosurgery, and Psychiatry, 84(7), 748-755. http://doi.org/10.
1136/jnnp-2012-303807

Irani, S. R., Bera, K., Waters, P, Zuliani, L., Maxwell, S., Zandi, M. S., Friese,
M. A, Galea, I, Kullmann, D. M., Beeson, D., Lang, B., Bien, C. G., & Vin-
cent, A. (2010). N-methyl-D-aspartate antibody encephalitis: Temporal
progression of clinical and paraclinical observations in a predominantly
non-paraneoplastic disorder of both sexes. Brain, 133(Pt 6), 1655-1667.
http://doi.org/10.1093/brain/awq113

Julian Higgins, J. T. (2020). Cochrane Handbook for Systematic Reviews of Inter-
ventions.

Leypoldt, F., Armangue, T, & Dalmau, J. (2015). Autoimmune
encephalopathies. Annals of the New York Academy of Sciences, 1338(1),
94-114. http://doi.org/10.1111/nyas.12553

Luca, N., Daengsuwan, T., Dalmau, J., Jones, K., Deveber, G., Kobayashi,
J., Laxer, R. M., & Benseler, S. M. (2011). Anti-N-methyl-D-aspartate
receptor encephalitis: A newly recognized inflammatory brain disease in
children. Arthritis and Rheumatism, 63(8), 2516-2522. http://doi.org/10.
1002/art.30437

Mittal, M. K., Rabinstein, A. A, Hocker, S. E., Pittock, S. J., M Wijdicks, E. F.,
& Mckeon, A. (2016). Autoimmune encephalitis in the ICU: Analysis of
phenotypes, serologic findings, and outcomes. Neurocritical Care, 24(2),
240-250. http://doi.org/10.1007/s12028-015-0196-8

Mo, Y., Wang, L., Zhu, L., Li, F., Yu, G., Luo, Y., & Ni, M. (2020). Analysis of risk
factors for a poor prognosis in patients with anti-N-methyl-D-aspartate
receptor encephalitis and construction of a prognostic composite score.
Journal of Clinical Neurology, 16(3), 438-447. http://doi.org/10.3988/jcn.
2020.16.3.438

Mufoz-Lopetegi, A., Graus, F., Dalmau, J., & Santamaria, J. (2020). Sleep dis-
orders in autoimmune encephalitis. The Lancet Neurology, 19(12), 1010-
1022. http://doi.org/10.1016/51474-4422(20)30341-0

Newman, M. P, Blum, S., Wong, R. C. W,, Scott, J. G,, Prain, K., Wilson, R.
J., &Gillis, D. (2016). Autoimmune encephalitis. Internal Medicine Journal,
46(2), 148-157. http://doi.org/10.1111/imj.12974


http://doi.org/10.1212/WNL.55.12.1823
http://doi.org/10.1093/brain/aws082
http://doi.org/10.1007/s11910-020-01048-0
http://doi.org/10.1002/ana.1097
http://doi.org/10.1002/ana.1097
http://doi.org/10.1111/ane.12723
http://doi.org/10.1111/ane.12723
http://doi.org/10.1016/S1474-4422(19)30244-3
http://doi.org/10.1016/S1474-4422(08)70224-2
http://doi.org/10.1016/S1474-4422(08)70224-2
http://doi.org/10.1056/NEJMra1708712
http://doi.org/10.1056/NEJMra1708712
http://doi.org/10.1016/S1474-4422(10)70253-2
http://doi.org/10.1002/ana.21050
http://doi.org/10.1002/ana.21050
http://doi.org/10.1164/rccm.201603-0507OC
http://doi.org/10.1002/ana.25131
http://doi.org/10.1002/ana.25131
http://doi.org/10.1111/epi.13797
http://doi.org/10.1016/j.ijmedinf.2020.104281
http://doi.org/10.1016/j.ijmedinf.2020.104281
https://doi.org/10.3201/eid1909.130064
https://doi.org/10.3201/eid1909.130064
http://doi.org/10.1016/S1474-4422(13)70282-5
http://doi.org/10.1016/S1474-4422(13)70282-5
http://doi.org/10.3389/fimmu.2019.02611
http://doi.org/10.1017/S0033291718003665
http://doi.org/10.1017/S0033291718003665
http://doi.org/10.1136/jnnp-2012-303807
http://doi.org/10.1136/jnnp-2012-303807
http://doi.org/10.1093/brain/awq113
http://doi.org/10.1111/nyas.12553
http://doi.org/10.1002/art.30437
http://doi.org/10.1002/art.30437
http://doi.org/10.1007/s12028-015-0196-8
http://doi.org/10.3988/jcn.2020.16.3.438
http://doi.org/10.3988/jcn.2020.16.3.438
http://doi.org/10.1016/S1474-4422(20)30341-0
http://doi.org/10.1111/imj.12974

YANGET AL.

Brain and Behavior

O’Donnell, A., Kaner, E., Shaw, C., & Haighton, C. (2018). Primary care
physicians’ attitudes to the adoption of electronic medical records: a
systematic review and evidence synthesis using the clinical adoption
framework BMC Medical Informatics and Decision Making 18(1), 101.

Peery, H. E,, Day, G. S., Dunn, S., Fritzler, M. J., Priss, H., De Souza, C,,
Doja, A., Mossman, K., Resch, L., Xia, C., Sakic, B., Belbeck, L., & Foster,
W. G. (2012). Anti-NMDA receptor encephalitis. The disorder, the diag-
nosis and the immunobiology. Autoimmunity Reviews, 11(12), 863-872.
http://doi.org/10.1016/j.autrev.2012.03.001

Pollak, T. A., Lennox, B. R., Miller, S., Benros, M. E., Priss, H., Tebartz Van
Elst, L., Klein, H., Steiner, J., Frodl, T., Bogerts, B., Tian, L., Groc, L., Hasan,
A., Baune, B. T,, Endres, D., Haroon, E., Yolken, R., Benedetti, F., Halaris,
A., ... Bechter, K. (2020). Autoimmune psychosis: An international con-
sensus on an approach to the diagnosis and management of psychosis of
suspected autoimmune origin. The Lancet Psychiatry, 7(1), 93-108. http:
//doi.org/10.1016/52215-0366(19)30290-1

Singh, T. D., Fugate, J. E., & Rabinstein, A. A. (2015). The spectrum of acute
encephalitis: Causes, management, and predictors of outcome. Neurol-
ogy, 84(4), 359-366. http://doi.org/10.1212/WNL.0000000000001 190

Thieben, M. J,, Lennon, V. A,, Boeve, B. F, Aksamit, A. J., Keegan, M., &
Vernino, S. (2004). Potentially reversible autoimmune limbic encephali-
tis with neuronal potassium channel antibody. Neurology, 62(7), 1177-
1182. http://doi.org/10.1212/01.WNL.0000122648.19196.02

Titulaer, M. J., Mccracken, L., Gabilondo, I., Armangué, T., Glaser, C., lizuka, T.,
Honig, L.S., Benseler, S. M., Kawachi, |., Martinez-Hernandez, E., Aguilar,
E., Gresa-Arribas, N., Ryan-Florance, N., Torrents, A., Saiz, A., Rosenfeld,
M. R., Balice-Gordon, R., Graus, F., & Dalmau, J. (2013). Treatment and
prognostic factors for long-term outcome in patients with anti-NMDA
receptor encephalitis: An observational cohort study. The Lancet Neurol-
ogy, 12(2), 157-165. http://doi.org/10.1016/S1474-4422(12)70310-1

WILEY- 2™

Vincent, A., Buckley, C., Schott, J. M., Baker, I., Dewar, B.-K., Detert, N.,
Clover, L., Parkinson, A, Bien, C. G., Omer, S., Lang, B., Rossor, M. N., &
Palace, J. (2004). Potassium channel antibody-associated encephalopa-
thy: A potentially immunotherapy-responsive form of limbic encephali-
tis. Brain: A Journal of Neurology, 127(Pt 3), 701-712. http://doi.org/10.
1093/brain/awh077

Vollmer, T. L., & Mccarthy, M. (2016). Autoimmune encephalitis: A more
treatable tragedy if diagnosed early. Neurology, 86(18), 1655-1656. http:
//doi.org/10.1212/WNL.0000000000002641

Yeshokumar, A. K., Gordon-Lipkin, E., Arenivas, A., Cohen, J., Venkatesan,
A., Saylor, D., & Probasco, J. C. (2017). Neurobehavioral outcomes in
autoimmune encephalitis. Journal of Neuroimmunology, 312, 8-14. http:
//doi.org/10.1016/j.jneuroim.2017.08.010

Zuliani, L., Nosadini, M., Gastaldi, M., Spatola, M., lorio, R., Zoccarato, M.,
Mariotto, S., De Gaspari, P, Perini, F,, Ferrari, S., Evoli, A., Sartori, S., Fran-
ciotta, D., & Giometto, B. (2019). Management of antibody-mediated
autoimmune encephalitis in adults and children: Literature review
and consensus-based practical recommendations. Neurological Sciences,
40(10),2017-2030. http://doi.org/10.1007/s10072-019-03930-3

How to cite this article: Yang, R, Ge, F, Jiang, J., Wang, Y.,
Wan, M., & Zhang, W. (2021 Temporal rank of clinical
characteristics and prognosis of anti-N-methyl-D-aspartate
receptor encephalitis. Brain and Behavior, 11, e2277.
https://doi.org/10.1002/brb3.2277


http://doi.org/10.1016/j.autrev.2012.03.001
http://doi.org/10.1016/S2215-0366(19)30290-1
http://doi.org/10.1016/S2215-0366(19)30290-1
http://doi.org/10.1212/WNL.0000000000001190
http://doi.org/10.1212/01.WNL.0000122648.19196.02
http://doi.org/10.1016/S1474-4422(12)70310-1
http://doi.org/10.1093/brain/awh077
http://doi.org/10.1093/brain/awh077
http://doi.org/10.1212/WNL.0000000000002641
http://doi.org/10.1212/WNL.0000000000002641
http://doi.org/10.1016/j.jneuroim.2017.08.010
http://doi.org/10.1016/j.jneuroim.2017.08.010
http://doi.org/10.1007/s10072-019-03930-3
https://doi.org/10.1002/brb3.2277

	Temporal rank of clinical characteristics and prognosis of anti-N-methyl-d-aspartate receptor encephalitis
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Data source
	2.2 | Procedure
	2.3 | Study variables
	2.4 | Statistics

	3 | RESULT
	3.1 | Demographic characteristics and incidence trends
	3.2 | Clinical characteristics
	3.3 | Univariate analysis
	3.4 | Logistics analysis of a poor prognosis

	4 | DISCUSSION
	4.1 | Demographic and incidence trend of anti-NMDAR encephalitis patients
	4.2 | Frequency and temporal rank of anti-NMDAR encephalitis patients
	4.3 | Factors for the prognosis of anti-NMDAR encephalitis patients
	4.4 | Clinical implications
	4.5 | Strengths and limitations

	5 | CONCLUSION
	AUTHOR CONTRIBUTIONS
	PEER REVIEW
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES


