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Abstract

Background: A unified clinical approach to diagnose autoimmune encephalitis was published in Lancet Neurology
in 2016. Purpose of our study is to examine the feasibility and reasonability of the 2016 “A clinical approach to
diagnosis of autoimmune encephalitis” in China with a retrospective study.

Methods: We retrospectively collected 95 cases of autoimmune encephalitis and non autoimmune encephalitis
cases with detailed clinical data from Beijing Tongren Hospital and the China National Knowledge Infrastructure
(CNKI). All cases were analysed stepwise according to the approach in Lancet Neurology to compare the new
diagnosis with the final clinical diagnosis.

Results: The disease course of these 95 cases ranged from 2 to 540 days. Initial symptoms include fever, headache,
seizure, mental and behavioral disorders, memory deterioration and illusion. Based on symptoms and signs when
the patient came to the hospital, the sensitivity and specificity of criteria were as follows: possible autoimmune
encephalitis (pAE) 84% and 94%, definite autoimmune limbic encephalitis (dALE) 38% and 96%, probable anti-N-
methyl-D-aspartate receptor encephalitis (prNMDARE) 49% and 98%. The sensitivities of the above three criteria and
the specificity of pAE were low during early disease stage, while the specificities of dALE and prNMDAER remained
relatively high in different time periods.

Conclusions: This new autoimmune encephalitis diagnostic approach can recognize possible autoimmune
encephalitis. The chances of a case being autoimmune-mediated following classification as autoimmune
encephalitis with the new criteria are high. The flowchart is recommended to use as a whole. At the early disease
stage, criteria with low sensitivity and high specificity, such as dALE and prNMDARE, lead most cases to enter
subsequent diagnosis steps, namely autoantibody detection in the flowchart. Final diagnoses can only be made by
autoantibody tests. These factors may make it challenging for clinicians to make diagnosis promptly and to begin
immune-modulating therapy immediately. Moreover, the criteria for patients with paraneoplastic syndromes (PNSs)
should be considered to avoid diagnosis omission. For Chinese patients, a multi-centre, prospective study on the
clinical manifestations, laboratory diagnostic technology, therapy, and prognosis is greatly needed.
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Background
Autoimmune encephalitis has attracted much attention
within the last decade. The discovery of autoimmune
antibodies targeting proteins in the brain has been ap-
plied to the diagnosis of encephalitis, psychiatric disease,
seizures, dyskinesia and cognitive impairment.
As early as the 1960s, limbic encephalitis was de-

scribed as a subacute onset of episodic memory loss,
confusion and agitation. Neurologists proposed that this
disease was typically associated with neoplasms. To
some extent, antibodies against nuclear and cytoplasmic
proteins, such as Hu, Ma, and Ri, represent specific ma-
lignancies. These antibodies are not directly pathogenic.
However, novel autoantibodies against cell surface or
synaptic proteins can alter the function, structure, or
density of neuronal antigens, causing nervous system
dysfunction. Because neuronal cell surface antigenic epi-
topes are extracellular rather than intracellular [1–4],
these novel antibodies are also known as ‘neuronal sur-
face antibodies’ (NSAbs) [5]. Clinical manifestations of
autoimmune encephalitis can be serious and may cause
death. Research studies on the mechanisms of auto-
immune encephalitis have shown that autoantibodies
can either induce internalization of antigens or block
antigen binding sites, resulting in decreases in other re-
ceptors via unknown mechanisms [6]. Previously discov-
ered mechanisms have revealed a reversible process
once these antibodies are removed, which may explain
the good prognosis of patients with autoimmune en-
cephalitis. Thus, early identification and diagnosis of this
disease are very important.
Differential diagnoses between autoimmune encephal-

itis and other diseases such as infectious encephalitis are
difficult at the early stage of the disease, because symp-
toms are similar among these patients, and even some
cases of autoimmune encephalitis can be triggered by
herpes simplex encephalitis (HSE) [7–9]. Moreover, Peng
et al. reported anti- N-methyl-D-aspartate (anti-NMDA)
receptor encephalitis triggered by an Angiostrongylus
cantonesis infection [10]. Currently, a definite diagnosis
of autoimmune encephalitis relies heavily on the detec-
tion of autoimmune antibodies. Therefore, a normative
diagnostic criterion is greatly needed. Francesc Graus,
Angela Vincent, Josep Dalmau and colleagues published
“A clinical approach to diagnosis of autoimmune en-
cephalitis” (hereafter referred to as the new approach) in
Lancet Neurology in 2016 [11]. This approach is based on
neurological assessment and conventional tests that are
accessible to most clinicians and provide a practical
method for early diagnosis. The application of this ap-
proach in the clinic has not been reported to date. We an-
alyzed serial clinical and laboratory data that were
retrospectively acquired from Beijing Tongren Hospital
and the China National Knowledge Infrastructure (CNKI).

By applying the new approach for diagnoses of these pa-
tients, we aimed to confirm its feasibility, sensitivity, and
specificity in Chinese patients, especially during the early
disease stage.

Methods
We retrospectively collected 95 cases, including auto-
immune encephalitis and non-autoimmune encephalitis
cases. To ensure a balanced distribution of these cases,
49 cases were collected from Beijing Tongren Hospital
between January 2012 and June 2016, and the remaining
46 cases were published as “definite autoimmune en-
cephalitis” in CNKI with detailed clinical data from dif-
ferent medical centers. The final clinical diagnosis
(reference standard) was made by physicians based on
all clinical information, autoantibody tests results (auto-
anbibody tests methods were cell-based assay, CSF and
serum were all included and CSF results were the refer-
ence indicator), subsequent course, treatment, prognosis
and follow-up. General information, clinical course,
symptoms, signs, laboratory test results, image findings
and electroencephalography (EEG) results were recorded
in detail. Clinicians had no access to information that
could identify individual participants and the final clin-
ical diagnoses during or after data collection by elimin-
ation of identifying information in advance. Cases with
missing data were removed.
We first assumed an unknown autoantibody status

and evaluated the autoimmune encephalitis diagnostic
approach step-by-step based on the manifestation and
laboratory outcomes of each case. Each case was diag-
nosed by two clinicians using the new approach. Then
we assessed the usefulness of the new diagnostic criteria
by comparing the new diagnosis with the previous final
clinical diagnosis. Additionally, to investigate the diag-
nostic values of the new criteria in the early stage of the
disease, we stratified the disease course into four groups
to calculate the diagnosis rate.
We calculated the number of true positives (TP; both

diagnoses were autoimmune encephalitis), true negatives
(TN; both diagnoses were non-autoimmune encephalitis),
false positives (FP; new diagnosis was autoimmune en-
cephalitis and reference standard was non-autoimmune
encephalitis), and false negatives (FN; new diagnosis was
non-autoimmune encephalitis and reference standard was
autoimmune encephalitis) and used the results to deter-
mine the following:

1. Sensitivity: the probability of the approach detecting
the disease among patients who have the disease
(TP/(TP + FN))

2. Specificity: the probability of the approach detecting
no disease among patients who do not have the
disease (TN/(TN + FP)).
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3. Accuracy: the proximity to the true value
((TP + TN)/(TP + TN + FN + FP)).

Chi-square-tests were used to compare rate data be-
tween different subgroups, with p<0.05 as threshold for
significance. All statistical calculations were carried out
with SPSS.

Results
General clinical data
We collected 95 cases, including 46 women and 49 men.
The median age of disease onset was 34.50 years (range,
9–76 years).The median course when the patient came
to hospital was 20.0 days (range, 3–540 days). There
were 64 autoimmune encephalitis cases, and 39 cases were
diagnosed as anti-NMDA receptor encephalitis, 13 cases
as leucine-rich, glioma inactivated 1 (LGI1) Ab(+)-associ-
ated limbic encephalitis, 6 cases as gamma-aminobutyric
acid-B receptor (GABAbR) Ab(+)-associated limbic en-
cephalitis, 1 case as α-amino-3-hydroxy-5-methyl-4-isoxa-
zolepropionic acid receptor (AMPAR) Ab(+)-associated
limbic encephalitis, 1 case as Ma2 Ab(+)-associated limbic
encephalitis, 2 cases as paraneoplastic limbic encephalitis
(one case with negative autoantibody, one case with un-
known autoantibody status), 1 case as autoimmune limbic
encephalitis with negative autoantibody, and 1 case as
Bickerstaff ’s brainstem encephalitis. The other 31 cases
were not autoimmune encephalitis, including 14 cases of
viral encephalitis, 2 case of purulent encephalitis, 2cases
of tuberculous meningoencephalitis, 3 cases of central
nervous system (CNS) tumor and 10 cases of epileptic dis-
orders. All the autoantibodies except for Ma2 were

positive in the CSF samples. All the patients exhibited
acute or subacute onset. Symptoms are listed in Table 1.

Diagnosis pathway of all cases following the diagnostic
flowchart
To evaluate diagnostic usefulness of the diagnostic
flowchart as a whole, we list the diagnostic process in
Fig. 1 and Fig. 2. Figure 1 shows the diagnosis process
of the 64 autoimmune encephalitis cases following the
flowchart. As we can see from the flowchart, 54 cases
enter the flowchart. Eleven cases could be diagnosed as
dALE, among which 10 cases need further antibody
tests to determine their specific types. Among the
remaining 43 cases, 16 cases were diagnosed as prob-
able autoimmune encephalitis, the other 27 cases only
can be diagnosed by antibody tests. Fig. 2 shows the
pathway of the 31 non-autoimmune encephalitis cases
in the flowchart. Two cases enter the flowchart, finally
only 1 case was misdiagnosed as dALE, the other case
ended the flowchart by reconsideration of the ‘pAE’
diagnosis.

Diagnostic value of each criterion in the diagnostic
approach
Criteria for ‘possible autoimmune encephalitis’ and ‘definite
autoimmune limbic encephalitis’
With an assumption of unknown autoantibody status,
56 of the 95 patients (59%) met the criteria for ‘possible
autoimmune encephalitis’ (pAE). Among the 64 auto-
immune encephalitis cases, 54 (84%) cases were diag-
nosed as pAE. For the 31 cases of non-autoimmune
encephalitis, 2 cases were misdiagnosed as pAE. Twelve
of the 95 cases (13%) satisfied the criteria for ‘definite

Table 1 General clinical features

Characteristics autoimmune encephalitis cases (n = 64) non autoimmune encephalitis cases (n = 31)

Age of onset (yr) Mean 36.24, Median 29 (14–76) Mean 35.87, Median 39 (9–65)

Gender (M/F) 29/35 20/11

Course (d) Mean 70.68, Median 27.5 (3–540) Mean 51, Median 14 (1–360)

Fever (n) 29 13

Cognitive impair (n) 47 13

Memory deficits (n) 41 12

Seizure (n) 53 17

Psychiatric symptoms (n) 50 10

Movement disorder or dyskinesia (n) 26 3

Speech dysfunction (n) 23 10

central hypoventilation (n) 8 0

Autonomic dysfunction (n) 15 3

Decreased level of consciousness (n) 22 6

Ataxia (n) 1 0

Ophthalmoplegia (n) 1 1
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autoimmune limbic encephalitis’ (dALE). Eleven cases
among the 64 autoimmune encephalitis patients were
diagnosed as dALE. Moreover, for the 24 cases of lim-
bic encephalitis, only 9 (38%) were diagnosed as dALE.
For different autoantibody types, 35 of the 39 anti-
NMDA receptor encephalitis cases met the pAE
criteria, 2 cases met the dALE criteria. 11 of the 13
anti-LGI1 antibody-positive cases (85%) had a pAE
diagnosis, and 7 (54%) cases were diagnosed as dALE.
Among the 6 GABAbR-Ab (+) cases, 5 (83%) cases met
the criteria for pAE, and only 1 (17%) case was diag-
nosed with dALE when autoantibody test results were

unknown. Both paraneoplastic limbic encephalitis cases
satisfied the criteria of pAE, while none met the criteria
for dALE. AMPAR-Ab(+) limbic encephalitis met nei-
ther of the criteria for pAE or dALE, and the Ma2-
Ab(+) limbic encephalitis could only be distinguished
as pAE. One case of autoantibody-negative limbic en-
cephalitis satisfied both criteria. Among the 31 non-
autoimmune encephalitis cases, 2 cases were misdiag-
nosed as pAE and 1 case fulfilled the dALE criteria.
Among the pAE (+) cases, 96% of the cases were true
autoimmune encephalitis. Among the pAE (−) cases,
74% of the cases were not autoimmune encephalitis

Fig. 1 The diagnosis process of the 64 autoimmune encephalitis cases following the diagnostic flowchart. pAE: possible autoimmune
encephalitis; dALE: definite autoimmune limbic encephalitis; prNMDARE: probable anti-NMDA receptor encephalitis; ADEM: acute disseminated
encephalomyelitis; BBE: Bickerstaff’s brainstem encephalitis; HE: Hashimoto’s encephalopathy
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cases. The frequencies, sensitivities, specificities and ac-
curacies are presented in Tables 2, 3 and 5.

Criteria for ‘probable anti-NMDA receptor encephalitis’
Twenty (21%) of the 95 patients were eligible for ‘prob-
able anti-NMDA receptor encephalitis’ (prNMDARE)
diagnosis. Among the 39 cases of definite anti-NMDA
receptor encephalitis, only 19 (49%) cases were diag-
nosed with prNMDARE with the assumption of un-
known antibody status. The frequencies, sensitivities,
specificities are presented in Tables 4 and 5.

Fig. 2 The diagnosis process of the 31 non autoimmune encephalitis cases following the diagnostic flowchart. pAE: possible autoimmune
encephalitis; dALE: definite autoimmune limbic encephalitis; prNMDARE: probable anti-NMDA receptor encephalitis; ADEM: acute disseminated
encephalomyelitis; BBE: Bickerstaff’s brainstem encephalitis; HE: Hashimoto’s encephalopathy

Table 2 Frequencies of autoimmune encephalitis and ‘criteria
for possible autoimmune encephalitis’

Autoimmune
encephalitis

Non autoimmune
encephalitis cases

pAE(+) 54 2

pAE(−) 10 29
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Criteria for ‘possible autoimmune encephalitis’, ‘definite
autoimmune limbic encephalitis’ and ‘probable anti-
NMDARE’ in different disease courses
Because autoimmune encephalitis typically has a sub-
acute course, manifestations change with time. The
number of cases when a symptom occurred for the first
time in different periods in ultimately-diagnosed auto-
immune encephalitis cases is summarized in Fig. 3. The
most common symptoms during the first week were
psychiatric symptoms, seizure, and memory impairment.
Speech function and autonomic dysfunction account for
a fraction. There is even no case with central
hypoventilation. From the second week, the number of
cases with central hypoventilation and autonomic dys-
function increased. Fig. 4 reveals that the number of
symptoms of finally-diagnosed anti-NMDA receptor en-
cephalitis cases increased with time, however, most cases
presented with only 3 or less symptoms at the first four
weeks. Even at the fourth week, merely 18% cases had 4
symptoms. Additionally, we calculated the sensitivity
and specificity of pAE, dALE and prNMDARE criteria
during four different periods (0-14 days, 15-30 days, 31-
90 days, and >90 days) (Table 6, Table 7).

Criteria for ‘acute disseminated encephalomyelitis’,
‘Bickerstaff’s brainstem encephalitis’, ‘Hashimoto’s
encephalopathy’ and ‘autoantibody-negative but probable
autoimmune encephalitis’
None of the cases met the criteria for acute disseminated
encephalomyelitis (ADEM), Bickerstaff ’s brainstem
encephalitis (BBE), Hashimoto’s encephalopathy (HE), or
autoantibody-negative but probable autoimmune en-
cephalitis. Among the 2 brainstem encephalitis cases
(cases2 and 61), Case 2 did not satisfy the new BBE cri-
teria because the patient had no decreased level of con-
sciousness, even though its symptoms included mild
external ophthalmoplegia, ataxia and the disappearance
of the tendinous reflex. Furthermore, case 61 did not

satisfy the criteria for the absence of ataxia, uncon-
sciousness and external ophthalmoplegia.

Discussion
An early and accurate diagnosis of autoimmune encephal-
itis is important to enable proper therapeutic interven-
tions. Clinical manifestations of many diseases, including
central nervous system (CNS) infections, septic/metabolic
encephalopathy, drug toxicity, cerebrovascular disease and
other disorders, resemble those of autoimmune encephal-
itis. Differentiation of these diseases relies not only on
symptoms but also on accessory examinations. Detection
of autoantibodies in the CSF and serum is particularly im-
portant for autoimmune encephalitis. The new approach
provides criteria for the identification of autoimmune en-
cephalitis regardless of antibody status. Data collected by
our group provide an opportunity to investigate the fre-
quency with which these patients were diagnosed with
autoimmune encephalitis based on the new criteria and
the diagnostic values of those criteria for possible and
probable autoimmune encephalitis of different types.

The value of the diagnostic flowchart as a whole
As a diagnosis approach, the flowchart is meant to
use as a whole. On the one hand, the first diagnosis
criteria is to screen as many autoimmune encephalitis
as possible, thus high sensitivity is important for pAE
criteria to reduce omission diagnostic rate. Once a
patient enters the diagnosis flowchart, subsequent cri-
teria contribute to distinguish false positive cases to
lower misdiagnosis rate. On the other hand, as it
shows in Fig. 1, 11 of the 54 pAE (+) cases could
reach the ‘definite autoimmune’ level and 16 of the
54 pAE (+) cases reach ‘probable autoimmune’ level
before antibody status is known. 27 (50%) cases can
only be diagnosed by antibody tests. 10 of the 11
cases that are diagnosed as dALE also need antibody
tests to determine their specific types. Because differ-
ent autoantibodies may indicate different tumor types,
furthermore, responses to treatment and long-term
outcome seem to be different between LGI1 and anti-
NMDA receptor encephalitis [11]. This may reveal
the importance of antibody tests and the flowchart as
a whole once again.

Table 5 Sensitivity, specificity and accuracy of the new
diagnostic criteria

Criterion pAE(%) dALE(%) prNMDARE(%)

Sensitivity 84 38 49

Specificity 94 96 98

Accuracy 87 81 78

Table 4 Frequencies of definite anti-NMDA receptor encephal-
itis and ‘criteria for probable anti-NMDA receptor encephalitis’

Definite anti-NMDA receptor
encephalitis

Non anti-NMDA receptor
encephalitis

prNMDARE(+) 19 1

prNMDARE(−) 20 55

Table 3 Frequencies of autoimmune limbic encephalitis and
‘criteria for definite autoimmune limbic encephalitis’

Autoimmune
limbic encephalitis

Non limbic
encephalitis

dALE(+) 9 3

dALE(−) 15 68
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Analysis of the diagnostic values for each criterion
The clinical manifestations of the autoimmune encephal-
itis cases that we summarized are consistent with previous
publications [12, 13]. For diagnosis, assessing whether a
suspicious case is caused by an autoimmune mechanism
is important. Using the criteria for pAE, more than 80% of
the autoimmune encephalitis cases were diagnosed as pos-
sible autoimmune encephalitis. The relatively high sensi-
tivity of this approach offers clues to clinicians and
enables exploration of autoimmune aetiologies. In our

series, 10 cases did not meet pAE criteria. Because anti-
virus antibodies were positive in 2 cases and the remaining
8 cases presented only one of the symptoms listed in the
pAE criteria [11]. Reasons for the high specificity of pAE
criteria are that MRI images of CNS tumors indicate dif-
ference from autoimmune encephalitis and symptoms of
epileptic disorders are merely seizures. Viral encephalitis
was the most difficult to be distinguished. Certain symp-
toms, such as psychiatric symptoms, are not specific to
autoimmune encephalitis; in 2010, a study found no

Fig. 3 Number of cases when a symptom occurred for the first time in different periods. For cases ultimately-diagnosed as autoimmune
encephalitis, most symptoms first appear in the first week except for central hypoventilation

Fig. 4 Percentage of confirmed anti-NMDAR encephalitis cases with different symptom numbers in different periods. Number of symptoms
increased with time, however, more than 70% of cases were with less than 4 symptoms
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significant differences between autoimmune encephalitis
and viral encephalitis groups [14]. Additionally, no differ-
ences were found in age, gender, or the presence of sei-
zures, cognitive impairment, a confused state and
headache between the two groups. Moreover, for diagnosis
of viral encephalitis, aetiological tests are the golden
standard, however, PCR or virus cultivation is uncommon
in our clinic. What’s more, the positive rate of virus anti-
body tests is low and positive virus antibodies do not ne-
cessarily indicate a definite viral encephalitis diagnosis.
In the new approach, the authors proposed stricter cri-

teria for specific diseases. For definite autoimmune limbic
encephalitis, bilateral involvement of the medial temporal
lobes on T2-weighted fluid-attenuated inversion recovery
MRI was included in the dALE criteria. Most false nega-
tive cases did not meet this new criterion, resulting in low
sensitivity. For anti-NMDA receptor encephalitis, a com-
bination of common symptoms improved the diagnostic
specificity. However, a large number of patients only pre-
sented with a few (less than four) symptoms in our series,
resulting in low sensitivity.
From the above analysis, we propose that the new ap-

proach criteria for pAE have high sensitivity and provide
an impetus to seek autoimmune aetiology, using specific
criteria with high specificity for dALE, anti-NMDARE,
BBE and ‘antibody-negative but probable autoimmune
encephalitis’ could decrease the misdiagnosis rate. When
clinicians refer to the new approach to make a diagnosis,
we highly suggest that the approach be applied as a
whole step-by-step procedure rather than selecting each
criterion to use in isolation.

Diagnostic values of the new approach in the early
disease stage
Symptoms change as the disease progresses. Most patients
develop decreased consciousness that progresses to a
catatonic-like state, dyskinesia, choreoathetoid move-
ments, dystonic posturing and abnormal ocular move-
ments [15]. In anti-NMDA receptor encephalitis, 76% of
patients have seizures during the first 3 weeks [10]. There-
fore, we calculated frequencies of each symptom based on
the time period. The most common symptoms in different
time periods were consistent with a former case series
based on the whole disease course [12], and most symp-
toms occurred during the first week. However, more than
70% of the patients presented with three or fewer symp-
toms during the early stage of the disease (the first two
weeks), which resulted in low-level diagnosis (possible
autoimmune encephalitis), particularly for definite auto-
immune limbic encephalitis and anti-NMDA receptor
encephalitis. The aim of the new clinical approach is early
diagnosis and therapy; therefore, the above situation poses
a challenge for clinicians trying to start immune-
modulating therapy. Titulaer et al. reported in an anti-
NMDA receptor encephalitis cohort study that 87% pa-
tients developed four or more symptoms in the first
month [16]. Reason for the difference is that they catego-
rized symptoms in 8 groups, among which ‘behavior and
cognition’ and ‘memory’ merged into one item in the new
approach, as well as ‘autonomic dysfunction’ and ‘central
hypoventilation’. Thus the number of symptoms as diag-
nosis reference affects the chance of being included as
prNMDARE.

Table 6 Sensitivity of criteria for ‘possible autoimmune encephalitis’, ‘definite autoimmune limbic encephalitis’ and ‘probable anti-
NMDA receptor encephalitis’

0–14 days 15–30 days 31–90 days >90 days P*

pAEa 60%(32/53) 70%(37/53) 74%(39/53) 81%(43/53) 0.123

dALEb 10%(2/20) 15%(3/20) 15%(3/20) 35%(7/20) 0.184

prNMDAREc 16%(5/31) 42%(13/31) 87%(27/31) 100%(31/31) 0.000
*P < 0.05 is significant
asensitivity of possible autoimmune encephalitis assessed by pAE(+)/all the autoimmune encephalitis cases
bsensitivity of definite autoimmune limbic encephalitis assessed by dALE(+)/all the limbic encephalitis cases
csensitivity of probable anti-NMDA receptor encephalitis assessed by prNMDARE(+)/all the anti-NMDAR encephalitis cases

Table 7 Specificity of criteria for ‘possible autoimmune encephalitis’, ‘definite autoimmune limbic encephalitis’ and ‘probable anti-
NMDA receptor encephalitis’

0–14 days 15–30 days 31–90 days >90 days P*

pAEa 83%(6/12) 92%(9/12) 92%(11/12) 92%(11/12) 0.880

dALEb 96%(43/45) 96%(43/45) 96%(43/45) 96%(43/45) 1.000

prNMDAREc 100%(34/34) 100%(34/34) 100%(34/34) 100%(34/34) 1.000
*P < 0.05 is significant
aspecificity of possible autoimmune encephalitis assessed by pAE(−)/non autoimmune encephalitis cases
bspecificity of definite autoimmune limbic encephalitis assessed by dALE(−)/non autoimmune limbic encephalitis cases
cspecificity of probable anti-NMDA receptor encephalitis assessed by prNMDARE(−)/non anti-NMDAR encephalitis cases
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We stratified the disease course into 4 groups. The sen-
sitivity and specificity were consistent with the above re-
sults. The sensitivity of each specific criterion increases as
the disease progresses. The specificity of pAE increases
with time. The specificities of dALE and prNMDARE did
not change with time because the two criteria ruled out
confused cases by stricter standards. As we observed, the
sensitivities of dALE and prNMDARE are very low in the
first two weeks. Titulaer et al. reported that early im-
munotherapy correlated with good outcomes based on
multivariate analysis of prognoses among 391 anti-NMDA
receptor encephalitis cases [16]. Another study indicated
that good clinical outcomes (defined by reductions in
modified Rankin scores) were associated with early
(<40 days) administration of immunotherapies in non-
paraneoplastic patients [17]. However, in clinical practice,
the advantage of the new approach in distinguishing auto-
immune encephalitis may not emerge in the first two
weeks, making it difficult for clinicians to start early im-
munotherapy. It is more reasonable to adopt criteria for
specific types of autoimmune encephalitis with pAE cri-
teria synthetically to avoid low sensitivity.

Ability of the new approach to diagnose tumours
Paraneoplastic neurological syndromes (PNSs) were ini-
tially defined as neurological syndromes of unknown
causes that were often associated with cancer [18, 19].
Broad syndromes associated with the nervous system are
included. Among these syndromes, paraneoplastic en-
cephalomyelitis and paraneoplastic limbic encephalitis
present with symptoms of encephalitis. The discovery of
antibodies against neural antigens expressed by the
tumour (onconeural antibodies) has suggested that some
PNSs are immune mediated [20, 21]. The new approach
does not specifically put forward criteria for paraneo-
plastic encephalomyelitis and limbic encephalitis but in-
stead indicates that dALE can be diagnosed if antibodies
(Hu, Ma2, GAD, NMDAR, AMPAR, GABAbR,
GABAaR, mGluR5, LGI1, CASPR2, and DPPX) are de-
tected. Diagnosis of autoimmune encephalitis, which is
based on positive autoantibody testing, contributes to
tumour evidence. However, PNSs may occur in the ab-
sence of onconeural antibodies. Patients with tumours
who are negative for autoantibodies may also be mis-
diagnosed. Ten paraneoplastic limbic encephalitis cases
(judged by the PNS diagnostic criteria recommended by
F Graus in 2004 [22]) published in the CNKI were col-
lected and reassessed by the new approach. All the cases
obtained a diagnosis of pAE (see Additional file 1), how-
ever, only 3 cases met the dALE standard. The PNS diag-
nostic criteria defined ‘classical syndromes’, ‘non-classical
syndromes’, ‘well-characterized onconeuronal antibodies’,
‘partially characterized onconeuronal antibodies’ and com-
bined neurological syndromes, onconeuronal antibodies

and tumour evidence. The diagnosis of ‘definite paraneo-
plastic encephalitis’ did not thoroughly rely on the anti-
body level. Based on the complexity and diversity of PNSs,
broadening the new approach to include PNSs is a reason-
able and comprehensive goal.
Finally, some of the limitations of our study include the

retrospective design and the possibility that the clinical data
we acquired may be not completely direct and accurate.
However, we collected cases with materials as detailed as
possible, and considering the low incidence rate of the dis-
ease, a retrospective study is a relatively better choice. Be-
sides, as the number of non-autoimmune encephalitis cases
is low and non-autoimmune encephalitis group includes
only a few diseases in our series, there may be bias with re-
spect to ‘specificity’. Following this work, the new approach
should be applied to prospective studies in the clinic.

Conclusions
The new approach takes possible autoimmune encephalitis
into account regardless of autoantibody status. The accur-
acy of every criterion is acceptable. When a case is diag-
nosed as possible autoimmune encephalitis with the new
criteria, the chance of an accurate diagnosis is high. How-
ever, for autoimmune limbic encephalitis and anti-NMDA
receptor encephalitis, criteria with low sensitivity and rela-
tively high specificity may be more practical for excluding
other diseases and reducing the misdiagnosis rate. More-
over, the sensitivity of pAE, dALE and prNMDARE are low
in the first two weeks. For the individual patient, the num-
ber of symptoms was a limitation to obtain a probable or
definite diagnosis at the early stage of the disease. It is diffi-
cult to distinguish autoimmune encephalitis patients and to
perform immune-modulating therapy with only a ‘possible
autoimmune encephalitis’ diagnosis at the early stage. The
diagnostic criteria for PNSs were recommended for inclu-
sion. For Chinese clinicians, this approach is restricted by
the lack of state-of-the-art methods, such as pathogen de-
tection. Furthermore, multi-centre prospective studies are
greatly needed to acquire data on Chinese manifestations of
the disease and therapy.

Additional file

Additional file 1: Application of every criterion in the new approach in
10 paraneoplastic limbic encephalitis cases. 1 = YES, 2 = NO (XLSX 9 kb)

Abbreviation
ADEM: acute disseminated encephalomyelitis; AMPAR: α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptor; BBE: Bickerstaff’s brainstem
encephalitis; CNKI: China National Knowledge Infrastructure; CNS: Central
nervous system; dALE: Definite autoimmune limbic encephalitis;
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syndromes; prNMDARE: Probable anti-NMDA receptor encephalitis; TN: True
negatives; TP: True positives

Acknowledgements
Thanks to Liu Lei for providing writing assistance help.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial or not-for-profit sectors.

Availability of data and materials
The datasets generated and analysed during the current study are not
publicly available due to protection of patients’ privacy but are available
from the corresponding author on reasonable request.

Authors’ contributions
LL contributed to conception and design of the research, collection of most
data and data analysis, and was a major contributor in writing the
manuscript; LS made contributions to acquisition of data that we
supplemented when revising the manuscript and analysis of data; RD and
YCZH collected part of the cases. FFD and QYM contributed to figure-
making and revising the paper; JWW made revision of the paper. All authors
read and approved the final manuscript.

Ethics approval and consent to participate
This study was approved by the Medical Ethics Committee of Beijing
Tongren Hospital. The need for informed consent was waived by the
Medical Ethics Committee because the study was an observational,
retrospective study using a database from which the patients’ identifying
information had been removed.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 20 June 2017 Accepted: 9 October 2017

References
1. Graus F, Saiz A, Dalmau J. Antibodies and neuronal autoimmune disorders

of the CNS. J Neurol. 2010 Apr;257(4):509–17.
2. Lancaster E, Martinez-Hernandez E, Dalmau J. Encephalitis and antibodies to

synaptic and neuronal cell surface proteins. Neurology. 2011 Jul;77(2):179–89.
3. Ances BM, Vitaliani R, Taylor RA, Liebeskind DS, Voloschin A, Houghton DJ,

et al. Treatment-responsive limbic encephalitis identified by neuropil
antibodies: MRI and PET correlates. Brain. 2005 Aug;128(Pt 8):1764–77.

4. Samarasekera SR, Vincent A, Welch JL, Jackson M, Nichols P, Griffiths TD.
Course and outcome of acute limbic encephalitis with negative voltage-
gated potassium channel antibodies. J Neurol Neurosurg Psychiatry. 2007
Apr;78(4):391–4.

5. Zuliani L, Graus F, Giometto B, Bien C, Vincent A. Central nervous system
neuronal surface antibody associated syndromes: review and guidelines for
recognition. J Neurol Neurosurg Psychiatry. 2012 Jun;83(6):638–45.

6. Ohkawa T, Fukata Y, Yamasaki M, Miyazaki T, Yokoi N, Takashima H, et al.
Autoantibodies to epilepsy-related LGI1 in limbic encephalitis neutralize
LGI1-ADAM22 interaction and reduce synaptic AMPA receptors. J Neurosci.
2013 Nov;33(46):18161–74.

7. Pruss H, Finke C, Holtje M, Hoffmann J, Klingbeil C, Probst C, et al. N-methyl-
D-aspartate receptor antibodies in herpes simplex encephalitis. Ann Neurol.
2012 Dec;72(6):902–11.

8. Armangue T, Leypoldt F, Malaga I, Raspall-Chaure M, Marti I, Nichter C, et al.
Herpes simplex virus encephalitis is a trigger of brain autoimmunity. Ann
Neurol. 2014 Feb;75(2):317–23.

9. Berger B, Pytlik M, Hottenrott T, Stich O. Absent anti-N-methyl-D-aspartate
receptor NR1a antibodies in herpes simplex virus encephalitis and varicella
zoster virus infections. Int J Neurosci. 2016 Feb;127(2):1–9.

10. Peng Y, Liu X, Pan S, Xie Z, Wang H. Anti-N-Methyl-D-aspartate receptor
encephalitis associated with intracranial Angiostrongylus Cantonensis
infection: a case report. Neurol Sci. 2017;38(4):703–6.

11. Graus F, Titulaer MJ, Balu R, Benseler S, Bien CG, Cellucci T, et al. A clinical
approach to diagnosis of autoimmune encephalitis. Lancet Neurol. 2016
Apr;15(4):391–404.

12. Dalmau J, Gleichman AJ, Hughes EG, Rossi J, Peng X, Lai M, et al. Anti-
NMDAreceptor encephalitis: case series and analysis of the effects of
antibodies. Lancet Neurol. 2008 Dec;7(12):1091–8.

13. Wang W, Li JM, FY H, Wang R, Hong Z, He L, et al. Anti-NMDA receptor
encephalitis: clinical characteristics, predictors of outcome and the
knowledge gap in southwest China. Eur J Neurol. 2016 Mar;23(3):621–9.

14. Granerod J, Ambrose HE, Davies NW, Clewley JP, Walsh AL, Morgan D, et al.
Causes of encephalitis and differences in their clinical presentations in
England: a multicentre, population-based prospective study. Lancet Infect
Dis. 2010 Dec;10(12):835–44.

15. Kruse JL, Jeffrey JK, Davis MC, Dearlove J, IsHak WW, Brooks JO, 3rd. Anti-N-
Methyl-D-aspartate receptor encephalitis: a targeted review of clinical
presentation, diagnosis, and approaches to psychopharmacologic
management. Ann Clin Psychiatry 2014 May;26(2):111–119.

16. Titulaer MJ, McCracken L, Gabilondo I, et al. Treatment and prognostic
factors for long-term outcome in patients with anti-NMDA receptor
encephalitis: a cohort study. Lancet Neurol Feb 2013;12(2):157–165.

17. Irani S R, Bera K, Waters P, et al. N-methyl-d-aspartate antibody encephalitis:
temporal progression of clinical and paraclinical observations in a
predominantly non-paraneoplastic disorder of both sexes. Brain Jun 2010;
133(6):1655–1667.

18. Henson RA, Urich H, Part III. Paraneoplastic disorders. In: Henson RA, Urich
H, editors. Cancer and the nervous system. Oxford: Blackwell Scientific
Publications; 1982. p. 311–451.

19. Posner JB. Neurologic complications of cancer. Philadelphia, PA: FA Davis
Company; 1995. p. 353–84.

20. Darnell RB. Onconeural antigens and paraneoplastic neurologic disorders: at
the intersection of cancer, immunity, and the brain. Proc Natl Acad Sci U S
A. 1996;93:4529–36.

21. Darnell RB, Posner JB. Paraneoplastic syndromes involving the nervous
system. N Engl J Med. 2003;349:1543–54.

22. Graus F, Delattre JY, Antoine JC, Dalmau J, Giometto B, Grisold W, et al.
Recommended diagnostic criteria for paraneoplastic neurological
syndromes. J Neurol Neurosurg Psychiatry. 2004 Aug;75(8):1135–40.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Li et al. BMC Neurology  (2017) 17:195 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	General clinical data
	Diagnosis pathway of all cases following the diagnostic flowchart
	Diagnostic value of each criterion in the diagnostic approach
	Criteria for ‘possible autoimmune encephalitis’ and ‘definite autoimmune limbic encephalitis’
	Criteria for ‘probable anti-NMDA receptor encephalitis’
	Criteria for ‘possible autoimmune encephalitis’, ‘definite autoimmune limbic encephalitis’ and ‘probable anti-NMDARE’ in different disease courses
	Criteria for ‘acute disseminated encephalomyelitis’, ‘Bickerstaff’s brainstem encephalitis’, ‘Hashimoto’s encephalopathy’ and ‘autoantibody-negative but probable autoimmune encephalitis’


	Discussion
	The value of the diagnostic flowchart as a whole
	Analysis of the diagnostic values for each criterion
	Diagnostic values of the new approach in the early disease stage
	Ability of the new approach to diagnose tumours

	Conclusions
	Additional file
	Abbreviation
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

