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Background: The Clinical Assessment Scale for Autoimmune Encephalitis

(CASE), a new scale used for rating the severity of autoimmune encephalitis

(AE), has demonstrated good validity and reliability in adults with AE, but there is

a shortage of data on its performance in children with AE. This study aimed to

assess the reliability and validity of the CASE in a cohort of children with AE.

Methods: Forty-seven pediatric inpatients with AE who visited Guizhou

Provincial People’s Hospital between January 1, 2017, and October 31, 2021,

were enrolled in the study. The CASE and mRS scores were obtained through a

review of detailed medical records from the Health Information System by two

pediatric neurologists. Finally, the performance of the CASE in this pediatric AE

cohort was analyzed.

Results: The results showed that anti-NMDA receptor encephalitis was the

most common (61.70%) type of AE in children. The most common clinical

manifestations were language problems (85.1%), psychiatric symptoms (80.9%),

and dyskinesia/dystonia (78.7%). The CASE had good item reliability and

interevaluator reliability; the Cronbach’s alpha value of the total score was

0.825, and the intraclass correlation (ICC) was 0.980. The Cronbach’s alpha

value by item ranged from 0.16 to 0.406; items 1 and 9 had the lowest and

highest Cronbach’s alpha values, respectively. The criterion validity between

CASE and mRS total scores, as quantified by Pearson correlation, was 0.459,

indicating slight to good criterion validity. The area under the curve (AUC) was

0.992 (95% confidence interval: 0.974-1.00). A cutoff value of 14 was selected

to determine whether a patient needed admission to the ICU; this cutoff had a

sensitivity of 100% and a specificity of 92%. The changes in EEG, MRI, and

antibody titers were not related to the severity of AE. A CASE score cutoff of 9

was selected to indicate whether second-line treatment would be needed.
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Conclusion: The CASE has good reliability and validity in children with AE;

however, some items of the CASEmay not apply to this population. Thus, an in-

depth study of the CASE is needed in children with AE.
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Introduction

Autoimmune encephalitis (AE) is a highly heterogeneous group

of diseases whose main clinical characteristics are psychiatric

symptoms, seizures, involuntary movements, and disturbance of

consciousness (1). Patients with AE test positive for specific anti-

neuronal antibodies, including antibodies against neuronal surface

proteins, intracellular proteins, synaptic receptors, and ion channels.

Since 2007, an increasing number of new specific anti-neuronal

antibodies have been reported, and the study of AE has markedly

expanded; in total, more than twenty extracellular antibodies and

forty intracellular antibodies have been identified (2, 3). The

estimated prevalence of AE in the United States and China is 0.8/

100,000 and is increasing rapidly (4, 5). Previous studies have

demonstrated that approximately 50% of AE patients require

intensive care unit (ICU) treatment (6). Although most AE

patients have a good prognosis and receive immunotherapy,

some cases result in various lasting disabilities or even death (7).

However, there is no single, specific biomarker to evaluate the

prognosis of AE due to the highly heterogeneous clinical features of

AE patients.

Clinical studies have shown that there are differences in the

prognosis of AE patients with different clinical manifestations and

autoimmune antibody types (8, 9). The contributing factors of

poorer prognosis include older age, mental and behavioral

disorders, movement disorders, disturbance of consciousness,

central hypoventilation, and autonomic nervous dysfunction (10–

12). These factors represent an increased severity of AE. The usual

tool for severity of AE was the modified Rankin scale (mRS), the

high score of mRS with the pool prognosis of AE (13). However, the

mRS is a scale of global disability for acute stroke patients. The scale

mainly focuses on motor function and assesses the ability to walk to

evaluate functional independence (14). It is worth noting that AE

patients present with a variety of clinical manifestations, including

motor impairment, behavioral changes, seizures, memory deficits,

and language disorders. Therefore, this scale is inappropriate for

rating the severity of AE patients.

Recently, Professor Jung-Ah Lim developed a new scale used

for rating the severity of autoimmune encephalitis (AE), named the

Clinical Assessment Scale for Autoimmune Encephalitis (CASE)

(15). One study demonstrated good validity and reliability in
02
Chinese adults with AE (16), and another study included minor

children with AE in a CASE validation study in Chinese AE patients

(17). However, there are insufficient validation data for this new

scale in children with AE. Previous studies have revealed that there

are differences in clinical manifestations between children and

adults with AE (18). Assessment of the validity of the CASE in

children with AE is urgently needed. Therefore, this study aimed to

assess the reliability and validity of the CASE in a cohort of children

with AE.
Methods

Study populations

The clinical data of pediatric inpatients (under the age of 18)

with AE who were hospitalized in Guizhou Provincial People’s

Hospital from January 1, 2017, to October 31, 2021, were retrieved

from the Health Information System (HIS) and retrospectively

analyzed. All AE cases were diagnosed according to published

diagnostic criteria (19), and antibodies were detected in both

serum and CSF. The clinical data included age, sex, admission

date, discharge date, age at onset, disease duration, clinical features,

and treatment plans (as recommended by the guidelines for

children with AE, first-line treatment for the present childhood

AE cohort included IVGG and high-dose glucocorticoid or plasma

exchange, and second-line treatment included rituximab and other

immunosuppressants), as well as antibody test results, brain MRI

findings, and EEG findings. Abnormalities on MRI were defined as

T2 and FLAIR hyperintense lesions, etc.; abnormalities on EEG

were defined as periodic or rhythmic patterns, diffuse or multifocal

slow waves, generalized rhythmic delta activity, epileptic waves, etc.
Assessment tool

Clinical assessment scale for
autoimmune encephalitis

The CASE was developed by Professor Jung-Ah Lim in 2019

(15). Dr. Cai et al. conducted a multicenter study to investigate
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the validation of the CASE in Chinese adults with AE (16). The

CASE includes nine items, such as seizures (current status),

memory dysfunction, psychiatric symptoms (delusion,

hallucination, disinhibition, aggression), consciousness,

language problems, dyskinesia/dystonia, gait instability and

ataxia, brainstem dysfunction, and weakness. Each item was

scored from 0 to 3 according to the severity of symptoms, with a

total maximum score of 27 (15).
The modified Rankin scale

To evaluate the criterion validity, we used the mRS as a

criterion tool for children with AE. The modified Rankin scale

(mRS) is a scale of global disability for acute stroke patients. The

possible total scores range from a minimum of 0 to a maximum

of 5. This scale is widely used for rating the severity of

AE patients.
Procedure

Two pediatric neurologists (Zailan Yang and Zhaoqing Tai,

who have been working in pediatric neurology for almost ten

years.) were responsible for the diagnosis evaluated the scales by

reviewing the detailed medical records described from the HIS

system, independently and blinded. The CASE and mRS were

measured simultaneously on admission, admission to the PICU,

and discharge. The study was conducted in accordance with the

Declaration of Helsinki and approved by the institutional review

board of Guizhou Provincial People’s Hospital. Patient consent

was not available due to the retrospective nature of the study.
Data analysis

Data analysis was performed by utilizing SPSS 26.0 (SPSS

Inc., Chicago, IL). Cronbach’s alpha was employed to test the

internal consistency of each item, with a value >0.70 considered

to indicate good reliability. The interevaluator reliability was

assessed by the interclass correlation coefficient (ICC). Pearson

correlation analyses of CASE item scores and mRS total

score to evaluate the criterion validity. Receiver operating

characteristic (ROC) curves were generated, and 95%

confidence intervals (CIs) were computed to determine the

optimal cutoff value of the severity of AE. Severity was

measured by admission to the ICU. The effects of the

different clinical features on the CASE scores were compared

by ANOVA. All tests were two-tailed, and a P value of less than

0.05 was considered statistically significant.
Frontiers in Immunology 03
Results

Clinical data of the current pediatric AE
cohort

Among the 47 children, 51.1% (24/47) were female, with an

average age of 7.5 ± 3.5 years old; 61.70% (29/47) had NMDAR

antibodies. Other types included Ma2, CASPR2, CV2, AMPAR1

and GABABR antibodies. Only 12.8% (6/24) had a history of

infection in the early stage, but 82.9% had no obvious cause. The

median length of hospital stay was 18 days (6-58 days); 53.2%

(25/47) had abnormal MRI, and 87.2% (41/47) had abnormal

EEG. All patients received immunoglobulin and high-dose

hormonal therapy (20 mg/kg), and half (51.1%) required

further care in the ICU. Antibodies were detected in the

cerebrospinal fluid and serum of 53.2% (25/47) of children.

The most common clinical manifestations were language

problems (85.1%), psychiatric symptoms (80.9%), and

dyskinesia/dystonia (78.7%), but gait instability and ataxia

were rare (14.9%). The details are presented in Table 1.
Reliability and validity of the CASE

The Cronbach’s alpha of the total score is 0.825, the Cronbach’s

alpha of each item for the total score ranges from 0.16 to 0.406, and

items 1 and 9 had the lowest and highest Cronbach’s alpha values,

respectively. The interevaluator reliability was 0.994 (ICC: 0.993-

0.976). In Table 2, the criterion validity with the mRS (Pearson

correlations) was 0.459 between the two total scores. The correlation

coefficient ranged from 0.312 to 0.9 between the score of each item

and the mRS total score.

We tested the ability of the CASE to identify severity in

terms of the need for intensive care. In Figure 1A, the AUC was

0.992 (95% CI: 0.974-1.00). The cutoff was 14, indicating that the

patient needed admission to the ICU, with a sensitivity of 100%

and specificity of 92%. Figures 1B, C show that the CASE is

correlated with the mRS scale, and the scores of the same patient

are consistent. However, CASE and mRS scores are given for the

same patient on admission and out of the hospital (Figures 1B,

C), and the CASE has a wider range of possible scores than the

mRS. This indicates that the mRS is less effective at capturing

severity, such that it is difficult to see the severity and

progression of the disease.

In Figure 2, there was no significant difference in CASE scores

between male and female children with AE on admission (F=0.244,

P=0.624). For different ages, the distribution of CASE scores was

more extensive than that of mRS, and CASE was more able to

comprehensively assess the real situation of patients. There was no

significant difference in CASE scores on admission among the

different age groups (F=0.517, P=0.889).
frontiersin.org

https://doi.org/10.3389/fimmu.2022.915352
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zhou et al. 10.3389/fimmu.2022.915352
TABLE 1 Demographic and clinical characteristics of enrolled patients with autoimmune encephalitis (N, mean ± SD, median, %).

Characteristics Total Antibody positive Antibody negative

NMDAR Other types

Number 47 29 8 10

Age (years) 7.5 ± 3.5 7.6 ± 3.3 8.2 ± 3.5 6.7 ± 3.8

Gender

Female 24 (51.1) 17 (58.6) 2 (25.0) 5 (50.0)

Male 23 (48.9) 12 (41.4) 6 (75.0) 5 (50.0)

Inducement

Infection 6 (12.8) 1 (3.4) 1 (12.5) 4 (40.0)

Vaccine 2 (4.3) 0 (0.0) 0 (0.0) 2 (20.0)

Unknown 39 (82.9) 28 (96.6) 7 (87.5) 4 (40.0)

Age at onset (years),
median

8 (1-13) 8 (2-12) 8 (2-13) 6 (1-13)

Disease duration (days), median (min., max.)

From onset to
Admission(days)

10 (1-120) 10 (1-60) 11 (2-120) 8 (4-32)

From admission to
Diagnosis

2 (1-30) 2 (1-30) 1.5 (1-10) 1 (1-10)

From admission to immunotherapy 2 (1-14) 2 (1-14) 5 (2-11) 2 (1-4)

Hospital stays 18 (6-58) 17.5 (6-58) 23.5 (16-56) 18.5 (8-37)

Clinical features, n (%)

Seizures 20 (42.6) 11 (37.9) 4 (50.0) 5 (50.0)

Memory dysfunction 35 (74.5) 22 (75.9) 6 (75.0) 7 (70.0)

Psychiatric symptoms 38 (80.9) 24 (82.8) 6 (75.0) 8 (80.0)

Conscious 29 (61.7) 21 (72.4) 3 (37.5) 5 (50.0)

Language problem 40 (85.1) 26 (89.7) 7 (87.5) 7 (70.0)

Dyskinesia/dystonia 37 (78.7) 25 (86.2) 6 (75.0) 6 (60.0)

Gait instability and ataxia 7 (14.9) 4 (13.8) 3 (37.5) 0 (0.0)

Brain stem dysfunction 14 (29.8) 9 (31.0) 3 (37.5) 2 (20.0)

Weakness 13 (27.7) 8 (27.6) 4 (50.0) 1 (10.0)

MRI

Normal 22 (46.8) 12 (41.4) 5 (62.5) 5 (50.0)

Abnormal 25 (53.2) 17 (58.6) 3 (37.5) 5 (50.0)

EEG

Normal 6 (12.8) 1 (3.4) 1 (12.5) 4 (40.0)

Abnormal 41 (87.2) 28(96.6) 7 (87.5) 6 (60.0)

Immunotherapy

IVGG 47(100.0) 29 (100.0) 8 (100.0) 10 (100.0)

High dose glucocorticoid 47 (100.0) 29 (100.0) 8 (100.0) 10 (100.0)

plasma exchange 6 (12.7) 4 (13.8) 2 (25.0) 0 (0.0)

Rituximab 9 (19.1) 7 (24.1) 2 (25.0) 0 (0.0)

Others 2 (4.3) 2 (6.9) 0 (0.0) 0 (0.0)

Admission to ICU, n (%)

Yes 24 (51.1) 15 (51.7) 5 (52.5) 4 (40.0)

No 23 (49.9) 14 (48.3) 3 (37.5) 6 (60.0)

Presence of antibodies, n (%)

CSF 9 (19.1) 5 (17.2) 4 (50.0) /

Serum 3 (4.3) 1 (3.4) 2 (25.0) /

Both 25 (53.2) 23 (79.4) 2 (25.0) /
Frontiers in Immunology
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Clinical features and CASE scores

In Figure 3A, the most common clinical manifestations were

language problems (40/47) and psychiatric symptoms (38/47).

In Figures 3B, C, after treatment, the CASE score of normal MRI

and normal EEG at admission and discharge was not significant

(F=0.818, P=0.371; F = 0.222, P = 0.641), but the changes in

CASE score were more obvious in the children with abnormal

MRI and abnormal EEG results after treatment (F=9.317,

P=0.004; F=8.000, P=0.006).
Treatment plans and CASE scores

As shown in Figure 4A, the CASE score did not significantly

differentiate between patients who were antibody-positive on

admission and those who were antibody-negative (F=2.08,

P>0.05). The CASE score was decreased at discharge and was
Frontiers in Immunology 05
obviously lower in antibody-positive patients than in antibody-

negative patients (Ps<0.05). There was no significant difference

in length of stay among patients with different titers in their

serum (Figure 4B) or their cerebrospinal fluid (Figure 4C)

(P>0.05). Furthermore, there was no obvious association

between NMDAR antibody titers and CASE scores (Figure 4D).

In Figure 5A, IVGG + high-dose glucocorticoid treatment

was the most common (74.47%). In Figure 5B, we can see that

the AUC was 0.673 (95% CI: 0.493-0.852), and a cutoff of 9

indicated that the patient needed second-line treatment, with a

sensitivity of 91.7% and specificity of 77.1%. In Figure 5C, the

CASE score was slightly decreased at discharge with different

treatment plans. In Figure 5D, the CASE scores of children with

AE were decreased after receiving different treatments at

discharge compared with admission, but there was no

significant difference (F=6.832, P=0.10>0.05).
Discussion

With the development of AE research, the number of

children with AE has increased obviously (4). Anti-NMDAR

encephalitis was the most common (61.70%) in our study, which

is similar to previous studies (20). The most common clinical

manifestations of AE in children are language problems and

psychiatric symptoms, which were present in the current study

and previous research (21). It is worth noting that the clinical

symptoms in children with AE were different from those in

adults with AE, and the most common clinical features were

seizures, psychiatric symptoms, and memory dysfunction in

adult AE patients (22). The CASE is a new scale for assessing

the disease severity of AE. The development of the CASE is

based on the clinical symptoms of adults with AE. Using this tool

to assess the severity of children with AE, an analysis of

reliability and validity is urgently needed.
B CA

FIGURE 1

The ROC curve of the CASE total score as a predictor of disease severity in terms of the need for intensive care. (A) The one-to-one
corresponding scores of the same individual on the CASE and the mRS [(B) for admission; (C) for out of hospital].
TABLE 2 Pearson correlation analyses of CASE scores and mRS total
score.

CASE mRS (total score)

r P

Item 1 0.90 0.549

Item 2 0.723 < 0.001

Item 3 0.571 < 0.001

Item 4 0.541 < 0.001

Item 5 0.750 < 0.001

Item 6 0.619 < 0.001

Item 7 0.312 0.033

Item 8 0.386 0.007

Item 9 0.329 0.024

Total score 0.459 0.002
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B CA

FIGURE 2

The distribution of CASE total scores among different sexes (A) and the total CASE (B) and mRS (C) scores by age at admission.
B C

A

FIGURE 3

The distribution of clinical features in children with AE. (A) The relationship of CASE total scores with EEG (B) and MRI test results (C).
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The Cronbach’s alpha of the CASE total score is 0.825, and the

results reveal that the CASE has good item reliability. However, the

Cronbach’s alpha of some items for the total score was lower,

especially item 1 (seizure). Comparatively, the Cronbach’s alpha of

the CASE total score and each item was greater than 0.8 in adults in

the AE cohort, the item of seizure with the highest Cronbach’s alpha

value (15). This shows that the CASE was more suitable for adults

with AE than children. Overall, the CASE scale is applicable to

children, but not all items are applicable to them because the clinical

manifestations of the disease are heterogeneous between children

and adults (18). For example, seizure is themost common symptom

in adults with AE, but it is relatively rare for children with AE. The

interevaluator reliability was excellent. This indicates that most of

these items are clearly evaluated and feasible. The CASE had slightly

good criterion validity compared with the mRS between the two

total scores. The value of the CASE in differentiating AE severity

was excellent, and the AUC reached 0.992. A cutoff value of 14 had

the highest sensitivity and specificity as an indicator that the patient

needed admission to the ICU. The results show that the CASE is

correlated with themRS scale, and the scores of the same patient are

consistent. However, the range of mRS scores was too small to

highlight the severity of the patient, making it difficult to see the
Frontiers in Immunology 07
severity and progression of the disease. This scale is applicable to

male and female students without significant difference. It should be

noted that the consistency between the two scores is poor when the

children are younger, which results in poor objectivity. Therefore,

we can develop a slightly modified CASE for younger children,

which is conducive to the evaluation of the real situation.

Manypreviousstudieshavedemonstratedthatclinicalsymptoms

arerelatedto theprognosisofAE(23).CASEtotal scoresdidnotdiffer

among patients with differentMRI and EEG results on admission or

outside thehospital,which indicates that theabnormalEEGandMRI

results did not impact the AE severity. James Broadley et al. reported

that MRI changes were unlikely to have significant prognostic value

(24).AnotherstudyalsorevealedthatseizureandEEGchangeshadno

relationshipwith the prognosis of AE patients (25). ThemeanCASE

score of the childrenwith antibodypositivity at admissionwashigher

than that of the childrenwith antibody negativity, indicating that the

clinical manifestations of the children with antibody positivity were

more obvious; the effect treatment was prominent in antibody-

positive children. Some clinical research has shown that increased

antibodytitersmay indicate relapseofAE(26);however, theantibody

titers and prognosis of AE remain controversial. The results of this

study illustrated thathighantibody titersdidnot indicatemore severe
B C D

A

FIGURE 4

The relationship of CASE total scores with the results of antibody assays (A), the length (days) of hospitalization by antibody titer in the serum (B)
and in the cerebrospinal (C), and the distribution of CASE scores by NMDAR antibody titer (D).
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symptomsinAEpatients,andtherelationshipbetweenantibodytiters

and CASE scores needsmore research in the future. All pediatric AE

patients received IVGG + high-dose glucocorticoid treatment. A

CASE score above a cutoff value of 9 indicated an increased

probability that a patient would need second-line treatment.
Limitations

Our study is the first to describe the reliability and validity of the

CASE scale for children. The evaluation included only a small

dataset, leaving some of the results prone to bias, and some

conclusions need to be verified by more data. In particular, data

for the youngest age group are scarce, such that the disadvantages of

the CASE scoring scale for infants and young children are not well

understood, but the evaluators obviously feel the difficulties in using

the CASE to assess the severity in younger children with AE.
Conclusions

In general, the CASE has good reliability and validity in

children with AE. The CASE can assess the severity of patients’

disease and prognosis more effectively than the mRS can. However,
Frontiers in Immunology 08
some items of the CASE may not apply to children with AE. Thus,

an in-depth study of the CASE is needed in children with AE.
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