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Purpose: Disturbance of consciousness is common in patients with severe anti-N-methyl-D-aspartate receptor (NMDAR) encepha-
litis. However, little is known about it. This study aimed to analyze the clinical manifestations and prognostic factors of anti-NMDAR
encephalitis with disturbance of consciousness.

Methods: In this retrospective study, the clinical features, treatment results, and long-term outcomes of anti-NMDAR encephalitis
patients with disturbance of consciousness were analyzed, and multivariate logistic regression was used to analyze the factors affecting
their prognosis.

Results: In the group with disturbance of consciousness, the incidences of seizures, involuntary movements, pulmonary infection,
mechanical ventilation, intensive care unit (ICU) admission, neutrophil-lymphocyte ratio (NLR), abnormal cerebrospinal fluid index,
plasma exchange, and immunosuppressive therapy were higher than those in the group without disturbance of consciousness (all
P<0.05). During the follow-up period (median: 36 months, range: 12—78 months), the modified Rankin scale (mRS) score, the
maximum mRS score during hospitalization, the mRS score at discharge, and the mRS score at 12 months after discharge were higher
in the disturbance of consciousness group (all P < 0.001). However, there was no significant difference in long-term outcomes and
recurrence between the two groups. Multivariate logistic regression analysis showed that mechanical ventilation, elevated IgG index,
and delayed immunotherapy were independent risk factors for poor outcomes in patients with anti-NMDAR encephalitis with
disturbance of consciousness at 12 months (odds ratio: 22.591, 39.868, 1.195). The receiver operating characteristics (ROC) curve
analysis showed that the area under the curve (AUC) of mechanical ventilation, elevated IgG index, and delayed immunotherapy was
0.971 (95% CI=0.934-1.000, P<0.001).

Conclusion: Mechanical ventilation, elevated IgG index, and delayed immunotherapy may be the influencing factors of poor
prognosis of anti-NMDAR encephalitis patients with disturbance of consciousness. Although their condition is relatively serious,
most patients with anti-NMDAR encephalitis with disturbance of consciousness will achieve favorable long-term outcomes after long-
term treatment.
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Introduction

Anti-N-methyl-d-aspartate receptor (anti-NMDAR) encephalitis is a widely recognized and discussed autoimmune
disease of the central nervous system (CNS).' It is characterized by the abnormal presence of autoantibodies against
NMDAR in cerebrospinal fluid (CSF). These autoantibodies can mediate the cross-linking and internalization of
NMDAR, which interferes with synaptic transmission and leads to symptoms of the disease.” The main clinical
manifestations of anti-NMDAR encephalitis include psychiatric disturbance, seizures, speech disorders, abnormal move-
ment, and so forth. In severe cases, disturbance of consciousness, central hypopnea, and autonomic dysfunction may
occur.” The characteristic is the presence of antibodies targeting the GluN1 subunit of NMDAR in cerebrospinal fluid.
The main treatment measures for anti-NMDAR encephalitis are immunotherapy and tumor resection, and commonly
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used first-line immunotherapy methods include corticosteroids, immunoglobulins, and plasma exchange. Patients who
not responding to first-line treatment are provided with second-line treatment. However, despite established treatment
methods, 17-33% of patients still have poor results.* ® Disturbance of consciousness is one of the main clinical
manifestations of anti-NMDAR encephalitis, the incidence of consciousness disorders in patients with anti-NMDAR
encephalitis is approximately 50%-80%.""* Previous studies have reported that Disturbance of consciousness is an
independent risk factor for the poor short-term outcomes of anti-NMDAR encephalitis.” '' However, studies have yet to
focus on the analysis of the clinical features, long-term prognosis and potential influencing factors of anti-NMDAR
encephalitis with disturbance of consciousness. In addition, whether these patients need more complex immunotherapy
and symptomatic treatment also requires further study. Therefore, this study aimed to investigate the clinical character-
istics, immunotherapy, prognosis and predictive factors of anti-NMDAR encephalitis patients with disturbance of
consciousness. This will help clinicians better understand the clinical characteristics and prognosis of anti-NMDAR
encephalitis patients with consciousness impairment, and develop personalized treatment plans.

Patients and Methods

Study Population

We identified a total of 111 patients with anti-NMDAR encephalitis diagnosed in the First Affiliated Hospital of Guangxi
Medical University between April 2014 and September 2021. We have ruled out pediatric cases. 2 patients were lost
during follow-up. Therefore, 96 eligible adult patients were included in the present study. According to the diagnostic
criteria of anti-NMDAR encephalitis,' the inclusion criteria were as follows: (1) after reasonable exclusion of other
diseases, one or more of the six types of symptoms appeared quickly (less than 3 months), including psychiatric
disturbance, seizures, speech dysfunction, disturbance of consciousness, abnormal movement, and autonomic dysfunc-
tion; (2) positive detection of NMDAR antibody in CSF (cell-based assay). The exclusion criteria were: (1) patients with
intracranial infection; (2) patients with encephalopathy secondary to systemic inflammatory response syndrome; (3)
patients diagnosed with brain trauma, epilepsy and/or other nervous system disease before the onset of encephalitis; (4)
patients with positive serum and/or cerebrospinal fluid laboratory tests for another type of autoimmune encephalitis; (5)
patients lacking critical clinical data. All patients underwent detailed physical examination, laboratory and imaging
studies, and immunotherapy after admission. Studies were approved by the Medical Ethics Review Committee of the
First Affiliated Hospital of Guangxi Medical University. Written informed consent for studies was obtained from patients
and/or their families.

Data Collection

Clinical data collected included gender, age, prodromal symptoms, major clinical manifestations and complications,
neutrophil-to-lymphocyte ratio (NLR), CSF findings, serum and CSF antibody titers (cell-based assay, CBA), magnetic
resonance imaging (MRI), electroencephalogram (EEG) examinations, the time from the onset to the initiation of
immunotherapy, the time from initial immunotherapy to improvement, and the method of immunotherapy. The
Glasgow Coma Scale (GCS) was used to evaluate the level of consciousness of patients, including somnolence, sopor,
coma, confusion, delirium and mutism. A GCS score of less than 15 indicated disturbance of consciousness. According
to whether there were symptoms of disturbance of consciousness in the course of the disease, the patients were divided
into two groups: one group had disturbance of consciousness and the other group did not.

CSF findings included CSF cell count, CSF protein, oligoclonal bands, albumin-CSF/serum-quotient (Qalb), immu-
noglobulin G (IgG) index, and 24-hour intrathecal immunoglobulin G synthesis rate (24-h intrathecal 1gG). The IgG
index was calculated according to the formula IgG index =(IgG CSF/IgG serum)/(Albumin CSF/Albumin serum), and
the 24-h intrathecal IgG was calculated according to the Tourtellotte formula.'* The abnormal values were defined as
CSF pleocytosis >5x10%/L, CSF protein >450 mg/L, IgG index >0.7, 24-h intrathecal IgG >3.3 mg/dL, QAlb >7.00, and
positive oligoclonal bands.

All patients received immunotherapy, symptomatic, and supportive treatment. Tumor resection was performed for
those with tumors. Immunotherapy includes pulsed intravenous glucocorticoids, intravenous immunoglobulin (IVIg),
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plasma exchange (PE), and immunosuppressants (cyclophosphamide, mycophenolate mofetil, or azathioprine). The
modified Rankin scale (mRS) score was used for prognosis evaluation.” The mRS scores at admission, maximum
mRS scores during hospitalization, mRS scores at discharge and every 6 months after discharge were recorded. The
prognosis after discharge was evaluated by a neurologist during outpatient clinic or telephone follow-up. According to
the evaluation criteria, the prognosis was good for mRS scores 0—2 points and poor for 3—6 points. The recurrence was
defined as the onset of new symptoms or deterioration after at least 2 months of stabilization or improvement.'>

Statistical Analysis

IBM SPSS 23.0 was used for statistical analysis and figures were generated with GraphPad Prism 7. The normal distribution
data were expressed as mean + standard deviation, while non-normal distribution data were expressed as median (interquartile
range, IQR). The countable data were represented as counts (percentage) [n (%)], and the chi-square analysis with continuity
correction or Fisher’s exact test for categorical variables where applicable, and the Mann—Whitney U-test for continuous
variables. Multivariate logistic regression was used to analyze the factors affecting the prognosis of anti-NMDAR encephalitis
patients with disturbance of consciousness. P values < 0.05 were considered to be statistically significant.

Results

The Features of Disturbance of Consciousness in Anti-NMDAR Encephalitis

Of the 96 patients with anti-NMDAR encephalitis, 51 (53.1%) had disturbance of consciousness, including somnolence
(8 patients, 15.7%), sopor (3 patients, 5.9%), coma (8 patients, 15.7%), confusion (25 patients, 49%), delirium (3
patients, 5.9%), and mutism (4 patients, 7.8%), as indicated in Table 1. The median GCS score of 51 patients with
disturbance of consciousness was 11 (IQR 10-12) on admission and 13 (IQR 10-15) on discharge. The median time from
the onset to disturbance of consciousness was 18 days (IQR 14-25) and the median duration of disturbance of
consciousness was 29 days (IQR 16-37). The disturbance of consciousness lasted more than 7 days in 39.2% and
more than 30 days in 47.1% of patients.

The Clinical Features in Anti-NMDAR Encephalitis Patients with Disturbance of

Consciousness
In total, 96 patients with anti-NMDAR encephalitis were enrolled in this study, including 44 males (45.8%) and 52
females (54.2%). Patients were aged from 18 to 76, with a median age of 24 years (IQR 21-34). 50 patients (52.1%) had

Table | The Clinical Manifestation and Incidence
of Disturbance of Consciousness

Variable All n=51

Disturbance of consciousness, (n, %)

Somnolence 8 (15.7%)
Sopor 3 (5.9%)
Coma 8 (15.7%)
Confusion 25 (49%)
Delirium 3 (5.9%)
Mutism 4 (7.8%)

Duration of disturbance of

consciousness

Median, d (IQR) 29 (16, 37)
Maximum/ maximum, d 3-77

<7d (n, %) 7 (13.7%)
7-30d (n, %) 20 (39.2%)
>30d (n, %) 24 (47.1%)

Note: Data are n (%) values or median (interquartile range, IQR).
Abbreviations: IQR, interquartile range; d, days.
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prodromal symptoms such as fevers and headaches. The most common clinical manifestation was psychiatric disturbance
(90.6%), followed by seizures (69.8%), involuntary movement (51%), speech dysfunction (22.9%), autonomic dysfunc-
tion (13.5%). 6 (6.3%) patients had ovarian teratoma, of which 5 patients had disturbance of consciousness. All of them
underwent teratoma resection after admission.

51 patients were in the group with disturbance of consciousness, compared with 45 patients in the group without
disturbance of consciousness. The clinical manifestations of the two groups were compared as shown in Table 2.
Significant differences were observed in seizures, involuntary movements, mechanical ventilation, pulmonary infection,

Table 2 The Clinical Characteristics of Patients with or Without Disturbance of Consciousness

Item Total (n=96) Patients with Patients Without P value
Disturbance of Disturbance of
Consciousness Consciousness
(n=51) (n=45)
Gender (n, %)
Male 44 (45.8) 22 (43.1) 22 (48.9) 0.572
Female 52 (54.2) 29 (56.9) 23 (51.1)
Age, mean, (IQR), years 24 (21, 34) 24 (21, 35) 23 (20.5, 34) 0.408
Prodromal symptoms 50 (52.1) 29 (56.9) 21 (46.7) 0.318
Clinical manifestations (n, %)
Psychiatric disturbance 87 (90.6) 49 (96.1) 38 (84.4) 0.109
Seizures 67 (69.8) 42 (82.4) 25 (55.6) 0.004
Involuntary movement 49 (51.0) 37 (72.5) 12 (26.7) <0.001
Speech dysfunction 22 (22.9) 12 (23.5) 10 (22.2) 0.879
Autonomic dysfunction 13 (13.5) 10 (19.6) 3 (6.7) 0.064
Complications (n, %)
Pulmonary infection 39 (40.6) 30 (58.8) 9 (20.0) <0.001
Urinary tract infection 5(5.2) 5(9.8) 0 (0) -
Abnormal liver function 6 (6.3) 4 (7.8) 2 (44) 0.792
Deep venous thrombosis 4 (4.2) 4 (7.8) 0 (0) -
Sleep disturbance Il (11.5) 7 (13.7) 4 (8.9) 0.458
Tumors 6 (6.3) 5(9.8) 1(22) 0.267
Mechanical ventilation 20 (20.8) 19 (37.3) 1 (2.2) <0.001
ICU admission 21 (21.9) 19 (37.3) 2 (4.4) <0.001
Peripheral blood findings
NLR, median, (IQR) 3.70 (2.45, 6.47) 5.25 (3.23, 7.51) 3.00 (1.99, 4.82) <0.001
CSF findings
CSF pleocytosis (n, %) 50 (52.1) 29 (56.9) 21 (46.7) 0.318
CSF Oligoclonal bands (n, %) 9 (94) 8 (15.7) 1 (2.2) 0.056
Elevated CSF protein (n, %) 28 (29.2) 20 (39.2) 8 (17.8) 0.021
Elevated IgG index (n, %) 47 (49.0) 27 (52.9) 20 (44.4) 0.406
Elevated 24-h intrathecal IgG (n, %) 72 (75.0) 42 (82.4) 30 (66.7) 0.077
QAIb >7.00 (n, %) 15 (15.6) 7 (13.7) 8 (17.8) 0.585
NMDAR antibody titers (n, %)
CSF NMDAR antibody titers positive, (n/%) 96 (100) 51 (100) 45 (100) -
Titers < 1:32 89 (92.7) 44 (86.3) 45 (100) -
1:32 < Titers < 1:100 4 (4.2) 4(7.8) 0(0) -
1:100 < Titers < 1:320 3@3.0) 3 (59 0 (0) -
Serum NMDAR antibody titers positive, (n/%) 68 (70.8) 38 (74.5) 30 (66.7) 0.399
Titers < 1:32 40 (58.8) 25 (65.8) 15 (50) 0.189
1:32 < Titers < 1:100 14 (20.6) 8 (21.1) 6 (20) 0915
1:100 < Titers < 1:320 14 (20.6) 5(13.2) 9 (30) 0.088
(Continued)
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Table 2 (Continued).

Item Total (n=96) Patients with Patients Without P value
Disturbance of Disturbance of
Consciousness Consciousness
(n=51) (n=45)
Abnormal MRI findings, (n, %) (findings from 79 patients) | 42 (53.2) 24 (53.3) 18 (52.9) 0.972
Abnormal EEG findings, (n, %) 81 (84.4) 44 (86.3) 37 (82.2) 0.585
Time from onset to the initiation of immunotherapy (days, 18 (12, 32.75) 18 (12, 33) 20 (11.5, 32) 0915
median, IQR)
Steroid therapy (n, %) 94 (97.9) 49 (96.1) 45 (100) -
Time from onset to steroid therapy (days, median, IQR) 21 (13, 34) 19 (13, 35.5) 22 (13, 32.5) 0.907
IVIg (n, %) 54 (56.3) 29 (56.9) 25 (55.6) 0.897
Time from onset to [VIg (days, median, IQR) 19.5 (13, 34.25) 21 (14, 36.5) 18 (11.5, 33.5) 0.266
PE (n, %) 17 (17.7) 13 (25.5) 4 (8.9) 0.033
Time from onset to PE (days, median, IQR) 31 (19.5, 36.5) 31 (19.5, 36) 30.5 (18.25, 43.5) 0.910
Immunosuppressive therapy (n, %) 34 (354) 24 (47.1) 10 (22.2) 0.011
Cyclophosphamide 14 (14.6) 12 (23.5) 2 (4.4) 0.008
Mycophenolate mofetil 8 (8.3) 4 (7.8) 4 (8.9) 1.000
Azathioprine 12 (12.5) 8 (15.7) 4 (8.9) 0.315
Time from onset to immunosuppressive therapy, 30 (17.75, 44.75) 26 (12.75, 43.75) 36 (22.5, 45.5) 0.205
(days, median, IQR)
Time from immunotherapy to improvement 26 (19, 33.75) 32 (24, 38) 20 (17, 26.5) <0.001
(days, median, IQR)
mRS score, median (IQR)
Admission mRS score 32,4 43,4 3(23) <0.001
Maximum mRS scores during hospitalization 3(25) 43,5) 32,4 <0.001
Discharge mRS score 2(2,4) 4(2,5) 2(1,2) <0.001
mRS score after 12 months 2(1,3) 2(2,3) 2(1,2) <0.001
mRS score after Long-term follow-up 2(1,2) 2(1,2) 2(1,2) 0.053
Recurrence (n, %) 7 (7.3) 4 (7.8) 3 (6.7) 1.000

Note: Data are n (%) values or median (interquartile range, IQR).

Abbreviations: IQR, interquartile range; ICU, intensive care unit; NLR, neutrophil-to-lymphocyte ratio; CSF, cerebral spinal fluid; 24-h intrathecal IgG, 24-hour intrathecal
immunoglobulin G synthesis rate; Qalb, albumin-CSF/serum-quotient; NMDAR, N-methyl-D-aspartate receptor; MRI, magnetic resonance imaging; EEG, electroencephalo-
gram; [Vlg, intravenous immunoglobulin; PE, plasma exchange; mRS, modified Rankin Scale.

and ICU admission. Compared with the patients without disturbance of consciousness, those with disturbance of
consciousness were more likely to have seizures (82.4% vs 55.6%, P=0.004), involuntary movements (72.5% vs
26.7%, P<0.001), pulmonary infection (58.8% vs 20%, P < 0.001), mechanical ventilation (37.3% vs 2.2%, P<0.001),
and ICU admission (37.3% vs 4.4%, P<0.001). No statistical difference was observed in gender, age, prodromal
symptoms, speech disorders, psychiatric disturbances, sleep disorders, autonomic dysfunction, and tumors between the
two groups (P>0.05).

The auxiliary examination results showed that among 96 patients with anti-NMDAR encephalitis, 84 patients (87.5%) had
abnormal CSF findings. 50 (52.1%) had CSF pleocytosis, 28 (29.2%) patients had elevated CSF protein, 47 (49%) had elevated
IgG index, 72 (75%) patients had elevated 24-h intrathecal IgG, 15 (15.6%) had blood-brain barrier disruption (QAlb >7), and 9
(9.4%) patients had positive oligoclonal bands. The proportion of CSF protein elevation was higher in the patients with
disturbance of consciousness than those in the patients without disturbance of consciousness (P<0.05). 79 (82.3%) of the 96
patients underwent brain MRIs. 42 (53.2%) had abnormal MRI findings, mainly involving the bilateral temporal lobe, frontal,
occipital lobe, lateral ventricle, and hippocampal cortical gyrus. All 96 patients underwent EEGs. 81 (84.4%) had an abnormal
EEG, with focal and diffuse slow waves being the most common. Only 8 (8.3%) patients had the extreme delta brush, and there
were no statistical differences between the two groups. The NLR in the disturbance of consciousness group was higher than that in
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the group without disturbance of consciousness (P<0.001). All patients (100%) were positive for anti-NMDAR antibodies of CSF,
while only 68 cases (70.8%) were positive for anti-NMDAR antibodies of serum.

The disease severity and immunotherapy between the two groups were found significant differences. Compared to the
group without disturbance of consciousness. The patients with disturbance of consciousness were more seriously ill. The
admission mRS scores (median of 4 vs 3, P<0.001), the maximum mRS scores during hospitalization (median of 4 vs 3,
P<0.001), and the discharge mRS scores (median of 4 vs 2, P<0.001) for patients with disturbance of consciousness were
also higher (Figure 1). All patients received first-line immunotherapy, of which 94 (97.9%) patients received steroid
therapy, 54 (56.3%) patients received IVIg, and 17 (17.7%) patients received PE. Of the 34 (35.4%) patients who
received immunosuppressant treatment, 14 (14.6%) patients received cyclophosphamide, 8 (8.3%) patients received
mycophenolate mofetil, and 12 (12.5%) patients received azathioprine. Compared to the patients without disturbance of
consciousness, the proportion of receiving PE and immunosuppressant in patients with disturbance of consciousness was
higher (P<0.05) and the time from initial immunotherapy to improvement was longer (P<0.001).

Neurological Functional Outcome and Factors Associated with Poor Long-Term

Functional Outcome
The median follow-up period was 36 months (range 12—78 months), and the median mRS score at discharge was 4 and 2,
respectively, among those with or without disturbance of consciousness. In order to investigate the long-term prognosis
of the patients, mRS scores were evaluated every 6 months. A total of 2 patients were lost during the follow-ups, and
both were in the group without disturbance of consciousness. The long-term follow-up results showed that 78 (83%) of
patients showed good neurological outcomes (mRS < 2), with a long-term mortality rate of 3.2%, most of which died of
disease progression and complications. Six patients had ovarian teratoma and all patients underwent resection.

After follow-up for at least 12 months, the influencing factors of poor prognosis in patients with anti-NMDAR
encephalitis with disturbance of consciousness were analyzed, as shown in Table 3. Compared with the patients with
good prognosis (mRS < 2), the patients with poor prognosis had a higher proportion of mechanical ventilation, ICU
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Figure | The mRS among anti-NMDAR encephalitis patients with or without disturbance of consciousness. The median of the mRS scores at admission, maximum mRS
scores during hospitalization, mRS scores at discharge, and mRS scores |2 months after discharge in the group with disturbance of consciousness were significantly higher
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186 https: Patient Related Outcome Measures 2023:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Gong et al

Table 3 Predictors of Poor Neurologic Outcome (mRS>2)

at the 12-Month Follow-Up

in Anti-NMDAR Encephalitis Patients with Disturbance of Consciousness

Potential Predictors Total (n=51) mRS > 2 at 12 mRS <2 at 12 P value
Months (n=23) Months (n=28)

Gender (n, %)

Male 22 (43.1) 7 (30.4) 15 (53.6) 0.097

Female 29 (56.9) 16 (69.6) 13 (46.4)
Age, mean, (IQR), years 24 (21, 35) 24 (22, 46) 24 (21, 31) 0.315
Clinical manifestations (n, %)
Psychiatric disturbance 49 (96.1) 21 (91.3) 28 (100) 0.386
Seizures 42 (82.4) 20 (87) 22 (78.6) 0.680
Involuntary movement 37 (72.5) 19 (82.6) 18 (64.3) 0.145
Speech dysfunction 12 (23.5) 4 (17.4) 8 (28.6) 0.349
Autonomic dysfunction 10 (19.6) 7 (30.4) 3 (10.7) 0.158
Complications (n, %)
Pulmonary infection 30 (58.8) 17 (73.9) 13 (46.4) 0.047
Urinary tract infection 5(9.8) 4 (17.4) 1 (3.6) 0.239
Abnormal liver function 4 (7.8) 3 (13.0) 1 (3.6) 0.466
Deep venous thrombosis 4 (7.8) 1 (43) 3 (10.7) 0.750
Sleep disturbance 7 (13.7) 2(87) 5(17.9) 0.591
Tumors 5(9.8) 5(21.7) 0 (0.0) -
Mechanical ventilation 19 (37.3) 16 (69.6) 3 (10.7) <0.001
ICU admission 19 37.3) 14 (60.9) 5(17.9) 0.002
Peripheral blood findings
NLR, median, (IQR) 5.25 (3.23,7.51) 5.25(34,7.18) 5.1'1 (255, 8.74) 0.663
CSF findings
CSF pleocytosis (n, %) 29 (56.9) 12 (52.2) 17 (60.7) 0.540
CSF Oligoclonal bands (n, %) 8 (15.7) 3 (13.0) 5(17.9) 0.933
Elevated CSF protein (n, %) 20 (39.2) 11 (47.8) 9 (32.1) 0.254
Elevated IgG index (n, %) 27 (52.9) 16 (69.6) 11 (39.3) 0.031
Elevated 24-h intrathecal IgG (n, %) 42 (82.4) 20 (87.0) 22 (78.6) 0.680
QAIb >7.00 (n, %) 7 (13.7) 3(13.0) 4 (14.3) 1.000
NMDAR antibody titers (n, %)
CSF NMDAR antibody titers positive, (n/%) 51 (100) 23 (100) 28 (100) -
Serum NMDAR antibody titers positive, (n/%) 38 (74.5) 18 78.3) 20 (71.4) 0.577
Abnormal MRI findings, (n, %) (findings from 46 patients) | 24 (53.3) Il (55) 13 (52.0) 0.921
Abnormal EEG findings, (n, %) 44 (86.3) 21 (91.3) 23 (82.1) 0.591
Time from onset to the initiation of immunotherapy (days, 18 (12, 33) 34 (18, 49) 13 (8.25, 18.75) <0.001
median, IQR)

Note: Data are n (%) values or median (interquartile range, IQR).

Abbreviations: IQR, interquartile range; ICU, intensive care unit; NLR, neutrophil-to-lymphocyte ratio; CSF, cerebral spinal fluid; 24-h intrathecal IgG, 24-hour intrathecal
magnetic resonance imaging; EEG,

Qalb,

immunoglobulin G synthesis rate;
electroencephalogram.

albumin-CSF/serum-quoti

ent; NMDAR, N-methyl-D-aspartate receptor;

MRI,

Table 4 Factors Associated with Prognosis in Anti-NMDAR Encephalitis Patients with Disturbance of

Consciousness

p Coefficient OR (95% CI) P-value
Mechanical ventilation 3.118 22.591 (1.154-442.309) 0.04
ICU admission 2.189 8.930 (0.311-256.267) 0.201
Elevated IgG index 3.686 39.868 (1.333-1192.059) 0.034
Median delay (IQR) to immunotherapy 0.179 1.195 (1.05-1.361) 0.007

Abbreviations: f, regression coefficient; OR, odds ratio; Cl, confidence interval; ICU, intensive care unit; IQR, interquartile range.
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Figure 2 Receiver operating characteristic (ROC) curve for predicting the value of mechanical ventilation, elevated IgG index and the time from onset to the initiation of

immunotherapy for evaluating the prognosis of patients with NMDAR encephalitis with disturbance of consciousness.
Abbreviation: AUC, area under the curve.

admission, elevated IgG index, and delayed immunotherapy. Multivariate logistic regression analysis of these indicators,
as shown in Table 4. The results showed that mechanical ventilation, elevated IgG index, and delayed immunotherapy
were independent risk factors for poor prognosis in patients with anti-NMDAR encephalitis with disturbance of
consciousness. In order to evaluate the role of the above three parameters in predicting the prognosis of patients with
NMDAR encephalitis with disturbance of consciousness, ROC curve analysis was carried out. The results show that the
area under the curve (AUC) is 0.971 (95% CI= 0.934—-1.000, P<0.001) (Figure 2). Although there was no significant
difference in the rates of ICU admission between the two groups, this parameter was higher in patients with poor
prognoses than in patients with good prognoses.

Discussion
Anti-NMDAR encephalitis is an autoimmune inflammatory disease of the central nervous system, which can be reversed
by early active treatment.*'® Disturbance of consciousness is one of the common clinical manifestations in patients with
anti-NMDAR encephalitis. Studies have shown that the proportion of disturbance of consciousness in severe anti-
NMDAR encephalitis is as high as 89.7%.” Disturbance of consciousness can occur at different stages of the disease,
sometimes even throughout the disease, and may even lead to a poor overall prognosis.”!" Therefore, actively exploring
the clinical characteristics and prognostic factors of anti-NMDAR encephalitis patients with disturbance of consciousness
can provide a reference for clinical prevention and treatment.

The incidence of consciousness disorders in patients with anti-NMDAR encephalitis is approximately 50%-80%.*"-%
51 (53.1%) patients in this study had disturbance of consciousness, which was also consistent with previous studies.
Anti-NMDAR encephalitis is an autoimmune inflammatory disease mediated by self-antibodies. NMDA receptors form
neural connections in the brain, and most connections to the external world and internal experiences rely on the normal
function of NMDA receptors. Antibodies cause dysfunction of the NMDA receptors, leading to severe neurological
damage and affecting the normal functioning of the brain.'” Consciousness impairment might be due to damage and
deactivation of the cerebral cortex, responsible for perception, movement, language, and high-level cognition. When this

area is affected by inflammation, it may stop receiving and processing information, leading to consciousness
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disorders."®'? Our results showed that the manifestations of disturbance of consciousness in anti-NMDAR encephalitis
patients varied. The type of disturbance of consciousness with the highest incidence was confusion, followed by coma,
somnolence, mutism, delirium, and sopor. Notably, after early, aggressive, combined immunotherapy and life support, the
symptoms of disturbance of consciousness in most patients were alleviated.

The initial condition of anti-NMDAR encephalitis patients with disturbance of consciousness is more serious, the
trend of deterioration is obvious, and the prognosis is relatively poor.

Compared with the unconscious disorder group, the disturbance of consciousness group had a higher proportion of
seizures and involuntary movement and required ICU admissions and mechanical ventilation more frequently. In
addition, their admission mRS score, the maximum mRS score during hospitalization, and the mRS score at discharge
are also higher, which means that the condition is more serious at admission, is more likely to worsen during treatment,
and the short-term prognosis is relatively poor. The reason may be that with the occurrence and progress of disturbance
of consciousness, patients need to stay in bed or endotracheal intubation for a long time, resulting in more complications,
and the patient’s condition tends to worsen, thus increasing disease unpredictability and the risk of poor prognosis.’**! In
addition, respiratory and urinary dysfunction also increased the risk of pulmonary infection and urinary tract infection. In
this study, although there was no significant difference in urinary tract infection, abnormal liver function, deep venous
thrombosis, sleep disturbance, and tumor between the two groups, the proportion of patients in the disturbance of
consciousness group was higher than that in the group without disturbance of consciousness. It is worth mentioning that
this study also showed that the percentage of abnormal CSF indexes in patients with anti-NMDAR encephalitis with
disturbance of consciousness was higher than that in patients without disturbance of consciousness. The analysis of
biochemical and immune parameters of cerebrospinal fluid can reflect the inflammation and intrathecal synthesis of the
central nervous system. Elevated cerebrospinal fluid proteins are commonly used to evaluate abnormal immune
inflammatory responses in the central nervous system.** In this study, the proportion of elevated CSF protein in patients
with disturbance of consciousness was higher, which indirectly indicated that the central immune response of anti-
NMDAR encephalitis patients with disturbance of consciousness was more serious, and the disease may be progressing
gradually, which is consistent with previous studies.*®

The treatment time of anti-NMDAR encephalitis patients with disturbance of consciousness is longer and more
difficult, so the combined immunotherapy for primary diseases should be strengthened.

In this study, the time from onset to the initiation of immunotherapy was similar between the patients with or without
disturbance of consciousness (18 days, IQR12-33 vs 20 days, IQR11.5-32). However, the time from immunotherapy to
initiation of improvement was longer (32 days, IQR24-38 vs 20 days, IQR17-26.5). Patients with anti-NMDAR
encephalitis who experience consciousness disorders have a high degree of severity. The appearance of consciousness
disorder symptoms suggests that there may be damage and inactivation of the cerebral cortex, which may affect advanced
functions such as thinking, perception, movement and language.'® Consciousness disorder is one of the manifestations of
disease progress,”> so the treatment time is longer. Therefore, doctors should closely monitor the consciousness of
patients with anti-NMDAR encephalitis during hospitalization and rule out any potential causes of consciousness
disturbance as soon as possible. At present, the main treatment of anti-NMDAR encephalitis is immunotherapy and
tumor resection. The commonly used first-line immunotherapy includes steroid therapy combined with IVIg or PE, and
the second-line immunotherapy recommends the use of immunosuppressant.*** Studies have shown that early treatment
is a predictor of a good outcome,* and some researchers suggest that patients who do not improve 10 days after first-line
treatment should be treated with immunosuppressant therapy.”** In our study, the number of patients receiving PE and
immunosuppressant therapy in the disturbance of consciousness group was higher than that in the group without
disturbance of consciousness, there were significant differences in the choice of immunotherapy and the intensity of
combined immunotherapy between the two groups, suggesting that patients in the disturbance of consciousness group
received more active combined immunotherapy. In addition, early treatment is defined as starting immunotherapy within
30 days of onset.”® 36 patients (70.1%) in the consciousness disorder group received immunotherapy in the early stages
of the disease. After receiving hormone combined with PE or hormone combined with immunosuppressive therapy in the
early stage, the symptoms of disturbance of consciousness in most patients can be alleviated. Among the consciousness
disorder group, 39 patients (76.5%) achieved good long-term prognosis. And there was no significant difference in long-
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term prognosis between the groups with or without consciousness disorders. In the past, it was reported that the
neurological function of patients with disturbance of consciousness completely returned to normal after treatment.?’ In
addition, long-term follow-up shows that although immunotherapy takes a long time for patients with disturbance of
consciousness to begin to improve, most patients with anti-NMDAR encephalitis with disturbance of consciousness will
eventually achieve favorable long-term results. This enlightens us that for anti-NMDAR encephalitis patients with
disturbance of consciousness, combined immunotherapy and life support should be given as soon as possible, even if
the condition is very critical and the treatment time is long. The patients may eventually have a good prognosis.

Mechanical ventilation, elevated IgG index, and delayed immunotherapy are independent prognostic factors in
patients with anti-NMDAR encephalitis with disturbance of consciousness.

In this study, during the follow-up of 12 months after discharge, the mRS score in the disturbance of consciousness
group was still significantly higher than that in the group without disturbance of consciousness (P < 0.001). Therefore,
multivariate logistic regression analysis was used to analyze the factors affecting the long-term prognosis of patients with
anti-NMDAR encephalitis with disturbance of consciousness. The patients were divided into two groups (good prognosis
mRS<2 and poor prognosis mRS>2). Logical regression analysis showed that some factors were independently related to
the long-term outcome of patients with anti-NMDAR encephalitis with disturbance of consciousness, namely mechanical
ventilation, elevated IgG index, and delayed immunotherapy. Using ROC analysis, it was found that the AUC of using
the above three parameters to predict the prognosis was 0.971, indicating that it had a good reference value. Some studies
have found that NMDAR N1 subunit knockout mice died of respiratory failure one day after birth, indicating that

NMDAR is involved in the central regulation of respiration,*®*

which may be the reason for central hypopnea in
patients with anti-NMDAR encephalitis. Patients with central hypopnea usually need mechanical ventilation to maintain
vital signs, which leads to more serious outcomes and long-term mortality. Similar results have been reported in
encephalitis of various causes. The more serious outcome is related to the need for long-term respiratory support.®'*
The IgG index is often used to monitor intrathecal immunoglobulin synthesis, which is an important index to evaluate the
intensity of the central immune response. The more obvious the abnormal intrathecal synthesis, the stronger the central
immune response. IgG in CSF is an immune response in which antibodies are produced locally in the central nervous
system. Normally, the content of IgG in CSF is low, and IgG is not synthesized in the central nervous system. There are
two sources of IgG in CSF: one is immunoglobulin synthesized in the sheath, and the other is synthesized in the liver
through blood circulation through BBB into the sheath. When humoral immunity occurs, intrathecal IgG will increase
accordingly, such a mechanism could involve cervical lymph nodes as key sites of antigen drainage and immune response
initiation.®' Since the IgG index fully takes into account the influence of IgG in CSF caused by the increase of serum IgG
and the destruction of BBB, it suggests that the accuracy of abnormal intrathecal synthesis is higher.”” The researchers
found that intrathecal IgG synthesis increased in the middle and later stages of anti-NMDAR encephalitis.*> At present,
there are few reports on the IgG index of cerebrospinal fluid in patients with anti-NMDAR encephalitis. Previous similar
reports have shown that the increase in intrathecal IgG synthesis is significantly correlated with QAlb, while QALB is
associated with poor short-term prognosis.*® This study shows that the IgG index can objectively reflect the degree of
central inflammatory reaction and is an independent risk factor for poor prognosis in patients with anti-NMDAR
encephalitis with disturbance of consciousness.

Some previous studies have found that the predictor of good functional outcomes is the lack of ICU admission and
early treatment.* Active targeted immunotherapy plays a key role in rapidly improving nervous system symptoms,
promoting neurofunctional recovery, and controlling disease progression.® Previous studies have also shown that the
prognosis of AE patients receiving immunotherapy is good, and the shorter the time from onset to immunotherapy, the
better the prognosis.** Delayed immunotherapy will aggravate the irreversible damage caused by disturbance of
consciousness, which has a significant effect on the prognosis. Therefore, for patients with anti-NMDAR encephalitis
with disturbance of consciousness, immunotherapy should be given as soon as possible on the basis of symptomatic
treatment, so as to shorten the time from onset to immunotherapy as far as possible, so as to strengthen the curative effect
and improve the prognosis.

In summary, the novelty of this study is to describe the clinical characteristics of patients with anti-NMDAR
encephalitis with disturbance of consciousness and to identify three risk factors that may affect their prognosis.
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Studying the disturbance of consciousness of anti-NMDAR encephalitis may help clinicians to better understand anti-
NMDAR encephalitis, provide personalized treatment for these patients, evaluate the efficacy of treatment and prognosis.
However, the main limitations of our study include the single-center, small sample, and retrospective of data, The longer
follow-up time makes it more difficult to expand the samples. Although the sample size is sufficient for multivariate
logistic regression for risk factor analysis, prospective studies with multiple centers and large samples are still needed. In
the future, more specific questionnaires and detailed assessments (such as Modified Barthel Index Evaluation Scale,
Clinical Scale for Autoimmune Encephalitis) can be used to better evaluate and detect potential risk factors for the
prognosis in anti-NMDAR encephalitis patients with disturbance of consciousness.
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