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A B S T R A C T   

Introduction: Anti-N-methyl-d-aspartate receptor (anti-NMDAR) encephalitis is a form of encephalitis previously 
associated with dermoid tumors. However, most studies in the literature evaluating the disease are case reports 
and small patient cohorts, limiting robust statistical analysis. Here, we demonstrate predictors of anti-NMDAR 
encephalitis in a large cohort of US patients. 
Methods: We used the 2016 National Inpatient Sample (NIS) to identify a cohort of 24,270 admitted for an 
ovarian dermoid tumor. Of these patients, 50 (0.21%) were diagnosed with anti-NMDAR encephalitis. Patient 
demographics, hospital characteristics, length of stay (LOS), and complications were collected. Statistical anal-
ysis consisted of odds ratios with chi-square testing to compare categorical variables. 
Results: The mean age of all patients with dermoid tumors was 45.5 ± 18.0 years, and the mean age of patients 
with diagnosed anti-NMDAR encephalitis was 27.4 ± 4.9 years. The mean LOS in the dermoid tumor cohort was 
3.5 ± 4.9 days, while the mean LOS in the anti-NMDAR encephalitis cohort was 31.9 ± 25.9 days (p < 0.001). 
The mean cost in the dermoid tumor cohort was $44,813.18±$54,305.90, while the mean cost in the anti- 
NMDAR encephalitis cohort was $445,628.60±$665,423.40 (p < 0.001). Patients with age above 30 years 
with dermoid tumors had significantly lower odds of developing anti-NMDAR encephalitis compared to patients 
younger than 30 years (OR: 0.19; 95%CI: 0.045–0.67; p-value: 0.003). White patients had significantly lower 
odds of developing anti-NMDAR encephalitis (OR: 0.19; 95%CI: 0.026–0.77; p-value: 0.013), and Black patients 
had significantly higher odds of developing anti-NMDAR encephalitis (OR: 3.45; 95%CI: 1.00–12.46; p-value: 
0.044). 
Conclusion: Patient predictors of developing anti-NMDAR encephalitis include age, race, ethnicity and patients 
who go on to develop anti-NMDAR encephalitis have a significantly increased hospital LOS and cost compared to 
those who do not. Future research, including multi-center clinical trials and longitudinal data, is necessary to 
fully cement the findings of this manuscript.   
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1. Introduction 

Anti-N-methyl-d-aspartate receptor (anti-NMDAR) encephalitis is a 
form of encephalitis in which antibodies target the NR1 or NR2 subunits 
of the NMDA receptor [1]. Medical symptomatology common in this 
condition include memory problems, seizure, decreased consciousness, 
dyskinesia, autonomic instability and hypoventilation, and psychiatric 
symptomatology include psychosis, anxiety, insomnia, mania, and 
catatonic symptoms [2–6]. Because NMDAR encephalitis is a rare 
diagnosis, and often a diagnosis of exclusion, many patients with this 
disorder are admitted to psychiatric facilities for altered mental status, 
which may delay treatment [6]. 

A wide body of literature has shown a connection between anti- 
NMDAR encephalitis and ovarian dermoid tumors, with mature and 
immature ovarian teratomas being most commonly associated with the 
disease [7]. There studies have shown that anti-NMDAR dispropor-
tionately affects young women with dermoid tumors, and often presents 
with psychiatric and behavioral changes. However, much of the litera-
ture is limited to case studies, and larger meta-analyses and systematic 
reviews are limited to only hundreds of patients presenting over a span 
of two decades [7–10]. Due to the small amount of patients included in 
these previous studies, associations of anti-NMDAR encephalitis with 
even basic demographical variables has yet to be elucidated to include 
age, sex and ethnicity [11,12]. 

In this study, the authors conducted a contemporary analysis of risk 
factors for anti-NMDAR encephalitis using the National Inpatient Sam-
ple. This is a large nationally representative inpatient database from the 
United States (US) developed by the Healthcare Cost and Utilization 
Project. Patient data was extracted and analyzed to investigate the 
prevalence of anti-NMDAR encephalitis among women diagnosed with 
benign ovarian dermoid tumors. Additionally, the authors aimed to 
discover any associations of anti-NMDAR encephalitis with demo-
graphical predictors to include age, race and ethnicity. 

2. Methods 

2.1. Data source 

In this study, we used the Healthcare Cost and Utilization Project 
(HCUP) National Inpatient Sample (NIS) from the year 2016. The NIS is 
a yearly nationally-representative inpatient database from the Agency 
for Healthcare Research and Quality (AHRQ) with information 
regarding patient demographics, diagnoses, and procedures. Patients 
are deidentified and are each represented as unique patient linkages to 
allow for accurate patient tracking throughout the calendar year. The 
NIS is publicly available for purchase and has been designed to allow for 
nationally representative readmission analysis when used in conjunc-
tion with the provided NIS discharge weights. In NRD 2016, we iden-
tified >35 million patient discharges, and all data regarding patient 
diagnoses and procedures was queried using International Classification 
of Diseases, Tenth Revision (ICD-10) codes in all patient admissions. 
Institutional Review Board (IRB) approval and informed consent were 
not required as we used a de-identified publicly available database. 

2.2. Patient selection 

A total of 24,270 patients were identified who were diagnosed with a 
benign dermoid tumor of either ovary in 2016. All patients were 
retrieved from the database using ICD-10 coding variables only. First, 
patients were identified by code: ICD-10: D27. This includes any non- 
metastasizing neoplasm that arises from the ovary. 

Of these patients, the appropriate coding was utilized to identify a 
cohort of 50 (0.21%) patients who were diagnosed with anti-NMDAR 
encephalitis. The following code was used: ICD-10: G04. This code de-
scribes any patients that have inflammatory processes involving the 
brain (encephalitis) and meninges (meningitis). This could be the result 

of pathogenic organisms which invade the central nervous system and 
occasionally by toxins, autoimmune disorders, and other conditions. 

Additionally, the ICD-10 codes of F061 (catatonic disorder due to 
known physiological condition), F22 (delusional disorder), F29 (un-
specified psychosis), F302 (manic episode, with severe psychotic 
symptoms), F319 (bipolar disorder, unspecified), F329 (major depres-
sive disorder, unspecified), F419 (anxiety disorder), and F901 (atten-
tion-deficit/hyperactivity disorder, predominantly hyperactive) were 
retrieved for measurement of comorbid psychiatric disorders. The ICD- 
10 code of R56 (seizure convulsive [NOS]) was also retrieved to mea-
sure comorbid seizure diagnoses. 

Total extracted data included patient demographics, hospital char-
acteristics and predictors of disease (Fig. 1). Within both patient cohorts, 
patient demographics, length of stay (LOS), hospital costs, and discharge 
characteristics were queried. Non-home discharges included discharges 
to a skilled nursing facility, short-term hospital, or other facility other 
than home. 

2.3. Statistical analysis 

All statistics were conducted in RStudio (Version 1.2.5042) with α =
0.05 level of significance. The ‘epitools’ package was used to calculate 
odds ratios between variables of importance. Income, discharge loca-
tion, emergency department admission and mortality was compared 
using Fisher’s exact test. Age, monetary costs and length of stay was 
compared using Student’s t-test. Odds ratio calculations were produced 
using the variables of age > 30, race and ethnicity. Age was dichoto-
mized into < 30 years and > 30 years of age due to previously described 
trends that the average age was 26.0 ± 10.0 years [7]. 

3. Results 

3.1. Demographics 

The mean age of all patients with dermoid tumors was 45.5 ± 18.0 
years, and the mean age of patients with diagnosed anti-NMDAR en-
cephalitis was 27.4 ± 4.9 years (Table 1). The mean average of patient 
with dermoid tumors with anti-NMDAR encephalitis was higher than 
those with dermoid tumors without anti-NMDAR encephalitis (p <
0.001). There was no association of median income and dermoid tumor 
with anti-NMDAR encephalitis diagnosis. When stratified by decade, 
there was a preponderance of patients between the ages of 10–19 (6%), 
20–29 (1.9%), 30–39 (2.0%) having dermoid tumors with anti-NMDAR 

Fig. 1. Flowchart of patient selection and analysis.  
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encephalitis (Table 2). Within the cohort, 15 (30%) were admitted to the 
emergency department (ED) prior to admission for initial work-up 
(Table 3). 

3.2. Comorbid diagnoses 

A total of 60% of dermoid tumor patients with anti-NMDAR en-
cephalitis had comorbid psychiatric diagnoses. Additionally, 15% of 
dermoid tumor patients with anti-NMDAR encephalitis had comorbid 
seizure diagnoses. 

3.3. Patient complications 

Within the entire cohort of patients with dermoid tumors, a total of 
45 (0.02%) patients died while admitted, and in the cohort of patients 
with anti-NMDAR encephalitis, 0 (0.0%) patients died while admitted. A 
total of 22,350 (92.1%) patients in the primary cohort were discharged 
to home, while only 25 (50%) of patients in the anti-NMDAR encepha-
litis cohort were discharged to home (p < 0.001). The mean LOS in the 
dermoid tumor cohort was 3.5 ± 4.9 days, while the mean LOS in the 
anti-NMDAR encephalitis cohort was 31.9 ± 25.9 days (p < 0.001). The 
mean cost in the dermoid tumor cohort was $44,813.18±$54,305.90, 
while the mean cost in the anti-NMDAR encephalitis cohort was 
$445,628.60±$665,423.40 (p < 0.001) (Table 1). 

3.4. Predictors of anti-NMDAR encephalitis 

Overall, patients with age above 30 years with dermoid tumors had 
significantly lower odds of developing anti-NMDAR encephalitis 

compared to patients younger than 30 years (OR: 0.19; 95%CI: 
0.045–0.67; p-value: 0.003). White patients had significantly lower odds 
of developing anti-NMDAR encephalitis (OR: 0.19; 95%CI: 0.026–0.77; 
p-value: 0.013), and Black patients had significantly higher odds of 
developing anti-NMDAR encephalitis (OR: 3.45; 95%CI: 1.00–12.46; p- 
value: 0.044). No correlation was found between anti-NMDAR enceph-
alitis and race in Asian patients, and 0 (0.0%) of patients in the study had 
Native American ancestry. No correlation was found with Hispanic 
ethnicity (Table 4). 

4. Discussion 

In this study, the authors conducted a contemporary analysis of de-
mographic risk factors in patients with dermoid tumors without anti- 
NMDAR encephalitis and dermoid tumors with anti-NMDAR encepha-
litis. These findings suggest that a small proportion of patients with 
dermoid tumors are at risk for developing anti-NMDAR encephalitis. 
Risk factors that increase the probability of anti-NMDAR encephalitis 
include age below 30 years, with odds being higher in Black patients and 
lower in White patients. This data may be used for inpatient manage-
ment planning and patient risk stratification for anti-NMDAR 
encephalitis. 

In patients with a dermoid tumor and anti-NMDAR encephalitis, 
prodromal symptoms occur similar to viral encephalitis and can 
potentially include headache, nausea and vomiting. Symptoms may 
worsen in the next 2–4 week period and begin to include speech disor-
ders, seizures, autonomic dysfunction and orofacial motility disorders 
[13–15]. Compared to patients without anti-NMDAR encephalitis, pa-
tients having dermoid tumors with anti-NMDAR encephalitis are found 
to have mild to moderate lymphocytosis, mildly elevated protein and 
positive CSF-specific oligoclonal bands. Additionally, a diagnostic test 
includes detection of IgG antibodies targeting the NMDAR receptor in 
the patient’s CSF [16]. On electroencephalography, patients with anti- 
NMDAR encephalitis can show widespread diffuse slowing with 
epileptic focal activity [17]. On using cranial computed tomography or 
MRI, many abnormalities are non-specific in anti-NMDAR encephalitis 
patients. MRI with fluid-attenuated inversion recovery sequences can 
include high signal in the frontal lobe, subcortical white matter, the 
bilateral temporal lobe, and pervicentricular regions. Contrast 
enhancement can also be found in cortex and meninges. Imaging is most 
often employed for the detection of ovarian tumors. 

Previous studies on anti-NMDAR encephalitis corroborate many of 
the findings seen in this paper. A 2014 literature review by Acién et al. 
demonstrated that the average age of patients with dermoid tumors with 
anti-NMDAR encephalitis was 26.0 ± 10.0 years, which is nearly iden-
tical to the age distribution found in this study [7]. However, their re-
view reported mortality rates around 16.7% for all patients, which is 

Table 1 
Patient demographics of all patients and those with anti-NMDAR encephalitis. 
Comparison between two mean values were made with Student’s t-test. Fisher’s 
exact test was used to compare categorical variables.  

Demographics All Patients (n =
24,270) 

anti-NMDAR 
Encephalitis (n = 50) 

P 

Age (years) 45.5 ± 18.0 27.4 ± 4.9 < 0.01 
Median income by 

zip code    
Quartile 1, n (%) 6,935 (28.6%) 17 (34.0%) reference 
Quartile 2, n (%) 5,795 (23.9%) 11 (22.0%) 0.57 
Quartile 3, n (%) 5,875 (24.2%) 11 (22.0%) 0.57 
Quartile 4, n (%) 5,335 (22.0%) 11 (22.0%) 0.71 
Discharge location    
Discharge to home, n 

(%) 
22,350 (92.1%) 25 (50.0%) reference 

Non-home discharges, 
n (%) 

1,920 (7.9%) 25 (50.0%) <0.01 

Cost (USD) $44,813.18±
$54,305.90 

$445,628.60±
$665,423.40 

<0.01 

Length of Stay 
(days) 

3.5 ± 4.9 31.9 ± 25.9 <0.01  

Table 2 
Incidence of dermoid tumor patients with anti- 
NMDAR encephalitis stratified by age. Estimates 
using National Inpatient Sample weighting.  

Age Encephalitis n (%) 

0–9 0 
10–19 (1.2%) 
20–29 (3.8%) 
30–39 (0.4%) 
40–49 0 
50–59 0 
60–69 0 
70–79 0 
80–89 0 
> 90 0  

Table 3 
Patient complications of all patients and those with anti-NMDAR encephalitis. 
Fisher’s exact test was used to compare categorical variables.  

Complications All Patients (n =
24,270) 

anti-NMDAR Encephalitis (n 
= 50) 

p 

Admitted to ED 3,190 (13.1%) 15 (30.0%) < 
0.01 

Mortality 45 (0.02%) 0 (0.0%) 0.99  

Table 4 
Odds ratios for predictors of development of anti-NMDAR encephalitis.   

Odds Ratio 95% Confidence Interval p-value 

Age > 30  0.19 0.045–0.67 < 0.01 
White  0.19 0.026–0.77 < 0.01 
Black  3.45 1.00–12.46 0.04 
Hispanic  0.66 0.027–3.60 0.61 
Asian  2.42 0.097–13.22 0.46  
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significantly higher than the rate reported in this paper. One reason for 
this discrepancy may stem from the fact that the authors compiled 
studies using an international scope, including countries with differing 
resources and management strategies, while our study focused on US 
patients only [7]. 

Another review by Kort et al. describes the general symptomatology 
of patients presenting with anti-NMDAR encephalitis and the role of 
dermoid tumors in this phenomenon [18]. The authors note that patients 
presenting with anti-NMDAR encephalitis had symptoms ranging from 
headaches and pseudo-viral prodromes to neuropsychiatric symptoms 
including hallucinations, delusions, and personality changes [18–20]. 
Further, the mechanism by which dermoid tumors contribute towards a 
propensity for anti-NMDAR encephalitis is by expressing ectopic neural 
tissue that triggers an immune response. The non-specific immune 
response mounted in response to the dermoid tumor neural tissue results 
in widespread neuronal damage, including neurons in the central ner-
vous system (CNS) that may give rise to the symptoms of anti-NMDAR 
encephalitis [21,22]. 

Pekar-Zlotin et al. found in a large retrospective review of 233 pa-
tients with dermoid tumors that only 2 had cases of dermoid tumor with 
anti-NMDAR encephalitis. This amounts to 0.85% of total patients 
having the disease. This number is similar to our database result of 
0.20% for incidence [11]. This database study is important, as its large 
sample size allows us to report incidence using a much large sample and 
thus theoretically would be a more accurate number of incidences. 
Additionally, Pekar-Zlotin et al. concluded no age predominance, as 
they only had two cases consisting of patients aged 21 and 42 years old. 
However, our results suggest younger ages are more likely (p < 0.01). 
They also found no predominance of tumor size. This variable was un-
able to be retrieved in our database study. 

Furthermore, detailed predictors of anti-NMDAR encephalitis are 
scarce within the literature, with a majority of studies focusing on pre-
dictors of outcomes rather than predictors of the disease state itself given 
a patient with a dermoid tumor [23]. As such, this study expands on the 
literature by providing robust demographic predictors of patient out-
comes, and many of the conclusions demonstrated in this study are 
supported by the auxiliary literature. Specifically, a 2015 study by Tit-
ulaer et al. showed that while the clinical presentation of dermoid tu-
mors were similar across racial and ethnic groups, the frequency of 
teratoma was somewhat higher in African-Americans compared to 
Caucasians or Hispanics [4,24]. The a priori discrepancy in incidence of 
dermoid tumors between different races likely affects the rates of anti- 
NMDAR encephalitis longitudinally. Additionally, because dermoid tu-
mors are more common in younger patient populations, it makes sense 
that advanced age above 30 years may be inversely proportional to the 
risk of developing anti-NMDAR encephalitis given the close correlation 
between the disease and presence of a dermoid tumor [25–27]. 

Lastly, once anti-NMDAR encephalitis is diagnosed, several medical 
and surgical interventions have been shown to augment patient recov-
ery. Immunotherapy is the treatment of choice for anti-NMDAR en-
cephalitis, and medications such as steroids, intravenous 
immunoglobulin, and plasma exchange have been shown to demon-
strate the greatest improvement in patient neurologic status [28,29]. 
Second-line immunotherapies include cyclophosphamide and rituximab 
[28,29]. At the same time, surgical resection of the dermoid tumor has 
been shown to improve patient neurologic status to the point of com-
plete recovery [30]. However, many of these tumors are exceedingly 
small, making pre-operative visualization difficult. As such, extreme 
detail must be taken to find and resect a potential dermoid tumor in 
patients with dermoid tumor with anti-NMDAR encephalitis. 

4.1. Limitations 

This study has several limitations. First, this study is subject to the 
limitations of retrospective cohort analyses. Namely, the quality of 
analysis is dependent on the depth and accuracy of patient encounters 

documented in the NIS, and Berkson’s bias is present when working with 
inpatient databases. This database also uses a method of weighting to 
generate an accurate depiction of inpatient stays, therefore it may not be 
as accurate when working with smaller numbers such as in our sample 
size of dermoid tumor patients with anti-NMDAR encephalitis. 
Furthermore, this study is limited by its retrospective analysis during a 
narrow range of time (2016 only). However, the date was chosen due to 
the implementation of mandatory ICD-10 coding in late 2015, which 
allowed for more detailed codes to be drawn for analysis. Also, the NIS 
does not capture patient readmission, which may provide additional 
information regarding relevant predictors of disease and disease char-
acteristics. Lastly, the authors cannot comment on the either the method 
of diagnosis or method treatment for patient disease such as oophorec-
tomy, as this was not provided in the database. 

5. Conclusion 

Patients with dermoid tumors are at increased risk of developing 
anti-NMDAR encephalitis due to non-specific interactions between an-
tibodies targeting neural markers on the tumor and CNS neurons. Pa-
tient predictors of developing anti-NMDAR encephalitis include age and 
race, and patients who go on to develop anti-NMDAR encephalitis have a 
significantly increased hospital LOS and cost compared to those who do 
not. Future research, including multi-center clinical trials and longitu-
dinal data, is necessary to fully cement the findings of this manuscript. 
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Treatment and prognostic factors for long-term outcome in patients with anti- 
NMDA receptor encephalitis: an observational cohort study. Lancet Neurol 2013;12 
(2):157–65. 

[5] Pollak TA, McCormack R, Peakman M, Nicholson TR, David AS. Prevalence of anti- 
N-methyl-D-aspartate (NMDA) receptor [corrected] antibodies in patients with 
schizophrenia and related psychoses: a systematic review and meta-analysis. 
Psychol Med 2014;44(12):2475–87. 

[6] Wang W, Zhang L, Chi XS, He L, Zhou D, Li JM. Psychiatric Symptoms of Patients 
With Anti-NMDA Receptor Encephalitis. Front Neurol 2019;10:1330. 
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