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A B S T R A C T

Objective: Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is frequently associated with
ovarian teratomas. The diverse clinical presentations and several stages of disease development
pose a significant diagnostic challenge for clinicians. The main objective of this research was to
show the prevalence of neuropsychiatric symptoms of ovarian-teratoma-associated anti-NMDAR
encephalitis and to highlight the importance of multidisciplinary collaboration in the diagnosis,
treatment, and prevention of disease progression.
Methods: Literature searches were carried out using PubMed, Scopus, and Web of Science Core
Collection. The following data were retrieved: authors’ names, year of publication, type of study,
number and age of patients included, diagnostic methods of disease evaluation, prevalence of
anti-NMDAR antibodies, psychiatric manifestations, other symptoms, initial diagnosis, treatment
strategies, and histopathology results. Data analyses were performed and considered statistically
significant when p < 0.05.
Results: Our study included 98 female patients with encephalitis associated with a teratoma. The
study group reported specific symptoms more often than expected in the general population (p <

0.05). The incidence of seizures deviated most from rates in the general population. The major
significant differences were observed in cases of psychosis, seizures, hypoventilation, aphasia,
and coma.
Conclusions: Teratoma-associated anti-NMDAR encephalitis diagnosis should be systematically
investigated in patients presenting with first-time psychotic episodes. Prompt diagnosis and
treatment are imperative for prevention of disease progression and better outcomes. Screening
and identification of anti-NMDAR antibodies and considering the association of ovarian teratoma
and neuropsychiatric symptoms suggesting encephalitis are critical for establishing the proper
diagnosis.
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1. Introduction

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis, first discovered in 2005 by Vitalini et al. and thoroughly described in
2007 by Dalmau et al., is a severe yet rare immune-mediated paraneoplastic syndrome [1–4]. The condition, recognized in patients of
all ages but primarily affecting children and young adults, is associated with the production of anti-NMDAR autoantibodies, eventually
leading to compromised immune tolerance and encephalitis [5–9]. Patients with ovarian teratoma-associated anti-NMDAR enceph-
alitis often exhibit primarily neuropsychiatric symptoms in the early stages, which can lead to incorrect assumptions about primary
psychiatric disorders. This misinterpretation, coupled with the prevalence of neuropsychiatric symptoms over gynecological ones,
frequently leads to patients being initially admitted to psychiatric wards, delaying appropriate treatment [8,10,11]. Effective man-
agement requires a multidisciplinary approach to address neuropsychiatric, gynecological, oncological, and neurological symptoms.
Screening for anti-NMDAR antibodies is crucial for accurate diagnosis, along with considering the association of ovarian teratoma with
neuropsychiatric symptoms suggestive of encephalitis.

1.1. Clinical manifestations

The discovery of anti-NMDAR encephalitis increased the entity’s recognition and allowed novel diagnostic approaches toward the
many clinical, heterogeneous ailments that potentially comprise the disorder [6,8]. Due to the diverse clinical presentations and
several stages of disease development, the syndrome remains a significant challenge to clinicians, often causing diagnostic confusion
[7,8]. Approximately 70 % of patients undergo a prodromal infection antecedently to the onset of the disease, with non-specific
symptoms that may equally be attributed to benign etiologies, including headaches, fever, fatigue, nausea, vomiting, diarrhea, or
viral-like illness [5,11–13]. Psychiatric manifestations with rapid neurological deterioration usually develop within the first two weeks
of disease onset. Common features of the disorder include a group of prominent but heterogenous symptoms [7,8] that commonly
appear during consecutive stages of disease progression: salient psychotic phenomena with anomalous, disinhibited behavioral pat-
terns often including excessive agitation, hallucinations, and delusions [7,8,12]; characteristic abnormal movements such as from
orofacial dyskinesias, including grimacing, lip smacking, and tongue protrusion, and up to profound motor disturbances together with
catatonia [7,8,12]; cognitive dysfunction associated with short-term memory loss, concentration difficulties, decreased responsive-
ness, impaired consciousness, or even coma that might necessitate ventilatory support [4,8,10,12,14]; and seizures, catatonia, and
autonomic instability with or without cardiac arrhythmias [5–8,15]. Intensive care unit (ICU) management might be required before
establishing either a diagnosis of the disorder or the suspicion of encephalitis to stabilize the patient, indicating the severity of the
syndrome and the importance of diagnosis and treatment being multidisciplinary approaches [6,7,12].

1.2. Association of anti-NMDAR encephalitis with ovarian teratoma

Anti-NMDAR encephalitis mainly occurs in women [7,9,10,12], and 30–60 % of cases in female patients of reproductive age who
are diagnosed with anti-NMDAR encephalitis have an underlying ovarian teratoma [9–11,16]. This well-established association is a
potentially fatal pathology that remains significantly under-recognized in gynecological literature, with increasing recognition in
neurological publications [9,12,13,16]. Clinicians ought to exercise significant gynecological suspicion when examining female pa-
tients presenting with neuropsychiatric symptoms suggesting encephalitis [4,7,13]. Given the frequency of the associated pathology
mentioned above, gynecologists should be familiar with the clinical entity. Their role in etiological management may be decisive,
leading to improved diagnostic accuracy and imaging interpretation [3,4,16].

Regardless of their histological type, teratomas comprise all three blastodermic layers and can contain substantial amounts of
neural tissue, which triggers the expression of ectopic NMDAR in teratoma, thus stimulating an immune response [12,17,18]. This
results in significantly increased production of NMDAR antibodies to NR1/NR2 heteromers of the NMDAR, and dermoid tumors
examined in anti-NMDAR encephalitis patients frequently consist of neural tissue and test positive for NMDA receptors [7,12,16,19].
NMDAR is involved in synaptic plasticity, which plays a role in cognitive processes, including behavior, memory, and learning [9,10,
18]. Antibodies result in a selective and reversible reduction of NMDAR density and function, causing the neurological and psychiatric
cascade of symptoms recognized as anti-NMDAR encephalitis [4,5,16,18].

1.3. Diagnostic methods

General symptoms do not allow a definitive distinction between the potential causes of encephalitis [17]. The recognition of a
characteristic constellation of manifestations, usually including altered behavior (psychosis, catatonia), cognition, and abnormal
movements, should prompt clinicians to test for anti-NMDAR antibodies, especially in young individuals [6]. Psychiatric symptoms
that dominate in the initial stages are difficult to differentiate from psychotic episodes in primary psychiatric disorders, a factor that
often delays treatment [20,21]. Clinical signs correlate well with the antibody titer in the serum and/or cerebrospinal fluid (CSF); thus,
identifying anti-NMDAR antibodies is critical for establishing the correct diagnosis [7,12]. Brain magnetic resonance imaging (MRI)
with evident hyperintensities and electroencephalograms (EEGs) showing a non-specific slowing at some stage during the illness are
helpful methods in differential diagnosis with resemblant morbid entities; however, they often remain non-specific [5,13,15]. Imaging
tests, such as pre-eminent abdominopelvic ultrasound (US), that aim to identify ovarian pathology are essential for diagnosis [4,12]. It
is crucial to consider the association of ovarian teratoma and neuropsychiatric symptoms suggesting encephalitis [4,12]. Whole-body
computed tomography (CT), MRI and/or positron emission tomography (PET) might add value in the identification of associated
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neoplasms [4,22].

1.4. Ovarian teratoma-associated anti-NMDAR encephalitis treatment and prognosis

Ovarian teratoma-associated anti-NMDAR encephalitis is a potentially lethal yet treatment-responsive condition if diagnosed early
in the course of the disease [10,23]. Optimal management of the disorder requires a multidisciplinary team to address the neuro-
psychiatric, neurological, gynecological, and oncological aspects [10,24]. Surgical removal of the tumor should eradicate the source of
autoantibodies and reduce the risk of relapses; thus, it is crucial for the resolution of symptomatology [16]. Prompt identification,
diagnosis, and treatment of teratoma are associated with more favorable outcomes and prognosis. Tumor resection should be per-
formed in addition to aggressive immunotherapy involving corticosteroids, intravenous immunoglobulin (IVIG), and plasmapheresis
[4,12–14,25]. Supportive treatment with anti-epileptics and antipsychotics is often necessary [14]. If intense treatment is introduced
early, 75 % of patients achieve either a complete or significant recovery, while in the remaining cases, severe residual deficits or even
death occur [8,10]. The mortality rate is 7 % two years after the diagnosis of neurological or autonomic dysfunction [10,26].

1.5. Objectives

The main objective of our research was to show the necessity for adopting a multidisciplinary collaborative approach to patients
presenting with neuropsychiatric symptoms as an early manifestation of anti-NMDAR encephalitis. Our study also emphasizes the
importance of raising awareness of the possible coexistence of ovarian mass as an underlying cause of the pathology. This paper seeks
to address the prevalence and gravity of first-time psychotic episodes in the early stages of ovarian teratoma-associated anti-NMDAR
encephalitis, with the evaluation of the histological type of the underlying tumor.

2. Materials and methods

2.1. Electronic search and sources

Our analysis was conducted using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). Independent
searches of the PubMed, Scopus, and Web of Science Core Collection databases were completed on September 8th, 2022.

2.2. Study selection and quality assessment

All published reports that included one or more case studies with ovarian teratoma-associated anti-NMDAR encephalitis were
selected for this study. Studies that met the following criteria were included for systematic review and quantitative meta-analysis: (i)
patients with teratoma diagnosis and its characterization; (ii) association of psychiatric symptoms with ovarian teratoma and anti-
NMDAR encephalitis; and (iii) pelvic and abdominal cavity together with brain activity evaluated by imaging methods. The re-
searchers independently searched databases and selected abstracts. Agreement upon selected abstracts was reached afterward. The
following data were retrieved: authors’ names, year of publication, type of study, number of patients included, age of patients analyzed

Fig. 1. Flow diagram depicting the study selection process (n – number of papers or cases).
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in case reports, diagnostic methods of disease evaluation, the prevalence of anti-NMDAR antibodies, psychiatric manifestations, and
other symptoms, initial diagnosis, treatment strategies, and histopathology results. Researchers autonomously assessed and selected
full-text articles before forming a consensus on inclusion. Non-English or non-Spanish full-text papers were excluded (Fig. 1). For a
complete list of the keywords used in the electronic search, see Appendix: Electronic search and sources.

All databases were screened from inception to 2022 (a complete list of the keywords used in the electronic search: ovarian tera-
toma; anti-NMDAR encephalitis; anti-N-methyl-D-aspartate receptor encephalitis; anti-NMDA receptor antibodies; psychiatric mani-
festations; psychiatric symptoms, psychotic episodes). Quality assessment of the case reports was performed according to the main
criteria of the SCARE 2020 Guideline [27]. The risk of bias in reviewed papers was evaluated with the use of ROBIS tool. The tool
covers four domains in which bias could be introduced, including (1) study eligibility criteria, (2) identification and selection of
studies, (3) data collection and study appraisal, and (4) synthesis and findings judgment. The main characteristics assessed were the
relevance to the review scope and eligibility criteria met by the studies’ specifications.

2.3. Data handling and statistical analysis

Data analyses were performed using Statistica 13.3 software (TIBCO Software Inc.; Palo Alto, CA, USA), PQStat 1.8.0.414 software
(PQStat software; Poznan, Poland), and MS Excel Professional 2021 desktop version (Microsoft Corporation). The χ2 goodness-of-fit
test without continuity correction was used from referenced sources to compare the observed percentages of variables counted in
analyzed papers with the expected probabilities of standard populations. The non-significant p values indicate a good fit between the
observed and expected distributions, whereas a statistically significant result indicates a poor fit. Population frequencies were
calculated for the female population where enough data was accessible; otherwise, gender-independent, total population frequencies
were considered. Neither Statistica nor PQStat statistical software could calculate the very low exact p-values; thus, the Chi-square
statistic values were used to obtain the p-values in MS Excel. Data were considered statistically significant when p < 0.05. For mul-
tiple comparisons, Bonferroni-Hochberg correction was applied.

3. Results

3.1. Studies included

The search of three databases yielded 732 hits. After the automatic removal of 354 duplicates, the 378 titles and abstracts were
independently screened by researchers. Abstracts and titles that met the requirements allowed full-text articles to be considered for
inclusion. After reviewing 274 original case studies describing women, 129 papers mentioning neuropsychiatric and/or psychotic
episodes were selected. Seventy articles that specified the imaging methods used were subsequently chosen. After the full-text
screening, 66 papers describing 98 case studies remained for analysis (see Appendix: Data extraction and risk of bias assessment).
If any of the four domains in the ROBIS tool had a serious risk of bias, the study was considered to have an overall serious risk of bias.
Four researchers independently judged the risk of bias (W.B., P.B., I. G., and W.K.S.), and finally, discrepancies were resolved through
discussion. The selection process and reasons for exclusion are shown in Fig. 1. A manual review of references yielded no additional
inclusions. All studies included were published between January 1st, 2011 and August 14th, 2022. Of all cases in the study, 22.4 %
were described in only eight papers published during 2021 (see Appendix: Table S1A). Almost 90 % of the cases were presented in
journals of internal or general medicine, gynecology (including oncological gynecology), neurology, or psychiatry (see Appendix:
Table S1B), and of these categories, 40.9 % of the articles (33.7 % of cases) were published in internal or general medicine journals.

3.2. Characteristics of the subjects described in selected case-studies

The ninety-eight case studies from 66 papers published between January 2011 and May 2022 were included in this study. The
reported cases represented diverse ethnic backgrounds. Information regarding ethnicity was not available for 73 subjects (74 %). The
remaining described patients were Caucasian (9 %), Asian (6 %), and 11 % of a variety of ethnicities or nationalities (including
Hispanic, Afro-American, Mexican, Mauritian, Indigenous Australian peoples, and others). The mean age of the described patients was
24.4 ± 8.9 years (median 25 IQR [18–29]). In one case, the exact age was not available. Pregnancy was confirmed in four women at
their initial examination. Study characteristics are summarized in Table 1.

3.3. Diagnostic investigation in selected studies

Imaging investigations for ovarian teratoma were positive in 80 patients (82 %) and negative in 10 (10 %), with the remaining 8 %
lacking sufficient data. Abdomen US showed pathological ovarian changes in 31 % of cases and no deviation from the norm in only 5
%. CT scans of the abdomen and pelvis revealed abnormalities in 45 % of the analyzed patients, with negative outcomes in 10 %. MRI
results were 38 % and 10 %, respectively. In most cases (88 %), PET was either not performed or credible data was unavailable.
However, positive PET results were reported in 5 % of patients and negative in 7 %. Regarding tumor markers (CA-125, CEA, LDH,
AFP, or beta-HCG), only 7 % were positively tested, and 19 % were negative. Anti-NDMAR antibodies were reported as positive in 96 %
of patients. In CSF, the Ab was present in 81 % and not detected in 5 % of cases; in serum, the results were 57 % and 13 %, respectively.
The anti-NDMAR antibodies in both fluids were positive in 48 % of patients and negative in 17 % (the majority were serum-negative
but CSF-positive; Table 1). The remaining unmentioned percentages account for cases where either unavailable or insufficient.
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Available data on EEG testing revealed abnormalities in 48 % of cases and normal results in 18 %. Brain CT scans were either not
performed or unavailable for 67 % of subjects, with negative outcomes in 32 %, and unwanted changes were observed in only one case.
Brain MRI revealed pathological alterations in 38 % of cases. Typical images were obtained in 45 % of cases, and in 17 %, data was
unavailable (Table 1).

3.4. Ovarian teratomas characterization and surgical intervention

At the time of each subject’s examination, 63 % of cases revealed mature ovarian teratoma and 17 % immature. Unilateral ovarian
teratoma was described in 71 % of patients and bilateral in 9 % (mature 5 %, immature 2 %). Interestingly, the simultaneous presence
of both tumor types was observed in two cases (2 %) (Table 2).

Tumor extraction was performed in half of the described cases; 40 % did not undergo tumor resection. Surgical intervention was not
indicated in 10 % of the reported neoplasms. Unilateral ovary removal (unilateral adnexa) was performed in 35 % of cases and bilateral
in 8 %. Only 1 of 98 described subjects underwent hysterectomy with adnexectomy intervention (Table 2).

3.5. Teratoma and neuropsychiatric symptoms

Considering the aggregate symptoms, no statistically significant difference was observed between mature and immature teratoma
cases (Table 2, Appendix: Table S2). It should be mentioned, however, that immature teratoma comprised a lower percentage of all
included cases. Nevertheless, regarding particular symptoms, differences were observed in cognitive impairment and cardiac arrest
(Appendix: Table S3). 62 % of patients with mature teratoma and 33 % with immature teratoma showed symptoms of cognitive
impairment (p = 0.0479). Cardiac arrest, on the other hand, was reported in three patients with immature teratoma (20 %) and only
one mature type case (2 %; p = 0.02896). These results should, however, be considered with caution. Taking into account the
correction for multiple comparisons, both p-values <0.05 revealed insignificant. Other symptoms showed no significant differences (p
> 0.05).

Table 1
Selected study characteristics and main findings designation [3,5,9–11,13,14,16,18,22–24,28–81].
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3.5.1. Psychotic episodes and population probabilities
The occurrence of investigated symptoms was analyzed in cases from the articles with regard to the standard population, and

probabilities were calculated. Both aggregate psychotic episodes and particular symptoms were analyzed.

3.5.2. Aggregate symptoms data
Exclusively in the case of memory deficiencies, no significant differences were found between analyzed cases and standard pop-

ulation frequencies. Women with ovarian teratoma and anti-NMDAR encephalitis experienced problems memorizing with the same
frequency as the overall population. Other aggregate symptoms were significantly more often reported by the evaluated patients than
expected probabilities in the general population (p < 0.05; Fig. 2; Appendix: Table S4). Sleep disorder frequencies in analyzed cases
were the closest to probabilities reported for the standard population. Seizures, on the contrary, were the symptom that deviated most
from expected frequencies in the general population, followed by autonomic dysfunction and changes of consciousness.

3.5.3. Particular symptoms data
No significant differences were observed between studied cases and population frequencies in the following symptoms: bipolar

disease, panic disorder, insomnia, disorientation (unspecified), irritability, stomach aches, self-talking, hearing impairment, apnea,
tongue protrusion, bradycardia, cardiac arrest, unconsciousness, and recurrent major depressive disorder (p > 0.05, Fig. 3; Appendix:
Table S5).

Compared with the symptoms mentioned above, major significant differences between analyzed patients and expected probabil-
ities in the general population were observed in cases of psychosis, seizures, hypoventilation, aphasia, and coma. These symptoms were
significantly more frequently found in the patient study group (Fig. 3; Appendix: Table S5). Other symptoms, with differences observed
between frequencies of studied cases and the general population, are shown in Fig. 3 above the orange threshold line (see Appendix:
Table S5 in bold). After applying the Bonferroni-Hochberg correction for multiple comparisons, p-values <0.001 remained significant.

Prodromal symptoms were reported in 44 % of cases. Only 4 % of subjects experienced septic shock or had positive Babinski
reflexes.
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4. Discussion

The diagnostic approach to patients presenting with neuropsychiatric symptoms or a first-time psychotic episode with an under-
lying ovarian teratoma has changed dramatically since the discovery of anti-NDMAr encephalitis as a nosological entity. However, the
disease continues to pose a significant diagnostic challenge and remains underrecognized. Psychiatric symptoms, which predominate
in the early phase of the disease, are often confused with primary psychiatric disorders. This, together with the fact that patients tend to
present more neuropsychiatric than gynecological symptoms, leads to patients being admitted to psychiatric wards and correct
treatment being delayed [17,20]. While few clinicians systematically investigate the association between first-time psychotic episodes,
anti-NMDAR encephalitis, and ovarian teratoma, the issue remains significant.

According to previous studies, most anti-NMDAR encephalitis patients experience prodromal infection before the onset of the
disease [6,42,82]. On the other hand, in our meta-analysis, prodromal symptoms were observed in only 44 % of cases. The value is
scarcely distinguishable from the results of Zhang et al., who reported only 38.5 % of tumor patients displayed non-specific symptoms
of viral infection before hospital admission [83].

Table 2
Age of the patients, histological type of ovarian teratoma, and laterality of the affected ovary.

Histological type Mature Immature Mature and immature Not specified All

Numer of cases (n/%) 61 (62.2) 17 (17.4) 3 (3.1) 17 (17.3) 98 (100)
Mean age (SD)a 23.7 (7.36) 23.8 (7.4) 23 (0) 28.8 (10.8) 24.4 (8.9)
Median age [Q1-Q3]/(min-max) 25 [19–28]/(7-41) 22 [17–31]/(9-38) 23 [-]/(− ) 29 [20–34]/(12–53) 25 [18–29]/(7-53)
Tumor location
Unilateral (n/%) 54 (64.2) 15 (17.9) 0 15 (17.9) 84 (85.7)
Bilateral (n/%) 5 (50.0) 2 (20.0) 3 (30.0) – 10 (10.2)
Not marked (n/%) – – 2 (50) 2 (50) 4 (4.1)

N – number of cases, SD – standard deviation, Q1-Q3 – interquartile range, min-max – minimal and maximal age values.
a in the case of one patient, the age was not specified and described as a girl in her 20s.
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A high frequency of underlying ovarian teratomas in anti-NMDAR encephalitis patients indicates the importance of gynecological
involvement in the diagnostic and treatment process but also raises a question about the influence of the histological type of the
teratoma on the symptoms of the syndrome. Mature teratomas are the most common subtype of ovarian teratomas, which is supported
by the literature and our analysis, where such are found in 63 % of cases [83,84]. Our study described unilateral ovarian teratoma in
71 % of patients and bilateral in 9 %. However, regardless of the histological type of the tumor and affected ovaries, teratomas
comprise all three blastodermic layers and, thus, can contain neural tissue that triggers an immune response and leads to a wide range
of neuropsychiatric symptoms and anti-NMDAR encephalitis presentations [12,17,18,84]. Our analysis did not reveal significant
differences between symptoms in mature and immature teratoma patients, except for cognitive impairment and cardiac arrest, where
more than half the patients with mature teratoma had signs of the former and a minority of the latter. It should be considered that
encephalitis is not solely caused by NMDAR-positive neural tissue. According to Jiang et al., it is possible that in certain patients,
encephalitis could be linked to NMDAR expression in sebaceous glands and squamous epithelial cells, with potential seasonal vari-
ations, notably higher rates during autumn and winter [17]. Other findings suggest that the onset of immunopathogenesis in
NMDAR-associated teratoma could be caused by immune elements found in the group of encephalitic patients, ultimately forming
germinal centers within the teratoma [85]. Therefore, as a subsequent step, we intend to investigate and compare the pathological
characteristics of teratomas in patients who do not have anti-NMDAR encephalitis.

Insufficient data was found on the effects of teratoma size on the disease. In our study, for the 65 available patient data (98 in total),
the mean tumor size was 3.2 ± 2.9 cm (range 0.2 cm–16.3 cm). In a systematic review by Acién et al., the average teratoma was 6.7 ±

5.7 cm (range, 1–22 cm) [12]. The lower size range is noteworthy as it shows that even very small ovarian neoplasm can lead to
anti-NMDAR encephalitis presentation; hence, clinicians must evaluate for the presence of ovarian teratomas in females with first-time
neuropsychiatric symptoms [84]. Nevertheless, previous data obtained from a questionnaire demonstrated that individual neuro-
psychiatric symptoms are not more common in patients with teratoma than in women without underlying tumors [86].

Clinical symptomatology typically progresses into prominent symptoms in the early phase of the disease, becoming severe and
potentially life-threatening in the late stage. According to the literature, during the early phase, patients with ovarian teratoma-

Fig. 2. The dot-plot shows symptoms observed that differed from what was expected (above the lowest green line). The non-significant p values
indicate a good fit between the observed and expected distributions (below the green line), whereas a statistically significant result indicates a poor
fit. The Y-axis shows the 1*log10 × p-values for the X2 goodness-of-fit test. Reference horizontal lines represent the p-values thresholds of p = 0.05
(− 1 × log10 p = 1.30; green line), p = 0.01 (− 1 × log10 p = 2; orange line), p = 0.001 (− 1 × log10 p = 3; red line), p = 0.0001 (− 1 × log10 p = 4; blue
line), and p < 0.0001 (− 1 × log10 p > 10; purple lines). P-values were displayed in scientific (E − exponential) notation. Blue frames represent
maximal and minimal p-values goodness-of-fit tests for aggregate data and expected probabilities.
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associated anti-NMDAR encephalitis typically present more neuropsychiatric than gynecological symptoms [17]. Within a few days or
weeks from the initial presentation, psychiatric manifestations, such as agitation, delusions, hallucinations, anxiety, behavioral
change, and catatonia, tend to appear. It correlates with studies that report that new-onset psychosis is the most common initial
diagnosis [7]. A first-time psychotic episode should be recognized in a patient experiencing symptoms of psychosis triggered by
another condition. Lack of long-term psychiatric prodrome should suggest an autoimmune encephalitis origin [21]. The disease
progresses rapidly, and severe neurological deterioration occurs, with memory deficits, seizures, autonomic instability, and hypo-
ventilation. Substantial differences between the cases analyzed in our study and the expected probabilities of the general population
were observed in cases of psychosis, seizures, hypoventilation, aphasia, and coma, where these symptoms were significantly more
frequent in our study’s subjects than in the general population. Behavioral changes, manic episodes, cognitive impairment, catatonia,
echolalia, and limb dyskinesia were some of the other symptoms with more frequent occurrence in women with anti-NMDAR en-
cephalitis. This observation is consistent with earlier studies, which point to the suspected/possible diagnosis of anti-NMDAR en-
cephalitis in young patients presenting with acute-onset psychiatric manifestations [20,21,87]. Our observations are further
strengthened by the findings of Maneta et al., who proposed several factors to consider in a first episode of psychosis with anti-NMDAR
encephalitis suspicion: female sex, presence of epileptic seizures, neurological dysfunctions, presence of malignancy, psychosis, and
catatonia of sudden onset [87].

Besides the clinical assessment, specific tests are required for the correct diagnosis. Identifying anti-NMDAR antibodies in the serum
and/or CSF is critical, although there are no guidelines for studying/checking their level in patients with a sudden psychosis onset.
However, Lennox et al. recommend the measurement in patients with a first psychotic episode [88]. Anti-NMDAR antibodies were
positive in 96 % of subjects in our meta-analysis, substantiating previous literature findings. Although a study by Mangler et al.
suggested that measurement of ovarian teratoma-associated anti-NMDAR antibodies in neurologically asymptomatic patients is futile,
it did support our observation that positive findings of anti-NMDAR antibody screening are relevant for patients with acute onset of
neuropsychiatric symptoms [7,89]. There is an ongoing controversy about whether serum or CSF testing gives more reliable results.
Antibody levels are often reported higher in CSF than serum, with around 80 % of patients having abnormal results at the onset of the
disease and approximately 90 % in later stages [20,89]. This finding is consistent with the results of our meta-analysis, where Ab was
present in the CSF of 81 % of patients. At the same time, Irani & Vincent observed similar or higher Ab levels in the serum [83,90].

Fig. 3. The dot plot shows the symptoms observed that differed from what was expected (above the lowest green line). The non-significant p values
indicate a good fit between the observed and expected distributions (below the green line), whereas a statistically significant result indicates a poor
fit. The Y-axis shows the − 1*log10 × p-values for the X2 goodness-of-fit test. Reference horizontal lines represent the p-values thresholds of p = 0.05
(− 1 × log10 p = 1.30; green line), p = 0.01 (− 1 × log10 p = 2; orange line), p = 0.001 (− 1 × log10 p = 3; red line), p = 0.0001 (− 1 × log10 p = 4; blue
line), and p < 0.0001 (− 1 × log10 p > 10; purple lines). P-values were displayed in scientific (E − exponential) notation. Blue frames represent
maximal and minimal p-values goodness-of-fit tests for particular symptoms data and expected probabilities.
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Dalmau, on the other hand, recommended testing of both [8].
The diagnosis of ovarian teratoma-associated encephalitis is difficult and time-consuming. Thus, clinicians should be aware of the

main features and a possible tumor as an underlying cause. The imaging diagnostic workup of ovarian teratoma should be based on
abdominopelvic US and CT imaging [12]. US is often the initial imaging study of choice, believed to be a safe, inexpensive test with
satisfactory sensitivity and positive predictive values [42]. In our review, imaging for ovarian teratoma was positive in 80 %, with
abnormal abdomen US results in 31 % of cases, CT imaging revealing an ovarian pathology in 45 % of analyzed patients, and positive
MRI results in 38 %. Such a difference could result from insufficiently accessible data on all imaging methods used in patient diagnoses.
Whole-body PET might add value in the identification of associated neoplasms; however, it tends to show variable findings [4,22].
Therefore, it is rarely used as a first-line diagnostic tool. Our meta-analysis supports this, as PET was not performed in 88 % of cases.

Our findings on brain MRI correlate favorably with the results of studies by Titulaer et al. and Zhang et al., who reported
approximately 30 % and 37.5 % abnormal imaging, respectively. Additionally, the abnormality rate was higher in tumor patients than
in women without ovarian teratoma [6,83]. The previous literature is consistent with our findings that pathological alterations occur
in 38 % of cases. Brain MRI remains a helpful method in differential diagnosis with resemblant morbid entities. Nevertheless, it is often
non-specific for anti-NMDAR encephalitis.

Conversely, an EEG is beneficial in distinguishing between primary psychiatric nosological entities and encephalitis. Evidence of a
non-specific slowing and generalized extreme delta brush was found in a significant number of patients with anti-NMDAR encephalitis
[7,20]. Our meta-analysis revealed abnormalities in 48 % of cases and normal results in 18 %. Despite insufficient data, the values
correlate with the study by Titulaer et al., where abnormalities in EEGs were found in 90 % of patients [6].

The final diagnosis of the disease is based on detecting anti-NMDAR antibodies in the serum or CSF; however, a standard clinical
assessment of symptoms and multidisciplinary collaboration permit early treatment initiation. Patients with a prodromal illness or
neuropsychiatric manifestations at first presentation should be immediately checked for the possible presence of ovarian teratoma. As
a first-line treatment, tumor resection has been recommended for all ovarian teratoma-associated anti-NMDAR encephalitis. Surgical
resection is of crucial importance for neurological recovery to take place. Our study reported unilateral removal of the ovary in 35 % of
cases and bilateral removal in 8 %. Surgical intervention was not mentioned in 10 % of neoplasms. Some authors described a bilateral
oophorectomy despite negative imaging tools, improving clinical outcomes [91].

Nevertheless, there is no evident data on prophylactic removal of the ovaries in anti-NMDAR encephalitis patients, and tissue
preservation is strongly recommended in premenopausal patients [89]. It should be highlighted that the average age of most
teratoma-associated anti-NMDAR encephalitis patients ranges from 12 to 45 years of age [6,92]. In our meta-analysis, the reported
median age was 24.4 ± 8.9 years, which is consistent with other systemic review results [6,12].

Tumor resection should be performed in addition to aggressive immunotherapy involving corticosteroids, intravenous immuno-
globulin (IVIG), and plasmapheresis. If intense treatment is introduced early, most patients fully or significantly recover.

4.1. Advantages and limitations of the study

The study highlights the association and frequency of first-time neuropsychiatric manifestations in anti-NMDAR encephalitis with
an underlying ovarian teratoma. Moreover, our report contributes to the still scarce literature regarding the subject. Our observations
should be considered cautiously because of the general lack of reliable population data globally. Additionally, a major limitation of the
study is the small number of subjects resulting from restricted patient data in the literature. In some papers, insufficient case de-
scriptions were encountered, which reduced the sample size.

5. Conclusions

The diagnosis of teratoma-associated anti-NMDAR encephalitis should be systematically investigated in patients presenting to the
Emergency Room or General Practitioner with a first-time psychotic episode. Prompt diagnosis and treatment are imperative for better
outcomes. The optimal management of the disorder requires a multidisciplinary team to address the neuropsychiatric, gynecological,
oncological, and neurological aspects. Screening and identification of anti-NMDAR antibodies are critical for establishing a proper
diagnosis. It is also crucial to consider the association of ovarian teratoma and neuropsychiatric symptoms suggesting encephalitis. The
central role of surgical removal of the tumor in the resolution of the symptomatology should be emphasized. Tumor resection should be
performed in addition to aggressive immunotherapy.

Financial disclosure

No financial disclosures were reported by the authors of this paper.
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

CRediT authorship contribution statement

Weronika Banach:Writing – review & editing, Writing – original draft, Visualization, Validation, Supervision, Resources, Project
administration, Methodology, Investigation, Data curation, Conceptualization. Paulina Banach:Writing – review& editing, Writing –
original draft, Visualization, Validation, Resources, Investigation, Data curation, Conceptualization. Hanna Szweda: Writing –
original draft, Validation, Resources, Data curation. Andrzej Wiśniewski: Writing – original draft, Validation, Resources, Data
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[31] R. Wójtowicz, M. Krawiec, P. Orlicz, Autoimmune Anti-N-methyl-D-aspartate Receptor Encephalitis-Current State of Knowledge Based on a Clinical Case, 2017.
[32] A. Thomas, P. Rauschkolb, N. Gresa-Arribas, A. Schned, J.O. Dalmau, C.E. Fadul, Anti-N-methyl-D-aspartate receptor encephalitis: a patient with refractory

illness after 25 months of intensive immunotherapy, JAMA Neurol. 70 (2013) 1566–1568, https://doi.org/10.1001/JAMANEUROL.2013.3205.
[33] J.A. Braverman, C. Marcus, R. Garg, Anti-NMDA-receptor encephalitis: a neuropsychiatric syndrome associated with ovarian teratoma, Gynecol. Oncol. Reports

14 (2015) 1–3, https://doi.org/10.1016/J.GORE.2015.07.004.
[34] B. Yan, Y. Wang, Y. Zhang, W. Lou, Teratoma-associated anti-N-methyl-D-aspartate receptor encephalitis: a case report and literature review, Medicine (Baltim.)

98 (2019), https://doi.org/10.1097/MD.0000000000015765.
[35] S.X. Zhou, Y.M. Yang, Anti-N-methyl-D-aspartate receptor encephalitis with occult ovarian teratoma: a case report, Int. J. Clin. Exp. Pathol. 8 (2015) 15474.
[36] L.M. Bush, C. Silva, Y. Jurcik, M.T. Perez, Ovarian teratoma-associated anti-N-methyl-daspartate receptor autoimmune encephalitis: a case report, Lab. Med. 44

(2013) 271–277, https://doi.org/10.1309/LM46LI1TOHUEKMEY.
[37] J.L. Tanyi, E.B. Marsh, J. Dalmau, C.S. Chu, Reversible paraneoplastic encephalitis in three patients with ovarian neoplasms, Acta Obstet. Gynecol. Scand. 91

(2012) 630–634, https://doi.org/10.1111/J.1600-0412.2011.01365.X.
[38] M. Hayashi, E. Motegi, K. Honma, N. Masawa, H. Sakuta, K. Hirata, Y. Kaji, I. Fukasawa, Successful laparoscopic resection of 7 mm ovarian mature cystic

teratoma associated with anti-NMDAR encephalitis, case rep, Obstet. Gynecol. 2014 (2014) 1–4, https://doi.org/10.1155/2014/618742.
[39] G. Reyes-Botero, C.S. Uribe, O.E. Hernández-Ortiz, J. Ciro, A. Guerra, J. Dalmau-Obrador, Anti-NMDA receptor paraneoplastic encephalitis: complete recovery

after ovarian teratoma removal, Rev. Neurol. 52 (2011) 536–540, https://doi.org/10.33588/rn.5209.2010568.
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