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Objective: Anti—-N-methyl-D-aspartate receptor (NMDAR) encephalitis is a neuroimmune disorder closely associated with ovarian
teratomas, yet the prognostic impact of early surgical intervention requires further exploration. This dual-case analysis highlights the
critical role of timely teratoma resection in improving clinical outcomes.

Case Presentation: Case 1 involved a 34-year-old female presenting with psychiatric-dominant symptoms. A right salpingo-
oophorectomy (pathology: immature teratoma) was performed 18 days post-onset, followed by rituximab therapy, resulting in full
recovery with a modified Rankin Scale (mRS) score of 0. Case 2, a 16-year-old adolescent, underwent an initial laparoscopic ovarian
teratoma resection (pathology: mature teratoma) 28 days post-onset. Residual tumor necessitated a second surgery (on day 95), leaving
mild quadriparesis and ataxia with a mRS score of 2. Both cases remained recurrence-free during follow-up (17 and 14 months,
respectively).

Conclusion: Early surgical resection of ovarian teratomas is critical for favorable prognosis in anti-NMDAR encephalitis, halting
antibody production and preventing irreversible neurological damage.
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Introduction

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is a neuroautoimmune disease characterized by heteroge-
neous neuropsychiatric manifestations, including seizures, dyskinesias, and psychiatric disturbances.! It predominantly
affects young women, and emerging evidence highlights age-stratified clinical phenotypes: adolescents often experience
rapid onset neuroinflammatory crises (such as status epilepticus and coma), whereas adults may present with subtle
prodromal symptoms (such as depression and anxiety).” Previous studies have uncovered an association between anti-
NMDAR encephalitis and ovarian teratomas. These teratomas have the capacity to express neuronal antigens, which in
turn trigger the production of pathogenic anti-NMDAR antibodies.1 Early diagnosis and prompt treatment are crucial for
improving outcomes, as delays can lead to significant morbidity and mortality.

The management of anti-NMDAR encephalitis typically involves a multidisciplinary approach, including immunotherapy,
surgical intervention for teratomas, and supportive care.”* However, due to the rarity of the disease, data on treatment efficacy
and prognostic evaluation remain relatively scant. In this case series, we present two patients with anti-NMDAR encephalitis
associated with ovarian teratomas, highlighting the importance of early diagnosis, Early Surgical Intervention,multidisciplin-
ary management, and tailored treatment approaches. We discuss the clinical presentation, diagnostic challenges, and
therapeutic outcomes in these cases, providing insights into the management of this complex autoimmune disorder.
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Case Report

Case |

A 34-year-old Chinese woman, who is unmarried and nulliparous, with a history of ovarian teratoma resection, presented
to the neurology department due to an acute episode of mental disorder, including depressive symptoms and suicidal
ideation. She initially experienced mild fever, diarrhea, dizziness, and drowsiness for approximately 10 days. The local
psychiatric hospital diagnosed her with “encephalitis, depressive state” and treated her with olanzapine, lorazepam,
agomelatine, and zolpidem, among other medications.However, her symptoms did not significantly improve, and her
condition gradually worsened, leading to depressive symptoms and suicidal ideation. Her mRS score was 2, prompting
her referral to our hospital for a comprehensive evaluation and treatment on February 28, 2024.

On examination, she was febrile to 38.3 degrees, but all other vitals were within normal limits. The cardiopulmonary
examination showed no abnormalities. She was conscious but in a poor mental state, occasionally speaking incoherently.
Neurological examination showed normal muscle strength, but impaired consciousness and uncooperative behavior.

Laboratory tests showed a slight increase of serum blood glucose (7.5 mmol/L) and tumor markers (AFP 256 ng/mL,
CA125 103 U/mL), while other routine analyses were within the normal range. Cerebrospinal fluid (CSF) analysis showed
normal glucose and protein levels, with mild lymphocytosis, but no evidence of viral infection. The electroencephalogram
(EEG) was normal, and the cranial MRI showed no abnormalities. Serum and cerebrospinal fluid autoimmune encephalitis
antibody tests for 24 items both indicated: anti-glutamate receptor (NMDAR) antibody IgG at 1:100. Abdominal ultrasound
revealed a mixed echoic area measuring 138mmx115mmx84mm within the right ovary, suggesting an ovarian teratoma
(Figure 1A). Pelvic CT prominently showed a mass of mixed density with high and low signals on the right side of the
abdomen, with clear boundaries, approximately 116mmx61mmx122mm in size, accompanied by calcification and fat
components (Figure 1B).

Combining clinical manifestations with auxiliary examinations, the diagnosis was considered to be anti-NMDAR
encephalitis associated with an ovarian teratoma. Between days 13 and 17 following the onset of symptoms, she was
initially treated with high-dose intravenous methylprednisolone (IVMP,1.0g/day) and intravenous immunoglobulin
(IVIG,20g/day), accompanied by active management of psychiatric symptoms, improvements in sleep, and sedative
therapy. Despite these interventions, her condition continued to worsen, exhibiting behavioral abnormalities such as
incoherent speech, self-injurious behavior, and aggression towards others. On day 18, after a comprehensive multi-
disciplinary evaluation, she underwent an exploratory laparotomy. Intraoperative frozen section pathology identified an
immature teratoma. Considering her fertility requirements, the malignant potential of an immature teratoma, and the
imperative to achieve complete resection of the antigen source to halt the encephalitis, a right salpingo-oophorectomy
was performed after thorough discussion with her family. Postoperative pathology confirmed a Grade 2 immature
teratoma (FIGO stage 1A) (Figure 1C-F). No chemotherapy was administered post-surgery. Her mental status signifi-
cantly improved following the operation, and she was subsequently treated with oral prednisone and intravenous
rituximab(RTX). All psychiatric symptoms resolved, and she was discharged on day 26 with a mRS score of 0.
During a 17-month follow-up, she experienced no recurrence (Figure 2).

Case 2

A 16-year-old Chinese female presented with a high fever, headache, and dizziness. She self-medicated with ibuprofen
without improvement and began to exhibit delirious speech. On March 1, 2024, she was taken to the neurology department of
a local hospital by her family due to her worsening condition, which included a coma, frequent seizures, weakness in
movement, and the need for intubation and ventilator support. Her mRS score was 5. She received analgesic and sedative
therapy, antiepileptic treatment, steroids, antibiotics, and nutritional support, but her seizure symptoms were poorly controlled.
She was transferred to a higher-level hospital for further treatment. There, she continued to receive ventilator support, airway
management, anti-infection treatment, and nutritional support. Autoimmune encephalitis was considered, and steroid treat-
ment was administered. On day 26 post-symptom onset, Further tests for autoimmune encephalitis in the serum showed
NMDAR antibody IgG 1:32, and CSF tests showed NMDAR antibody IgG 1:100. A CT scan indicated inflammation in both
lungs, and a head CT scan showed the formation of a cavum septum pellucidum, with no other significant abnormalities on
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Figure | Diagnostic imaging, intraoperative findings, and pathological examination in case |. (A) Transabdominal ultrasonography. (B) Pelvic CT scan, arrow showed
a tumor with calcifications and fatty tissue in the right ovarian. (C) Intraoperative findings. (D) Gross appearance of the excised ovarian exhibiting a characteristic skin, hair,
fat, and bone tissue. (E and F) Histologic analysis revealed an immature teratoma containing cartilage, fatty tissue, skin, skin appendages, bone tissue, with a significant
amount of glial tissue and immature local nerve tissue and hair follicles.

plain scans. Pelvic CT scan showed a low-density shadow with calcification in the right adnexal area, suggesting the
possibility of an ovarian teratoma, with a diameter of 22mm. Considering the clinical manifestations and auxiliary examina-
tions, the diagnosis was anti-NMDAR encephalitis caused by an ovarian teratoma. On March 28, the day 28 post-symptom
onset, she underwent a laparoscopic removal of the right ovarian ovarian teratoma. Postoperative pathology revealed a mature
cystic teratoma in the right ovary. Despite treatment with steroids, human immunoglobulin, and plasma exchange, her
condition did not improve. She continued to have frequent seizures, muscle tremors, and symptoms of consciousness
disturbance. She underwent a tracheotomy on day 38 post-symptom onset. Her lung infection subsequently worsened, with
recurrent fevers. On day 66, she was transferred to our hospital’s Intensive Care Unit (ICU).

Considering the patient’s chronic and recurrent condition, previous treatments, including steroid pulse therapy, immuno-
globulin, and plasma exchange, have been ineffective. Upon admission on day 70 post-symptom onset, a further serum
NMDAR antibody test was still positive at a titer of 1:320. The EEG indicated moderate abnormalities in brain waves. Pelvic
CT and MRI revealed an abnormal signal focus in the right ovary, approximately 11mmx14mmx11mm in size, suggesting an
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Figure 2 Timeline of Clinical Events and Treatment in case |. Timeline showing major clinical events (Orange), Mental disorder (red), First-line immunotherapy (blue),
Second-line immunotherapy (green), Surgery or operation (purple), and NMDAR antibody status (yellow) of the patient from symptom onset to discharge. Red bar =Mental
disorder; dashed line = ongoing immunotherapy.

Abbreviations: CSF, cerebrospinal fluid; IVIG, IV immunoglobulin; IVMP, intravenous methylprednisolone; OP, oral prednisone; RTX, rituximab.

ovarian teratoma (Figure 3A and B). Her parents refused second surgery and requested a second-line treatment option. This
regimen utilized rituximab, a B-cell function inhibitor, to inhibit antibody production while IVIG treatment was continued.
After these treatments, the patient’s symptoms improved, but recovery was still relatively slow. After obtaining consent
through multiple discussions with her parents,A second laparoscopic resection of a right ovarian teratoma was performed on
June 4, which corresponds to day 95 post-symptom onset.Pathology indicated a mature cystic teratoma (Figure 3C—F). Her
mental state continued to improve. On postoperative day 8, her tracheostomy tube was removed. She was discharged 20 days
post-operatively with mild quadriparesis, ataxia, memory deficit, and language defect, with a mRS score of 4 (Figure 4).
During a 14-month follow-up, she had no recurrence and the mRS score is 2.

Discussion
Anti-NMDAR Encephalitis Associated with Ovarian Teratomas

Anti-NMDAR encephalitis is a severe autoimmune disorder that is frequently associated with ovarian teratomas,
especially in young females. According to a multi-institutional observational study, approximately 35% of patients
diagnosed with anti-NMDAR encephalitis were found to have ovarian teratoma, with the highest prevalence in females
aged 12 to 45 years.”

The clinical presentation of anti-NMDAR encephalitis can vary significantly between adolescents and young adults.
Initial symptoms often include fever, headache, and dizziness, which can be observed in both age groups. However, the
progression and severity of symptoms differ markedly. In adolescents, the condition often rapidly progresses to severe
neurological symptoms, such as seizures, abnormal movements, insomnia, and irritability. A study by Titulaer et al found
that among adolescents with anti-NMDAR encephalitis, 75% developed seizures and 60% exhibited abnormal move-
ments within the first week of symptom onset. In contrast, young adults are more likely to present with prominent
psychiatric symptoms, including depression, anxiety, and suicidal ideation. In a retrospective analysis of adult patients,
65% presented with psychiatric symptoms as their initial manifestation, with depression and anxiety being the most
common.’

In our comparative case report, these age-specific differences in symptoms are clearly demonstrated. The 16-year-old patient
(Case 2) initially presented with high fever, headache, and dizziness, which rapidly progressed to severe neurological symptoms,
including coma and frequent seizures. This rapid progression to severe neurological involvement is typical for adolescents with
anti-NMDAR encephalitis. In contrast, the 34-year-old patient (Case 1) initially experienced milder symptoms such as mild
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Figure 3 Diagnostic imaging, intraoperative findings, and pathological examination in case 2. (A) Pelvic CT scan,arrow showed a tumor with calcifications to the right
ovarian (B) Pelvic MRI scan, arrow showed a tumor in the right ovarian. (C) Intraoperative findings. (D) Gross appearance of the excised ovarian tumor exhibiting
a characteristic fat tissue. (E and F) Histologic analysis revealed a mature teratoma containing fatty tissue.

fever, diarrhea, dizziness, and drowsiness, which gradually worsened to significant psychiatric manifestations, including
depressive symptoms and suicidal ideation. This presentation is more consistent with the common manifestation in young
adults, where psychiatric symptoms often dominate. Our cases underscore the importance of recognizing these age-specific
differences in clinical presentation to facilitate early diagnosis and appropriate management of anti-NMDAR encephalitis.

Diagnostic Strategies and Early ldentification

The early and accurate diagnosis of anti-NMDAR encephalitis is crucial for the timely initiation of treatment and the
improvement of prognosis. The diagnosis is based on a combination of clinical suspicion, serological and CSF testing for
anti-NMDAR antibodies, and neuroimaging to exclude other causes. A high level of suspicion is necessary in young
females presenting with acute neuropsychiatric symptoms, especially when accompanied by fever or other prodromal
illnesses. In both cases we examined, the diagnosis was confirmed by the detection of anti-NMDAR antibodies in serum
and CSF, which is considered the gold standard. Importantly, the search for an associated ovarian teratoma must be an
integral part of the diagnostic process. Pelvic imaging, including ultrasound, CT, or MRI, should be promptly conducted
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Figure 4 Timeline of Clinical Events and Treatment in case 2. Timeline showing major clinical events (Orange), Mental disorder (red), First-line immunotherapy (IVIG) (blue),
Second-line immunotherapy (green), Surgery or operation (purple), and NMDA-R antibody status (yellow) of the patient from symptom onset to discharge. Red bar =seizure
activity; dashed line = ongoing First-line immunotherapy (corticosteroids, IV immunoglobulin, plasma exchange).

Abbreviations: CSF, cerebrospinal fluid; IVIG, IV immunoglobulin; RTX, rituximab.

in all female patients with anti-NMDAR encephalitis, regardless of age.'* As our cases have shown, imaging can reveal
teratomas that may be clinically silent. Case 1 presented with a large, easily identifiable mass, whereas Case 2 had
a small teratoma that was initially detected but whose residual focus was subsequently missed, emphasizing the need for
high-resolution imaging and meticulous technique. Early and systematic imaging facilitates early surgical planning and
intervention, which is directly correlated with better outcomes. A multidisciplinary team, including neurologists,
psychiatrists, gynecologists, and radiologists, is essential for coordinating rapid diagnosis and treatment initiation.

Treatment of Anti-NMDAR Encephalitis

The management of anti-NMDAR encephalitis is a multifaceted approach that combines surgical and medical interven-
tions. If a teratoma exists, surgical resection is essential. Timely detection and resection can significantly improve
prognosis, as it eliminates the source of self-antigen stimulation, especially in young women with ovarian teratomas.>°
Immunotherapy is the cornerstone of treatment, initially involving corticosteroids to suppress the immune system and
reduce inflammation, intravenous immunoglobulin (IVIG) to neutralize pathogenic autoantibodies, and plasma exchange
to clear circulating autoantibodies. Therefore, surgery and immunotherapy are the most important management proce-
dures for teratoma-associated anti-NMDAR encephalitis.” Most patients (approximately 80%) experience significant
improvement or complete relief of clinical symptoms after receiving immunotherapy and surgical resection of related
tumors (if necessary). For refractory cases, other immunotherapies such as rituximab (a B-cell depletion agent) can be
used to further reduce autoantibody levels and improve prognosis.®

The treatment strategy is highly individualized, taking into account the severity of the patient’s symptoms, the
presence and nature of the teratoma, and the patient’s response to initial therapies. In our cases, both patients benefited
from a combination of surgical intervention and targeted immunotherapy. The 34-year-old patient (Case 1) underwent
right salpingo-oophorectomy, followed by corticosteroids and rituximab, resulting in significant clinical improvement.
The 16-year-old patient (Case 2), despite initial severe symptoms, showed gradual improvement with a combination of
surgical removal of the teratoma, corticosteroids, IVIG, plasma exchange, and additional immunotherapies. These cases
highlight the importance of a tailored, multidisciplinary approach to achieve the best outcomes.

Surgical Management and Decision-Making
Considering factors such as patient age, teratoma type, and clinical presentation, the surgical approach for ovarian
teratoma in patients with anti-NMDAR encephalitis is highly personalized. In adolescents, the main goal is complete
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ovarian teratoma resection with the lowest risk of recurrence and preservation of the healthiest ovarian tissue. After
comprehensive evaluation, laparoscopic surgery for benign ovarian teratomas is safe and feasible.” The recommended
surgical method is ovarian cystectomy. However, any form of ovarian cyst surgery may affect the reserve function of the
ovaries, and it is necessary to fully communicate the condition with the patient and their family."°

Among young people, surgical methods may vary depending on the size and nature of the teratoma. There is no clear
evidence of the safety of laparoscopic surgery for tumors with uncertain properties. For mature cystic teratomas, conservative
surgery such as cystectomy is usually sufficient. Studies have shown that unilateral oophorectomy for premenopausal benign
ovarian tumors may lead to premature menopause and increase the incidence of low estrogen-related complications such as
cardiovascular disease, Alzheimer’s disease, Parkinson’s disease, etc.'! However, for immature teratomas, more extensive
surgery may be required, such as for germ cell tumors with lesions limited to one ovary in individuals aged < 39 years. Surgery
to preserve fertility may be performed,unilateral salpingo-oophorectomy may be adopted, and staged surgery may not be
necessary if imaging does not indicate lymph node enlargement.'>'> Postoperative adjuvant therapy should be performed
based on pathology and risk stratification. The choice of surgical procedure should be tailored to the individual patient’s needs
and the specific characteristics of the teratoma. A multidisciplinary approach involving neurologists, gynecologic oncologists,
and immunologists is essential to optimize patient outcomes.

In our case series, the surgical management of ovarian teratomas in patients with anti-NMDAR encephalitis was
guided by careful consideration of patient age, fertility demand, teratoma type, and tumor size. The 16-year-old patient
(Case 2) presented with a mature cystic teratoma, which was managed with a laparoscopic ovarian teratoma resection.
Given the benign nature of mature teratomas and the patient’s young age, this conservative approach was deemed
appropriate and resulted in significant improvement in her neurological symptoms. In contrast, the 34-year-old patient
(Case 1) had an immature teratoma, which is associated with a higher risk of recurrence and malignancy. Therefore,
a more extensive surgical intervention, specifically right salpingo-oophorectomy, was chosen to ensure complete removal
of the teratoma. This tailored surgical approach underscores the importance of individualizing treatment based on the
specific characteristics of the teratoma and the patient’s clinical presentation.

Timing of Surgical Intervention

The timing of surgical intervention is crucial in treating anti-NMDAR encephalitis, as early removal of the teratoma is
closely linked to better clinical outcomes and faster recovery. Recent studies have demonstrated that patients who
undergo teratoma surgical resection within the first month of symptom onset exhibit a significantly higher complete
recovery rate compared to those who delay surgery.'* Hence, early detection and surgical removal of ovarian teratomas
are safe and effective treatments for combating NMDAR encephalitis.'>'® Severe systemic and neurological complica-
tions should not be regarded as surgical contraindications.'®'” For critically ill patients, early surgical resection of tumors
is imperative, and multidisciplinary involvement from anesthesiology, ICU, and neurology is essential.

In our case series, the importance of early surgical intervention was clearly demonstrated through the contrasting outcomes
of our two patients. The 34-year-old patient (Case 1) underwent surgical removal of the teratoma within eighteen days of
symptom onset. This early intervention was followed by targeted immunotherapy, which led to a significant improvement in
her mental status. She was discharged from the hospital within 25 days of symptom onset, with complete resolution of
neurological symptoms and a marked improvement in her psychiatric condition.

In contrast, the 16-year-old patient (Case 2) experienced a delay in diagnosis, which resulted in a later surgical
intervention. She underwent her first laparoscopic ovarian teratoma resection on day 28 of symptom onset. Post-
operation, the follow-up imaging was neglected, and her condition did not improve. Residual tumor tissue was detected
in the follow-up imaging 42 days post-operation. The family requested a second-line treatment plan, and the second
laparoscopic ovarian teratoma resection was performed on day 95 after onset. Despite subsequent intensified immu-
notherapy, her recovery was slower and more complicated. She was discharged from the hospital 20 days after the second
surgery with mild quadriparesis, ataxia, mild language deficits, and memory impairment. These residual neurological
deficits persisted for over six months, highlighting the significant impact of delayed diagnosis and residual tumor tissue
on the clinical course and recovery in anti-NMDAR encephalitis.
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The comparative results in our case emphasize the importance of timely surgical intervention in the treatment of anti-
NMDAR encephalitis associated with ovarian teratoma. Early intervention can not only address the root cause of
autoimmune reactions, but also minimize the duration of exposure to pathogenic autoantibodies, which is crucial for
preventing long-term nerve damage.

Strategies for Achieving Complete Resection

Ensuring complete resection of the teratoma is crucial for achieving long-term remission of anti-NMDAR encephalitis.
Patients whose tumors have not been completely removed or whose tumors have not been detected may experience
immune-mediated recurrence of neurological symptoms.'®'® Therefore, a comprehensive strategy encompassing precise
preoperative evaluation, meticulous intraoperative techniques, and vigilant postoperative monitoring is essential for
reducing the risk of recurrence and improving patient prognosis.

A cornerstone of this strategy is thorough preoperative imaging assessment. Multimodal pelvic imaging is indis-
pensable for surgical planning and aims at achieving complete resection. While ultrasound is a useful first-line screening
tool, pelvic magnetic resonance imaging (MRI) is the preferred modality due to its superior soft-tissue contrast, which
allows for more accurate characterization of the teratoma, delineation of its boundaries, and importantly, the detection of
small or bilateral lesions that may be missed by computed tomography (CT) or ultrasound.'®> A detailed preoperative map
of the disease is the first critical step in ensuring no tumor tissue is overlooked during surgery.

Guided by the preoperative roadmap, the following intraoperative measures are essential for achieving complete
resection. Primarily, meticulous dissection is crucial for identifying and removing all visible tumor tissues. Secondly, the
use of intraoperative ultrasound or other imaging techniques can help identify any residual tumor tissue that may not be
visible to the naked eye, particularly for deep-seated or very small nodules. Thirdly, careful inspection of the surgical site
and both ovaries before closure is mandatory.Finally, postoperative imaging examinations and follow-up should not be
neglected. Regular follow-up imaging studies, such as pelvic MRI, should be performed to verify the absence of residual
or recurrent tumor tissue, enabling timely intervention if needed.

In our case series, the importance of a comprehensive approach to complete resection was clearly demonstrated
through the contrasting outcomes of our two patients. In Case 1, the patient benefited from a detailed preoperative CT and
ultrasound evaluation. The intraoperative frozen section then guided the definitive surgical extent (salpingo-
oophorectomy), ensuring complete removal. Postoperative imaging confirmed the absence of residual tumor tissue,
and the patient remained recurrence-free during the 17-month follow-up period. This early and complete intervention was
associated with a rapid improvement in neurological symptoms.

In contrast, the 16-year-old patient (Case 2) experienced a delayed recovery following her initial laparoscopic
cystectomy. Follow-up imaging identified residual tumor tissue, which required a second surgical intervention. The
primary cause of this residual lesion likely stemmed from inadequate preoperative evaluation that failed to detect the
microscopic lesion, compounded by the absence of real-time imaging guidance during the operation. The presence of
residual tumor tissue exacerbated both the prolonged recovery period and persistent neurological symptoms, highlighting
the consequences of incomplete surgical removal.

Conclusions

The optimal management of anti-NMDAR encephalitis associated with ovarian teratomas hinges on early detection and
prompt intervention. Timely and complete resection of the teratoma is pivotal in mitigating the autoimmune response and
enhancing long-term remission.However, our findings are based on a small, dual-case series and should be interpreted
with caution. Future studies with larger, multicenter cohorts are warranted to validate the impact of surgical timing and

completeness of resection on long-term outcomes.
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