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Abstract. Anti-N-methyl-d-aspartate-receptor (NMDAR) 
encephalitis is an uncommon autoimmune disorder with a 
wide spectrum of neuropsychiatric symptoms. There is a 
great requirement to emphasize the importance of a multi-
disciplinary team approach in the process of diagnosis and 
treatment of the potentially fatal condition, including psychia-
trists, neurologists, gynaecologists and intensivists. Physicians 
must be aware that psychiatric and neurological disorders, 
which are typical features for NMDAR encephalitis in young 
women with ovarian tumours, may progress into status epilep-
ticus and respiratory insufficiency. This disease can only be 
successfully treated with prompt surgical intervention and an 
early implementation of a wide array of immunosuppressive 
therapies. Optimal timing of initiation of therapeutic plasma 
exchange, as well as duration of treatment necessary to 
achieve desirable outcomes in patients with NMDAR remains 
unknown. The present case report aims to raise awareness 
about the importance of early implementation of this poten-
tially life-saving therapy and continuing the treatment courses 
until full subsidence of symptoms.

Introduction

Anti-N-methyl-D-aspartate-receptor (NMDAR) encepha-
litis is an autoimmune disorder with a wide spectrum of 
neuropsychiatric symptoms, which was first described in 

2005 by Vitalini et al (1). It has recently been demonstrated 
that this potentially fatal disease is significantly under-
diagnosed and may contribute to the majority of cases of 
non-infectious encephalitis of previously unknown aeti-
ology (2). Vitalini et al (1) retrospectively analysed >500 cases 
of intensive care unit (ICU) admission and identified 7 patients 
with encephalitic signs (psychiatric and cognitive distur-
bances, as well as focal or generalized seizures progressing 
into status epilepticus), cerebrospinal fluid (CSF) inflamma-
tion and exclusion of bacterial or viral infection, and in 6 cases 
the presence of anti-NMDAR antibodies was confirmed. A 
positive serum or CSF sample screening for antibodies to the 
NMDAR subunit remains the gold-standard in diagnosing the 
disease and must be performed in all patients presenting with 
an acute onset of psychiatric symptoms with atypical features 
or unusual movements. However, emerging data exists to 
suggest that electroencephalograms (EEG) can also be very 
useful in aiding clinicians to diagnose anti-NMDAR encepha-
litis (3).

Over the past years, increasing awareness of autoimmune 
mediated forms of encephalitis with antibodies against neuronal 
surface antigens have led to an improvement in prognosis, 
predominantly due to wider application of immunomodulatory 
therapies. Notably, despite major progress in understanding the 
pathophysiology of anti-NMDAR encephalitis, there remains a 
clear requirement for a good quality data regarding the optimal 
treatment of the disease, predominantly since the type of immu-
notherapy that is most effective in controlling the symptoms 
of the disease remains a matter of debate. Numerous patients, 
particularly with a prolonged or severe form of the disease, do 
not respond to first-line immunotherapy [steroids or intravenous 
immunoglobulins (IVIg)] and may require therapeutic plasma 
exchange (TPE), which is commonly used to treat a number of 
neurological conditions, including Guillain-Barré syndrome, 
myasthenia gravis, chronic inflammatory demyelinating 
polyneuropathy, Lambert-Eaton syndrome, multiple scle-
rosis, neuromyelitis optica, paraproteinemic polyneuropathy, 
Sydenham's chorea and natalizumab-associated progressive 
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multifocal leukoencephalopathy (4). Despite the increasing 
number of potential indications for TPE in the treatment of 
neurological disorders, the proven efficacy, side effects and 
costs must be taken into consideration prior to a decision being 
made to implement this therapy.

Case report

A 23-year-old female was admitted to a psychiatric ward, 
presenting with acute confusion, agitation and behavioural 
changes. The initial diagnosis was the first episode of schizo-
phrenia or schizoaffective disorder. Her past medical history 
was non-significant and no prior psychiatric or psychological 
problems were reported. An episode of an upper respiratory 
tract infection, which preceded the psychotic symptoms by few 
days was notable. Upon admission, agitation and restlessness 
were observed, followed by progressive mutism and somno-
lence, which were the predominant symptoms of the disease 
within 5 days. The patient was administered standard antipsy-
chotic treatment during her entire stay in the psychiatric ward, 
which included haloperidol, olanzapine and aposulpiryd, 
without any improvement in her psychiatric condition. On 
day 5, the patient's neurological condition significantly deterio-
rated; decreased level of consciousness and loss of muscle tone 
were observed. Involuntary movements of upper limbs, jaw 
and eyes were also noticed, as well as clonic seizures, which 
were treated with intravenous diazepam. The initial diagnosis 
was changed to infectious encephalitis and the patient was 
transferred to a neurological ward at the state hospital, where 
CSF and blood samples were obtained and imaging studies of 
the brain, as well as EEG were performed (Fig. 1).

Results of the CSF analysis revealed a lymphocytic pleo-
cytosis (60 white cells/µl), a normal protein level (28.3 mg/dl; 
normal value range: 15-45 mg/dl) and a normal glucose level 
(81 mg/dl). EEG recordings revealed generalized rhythmic delta 
activity with superimposed rhythmic beta frequency activity 
(῾extreme delta brush’) (5). Computed tomography (CT) of the 
head revealed no pathological changes. The magnetic resonance 
imaging (MRI), which was performed upon admission to the 
neurological ward, revealed only two hyperintense lesions in 
subcortical white matter in the frontal lobes on T2/FLAIR. 
Additionally, initial focal seizures evolved into generalized 
tonic-clonic repetitive seizures, which did not respond to various 
anticonvulsants, including clonazepam, sodium valproate, 
phenytoin and carbamazepine. Subsequently, treatment with 
acyclovir was initiated for presumptive viral encephalitis. 
Immunotherapy was also implemented and the patient received 
a daily dose of 20 g of IVIg for 3 consecutive days. The CSF 
antibody tests were negative for Epstein-Barr virus, cytomega-
lovirus, human immunodeficiency virus, herpes simplex virus 
and varicella-zoster virus. The patient's condition deteriorated 
further; she developed a refractory status epilepticus with 
concomitant respiratory failure and autonomic instability and 
was referred to a tertiary ICU on the 27th day of hospitalization.

The clinical course and the treatment protocol are summa-
rized in Fig. 2. Upon admission to the ICU, the patient was 
comatose with a Glasgow Coma Scale (GCS) score of 6. 
Neurological examination revealed that the patient exhib-
ited spontaneous and provoked involuntary movements of 
the eyes, jaw, and upper and lower limbs, despite receiving a 

constant infusion of clonazepam and thiopental. Excessive 
salivation was also noted. The patient's trachea was intubated 
and mechanical ventilation was initiated. Sedatives (propofol, 
midazolam) and opioids (remifentanil) were given in continuous 
infusion to facilitate mechanical ventilation, yet orofacial 
and limb dyskinesia were still present and difficult to control 
despite increasing infusion rates of propofol and midazolam. 
The subsequently obtained test results of CSF and blood were 
irrelevant with only slightly elevated white bloodcell count. 
Results of both blood and CSF cultures remained negative, and 
repeated CT scan of the brain was also normal. Since the infec-
tious background of the disease was unable to be confirmed, 
autoimmunological encephalitis was suspected and high dose 
corticosteroids (methyloprednisolone 1 g daily for 6 days, 
followed by prednisone 40 mg twice daily) were administered, 
without any improvement in the patient's neurological status. On 
the 7th day of her stay in the ICU, a CT scan of the abdomen 
and the pelvis revealed an ovarian cyst. Additionally, a trans-
vaginal ultrasound confirmed a left ovarian mass suggestive 
of a teratoma. Laparoscopic oophorectomy was immediately 
performed. The blood and CSF samples were collected to 
search for neuronal surface antibodies and the anti-NMDAR 
antibodies were identified in the CSF (titers, 1:3.2), but not in the 
plasma. The diagnosis of anti-NMDAR encephalitis was made 
based on the above results. Two days later, on the 36th day of 
hospitalization, TPE was initiated and after the third course, the 
patient's neurological condition markedly improved (an increase 
of GCS score from 6 to 11). She gradually started to open her 
eyes, obey simple commands and answer uncomplicated ques-
tions. Additionally, involuntary movements disappeared, yet 
salivation, autonomic instability and muscle weakness were 
still observed. The courses of TPE were continued to a total 
of 13 courses during her stay in the ICU. Meanwhile, another 
course of supplementary immunotherapy with IVIg (20 g every 
second day) was implemented due to its proven position as a 
first line treatment in the armamentarium against autoimmu-
nological encephalitis. The relatively high frequency of TPE 
resulted in haemodynamic instability and coagulopathy, which 
required plasma transfusion; therefore, the intervals between 
TPE were increased from 1 to 3 days and the anticoagulant was 
changed from unfractionated heparin to citrate. The autonomic 
dysfunction persisted despite obvious improvement in cognitive 
status and involved severe bradycardia and hypersalivation, 
which made all the tracheal extubation efforts futile. Therefore, 
on the 25th day of the ICU stay, a tracheostomy was performed. 
The patient was subsequently weaned from mechanical ventila-
tion and transferred to a neurological ward to continue intensive 
rehabilitation. She was discharged in a good clinical condition 
nearly 3 months after the onset of the disease. The follow-up 
assessment was performed 3 months following discharge. The 
patient's neurological state was tested with modified Rankin 
Scale (mRS) and she gained 1 point. She reported no significant 
disability and was able to perform all usual activities. The only 
neurological sequel included parasomnia and complete loss of 
memory during the entire hospitalization period.

Discussion

The present case study described a clinical course of 
anti-NMDAR encephalitis, which is one of the central nervous 
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system (CNS) diseases, where the presence of the neuronal 
surface antibodies can be demonstrated (6). This relatively 
uncommon disorder has a typical sequential presentation: 
sudden onset with prodromal, fever-like symptoms, followed 

by a psychiatric disorders, decreased level of conscious 
accompanied by intractable focal and clonic seizures, dyski-
nesias and autonomic instability (7). In the present case, all of 
the above-mentioned symptoms were observed, so the clinical 

Figure 2. Clinical course of the patient and treatment protocol after the patient’s referral to the ICU (beginning at 27th day of hospitalisation). ICU, intensive 
care unit; GCS, Glasgow Coma Scale; GKS, IVIg, intravenous immunoglobulins; TPE, therapeutic plasma exchange.

Figure 1. Encephalogram demonstrates generalized rhythmic delta activity with superimposed rhythmic beta frequency activity (extreme delta brush) obtained 
following 1 week of hospitalisation.
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course of the anti-NMDAR encephalitis was typical. In addi-
tion, the patient was a young female, which is also a common 
feature of this type of autoimmunological encephalitis, since 
this patient population accounts for ~80% of reported cases (8). 
Furthermore, the coexistence of an ovarian tumour, which was 
confirmed to be a teratoma in this case, is also a typical for anti-
NMDAR encephalitis. This type of encephalitis is suggested 
to be strongly associated with malignancies, including ovarian, 
mediastinal and testicular teratomas, Hodgkin's lymphoma, 
small cell lung carcinoma, and neuroblastomas. However, 
more recent studies have challenged these data showing that 
up to 80% of patients may present with a non-paraneoplastic 
type of the disease, making the diagnosis even more diffi-
cult (9). When anti-NMDAR is suspected the diagnostic tests 
typically include detection of NMDAR autoantibodies in CSF 
and/or in the serum as the core of diagnosis, predominantly 
because other laboratory tests and imaging studies of the brain 
appear to be irrelevant (10,11). On the other hand, MRI scans 
of the patient's CNS revealed multifocal subcortical white 
matter lesions in T2/FLAIR, which were also described by 
other authors and may be concomitant with anti-NMDAR 
encephalitis (9).

There is ongoing debate as to whether serum or CSF must 
be tested for in the presence of anti-NMDAR antibodies. In 
the present case, high levels of anti-NMDAR antibodies were 
detected in the CSF, but not in the plasma. The association 
between the prodromal flu-like symptoms and the antibodies 
against NMDAR is also a matter of debate. Certain authors 
emphasise the connection between a viral infection and 
damage of the blood-brain-barrier, which facilitates transfer of 
NMDAR autoantibodies to the CNS, whilst others claim that 
flu-like symptoms are only a part of an early immunological 
activation (12). Nevertheless, when anti-NMDAR encephalitis 
is suspected it appears absolutely crucial to search for the 
antibodies in both serum and CSF, yet other more readily 
available diagnostic measures must also be implemented 
in order to obtain the final diagnosis. In the present case, a 
retrospective analysis of the first EEG recordings revealed an 
unique electrographic pattern, which is referred to as "extreme 
delta brush", due to of its resemblance to waveforms observed 
in premature infants (13). Although the specificity of this 
finding remains unclear, its presence is usually associated with 
a more prolonged and severe course of illness. An EEG maybe 
extremely valuable in distinguishing between encephalitis 
and a primary psychiatric disorder, since a vast majority of 
patients with anti-NMDAR encephalitis exhibit a non-specific 
slowing at a certain stage during the illness. In addition, char-
acteristic pattern of generalized rhythmic delta activity with 
superimposed rhythmic beta frequency activity may appear, 
which was described in a large series of patients unique to this 
disorder (8).

Treatment of anti-NMDAR encephalitis remains chal-
lenging, since no comprehensive guidelines have been 
published to date. The majority of authors agree that treatment 
must target both the cause and the clinical consequences of 
the encephalitis. It is generally accepted that the anti-NMDAR 
encephalitis treatment is much more effective in patients who 
have an underlying tumour removed and there are numerous 
cases described in which ovarian teratomas were discovered 
years after initial onset of symptoms, particularly in patients 

who experienced a slow recovery (14). Certain authors advo-
cate early oophorectomy even in cases when the presence of 
an ovarian tumour cannot be confirmed in imaging studies. 
In a case described by Peery et al (14), postoperative biopsy 
revealed an occult teratoma, and the surgical removal of the 
tumour resulted in an improvement of clinical symptoms. In 
the majority of cases, immunotherapy is the first-line treat-
ment and typically includes corticosteroids, IVIg and TPE, 
administered alone or in combination (15). The second-line 
treatment includes rituximab and cyclophosphamide, and is 
used predominantly in patients who either exhibit a delayed 
diagnosis or did not have an underlying malignancy (16). 
It is worth mentioning that the role of specific treatment 
options remains a matter of debate and numerous authors 
provide conflicting data on the subject, with special regards 
to the role of TPE, which in the opinion of Dalmau et al (17) 
should not be used routinely. On the other hand, numerous 
recently published case studies, where implementation of 
TPE was associated with an improvement of clinical status, 
exist (18,19). In a recent paper published by DeSena et al (20), 
the efficacy of intravenous methylprednisolone administered 
alone or following TPE was compared in the treatment of 
anti-NMDAR receptor encephalitis. The obtained results were 
clearly in favour of administering steroids only after TPE was 
performed in the studied patient population.

In the present case, the patient was initially treated in the 
neurological ward with the use of corticosteroids (methylpred-
nisolone) and IVIg due to suspected infectious encephalitis. 
This first-line immunosuppressive treatment failed to produce 
any improvement of the patient's clinical condition. Similarly, 
the second course of high-dose corticosteroids administered in 
the ICU was not effective. The patient's clinical condition only 
improved following the third course of TPE, which is in line 
with the case study published by Nunez-Enamorado et al (21). 
By contrast, clinical improvement in cases of anti-NMDAR 
encephalitis is not always achieved with TPE (22,23). 
According to the guidelines published by the American 
Society for Apheresis, the use of TPE must be considered 
as a third-line treatment in paraneoplastic neurological 
syndromes (grade 2C) (24).

In conclusion, NMDAR encephalitis is a potentially revers-
ible disorder with a good clinical outcome if diagnosed and 
treated promptly. A multimodal immunosuppresive therapy 
may result in an improvement in neurological symptoms in 
>60% of patients (25). In the present case, a long-term follow-
up examination revealed a good clinical outcome, without any 
major neurological or psychiatric complications following 
the anti-NMDAR encephalitis. A multidisciplinary team, 
including psychiatrists, neurologists and intensivists, must 
be involved in the process of recognition and management of 
the disease. The gold standard for diagnosing anti-NMDAR 
encephalitis is still detecting the antibodies in either the CSF 
or plasma; however, other diagnostic measures, including 
EEG or MRI may also aid clinicians in obtaining the final 
diagnosis. Tumour removal and pharmacotherapy remain the 
first-line treatment in the majority of cases, yet TPE must also 
be considered in the clinician's armamentarium, particularly 
in cases where initial treatment has failed. Available data 
remains ambiguous and therefore there remains an urgency 
for good quality clinical trials.
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