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Introduction

Anti-N-methyl-d-aspartate receptor (NMDAR) encephalitis
has emerged as the most common immune encephalitis
discovered in 2007.1–3 The mechanism of anti-NMDAR en-

cephalitis was influenced by antibodies attached to the
brain’s GluR1 subunit of NMDAR. In particular, these specific
antibodies were associated with ovarian teratoma.1 The
symptoms of anti-NMDAR encephalitis are psychiatric
symptoms, movement disorder, sleep cycle disturbance,

Keywords

► Anti-NMDAR
encephalitis

► Pediatric
► Outcome
► Factors

Abstract Anti-N-methyl-d-aspartate receptor (NMDAR) encephalitis has a very good outcome;
however, there are few reports in developing countries regarding the outcome of
pediatric anti-NMDAR encephalitis. We aimed to report the clinical outcome of
pediatric anti-NMDAR encephalitis in the rural area of Thailand. This retrospective
cohort study recruited children between the age of 1 month and 15 years with the
diagnosis of anti-NMDAR encephalitis admitted at Maharat Nakhon Ratchasima
Hospital from 1st May 2015 to 31th March 2020. Baseline characteristics and
investigation were recorded. The first-line treatment was intravenous pulse methyl-
prednisolone alone, pulse methylprednisolone plus intravenous immune globulin
(IVIG), or IVIG alone. The second-line treatment was monthly intravenous cyclophos-
phamide or azathioprine. Themodified Rankin Scale (MRS) was used for evaluation at 1,
3, 6, 12, 18, and 24 months after receiving first-line treatment to determine clinical
outcomes. The factors that may affect the outcomes were evaluated. In total, 17
patients were recruited, with themean age of 8 years, and 76.46%were female. 82.35%
of patients developed seizures, and 52.94% turned to status epilepticus. 70.59%
received first-line treatment as pulse methylprednisolone plus IVIG. 82.35% received
complete follow-up at 12 months. According to MRS score, at first diagnosis 94.12%
reported severe disability, at 1 month after receiving treatment, 47.06% improved to
moderate–mild disability, and at 6 and 12 months, 40% and 78.57% had complete
recovery, respectively. Different types of first-line and second-line treatments did not
affect the clinical outcome. Comorbidity of status epilepticus affected MRS. Anti-
NMDAR encephalitis has a very good prognosis; prompt diagnosis is necessary.
Comorbidity as status epilepticus may affect the clinical outcome.
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autonomic disturbance, and seizure/epilepsy.1–4 The devel-
opment of symptoms in children is different from adults as
children frequently present with nonpsychotic symptoms
such as movement disorder and seizure, while adults have
predominating symptoms such as psychosis.5

The treatment of anti-NMDAR encephalitis is immuno-
suppressive drugs. The first-line treatment is intravenous
pulse methylprednisolone, intravenous immune globulin
(IVIG), or plasmapheresis.1–5 For those who do not respond
to first-line immunosuppressive drugs, the second-line im-
munosuppressive drugs (cyclophosphamide, Cellcept, and
rituximab) are added.4,5

The outcome of anti-NMDAR encephalitis is excellent, as
80% of patients showed recovery at 18 months follow-up.4,5

The associated factors, including intensive care unit (ICU)
admission and receiving first-line treatment in a shorter
duration, impacted the improvement of functional out-
comes.5 The studies in developing countries in regard to
outcome and prognostic factors in pediatric patients are
limited, leading to our study to determine the outcome of
children with anti-NMDAR encephalitis in the rural area of
Thailand.

Method

This is a retrospective/prospective cohort study. After the
institutional review board approval (IRB001/2020), we
obtained informed consent from the patients’ parents as
the submitted study was investigational research on human
subjects. We recruited pediatric patients younger than
15 years of age with the diagnosis of anti-NMDAR encepha-
litis who were admitted at the pediatric ward of Maharat
Nakhon Ratchasima Hospital from the 1st January 2015 to
31st March 2020. The diagnosis of anti-NMDAR encephalitis
was defined by positive serum or cerebrospinal fluid (CSF)
IgG antibody. The clinical manifestation and investigation
results were recorded. Demographic data such as clinical
manifestation, type of first-line medication, duration before
receiving first-line treatment, type of second-line treatment,
the investigation such as CSF and serum antibody to NMDAR,
CSF profile, metabolic investigation, brain magnetic reso-
nance imaging (MRI brain), electroencephalogram (EEG)
results, paraneoplastic screening results (screening for ovar-
ian teratoma using ultrasound abdomen or computed to-
mography [CT] abdomen) were recorded.

Thefirst-line treatmentwas intravenouspulsemethylpred-
nisolone, IVIG, or both intravenous pulse methylprednisolone
and IVIG. The second-line treatmentwasmonthly intravenous
cyclophosphamide, azathioprine, rituximab, or prednisolone.
The severity of the disease and outcome of treatment were
determined using the modified Rankin Scale (MRS). The MRS
was used for evaluation at first diagnosis and at 1, 3, 6, 12, 18,
and 24 months after receiving first-line treatment.

The descriptive data were analyzed using median� stan-
dard deviation and percent. The clinical outcome and factors
that might affect the MRSwere determined by univariate and
multivariate analyses and Fisher exact test. The program stata
10 was used, and the significant p-value was less than 0.05.

Results

Total 17 patients were recruited, between the age of 3 to
13 years and with the mean age of 8 years. Most of patients
were female (76.46%). As the first clinical manifestation,
58.82% presented with psychosis and 41.18% presented
with new onset seizure. In total, 88.24% of patients had
movement disorder (choreoathetosis and orofacial dyskine-
sia), 82.35% developed seizures, and 52.94% turned to status
epilepticus. The summary of clinical manifestation is shown
in ►Fig.1.

70.59% received first-line treatment as intravenous pulse
methylprednisolone and IVIG, and 76.47% received cyclo-
phosphamide as second-line treatment. Most of the patient
receivedfirst-line treatment within 14 days after the onset of
the symptoms. 88.24% of patients had severe symptoms
leading to pediatric intensive care unit (PICU) admission.
Serum anti-NMDA was positive in 82.35%, while CSF anti-
NMDA was positive in 100%. Paraneoplastic screening of
94.12% was negative. Follow-up paraneoplastic screening
(CT abdomen) was performed in three cases who clinically
did not respond after receiving second-line treatment and
had a clinical relapse of disease; one case detected ovarian
teratoma at 7months after receiving first-line treatment and
showed no clinical response. Due to the budget constraint,
we did not follow up on the titer of the anti-GluR1 antibody,
exempting two cases with clinical relapses.

The EEG results identified extreme delta brush (47.05%)
which is common EEG finding in anti-NMDAR encephalitis.
Most of the MRI brain finding was nonspecific white matter
lesion. One case showed a pattern of leukoencephalopathy
on MRI brain, and the hypothesis of this finding was drug-
induced leukoencephalopathy (patients receivedmetronida-
zole as the treatment of infectious diarrhea during admission
and the abnormal finding disappeared after withdrawing
metronidazole). Regarding history of recent infection or
coinfection, 58.82% were evaluated using CSF polymerase
chain reaction for Herpes simplex virus which gave 100%
negative result. There was only one case who had history of
mycoplasma pneumoniae infection before the onset of en-
cephalopathy. The demographic data are shown in►Table 1.

Fig. 1 Clinical manifestation of pediatric anti-NMDAR encephalitis.
NMDAR, N-methyl-d-aspartate receptor.
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82.35% received complete follow-up at 12 months.
According to the MRS score, at the first diagnosis 94.12%
reported severe disability (MRS 4–5), at 1 month after
receiving treatment, 47.06% improved to moderate-mild
disability (MRS 2–3), and at 6 and 12 months, 40 and
78.57% had complete recovery (MRS 0) as shown
in ►Fig. 2, respectively. At 24 months follow-up, there
were 10 cases’ follow-ups and 9 cases had completely
recovered (90%). Three cases (17.6%) of patients developed
subsequent epilepsy, but after receiving the complete course
of immunosuppressive drug, seizure was controlled and
antiseizure medication was tapered off within 6 to
12 months. There was no mortality in our study.

There were two patients (11.7%) with clinical relapse, and
the onset of clinical relapse occurred more than 24 months
after diagnosis. Both patients were from the nontumor
group. The MRS score at the relapsing time was less severe
than the first episode of symptom. The second-line treat-
ment in relapsed cases was four doses of rituximab. The
clinical outcome improved within 1 month after the diagno-
sis of clinical relapse and receiving treatment.

Multivariate analysis showed that different types of first-
line treatments, duration before receiving first-line treat-
ment, and PICU admission did not affect the clinical outcome.
Comorbidity of status epilepticus affected the MRS as shown
in ►Table 2.

Discussion

Our study reported the clinical outcome of anti-NMDAR
encephalitis in children in rural area of Thailand. We
reported the female predominant and common age group
younger than 12 years. The first clinical manifestation was
psychosis and new onset seizure, and most of the patients
were nontumorous which is correlated with previous stud-
ies.4–6 The maximum MRS at diagnosis reported severe
disability (MRS 5) in most of the patients, and the first-line
treatment was intravenous pulse methylprednisolone fol-
lowed by IVIG in regard to those who clinically did not
respond to steroids. The second-line immunosuppressive
drug was monthly cyclophosphamide for 6 months.

As most of the patients had severe neurological deficit as
the maximum MRS was 5, we noticed the tremendous
improvement in MRS at 1 month after receiving first-line
immunosuppressive drug. A significant response was no-
ticed 3 months after the treatment where most of the
patients showed moderate-to-severe disability. More than

Table 1 Demographic data

N (%)

Age

<12 years 14 (82.35)

>12 years 3 (17.65)

Sex

Male 4 (23.53)

Female 13 (76.47)

Type of first line treatment

Pulse methylprednisolone 4 (23.53)

Immunoglobulin (IVIG) 1 (5.88)

Pulse methylprednisolone plus IVIG 12 (70.59)

Type of second line treatment

Intravenous cyclophosphamide 13 (86.67)

Azathioprine 1 (6.67)

None 1 (6.67)

Duration before received first line treatment

< 14 days 13 (76.47)

> 14 days 4 (23.53)

PICU admission

Yes 15 (88.24)

No 2 (11.76)

Episode of status epilepticus

Yes 9 (52.94)

No 8 (47.06)

Serum anti-NMDAR encephalitis

Positive 14 (82.35)

Negative 3 (17.65)

CSF anti-NMDAR encephalitis

Positive 17 (100)

Negative 0 (0)

Paraneoplastic screening

Positive 1 (5.88)

Negative 16 (94.12)

MRI brain

Normal 7 (41.16)

Abnormal

- Nonspecific white matter lesion 3 (17.64)

- Leukoencephalopathy 1 (5.89)

- Arachnoid cyst at left temporal lobe 1 (5.89)

Not evaluated 5 (29.42)

EEG

Delta brush 8 (47.05)

Other abnormalities

- Generalized slow background 3 (17.65)

Table 1 (Continued)

N (%)

- Focal epileptiform discharge 1 (5.88)

Not done 5 (29.42)

Abbreviations: CSF, cerebrospinal fluid; EEG, electroencephalogram;
MRI, magnetic resonance imaging; NMDAR, N-methyl-d-aspartate re-
ceptor; PICU, pediatric intensive care unit.
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70% of patients had full recovery at 1 year after receiving
first-line treatment. Our result correlates with previous
studies that showed the response rate of treatment is 70
to 80% in 2 years and the duration for the response with the
improvement in MRS was around 5 weeks in previous
studies.5,6 We found that 81% of the patients had clinical
improvements at 12 and 24-month follow-ups, similar to the
main findings of Pruetarat et al.7 This emphasized that anti-
NMDAR encephalitis has a very good outcome, so the cor-
rected diagnosis is very important.

We noticed that the types of first-line and second-line
immunosuppressive drugs did not affect the MRS and relaps-
ing rate, and the duration before receiving the first-line
treatment did not significantly affect MRS as well. These
outcomes were different from those of previous studies of
Titulaeret al that showed theearly received treatmentand lack
of ICUadmissionaffectedclinical improvement.5,8Thestudyof
Kong et al showed the significant change in MRS in patients
who received rituximabandcyclophosphamideassecond-line
therapy.9

Regarding the clinical effect on the outcome, we can
conclude that the episodes of status epilepticus affect the
change in MRS which is the unique finding in our study.

Compared to previous studies, our study showed the factors
that may affect MRS such as the presence of hypoventilation
and alteration of consciousness. Our study showed that the
lack of episodes of status epilepticus may improve the MRS,
and thismay be explained by the fact that prolonged seizures
cause injury to neurons.

Analogous to key findings of previous studies 10–12, two
patients, categorized as non-tumor, had clinical relapses with
less severe symptoms. We prescribed the rituximab only for
the relapsing groupduetofinancialproblems.Patientsshowed
significant clinical improvement at 1 month after receiving
rituximab. This result correlatedwith thestudyofTitulaeretal,
and Xu et al showed that the clinical relapsing occurredwithin
2 years after the first diagnosis with less severity.5,12

Conclusions

Anti-NMDAR encephalitis in children has a very good prog-
nosis. Correct diagnosis and crucial treatment are important.
Status epilepticus may affect the clinical outcome.

Conflict of Interest
None declared.

Fig. 2 MRS at diagnosis and follow-up. MRS, modified Rankin Scale.

Table 2 Multivariate analysis

Factor p-Value OR 95% CI

Episode of status epilepticus 0.01 17.5 1.22–250.35

PICU admission 0.18 1 0.69–7.30

Type of first line treatment 0.054 1 0.97–20.82

Duration before received first line treatment 0.46 2.5 0.19–32.19

Abbreviations: CI, confidence interval; OR, odds ratio; PICU, pediatric intensive care unit.
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