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 Abstract

Objective. Anti-N-methyl-D-aspartate receptor encephalitis (anti-NMDAR), the 
second-most frequent cause of autoimmune encephalitis in children, has been asso-
ciated with severe cognitive deficits disproportionate to the severity of the clinical 
presentation. Studies have suggested the presence of long-term persistent deficits 
in cognitive functioning. In this case study we present the clinical course description 
and cognitive recovery of a previously high functioning 16-year-old, bilingual, His-
panic female.

Method. We present serial neuropsychological data of a previously high-functio-
ning 16-year-old female.

Results. Neuropsychological evaluations conducted at 5 and 9 months post symp-
tom onset revealed persistent global deficits in cognitive, academic, and adaptive 
functioning necessitating repeat rituximab dosing and ongoing treatment with 
mycophenolate. Most areas of functioning improved to the average range by the 
22-month follow-up although serum antibodies remained elevated.

Conclusion. Neuropsychological data proved to be a better indicator of the pa-
tient’s recovery of “real-world” functioning than clinical observations or serum 
antibody titers, underscoring the importance of neuropsychological evaluations for 
these patients.  
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INTRODUCTION

Anti-N-methyl-D-aspartate receptor encephalitis 
(anti-NMDAR) is an autoimmune, inflammato-
ry syndrome associated with a multi-stage and 
multi-domain neurologic illness that may initially 
present with neuropsychiatric symptoms but of-
ten progresses to a severe syndrome character-
ized by encephalopathy, seizures and abnormal 
movements. It has been identified as the sec-
ond-most frequent cause of autoimmune enceph-
alitis in children after acute disseminated enceph-
alomyelitis (ADEM), with a much higher incidence 
in females (1, 2, 3). NMDAR may be more prevalent in 
children and young adults than many forms of vi-
ral encephalitis(4). It may be associated with ovari-
an teratomas in children over 12, but occurs more 
commonly without tumors (non-paraneoplastic) 
in pediatric populations, unlike in adults (1, 5). Initial 
presentation varies with age of onset, with adults 
and adolescents typically presenting with neuro-
psychiatric symptoms (e.g. anxiety, paranoia, delu-
sions, cognitive changes)( 2, 5) and children younger 
than 12 years and toddlers/infants more common-
ly presenting with neurologic symptoms such as 
abnormal movements (2,4,21) or  behavioral changes 
such as irritability and language dysfunction (3,6). 

Disease course usually progresses to include 
memory disturbance, dyskinesias, altered con-
sciousness and autonomic nervous system dysfunc-
tion (in approximately 40% of preadolescents and 
50% of adolescents). Speech and language dysfunc-
tion is common in children, with more than 80% pre-
senting symptoms such as mutism and echolalia(6). 
Treatment may include surgical removal of the ter-
atoma in paraneoplastic cases, first-line immuno-
suppression with high dose steroids, intravenous 
immunoglobulins (IVIG), and/or plasma exchange, 
and second-line immunosuppression with rituximab 
and/or cyclophosphamide if symptoms are not im-
proving,(7, 8, 9). With immunotherapy and tumor re-
moval, about 75-85% of patients show substantial 
improvement in their clinical presentation. Recovery 
time can be highly variable, with a minority of indi-
viduals recovering within several months and others 
recovering over years, with continued improve-
ments documented up to 18-24 months following 

the onset of symptoms (7, 10, 11). Full recovery is less 
likely when there is no identified tumor, but in such 
cases, second line immunotherapy can often be ef-
fective. Patients receiving early treatment (within 4 
weeks of symptom presentation) show significant-
ly better outcomes than those treated later during 
the disease course (2,7), and longer hospitalization 
times being linked to residual cognitive deficits at 
follow-up on for some cohorts(20). Outcome data in 
the few existing observational cohort studies have 
relied on crude assessments of function (such as 
modified ranking scores) (1,7,21).

Although the clinical features of childhood on-
set anti-NMDAR have been better characterized in 
the last 5 years, there is still a paucity of informa-
tion on long-term cognitive outcome.  For adults, 
severe cognitive deficits disproportionate to the 
severity of the clinical presentation have been doc-
umented early in the disease process (12), and per-
sistent deficits in attention, executive functions, 
and memory have been documented months to 
years following apparent clinical recovery(10,13,14). 
Similarly, some pediatric studies have suggested 
persistent deficits in executive functions, atten-
tion, memory, language, processing speed, self-
care and adaptive functioning in general, although 
available neuropsychological data is sparse (2, 15, 16, 

17, 22, 23). To our knowledge, data documenting aca-
demic functioning in pediatric anti-NMDA recep-
tor encephalitis has yet to be described. 

METHODOLOGY

A description of a bilingual adolescent with CSF, 
serum antibody proven anti-NMDAR treated with 
standard of care interventions, who was followed 
closely with serial neuropsychological evaluations, 
will be provided. Her initial inpatient course and 
subsequent follow up transpired at the same medi-
cal center which allowed for documentation of her 
full recovery. IRB approval was obtained to abstract 
data on her clinical course, serologic studies and 
neuropsychological evaluations. Signed, written 
consent was obtained from the patient and family. 

Serial neuropsychological testing was carried 
out using the following instruments, administered 
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in English and using the normative data for U.S. 
based populations provided for each test by the 
respective test authors: Wechsler Adult Intelli-
gence Scale, Fourth Edition; Expressive Vocab-
ulary Test, second edition; Grooved Pegboard, 
The Beery-Buktenica Developmental Test of Vi-
sual-Motor Integration, sixth edition; Wide Range 
Assessment of Memory and Language, second 
edition (select subtests); Kaufman Test of Edu-
cational Achievement, second edition. The Test 
de Vocabulario en Imágenes Peabody, was also 
administered in Spanish, and scored using the 
Mexican normative sample. Finally, the patient’s 
adaptive functioning was assessed by administer-
ing the Vineland Adaptive Behavior Scales, second 
edition, Spanish Survey Interview to her mother 
and using the U.S. based normative data to score 
the instrument. Her premorbid cognitive function-
ing was estimated using school documentation of 
her academic performance and test results were 
compared across all three serial neuropsycholog-
ical evaluations in order to determine cognitive 
deficits and recovery. 

CASE PRESENTATION

The patient was a previously healthy, 16-year-old, 
bilingual (Spanish-English speaking) Hispanic fe-
male living in the United States (U.S.), with no pri-
or concerns regarding her functioning. The primary 
language spoken at home was Spanish, although 
the patient had been exposed to English since pre-
school, and participated in English only classes in 
school since the second grade.  She was enrolled in 
an advanced 10th grade curriculum in a public high 
school in the U.S. at the time of symptom onset 
and was considered an excellent student, with good 
social functioning and involvement in several honor 
societies and volunteer groups. Eleven days prior 
to hospital admission she requested assistance to 
change her clothes because she was unable to use 
her right hand. She was promptly evaluated by her 
primary care physician who attributed this symptom 
to stress.  Three days later she was referred to a psy-
chologist by school personnel, to whom she report-
ed auditory hallucinations (hearing voices), insom-
nia, and extreme forgetfulness. She was observed to 
have paucity of speech, saying only “yes”, “no”, and 

“I don’t know” during the session. She was then sent 
to an emergency room, where MRI and blood tests 
were normal except for elevated thyroid stimulating 
hormone (TSH) and a urinary tract infection. Psy-
chiatric admission was recommended, but no beds 
were available.  The patient returned to her primary 
care physician who reportedly prescribed an unspec-
ified “relaxant.” Ten days after symptom onset she 
presented with severe disorientation in school. She 
was confused and unable to locate her classes even 
when a printed schedule was provided. The school 
nurse contacted the patients’ primary care physician, 
who referred her to a tertiary pediatric hospital for 
a full evaluation due to severe cognitive impairment 
and concern for encephalopathy.

The patient was admitted to the hospital elev-
en days after symptom onset, where an exten-
sive medical work-up revealed high titer NMDAR 
antibodies in both serum and CSF. MRI findings 
revealed no atrophy or lesions, and electroenceph-
alogram (EEG) studies found continuous general-
ized slowing, more prominent in left frontal, left 
temporal and left temporo-central regions initially. 
In addition to psychiatric symptoms (auditory and 
visual hallucinations,), the patient demonstrated 
the following symptoms: right hemiparesis, waxing 
and waning mental status consisting of confusion 
and disorientation, sleep disturbance, memory 
problems, and aphasia characterized by reduced 
verbal expression and perseverative language. 
Symptoms later progressed to autonomic insta-
bility, dysphagia requiring nasogastric tube place-
ment, choreiform movements, and amenorrhea. 

Starting 13 days after symptom onset the pa-
tient was treated with first line-immunosuppres-
sion per institutional best care practices. This 
included high dose pulse methylprednisolone 
(8 doses total of 1 gram each during the first 3 
weeks), IVIG (2 g/kg split over a  five-day course), 
as well as six cycles of plasma exchange due to 
limited response to initial medical management. 
Second line therapy of rituximab (500 mg/2 at 1 
gram for 2 doses) was initiated to deplete auto-
antibody producing lymphocytes (B cells) due to 
lack of initial response and worsening encephalop-
athy. Clinical focal seizures consisting of twitching 
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of the right hand and face, aphasia, and confu-
sion, were associated with activity arising from 
left temporo-central region. These were initial-
ly treated with lorazepam and levetiracetam, and 
later with oxcarbazepine. Her psychiatric symp-
toms were treated with an atypical antipsychot-
ic (quetiapine). She initially required propranolol 
for blood pressure control and management of 
dysautonomia but was later titrated off this med-
ication without complication. She spent 6 weeks 
on the general neurology floor, requiring transfer 
to the PICU for management of worsening symp-
toms for 2 days out of her total length of stay. She 
was then transferred to the hospital’s inpatient re-
habilitation unit (IRU), where she received physi-
cal, occupational and speech/language therapy for 
four weeks. In the IRU, her neurobehavioral sta-
tus was monitored by neuropsychology, but sig-
nificant, persistent altered mental status rendered 
her untestable. She demonstrated improvements 
in alertness, orientation, ability to follow com-
mands, mobility and activities of daily living. She 
was discharged home 11 weeks after symptom on-
set under continued treatment with monthly IVIG, 
quetiapine and methylphenidate. [See Figure 1 for 
clinical course and treatment.]

 
Initial Neuropsychological Evaluation 

Approximately 5 months after initial symptoms the 
patient was receiving homebound school instruc-
tion but expressed a desire to return to school. 

Her clinical presentation during a follow-up with 
pediatric neurology suggested that she might be 
able to return to school, so she was referred for 
a comprehensive outpatient neuropsychological 
evaluation to identify accommodations that would 
facilitate her return to school. She took her pre-
scribed quetiapine for the first testing session, and 
both methylphenidate and quetiapine for her sec-
ond session. She demonstrated some awareness of 
her persistent cognitive and psychiatric symptoms 
and appeared social. Her presentation was remark-
able for blunted affect, slow processing speed and 
significant word finding problems. She was unable 
to simultaneously eat a snack and participate in 
a conversation. The content of her spontaneous 
language was limited, vague, and perseverative, 
particularly on the subject of returning to school. 
She was noted to have more difficulties expressing 
facts in Spanish than in English, and could not cor-
rectly identify her year of birth in Spanish, although 
she did identify it correctly in English. The neuro-
psychological evaluation was carried out by a bilin-
gual clinician and included both English and Spanish 
measures. The majority of the measures were ad-
ministered in English given her apparent difficulties 
communicating facts in Spanish. However, Spanish 
instruments were administered in Spanish using 
standardized Spanish procedures. Her premorbid 
level of intellectual functioning was estimated to 
be at least average, based on her excellent perfor-
mance within an advanced academic curriculum, 
as evidenced in school documents provided by her 

Figure 1- Clinical Course and recovery of Function
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parents. The neuropsychological evaluation, how-
ever, revealed profound global impairments, most 
notably in processing speed, memory, expressive 

language, and fine-motor coordination with right 
hand more impaired than left hand. [See Figures 2-5 
and Table 1 for test results]

Verbal

Perceptual
Reasoning
Working Memory

Processing Speed
1st 2nd 3rd

100

90

80

70

60

50

Neuropsychological Evaluation

110

St
an

da
r 

Sc
or

es

Figure 2. WAIS-IV Indexes

Figure 3. Language and Verbal Memory

100
90
80
70
60
50

40
1st 2nd 3rd

Neuropsychological Evaluation

Spanish
Expressive
Vocabulary
English
Expressive
Vocabulary
Inmediate
Verbal Memory

Delayed Verbal
Memory

St
an

da
rd

 S
co

re

Neurocognitive findings, coupled with the re-
turn of intermittent visual hallucinations and 
paranoid ideation, prompted the following adjust-
ments in her treatment: increased IVIG schedule 
(from monthly to every three weeks), repeat rit-
uximab (2 additional doses once it was apparent 

that B cells were depleted), added methylprednis-
olone pulse dosing (2x), and increased quetiapine 
dosage. The family reported a decrease in psy-
chotic symptoms and an increase in social and ac-
ademic functioning following these adjustments. 
Given the severity of her cognitive and academic 
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deficits, homebound special education instruction 
was recommended to re-teach academic skills 
that had been lost and to allow time for further 
recovery prior to returning to campus.  Speech/
language therapy and occupational therapy were 
recommended to address her persistent language 
and motor deficits.  Care was taken to provide the 
parents with information about NMDAR encepha-
litis and the recovery process in Spanish, their na-
tive language, and to support them in the process 
of obtaining services for the patient.

Second Neuropsychological Evaluation

The patient underwent a second neuropsychologi-
cal evaluation approximately 9 months after symp-
tom onset, having taken her prescribed methylphe-
nidate and quetiapine. Notable improvements in 
affect, alertness and reciprocal conversation were 
observed. Although she was relatively faster and 
more flexible when responding to questions, her 
presentation continued to be remarkable for slow 
processing speed and word finding problems in En-
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glish and Spanish. She required frequent repetition 
of instructions. Test results revealed persistent, 
global cognitive deficits.  Slightly higher scores 
were obtained on measures of memory, expressive 
English vocabulary, verbal reasoning, processing 
speed, fine motor coordination (although marked 
right hand incoordination persisted), and academic 
skills [See Figures 2-5 and Table 1 for test results].

Given her estimated premorbid level of func-
tioning (based on a documented excellent 
academic performance in an advanced school cur-
riculum), some improvement was noted but she 
had not returned to the estimated baseline. Span-
ish receptive vocabulary did not appear to show 
improvement on standardized testing. Recom-
mendations for school included ongoing special 
education supports and consideration of an ad-
ditional year of school. She was again referred for 
outpatient speech/language therapy, which she re-
ceived weekly for the next four months. She also 
received outpatient physical therapy (PT). Approx-
imately 10½ months after symptom onset (April, 
2015), she returned to school half-time to com-
plete her senior year. She had significant difficul-
ties adjusting to the classroom setting and keeping 
up with classes, but was allowed to graduate due 
to her pre-illness academic accomplishments.

Treatment with IVIG ended 13 months after 
symptom onset, but treatment continued with 
maintenance phase immunotherapy (mycopheno-
late), due to the continued presence of high ti-
ter serum antibodies and the protracted course of 
her initial disease presentation. Both oxcarbaze-
pine and quetiapine were discontinued 16 months 
after symptom onset; treatment with methylphe-
nidate was maintained. 

The patient enrolled at a state college near her 
home but struggled to sustain her attention and 
keep up with her course work. After one month, 
she decided to postpone college due to her cog-
nitive difficulties. She applied for several jobs but 
significant anxiety interfered with her perfor-
mance during interviews. Nonetheless, continued 
gradual improvement was noted. By 19 months af-
ter symptom onset, she became fully independent 

with activities of daily living, driving, and manag-
ing her appointments and medications. She began 
a pharmacy technician course at an institute of 
technology. At the time of her third evaluation, she 
was obtaining all A’s in her classes. Treatment with 
methylphenidate and mycophenolate continued. 

Third Neuropsychological Evaluation

A follow-up evaluation was conducted 22 months 
after symptom onset. The patient took methylphe-
nidate prior to the assessment. Serum antibodies 
remained elevated per blood tests completed at the 
time of the evaluation. Significant improvements 
were noted in alertness, attention, mental flexibili-
ty, and interpersonal engagement.  Persistent word 
finding problems were noted but she more easily 
followed conversations and responded to questions. 
Objective test results showed significant, global im-
provements in cognitive functioning.  Overall intel-
ligence, memory, mental flexibility, and fine motor 
skills improved to the Average range.  Persistent, sub-
tle weaknesses were noted in working memory and 
processing speed, although considerable improve-
ment was noted.  Academic functioning improved to 
the Average range, with the exception of her perfor-
mance on academic fluency measures, reflecting the 
subtle, persistent difficulties processing speed and 
sustained attention. Spanish receptive vocabulary 
could not be evaluated because the patient had aged 
out of the established age range for the test that we 
had available. Recommendations included school ac-
commodations to reduce the impact of inattention 
and slower processing on academic performance 
and follow-up with the state department of rehabil-
itation.  [See Figures 2-5 and Table 1 for test results]

DISCUSSION

The clinical course description and cognitive recov-
ery of a previously high functioning 16-year-old, bilin-
gual, Hispanic female was presented. To the knowl-
edge of the authors, this is the first case study to 
document the recovery of impairments in academic 
functioning as a consequence of childhood-onset an-
ti-NMDAR with serial, standardized assessments. The 
patient’s clinical course was similar to that of adults 
with anti-NMDAR, with a predominance of psychi-
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atric symptoms identified early in the disease along 
with right-sided motor difficulties, which evolved to 
a right hemiparesis with disease progression. Initial 
symptoms also included speech dysfunction, which 
is commonly noted in preadolescent children (6). 
While improvement was noted, persistent right –sid-
ed fine motor weakness and word finding problems 
were evident in all evaluations, perhaps suggesting 
greater left hemisphere involvement. Consistent 
with previous literature, MRI findings were not sig-
nificant, but EEG studies showed general slowing (3, 

17, 18), at times in the left frontal, left temporal and left 
temporo-central regions.

Treatment with immunotherapy was initiat-
ed within 13 days of initial symptom presenta-
tion.  Early intervention with immunotherapy has 
been correlated with more positive outcomes. As 
with many pediatric patients, both first- and sec-
ond-line immunotherapies were necessary. Im-
provements were observed in clinical symptoms 
and social functioning 5 months after symptom 
identification, which lead her parents, physicians, 
and educators to conclude she was ready to re-
turn to school. Neuropsychological evaluations 
conducted 5 and 9 months after symptom onset, 
however, revealed global deficits in cognitive, ac-
ademic, and adaptive functioning necessitating an 
Individual Education Plan with targeted therapies 
as well as conferences with school personnel to 

educate them about anti-NMDAR and her expect-
ed recovery. Attempts at continuing her education 
as she had premorbidly were unsuccessful, consis-
tent with neuropsychological test findings. 

Serial neuropsychological data obtained over 22 
months documented the protracted recovery of 
cognitive deficits following anti-NMDAR encepha-
litis. Although gradual increases in test scores were 
noted during each evaluation, she did not achieve 
Average range levels of functioning until the 
22-month follow-up. Academic skills were impaired 
initially and showed a similar pattern of recovery 
as cognitive functioning, highlighting a global im-
pact of the disease on brain functioning. Previous 
research indicates that deficits in specific functions 
such as memory and executive functioning can 
persist months to years following symptom onset 
(10,13,14). In this patient, subtle weaknesses in working 
memory, processing speed, and word finding in En-
glish and Spanish were documented at 22 months 
after symptom onset.

Despite the recovery noted in her cognitive and 
academic skills, the patient’s serum antibodies were 
elevated at the time of her third follow-up. Serum 
antibodies were lower at the time of previous neu-
ropsychological evaluations and she had continued 
treatment with mycophenolate at the time of the 
22 month follow-up. Despite fluctuations in serum 
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antibodies over the 22-month period, progressive re-
covery was noted in cognitive functioning with ongo-
ing mycophenolate treatment. Recovery of cognitive 
functions was reflected in concomitant improve-
ments in academic and adaptive functioning.  

The few existing adult studies report a weak 
correlation between cognitive outcomes and anti-
body titers in cerebrospinal fluid (CSF) and serum 
at disease onset (13). Serum studies have been found 
to be even less specific than CSF antibody titers 
at monitoring disease. Lebon et.al. (15)  described a 
16-year-old girl whose rapid decrease in serum anti-
body titers with treatment was not associated with 
a rapid improvement in cognitive functioning mak-
ing it difficult to associate cognitive improvement 
with changes in antibody titers. In the present case, 
serum antibody studies were obtained within two 
weeks of the initial evaluation, several times during 
her course of recovery, and at the time of the third 
evaluation. [See Figure 1 for details] 

Greda-Arribas et al. (19) found that CSF titers 
were more sensitive than blood serum antibodies, 
and that changes in CSF titers were more close-
ly related to clinical relapses. In this study, 13.2% 
of patients without detectable serum antibodies 
on cell-based arrays continued to have NMDA re-
ceptor antibodies present in CSF. The study also 
found that patients with high antibody titers and 
those demonstrating only small reductions in CSF 
antibodies during the first four months of disease 
were less likely to show good outcome.  Most pa-
tients showed a decrease in serum and CSF titers, 
regardless of their cognitive outcome, suggesting 
that the results of a neuropsychological assess-
ment may be more important for decision making 
(e.g. provision of immunomodulatory therapy, ed-
ucational supports, or ancillary intervention such 
as occupational or speech therapies) than serum 
titers alone. Our patient showed undetectable se-
rum antibodies at 23-week testing following re-
peat rituximab dosing, but serum antibodies were 
present at all other testing dates. CSF titers were 
only obtained during the initial work-up, as it is of-
ten not possible to obtain longitudinal CSF titers 
in pediatric patients and thus, a comparison could 
not be made. 

Neuropsychological data proved to be a better 
indicator of the patient’s recovery of “real-world” 
functioning (e.g. ability to function in school, lev-
el of independence), than serum antibodies and 
clinical observation. This was true for the patient 
described by Lebon et.al. (15) who, despite appar-
ent spontaneous improvement in mood and be-
havior, showed persistent memory and executive 
function deficits in neuropsychological evaluation 
conducted at 9-month follow-up. An adult case 
presented by Finke et.al.(13) also showed severe 
cognitive dysfunction on neuropsychological eval-
uation disproportionate to the severity of the clin-
ical presentation. 

Present findings underscore the importance of 
neuropsychological data for making clinical deci-
sions and return-to-school recommendations for 
pediatric patients recovering from NMDAR en-
cephalitis. They provide important information 
about cognitive, academic, and adaptive func-
tioning. As documented in the current case, serial 
neuropsychological evaluations provided valuable 
information regarding recovery of function and 
aided in decision-making regarding treatment and 
recommendations. Given that the patient was still 
in the recovery process, re-evaluations of cogni-
tive function were recommended at least once a 
year to modify recommendations as needed. Sim-
ilarly, it is recommended that serial neuropsycho-
logical evaluations be routinely carried out with 
pediatric patients recovering from NMDAR en-
cephalitis to monitor recovery and aid in clinical 
decisions and return-to-school recommendations. 
We believe that neuropsychology services should 
be an integral part of the care of children with an-
ti-NMDAR and other similar autoimmune enceph-
alitides (AE). Any center of excellence model for 
AE care should take into account the integration 
of these and other mental health services in a 
multi-disciplinary care team. 

Case Limitations and Recommendations for Fur-
ther Study

When evaluating multi-lingual and multi-cultu-
ral patients, it is important to take into account 
how these factors can impact test results. Our 
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case study was limited by the lack of additional 
tests to evaluate Spanish language recovery in the 
patient, as compared to the recovery of English 
language skills. Further studies with bilingual and 
multilingual patients should aim to document and 
compare the recovery of all language functions. 
Additionally, further neuropsychological studies 
with larger cohorts of pediatric Anti-NMDAR pa-

tients are recommended to overcome the limita-
tions inherent to case studies during the process 
of characterizing the relationship between anti-
bodies titers and cognitive functioning, as well as 
to further characterize the course and long-term 
outcome of neurocognitive and academic impair-
ments resulting from this disease in the pediatric 
population. 

Table 1. Test Results
Evaluation Time

5 months 9 months 22 months
Serum Antibody Count* < 1:10** 1:320 1:320
Test Name Standard Score
Wechsler Adult Intelligence Scale - IV
    Verbal Comprehension Index 72 81 100
    Perceptual Reasoning Index 82 84 96
    Working Memory Index 69 74 86
    Processing Speed Index 62 71 100
Expressive Vocabulary Test-2 47 62 83
Test de Vocabulario en Imágenes Peabody 67 55 N/A
Grooved Pegboard
     Right Hand 38 63 106
     Left Hand 77 85 121
Beery-Buktenica Developmental Test of 
Visual-Motor Integration, Sixth Edition 65 71 86
Wide Range Assessment of Memory and Language - 2
    Story Memory - Immediate 60 85 95
    Story Memory - Delayed 75 85 95
Kaufman Test of Educational Achievement - II
     Letter and Word Recognition 65 75 89
     Reading Comprehension N/A 68 93
     Spelling 45 66 91
     Math Computation 68 82 100
     Math Concepts and Applications 64 75 92
Vineland Adaptive Behavior Scales - II
     Communication N/A 75 93
     Daily Living Skills N/A 83 102
     Socialization N/A 87 105
*Blood samples obtained within 21 days of evaluation. 
**Sample obtained following repeat Rituximab dosing carried out due to cognitive findings
All scores standard scores: Mean = 100, SD = 15
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