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ABSTRACT
Introduction: Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is an immune-mediated
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neurological disorder that (among other severe neuropsychiatric symptoms) affects cognition.
This study aimed to summarize current knowledge regarding the rates, nature, and predictors of
neuropsychological dysfunction in patients recovering from anti-NMDAR encephalitis. Method: A
systematic review of studies describing neuropsychological outcomes following anti-NMDAR
encephalitis was conducted. Electronic databases Medline, PsycINFO, EMBASE, and CINAHL
were searched from inception to September 2016. Results were summarized using descriptive
statistics and a series of chi-square analyses. Results: Of 4030 identified studies, 44 were included.
These reported neuropsychological outcomes for 109 treated patients (83.5% female, M,ge =
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22.5 years, range = 2-67) recovering from anti-NMDAR encephalitis. High rates of neuropsycho-
logical dysfunction were identified, with diverse impairments of variable severity documented in
>75% of patients at assessments conducted during acute, subacute, and longer term recovery
periods. Despite this, cognitive outcomes were ultimately considered favorable in most cases
(74.3%). This estimate does not account for the potential impact of relapses. The frequency of
impairments in overall intellectual functioning, language, attention, working memory, and visuos-
patial functions were significantly higher within the acute recovery period than in later phases of
convalescence. However, rates of impaired processing speed, episodic memory, and aspects of
executive functioning were consistent across time points. Adverse neuropsychological outcomes
occurred at significantly higher frequency in patients where immunotherapy was delayed, (1,
N = 66) = 10.84, p < .003. Conclusions: Neuropsychological deficits are prevalent at all points of
recovery from anti-NMDAR encephalitis, although improvement in cognitive outcomes can be
expected as patients recover. Some cognitive deficits may be less likely than others to resolve.
Close neuropsychological monitoring is warranted in this population. Longitudinal studies of
neuropsychological functioning of patients with anti-NMDAR encephalitis are needed to accu-
rately inform prognosis.

First characterized in 2007, anti-N-methyl-D-aspartate
receptor (NMDAR) encephalitis is a severe but treata-
ble autoimmune disorder associated with a character-
istic, multistage neuropsychiatric syndrome (Dalmau
et al.,, 2008; Dalmau, Lancaster, Martinez-Hernandez,
Rosenfeld, & Balice-Gordon, 2011; Dalmau et al.,
2007). The disorder usually presents with nonspecific
prodromal symptoms, followed by acute-onset beha-
vioral and mental state disturbance. The syndrome
subsequently  progresses to include seizures,

dyskinesias, language disintegration, decreased con-
sciousness, catatonia, and autonomic dysfunction.
Patients are often left with neuropsychological sequelae
(Finke et al., 2012; McKeon et al., 2016). This systema-
tic review aims to explore this aspect of recovery.
Although the incidence of anti-NMDAR encephali-
tis is unknown (Dalmau et al., 2011), the disorder is
considered the leading cause of encephalitis in people
below the age of 30 (Gable, Sheriff, Dalmau, Tilley, &
Glaser, 2012). Approximately 81% of patients with
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anti-NMDAR encephalitis are young females of repro-
ductive age (median = 21 years; range = 8 months to
85 years; Titulaer et al., 2013), although males and
older adults can also be affected (Dalmau et al., 2011;
Dalmau & Rosenfeld, 2014). The syndrome is paraneo-
plastic (usually ovarian teratomas) in approximately
45% of adult cases, although underlying neoplasms
are less common in males, children, and patients of
advanced age (Dalmau et al., 2011).

The symptoms and progression of the syndrome can
be attributed to the pathogenic effects of antibodies
upon the usual functioning of the NMDAR system
(Dalmau et al., 2008; Hughes et al, 2010; Moscato
et al, 2014). The ubiquitously expressed NMDARs
are one of three receptor families responsible for med-
iating synaptic transmission of the amino acid gluta-
mate, which is the primary excitatory neurotransmitter
in the mammalian central nervous system (CNS; Kalia,
Kalia, & Salter, 2008; Molnar, 2008; Paoletti & Neyton,
2007). Of note for memory and learning, the hippo-
campus contains the highest density of NMDAR:s,
which are important for shaping the strength of synap-
tic connections through their involvement in long-term
potentiation (LTP) and the opposing process of long-
term depression (LTD; Molnar, 2008; Newcomer &
Krystal, 2001; Waxman & Lynch, 2005). In anti-
NMDAR encephalitis, patient antibodies effectively
eliminate NMDAR-associated synaptic functions by
targeting the NR1 receptor subunit and causing a selec-
tive, reversible decrease in NMDAR surface density,
synaptic localization, and currents (Dalmau et al,
2008; Hughes et al., 2010; Moscato et al., 2014).

Despite evidence that immunotherapy and tumor
removal (where indicated) result in favorable clinical
outcomes for the majority of patients (81%; Titulaer
et al., 2013), recent neuropsychological research sug-
gests that cognitive impairments constitute a major
morbidity of the disorder (Finke et al., 2012; McKeon
et al.,, 2016). Specifically, persistent cognitive deficits
consistent with diminished NMDAR functioning have
been reported up to several years post clinical remis-
sion, predominantly in the domains of executive func-
tioning and memory (Finke et al., 2012; McKeon et al.,
2016). Emerging evidence has highlighted the relevance
of structural and functional neurological changes (par-
ticularly hippocampal) to performance on memory
testing following anti-NMDAR encephalitis (Finke
et al., 2013, 2016). Consistent with clinical outcomes
research (Titulaer et al., 2013), Finke et al. (2012)
demonstrated that poorer cognitive outcomes were
related to delayed treatment, but not higher initial
antibody levels. Other predictors of poorer clinical out-
comes include nonparaneoplastic syndromes (Dalmau

et al., 2008, 2011; Florance et al., 2009) and intensive
care unit (ICU) admissions (Titulaer et al., 2013).

However, other as yet unexplored factors may be
related to neuropsychological outcomes in this popula-
tion. Given developmental changes in NMDAR expres-
sion (Haberny et al, 2002; Molnar, 2008),
hypofunction of this system during critical periods
such as childhood and adolescence may affect normal
CNS function more so than adult-onset episodes.
Similarly, as males may be more susceptible to the
effects of NMDAR antagonism than females (Morgan,
Perry, Cho, Krystal, & D’Souza, 2006), sex is potentially
relevant to cognitive outcomes following anti-NMDAR
encephalitis. Severe seizure activity may also be asso-
ciated with poorer cognitive outcomes in these patients
(Avanzini, Depaulis, Tassinari, & de Curtis, 2013).

Although there are case reports and a small number
of case series with modest sample sizes (Finke et al.,
2012; McKeon et al,, 2016) describing cognitive func-
tioning in patients recovering from anti-NMDAR ence-
phalitis, these have not been systematically examined.
Collating this data could both inform the understand-
ing of cognitive functioning following anti-NMDAR
encephalitis and identify prognostic factors associated
with future neuropsychological functioning.

Correspondingly, this systematic review aims to
identify studies reporting neuropsychological outcomes
following anti-NMDAR encephalitis. This study seeks
to: (a) summarize findings according to major neurop-
sychological domains assessed and stage of recovery;
(b) investigate potential relationships between acute
illness clinical variables and subsequent neuropsycho-
logical outcomes; and (c) make recommendations for
neuropsychological assessments with this population. It
is expected that the compilation of an up-to-date sum-
mary of neuropsychological outcomes relevant to this
syndrome could lead to more expeditious identification
of residual cognitive impairments. In turn, this could
inform rehabilitation and improve prognosis.

Method

A systematic literature review was conducted in accor-
dance with the guidelines proposed by the Preferred
Reporting Items for Systematic Reviews and Meta-ana-
lyses (PRISMA) group (Moher, Liberati, Tetzlaff, &
Altman, 2009). The Medline, PsycINFO, EMBASE,
and CINAHL databases were searched from their
inception years to September 2016. The search strategy
was structured to capture all studies describing cogni-
tive outcomes following treatment for anti-NMDAR
encephalitis. The search string (see Figure 1) was
applied to titles and abstracts. Additionally, articles
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(‘encephal ¥’}

AND

(‘antibod*’ OR ‘autoantibod™* OR ‘autcimmun®’ OR
‘immunoclog™® OR ‘immune-mediated’ OR ‘cell-surface’
OR ‘synap™ OR ‘extracellular’ OR ‘anti-N-methyl-D-
aspartate’ OR ‘N-methyl-D-aspartate’ OR ‘anti-NMDA*’
OR ‘NMDA¥)

AND

(‘cogniti* OR ‘neuropsycholog™ OR ‘attention” OR
‘executive function®* OR ‘memory’ OR ‘learning’ OR
‘cancentration’ OR ‘vigilance’ OR ‘higher-order’ OR
‘language’ OR ‘processing speed’ OR ‘speed of
processing’}

AND

(‘outcome™’ OR ‘treat™” OR ‘improve*” OR ‘course’ OR
‘defici*’ OR ‘impair* OR ‘recover*’ OR rehabilitat* OR
‘prognos™ OR ‘defect*” OR ‘damage*’ OR ‘decline* OR

‘sequelae’)

Figure 1. Search strategy.

were sourced that were referenced in Medline and
EMBASE under the Medical Subject Heading term
“Anti-N-Methyl-D-Aspartate Receptor Encephalitis.”

Reference lists of relevant papers were searched to
identify additional studies not captured by the search
strategy. Where relevant secondary sources such as
reviews or meta-analyses were identified, primary arti-
cles were obtained. There were no limitations applied
to the language of publication. Full-text versions of
potentially relevant non-English language articles
were translated and also read in full. Potentially rele-
vant articles were reviewed in full by one of the authors
(G.M.). Where uncertainties emerged, these references
were independently reviewed by another author (A.R.),
with final decisions reached through discussion and
consensus.

Study inclusion/exclusion criteria
Eligible studies fulfilled the following criteria:
(1) Anti-NMDAR encephalitis diagnosis. Studies

reported a patient sample diagnosed with anti-
NMDAR encephalitis, as confirmed through

2)

€)

cerebrospinal fluid (CSF) and/or serum ana-
lyses. Patients with comorbid neurological dis-
orders or premorbid intellectual disability were
excluded.

NMDAR antibodies. Included cases were
restricted to patients with clinically elevated
CSF and/or serum levels of NMDAR antibodies.
Patients with additional antibodies targeting
extracellular, intracellular, or undefined antigens
were excluded.

Neuropsychological testing. Evidence of formal
neuropsychological assessment was required
(see supplementary Figure S1 for further detail).
Studies were omitted where there was inade-
quate information to determine that further
testing was undertaken beyond screening instru-

ments such as the Mini Mental State
Examination.
(4) Assessment following treatment. Measures were

(5)

administered during the convalescence period.
Specifically, patients must have received treat-
ment for anti-NMDAR encephalitis.

Description  of outcomes. Eligible studies
reported neuropsychological outcomes in
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enough detail to infer whether performance was
impaired or spared. Studies reliant on clinician
or caregiver ratings of clinical or functional out-
comes through measures such as the Modified
Rankin Scale were excluded. Accepted methods
for reporting outcomes can be viewed in supple-
mentary Figure S1.

Data extraction

Where reported, the following data were extracted
from eligible studies: (a) study identifiers and descrip-
tors (authors, year, country of origin); (b) patient
demographics (age, sex); (c) acute illness clinical vari-
ables (disease etiology; magnetic resonance imaging/
electroencephalography, MRI/EEG, findings; presence/
absence of seizures; evidence of particularly severe ill-
ness, e.g., ICU stay or life-threatening autonomic
instability); (d) nature of treatment and estimated
untreated duration; (e) testing characteristics (names
of measures, deficit definitions, time elapsed between
treatment initiation, and test administration); and (f)
key findings regarding neuropsychological outcomes
and any comments on functional status. Where the
timing of assessments in relation to treatment initiation
was able to be determined, evaluations were classified
as occurring within the acute, subacute, or longer term
phases of recovery. These periods were defined as
assessments administered within 3, between 3 and 12,
and >12 months after initial administration of immu-
notherapy, respectively.

For the purposes of exploring the nature and course
of neuropsychological dysfunction in patients recover-
ing from anti-NMDAR encephalitis, the results of all
assessments were categorized into eight broad cognitive
domains, including overall intellectual ability, memory,
language, executive functioning, working memory,
attention, visual-spatial cognition, and information
processing speed. Classification of measures within
domains was guided by conventional neuropsychologi-
cal practice methods (Lezak, Howieson, Bigler, &
Tranel, 2012; Strauss, Sherman, & Spreen, 2006).

There was no consensus within the anti-NMDAR
encephalitis literature with respect to the circumstances
under which neuropsychological outcomes should be
considered adverse or more favorable. The current
reviewers developed a set of basic criteria to classify
adverse anti-NMDAR encephalitis neuropsychological
outcomes, with a view to facilitating an exploratory
analysis of potentially relevant prognostic factors. Our
criteria were formulated on the basis of direct clinical
experience and review of the anti-NMDAR encephalitis

literature. Accepted approaches to the identification of
cognitive impairment in patients with a more common
autoimmune neurological disorder (multiple sclerosis)
were also considered (Fischer et al., 2014).

Adverse cognitive outcomes were recorded where
there was evidence of: (a) impairment in overall level
of cognitive functioning; (b) neuropsychological defi-
cits accompanied by evidence of a deterioration in
functioning from premorbid status; or (c) pervasive
neuropsychological deficits defined as impairments in
>4 cognitive domains. Where patients were assessed on
multiple occasions, and none of these criteria were met
by the final point of follow-up, an adverse outcome was
only recorded if testing performance had declined sig-
nificantly (i.e., 21 SD) in any domain.

Statistical analyses

Major findings regarding cognitive outcomes were col-
lated and tabulated. Data were descriptively summar-
ized according to rates of impairments within
neuropsychological domains and the timing of the
assessment in relation to treatment initiation. Meta-
analysis was not considered appropriate given the nota-
ble heterogeneity evident across studies with respect to
variables such as assessments administered, length of
treatment, and thresholds used to define cognitive
impairments. However, an exploratory series of chi-
square tests were utilized to investigate: (a) how the
frequency of specific neuropsychological deficits might
vary according to the period of recovery at which the
patient is assessed; and (b) whether clinical/demo-
graphic variables were associated with posttreatment
neuropsychological outcomes. Where a significant
association was evident (a < .05), odds ratios were
calculated with 95% confidence intervals.

Results
Included studies

The search strategy yielded 7902 potentially relevant
citations, which were imported or manually entered
into an Endnote X7 database. Once duplicates were
removed, 4030 titles and abstracts underwent screening
for relevance. Full-text versions of 975 potentially eli-
gible studies were acquired and read in full. Forty-four
studies met inclusion criteria (Figure 2). Included stu-
dies originated from a broad spectrum of 16 interna-
tionally representative countries. Nine years of research
were covered, with studies published between 2008 and
2016.
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A

)
=
.g Records identified through Additional records identified
(51 database searching through other sources
=
= (n=7,811) (n=91)
e
[}
o
S A 4
p— Records after duplicates removed
(n =4,030)
0o
£
S A Records excluded
g Records screened > based on abstract
2 (n =4,030) (n =3,055)
S
Records excluded, with reasons
P * Record only available in abstract format
A (n=288)
R | =
Records requiring full-text * eco.rq ERS o It.acated fma)
_E' ligibili * Cognitive outcomes either not reported
S eligibility assessment or not described in sufficient detail (n =
Ea (n=975) 546)
L= * Nature of assessment unclear (n =5)
* Testing before but not after treatment,
or timing of testing unable to be
N/

determined (n=9)

Relevant antibodies and associated
encephalitis not present (n = 11)
Neuropsych data for patients with
antibodies and syndrome of interest not
separately reported (n=4)

Co-morbid neurological disorder/ injury

Studies included in synthesis
(n=44)

(n=6)

Unclear characterisation of antibodies
and associated syndrome (n = 8)
Outcomes review article — individual

Figure 2. PRISMA flowchart.

Patient information

Neuropsychological outcomes were reported for 109
patients treated for anti-NMDAR encephalitis (Mg =
22.5 years, range = 2-67 years, 83.5% female). MRI
results were described for 105 cases, which were abnor-
mal in 41.9%. Affected regions are illustrated in
Figure 3. The frequencies of all relevant acute illness
clinical/demographic variables are summarized in
Table 1. Clinical data relevant to individual patients
are provided within online supplementary material.

Neuropsychological testing

Results of 149 neuropsychological assessments were
reported in relation to the 109 included patients.
Neuropsychological tests were specified in 132
instances (88.6%), with the remaining 17 assessments
(11.4%) documenting the results of “neuropsychologi-
cal” evaluations without naming the measures

articles sourced (n = 3)
Patient untreated (n = 6)
Only screening outcome (n = 24)

administered. Twenty-seven patients (28.7%) were
assessed on more than one occasion. It could be deter-
mined that assessments were administered in relation
to treatment initiation as follows: 30 within the acute,
38 in the subacute, and 58 evaluations in the longer
term phases of recovery. Specified assessment time-
points ranged from immediately post treatment (i..,
within 24 hours) up to nine years post onset of ence-
phalitis. The timing of neuropsychological assessment
in relation to treatment initiation was unable to be
determined in 23 instances.

Studies assessed a variety of cognitive domains,
including: premorbid intelligence (n = 5), overall intel-
lectual functioning (n = 19), visual-spatial abilities
(n = 25), language (n = 28), memory (n = 24), working
memory (n = 21), attention (n = 20), processing speed
(n = 20), executive functioning (n = 23), and social
cognition (n = 2). Performance thresholds representing
impairment were explicitly defined in relation to 84
(56.4%) assessments. Data of variable quality were
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* Meninges:n=1

Figure 3. Distribution of abnormal acute illness cerebral magnetic resonance imaging (MRI) results. MTL = medial temporal lobe.

Table 1. Frequency of acute illness clinical variables.

Variables n (%)

Abnormal MRI 44/105 (41.9)
Abnormal EEG 54/58 (93.1)
Seizures 82/109 (75.2)

Evidence of life threatening syndrome
Delayed treatment

2nd line immunotherapy administered
Paraneoplastic syndrome

Child or adolescent

Female gender

32/69 (46.4)
13/66 (19.7)
28/109 (25.7)
22/108 (20.4)
38/109 (34.9)
91/109 (83.5)

Note. MRl = magnetic resonance imaging; EEG = electroencephalography.

provided in enough detail to infer whether deficits had
been interpreted in line with accepted clinical neurop-
sychological practice methodology in 93 out of 149
assessments (62.4%). Although a universal definition
of neuropsychological deficit does not exist, the current
study utilized a conventional threshold (<9th percen-
tile; Brooks, Sherman, Strauss, Iverson, & Slick, 2009;
Lezak et al, 2012) to infer impairments where data
were provided. In 21 assessments (14.1%) unambigu-
ous descriptions of neuropsychological outcomes were
provided without definition of deficit thresholds or
presenting data. Supplementary Table 2 presents a
complete summary of information relevant to neurop-
sychological assessments administered to patients.

Neuropsychological functioning throughout
recovery

The frequency of specific neuropsychological deficits at
various points of recovery are summarized in Table 2
and are illustrated visually in Figure 4. Table 3 presents

the results of chi-square analyses examining the signif-
icance of relationships between assessment timing and
prevalence of neuropsychological deficits. The rates of
cognitive deficits identified at three separate cross-sec-
tional time points were comparably high (>75%). The
prevalence of patients identified with impairments in
overall intellectual functioning, language, attention,
working memory, and visual-spatial cognition varied
according to assessment timing, with significantly
higher rates of dysfunction apparent at earlier points
of recovery. Rates of performance impairments on tests
of executive functioning, episodic memory, and proces-
sing speed were unrelated to assessment timing.
Although not analyzed within the remit of a major
domain of cognition, it is worth noting that two studies
(Bach, 2014; McKeon et al., 2016) reported evidence of
social cognition deficits in eight patients recovering
from anti-NMDAR encephalitis after variable lengths
of follow-up. Objective measures of social cognition
were only administered in one of these studies
(McKeon et al., 2016).
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Qualitative examination of the small patient subset
assessed on multiple occasions (n = 27) suggested that
neuropsychological functioning following treatment for
anti-NMDAR encephalitis is often stable or clearly
improves (n = 20, 74.1%). However, in a minority of
patients (n = 7, 25.9%) it was apparent that patient per-
formance across serial neuropsychological testing fluctu-
ated, clearly deteriorated (Dogan Onugoren et al., 2016;
Matricardi et al., 2016; McKeon et al., 2016), or demon-
strated evidence of persistent intellectual impairment
(Guo et al, 2014; Tirkdogan, Orengul, Zaimoglu, &
Ekinci, 2014). The latter cases illustrate what we would
arguably consider the most severe and concerning pub-
lished examples of neuropsychological sequelae asso-
ciated with anti-NMDAR encephalitis.

Guo et al. (2014) report the case of a three-year-old
child who was hospitalized for six months in a pediatric
intensive care unit with anti-NMDAR encephalitis, and
underwent 28 months of rehabilitation. She was treated
within one month of symptom onset with pulse methyl-
prednisolone therapy (30 mg kg™ per dose, four doses),
maintenance oral prednisolone (0.9 mg kg™' perday),
three months of plasmapheresis, and a combination of
weekly rituximab (375 mg m™>, four doses) and pro-
longed monthly cyclophosphamide pulse therapy
(750 mg m~2, 8 months), followed by three months of
azathioprine. Evidence of intellectual impairment was
initially quantified during her rehabilitation (full-scale
intelligence quotient, FSIQ, 62, <Ist percentile), with
similar findings reported three years after symptom
onset. Authors also reported prolonged, intractable oral
dyskinesia and generalized dystonia in this patient.

The 15-year-old patient described by Tiirkdogan
et al. (2014) demonstrated evidence of impaired intel-
lectual functioning at three assessments conducted two,
seven, and 24 months after treatment was initiated. By
this last point of follow-up, the impairments were mild
but ongoing (FSIQ 78, 7th percentile). Treatment was
delayed in this patient by approximately three months.
She was subsequently treated with intravenous immu-
noglobulin (IVIg;1 g kg™’ per day, three days) and
pulse methylprednisolone (1 g per day) followed by
five days of pulse therapy, and oral prednisolone
(1 mg kg™' per day, tapered over three years). No
second-line immunotherapies were reported. Authors
attributed their patient’s limited cognitive recovery to
the late onset of immunotherapy and presence of pro-
gressive cerebral atrophy.

Predictors of neuropsychological outcomes

Adverse and more favorable overall cognitive outcomes
as classified by the current study were recorded in 25.7

and 74.3% of our sample, respectively (Table 2).
Table 4 presents the results of chi square analyses
investigating the significance of relationships between
neuropsychological outcomes and various putative pre-
dictive factors. These analyses revealed patients having
almost eight times the odds of an adverse neuropsy-
chological outcome where treatment was initiated more
than three months after onset of encephalitis, com-
pared to those who received treatment earlier (61.5%
vs. 17%; odds ratio, OR, 7.82, and 95% confidence
interval, CI, [2.07-29.5]).

Discussion

Analyzing data from 44 studies of 109 patients from 16
countries, this systematic review sought to investigate
the neuropsychological functioning of individuals trea-
ted for anti-NMDAR encephalitis. We aimed to
describe the nature and frequency of cognitive deficits
experienced by patients across various points of recov-
ery. We also explored the association between demo-
graphic and clinical factors and neuropsychological
outcomes following treatment. This is the first and
most comprehensive literature summary describing
cognitive outcomes in this complex population.

Summary of results

The majority of patients treated for anti-NMDAR
encephalitis experience significant cognitive sequelae
during recovery. More specifically, we identified
diverse neuropsychological deficits in 76.5% (n = 114/
149) of assessments conducted with anti-NMDAR
encephalitis patients at any point following treatment.
High rates of patients from our sample presented with
posttreatment neuropsychological impairments at
acute (76.7%; n = 23/30), subacute (76.3%; n = 29/
38), and longer term (77.6%; n = 45/58) time-points.
Although difficult to account for the impact of pub-
lication bias, these rates of cognitive impairment are
substantial. Results lend further support to the notion
derived from smaller case series (Finke et al., 2012;
McKeon et al., 2016) that neuropsychological sequelae
of variable severity can persist despite adequate treat-
ment and lengthy recovery periods, and that early
treatment is the most important clinical factor to a
favorable cognitive outcome.

Affected cognitive domains

Our analyses revealed that patients recovering from
anti-NMDAR encephalitis experience dysfunction in a
variety of cognitive domains. The neuropsychological
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Figure 4. Frequency of specific cognitive deficits identified at various points of recovery from anti-NMDA receptor encephalitis. Anti-
NMDA = anti-N-methyl-D-aspartate; FSIQ = full-scale intelligence quotient; WM = working memory; EF = executive functioning;
VisuoSp = visuospatial; IPSp = information processing speed. To view a color version of this figure, please see the online issue of the

Journal.

profile of patients recovering from anti-NMDAR
encephalitis was diverse, ranging from an absence of
deficits to global and debilitating cognitive dysfunc-
tion. In line with the distribution and functions of
NMDARSs, core deficits of anti-NMDAR encephalitis
appear to encompass the cognitive domains of episo-
dic memory and executive functioning. These abilities
were the most commonly affected domains on assess-
ments administered at any point during recovery.
More specifically, of patients assessed at any time
following treatment initiation on measures of verbal
and visual episodic memory and various aspects of
executive functioning, 55.9 (n = 57/102) and 48.9%
(n = 45/92) demonstrated impaired performance in
these areas, respectively.

There were also substantial proportions of patients
identified at all points of recovery with deficits of
working memory (38.2%; n = 34/89), language
(35.7%; n = 40/112), various aspects of visual-spatial
(33.3%; n = 36/108) and attentional (41.8%; n = 41/98)
functions, processing speed (46.9%; n = 30/64), and
overall intellectual functioning (24.7%; n = 20/81).
The balance of evidence suggested preservation of
overall intellect. However, persistent global cognitive
deficits were identified in two patients with unremark-
able premorbid medical and psychiatric histories (Guo
et al., 2014; Tiirkdogan et al., 2014).

High rates of persistent impairments in executive
functioning and episodic memory following NMDAR
system pathology are congruent with the central roles
of this system in fast, excitatory synaptic communica-
tion, and the facilitation of LTP and LTD (Kalia et al.,
2008; Molnar, 2008; Paoletti & Neyton, 2007). These

cognitive deficits are also consistent with ubiquitous
NMDAR expression, particularly high density within
the mammalian hippocampus and frontal cortex
(Monaghan & Cotman, 1985), and known effects of
NMDAR antagonist administration (Hetem, Danion,
Diemunsch, & Brandt, 2000; Krystal et al., 2000;
Malhotra et al, 1996; Morgan, Mofeez, Brandner,
Bromley, & Curran, 2004).

This review also identified emerging evidence of
dysfunctional social cognition in patients recovering
from anti-NMDAR encephalitis (Bach, 2014; McKeon
et al., 2016). In studies of patients with schizophrenia
there is robust evidence that impairment in these skills
contributes more to the prediction of poor social and
vocational outcomes than performance on standard
neuropsychological measures alone (Couture, Penn, &
Roberts, 2006; Green & Horan, 2010; Martin,
Robinson, Dzafic, Reutens, & Mowry, 2014; Nestor,
Niznikiewicz, & McCarley, 2010; Pijnenborg et al.,
2009). Impaired social cognition may also undermine
functional recovery in anti-NMDAR encephalitis,
although this represents an under-researched area
within this population.

Cognitive dysfunction at different phases of
recovery

Despite the high rates of neuropsychological dysfunc-
tion identified in this population, our study indicated
that the majority of patients (74.3%) could be classified
as achieving a relatively favorable outcome from a
cognitive perspective. Our outcomes classification cri-
teria considered the presence and pervasiveness of
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Table 3. Results of chi square analyses examining the frequency of specific cognitive deficits identified at various points of recovery

from anti-NMDA receptor encephalitis.

Deficit absent

Deficit present

Cognitive domain n % n % Comparison X p OR 95% CI
Any domain 1 7 233 23 76.7 1vs. 2 0.001 973 — —

2 9 23.7 29 76.3 2vs. 3 0.021 .885 — —

3 13 224 45 77.6 1vs. 3 0.010 922 — —
1Q 1 4 36.4 7 63.6 1vs. 2 5.90 023 143 [.028, .741]

2 16 80.0 4 20.0 2vs.3 0.240 718 — —

3 34 85.0 6 15.0 1vs. 3 9.66 .002 101 [.022, .454]
Memory 1 9 474 10 526 1vs. 2 0.874 .350 — —

2 8 333 16 66.7 2vs. 3 0.795 373 — —

3 17 447 21 553 1vs. 3 0.035 851 — —
Language 1 6 31.6 13 68.4 1vs. 2 5.29 .021 243 [.071, .834]

2 19 65.5 10 345 2vs.3 0.299 .585 — —

3 35 7.4 14 28.6 1vs. 3 9.08 .003 185 [.059, .582]
Attention 1 6 353 1 64.7 1vs. 2 5.10 024 225 [.060, .848]

2 17 70.8 7 29.2 2vs. 3 0.844 358 — —

3 25 59.5 17 40.5 1vs. 3 2.84 091 — —
Working memory 1 7 438 9 56.3 1vs. 2 2.52 112 — —

2 14 70.0 6 30.0 2vs.3 0.089 765 — —

3 28 737 10 26.3 1vs. 3 4.42 .035 278 [.082, .944]
Executive functioning 1 6 353 1 64.7 1vs. 2 0.538 463 — —

2 9 47.4 10 52.6 2vs.3 0.397 528 — —

3 23 56.1 18 439 1vs. 3 2.08 149 — —
Visuospatial functions 1 7 36.8 12 63.2 1vs. 2 342 .064 — —

2 18 64.3 10 357 2vs.3 0.451 502 — —

3 33 7.7 13 283 1vs. 3 6.91 .009 230 [.074, .713]
Processing speed 1 5 35.7 9 64.3 1vs. 2 2.83 .092 — —

2 13 65.0 7 35.0 2vs. 3 0.160 689 — —

3 16 59.3 1 40.7 1vs. 3 2.04 153 — —

Note. NMDA = N-methyl-D-aspartate; OR = odds ratio; CI = confidence interval. 1 = acute recovery phase (within 3 months of treatment initiation);
2 = subacute recovery phase (between 3 and 12 months after treatment initiated); 3 = longer term recovery phase (any time after 12 months following

treatment initiation).

cognitive deficits, and impact upon functioning.
However, the cross sectional nature of the current
study did not allow for the impact of relapses upon
cognition to be reliably investigated. Symptom relapses
may have cumulative consequences for cognition.
Patients who experienced relapses were reported by
three studies (Martin-Monzon, Trujillo-Pozo, &
Romero, 2012; Matricardi et al., 2016; McKeon et al.,
2016), and only one of these described the results of a
patient assessed on multiple occasions. Interestingly,
this patient reportedly achieved full recovery of cogni-
tive deficits despite multiple relapses and evidence of
bilateral temporal lobe atrophy (Martin-Monzon et al.,
2012). Clearly the anti-NMDAR encephalitis literature
would benefit from further longitudinal neuropsycho-
logical studies including patients with relapsing remit-
ting forms of the illness.

Consideration of all studies reporting the results of
serial neuropsychological assessments suggested that
the course of cognitive dysfunction is often mild as
quantitatively measured, but that a minority of patients
will demonstrate evidence of severe, persistent, and
pervasive deficits. Additional prospective neuropsycho-
logical studies of larger patient cohorts are required to
provide further clarity with respect to factors predictive
of cognitive trajectories.

Our systematic review of available cases lends very
strong support to the importance of prompt diagnosis
and initiation of appropriate intervention in reducing the
likelihood of severe neuropsychological sequelae. Results
suggested that the following variables were less relevant to
cognitive outcomes in this population: age, gender,
abnormal MRI/EEG findings, disease etiology, use of
more aggressive immunotherapies, life-threatening
symptoms, and seizure activity. The significance of MRI
and EEG results arguably requires further more sophisti-
cated and detailed study, as has been initiated recently
(Heine et al., 2015). Specifically, it has been shown that
some patients recovering from anti-NMDAR encephalitis
show significantly reduced functional connectivity
between the hippocampus and the anterior default
mode network, which correlates with memory deficits
(Finke et al., 2013). Additionally, some patients with
anti-NMDAR encephalitis exhibit significant atrophy
and microstructural damage of the hippocampus, with
both measures likewise predicting the degree of memory
deficits (Finke et al., 2016).

Methodological considerations

This review provides the most up-to-date and compre-
hensive synthesis of literature pertaining to cognitive
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Table 4. Results of chi square analyses examining the relationship between cognitive outcome and various putative predictive

factors.
Favorable outcome Poor outcome

Clinical variables n % n % X p OR 95% Cl

Gender
Male 12 66.7 6 333 0.660 417 — —
Female 69 75.8 22 24.2

Age
Child or adolescent 27 711 1 28.9 0.325 .569 — —
Adult 54 76.1 17 239

MRI abnormality
Absent 45 73.8 16 26.2 0.014 .905 — —
Present 32 727 12 27.3

EEG abnormality
Absent 3 75.0 1 25.0 0.039 1.000 — —
Present 38 70.4 16 29.6

Seizures
Absent 19 70.4 8 29.6 0.292 .589 — —
Present 62 75.6 20 244

ICU treatment/severe Al
Absent 24 64.9 13 351 2309 129 — —
Present 26 81.3 6 18.8

Treatment timing
Early 44 83.0 9 17.0 10.84 .003 7.82 [2.07, 29.5]
Late 5 38.5 8 61.5

Nature of treatment
Solely 1st line treatment 62 76.5 19 235 0.822 364 — —
2nd line treatment 19 67.9 9 32.1

Etiology
Idiopathic 62 721 24 279 0.863 353 — —
Paraneoplastic 18 81.8 4 18.2

Note. OR = odds ratio; Cl = confidence interval; Al = autonomic instability; ICU = intensive care unit; MRl = magnetic resonance imaging; EEG =

electroencephalography.

functioning following treatment for anti-NMDAR
encephalitis. The study conformed to PRISMA guide-
lines (Moher et al., 2009) and was conducted with
measures in place directed towards preventing review-
level bias. Specifically, search methodology was
designed to be as inclusive as possible with regard to
terms and databases utilized. Furthermore, there were
no language restrictions, and measures were imple-
mented to ensure that only studies of neuropsycholo-
gical functioning were included.

Results must, however, be interpreted in the context
of several limitations of the present study and the anti-
NMDAR encephalitis literature. Firstly, due to incon-
sistent reporting standards it is possible that patients
without conservatively defined neuropsychological
impairments may have been erroneously included in
our estimation of the frequency of cognitive dysfunc-
tion after anti-NMDAR encephalitis. Minimal impact
upon interpretation is anticipated given that studies
were required to demonstrate evidence of formal test-
ing. This was implemented to increase the likelihood
that where deficits were reported, a qualified clinician
was responsible for interpretation. We anticipated that
this would assist in reducing the impact of publication
bias by including studies of patients where “no deficits”
were apparent. Nonetheless, future researchers are
encouraged to be more specific regarding the measures

administered and the definition of terms such as
“impairment,” “deficit,” or “weakness.”

Secondly, our cross-sectional review methodology
did not permit advancement in our understanding of
the impact of relapses upon cognition. Similarly, whilst
we suggest that deficits of episodic memory, proces-
sing speed, and executive functioning might be less
amenable to treatment, our study design precluded
definitive conclusions regarding the longitudinal
course of cognitive dysfunction. Future neuropsycho-
logical studies with this population must specify when
assessments were administered in relation to treatment
initiation and how cognitive functioning progressed
over time.

Thirdly, this analysis did not account for several
patient characteristics. Treatments administered in
addition to immunotherapy such as antipsychotics or
anticonvulsants were not controlled for. It is difficult to
establish the direction of potential bias, as newer and
older medications from both drug classes are differen-
tially associated with positive and adverse cognitive
side effects (Eddy, Rickards, & Cavanna, 2011; Hill,
Bishop, Palumbo, & Sweeney, 2010; Hori et al., 2006;
Park & Kwon, 2008). There was a preponderance of
females (83.5%) and adults (65.1%) in the current
sample. Although consistent with known demographics
of the syndrome (Dalmau et al., 2011; Titulaer et al.,
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2013), results may be less applicable to males, children,
and adolescents.

Finally, “pure” measures of specific cognitive func-
tions are rare, and the majority of neuropsychological
tests assess multiple abilities (Lezak et al., 2012). As
such, authors of included studies occasionally varied in
interpretation of skills measured by instruments.
Therefore, where studies did not explicitly name mea-
sures, additional but unreported domains may have
been affected or spared in some patients. Similarly,
for pragmatic purposes, this review focused on the
major cognitive domains affected following anti-
NMDAR encephalitis. It seems likely that the relative
contributions of various subprocesses comprising these
functions will be complex, particularly in relation to
multifactorial domains such as attention and executive
functioning. This was not, however, addressed by the
current study. Moreover, there was only limited scope
to consider factors such as premorbid cognitive func-
tioning, motivational/behavioral information, collateral
information, and general coherence of the clinical
picture.

Implications for clinical practice and research

In supporting claims that cognitive deficits are preva-
lent amongst patients recovering from anti-NMDAR
encephalitis, this study has implications for under-
standing and planning the longer term rehabilitation
needs of this population. Comprehensive neuropsycho-
logical assessments are important for these patients.
Given potentially global dysfunction, neuropsycholo-
gists are encouraged to think broadly with regard to
test selection. Our results indicate that this will be
particularly relevant during the acute illness recovery
phase. As a minimum requirement, assessments of
verbal and visual episodic memory, information pro-
cessing speed, and multiple aspects of executive func-
tioning should be administered, as performance in
these domains is commonly impaired during recovery.
Moreover, impairments in these skills may be among
the most tenacious neuropsychological deficits follow-
ing anti-NMDAR encephalitis.

Serial neuropsychological assessments are likely to
be clinically relevant with respect to updating rehabili-
tation plans and monitoring for relapse. From a
research perspective, this review identified reporting
of longitudinal cognitive data as a significant literature
shortcoming that impeded detailed prognostic analysis
of neuropsychological dysfunction. For patients and
their families, such data seem significant for promoting
understanding and future expectations. Additional stu-
dies reporting longitudinal neuropsychological data

would represent valuable contributions to the anti-
NMDAR encephalitis knowledge base. At present, little
is known regarding predictors of neuropsychological
trajectories beyond the analyses of Finke et al. (2012)
and the current cross-sectional study, where early treat-
ment has been associated with significantly better cog-
nitive outcomes.

Given the potentially devastating functional impact
of neuropsychological dysfunction on the daily lives of
those affected by anti-NMDAR encephalitis, additional
studies describing detailed outcomes of cognitive reha-
bilitation interventions in this population are needed.
To the knowledge of the authors, only four published
studies of variable detail reference cognitive rehabilita-
tion for these patients (Bach, 2014; Bradley, 2015; Guo
et al., 2014; Tham & Kong, 2012). Given identified
heterogeneity amongst patients with respect to cogni-
tive functioning, it is likely that individually tailored
interventions (e.g., Bach, 2014; Bradley, 2015) will be of
greatest utility in this group. Evidence for the effective-
ness of specific strategies or responsiveness of cognitive
domains to rehabilitation is, however, lacking at
present.

Summary and conclusions

Neuropsychological dysfunction is experienced by
most patients recovering from anti-NMDAR encepha-
litis, and early treatment appears to be important to
optimize cognitive recovery. Consistent with the
diverse roles and widespread distribution of the
NMDA receptors, neuropsychological profiles were
variable. The most commonly observed deficits across
all points of recovery were in the domains of episodic
memory and executive functioning, followed by atten-
tion and processing speed. Episodic memory, executive
functioning, and processing speed deficits appear to be
particularly persistent. The reliability of our conclu-
sions are, however, limited by significant shortcomings
of the literature. Additional studies reporting clear and
consistently defined neuropsychological data are
required, and there is a clear need for further long-
itudinal research in this field. The impact of disease
relapse upon cognitive functioning is poorly under-
stood at present. Future studies of neuropsychological
outcomes and social cognition in patients recovering
from anti-NMDAR encephalitis are needed to inform
rehabilitation and minimize disability arising from this
autoimmune disorder.
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