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Abstract
Background and Objectives
Identifying optimal methods for evaluation and monitoring of cognitive outcomes in AE is
important for clinical care and research. This scoping review aimed to evaluate neuropsychological
tests (NPT) that are most frequently impaired in AE cohorts to provide recommendations for a
standardized NPT battery for AE outcome.

Methods
PubMed search for studies examining NPT in patients with AE was conducted on June 9, 2023.
Studies were screened for inclusion/exclusion criteria as follows: at least 1 NPT, individual
NPT test scores with comparison with healthy controls or normative data and neural-IgG
status, total sample size ≥5, and English manuscript available.

Results
The search yielded 5,393 studies, of which 3,359 were screened, 107 were full text reviewed, and
32met inclusion/exclusion criteria, anti-NMDA-R (k = 18), anti-LGI1 (k = 10), anti-GABAB-R
(k = 2), anti-GAD-65 (k = 4), and anti-CASPR2 (k = 3). The cognitive domains most
frequently impaired were visual and verbal episodic memory, attention/working memory,
processing speed, and aspects of executive functions.

Discussion
Given the dearth of literature examining NPT in AE in combination with small sample sizes and
methodological differences, more research in this area is needed. However, we provide rec-
ommendations for a test battery to be used in future studies, with the aim of standardizing
research in this area. Based on the available literature, we recommend the use of comprehensive
NPT batteries, spanning all cognitive domains. The highest yield measures may include
the tests of (1) visual and verbal learning/memory, (2) basic and sustained attention,
(3) processing speed, and (4) executive functions.

Introduction
Understanding of how to measure longitudinal outcomes in patients with autoimmune en-
cephalitis (AE) is limited. Although immunosuppressive therapy is effective in ameliorating most
acute symptoms, many patients still experience long-term cognitive, psychological, and functional
impairments.1 Cognitive impairment (CI) is particularly pervasive and is not captured by gross
outcomemeasures, such as themodified Rankin Scale.2-4 Objective definition of CI is important, as
it may aid in assessment of therapeutic response, development of appropriate rehabilitation
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strategies, and standardization of reporting in observational and
randomized controlled trials. Cognitive screening tools (e.g.,
Mini-Mental State Examination,5 Montreal Cognitive Assess-
ment,6 Repeatable Battery for the Assessment of Neuro-
psychological Status7) have been used in observational studies
and allow for rapid screening. However, these measures lack the
sensitivity and specificity of formal neuropsychological testing
and may be insensitive to CI in AE because they were initially
developed to detect mild cognitive impairment and dementia in
older adults.8,9

Several neuropsychological tests (NPT) have been used to
measure cognitive outcomes in AE, but there is no consensus
on an optimal test battery. Although some reviews have ex-
amined NPT in AE,10-12 none have specifically focused on
test-level outcomes. The aim of this scoping review was to
determine the most impaired NPTs in patients with AE and
provide recommendations for a standardized NPT battery for
measuring AE outcomes.

Methods
Overview
A scoping review of NPT in patients with neural antibody
(-IgG) seropositive AE was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses extension for scoping reviews guidelines. A scoping
review was chosen due to the dearth of literature on NPT in
AE, the rarity of the disease, and the specific aim of describing
the available evidence on NPT in adults with AE to identify
current knowledge gaps and aid in developing recommen-
dations for an optimal test battery.13

Search Strategy
Studies were identified by the literature search of PubMed,
conducted on June 9, 2023. See supplement for search terms
(eAppendix 1, links.lww.com/NXI/A924). We additionally ex-
amined the reference lists of included studies and 3 recent
reviews/meta-analyses examining cognitive outcomes in AE.10-12

Study Selection, Inclusion/Exclusion Criteria,
and Participants
Inclusion criteria were (1) standardized administration of ≥1
NPT, (2) neural-IgG status reported, (3) NPT completed
after the acute period (≥1 month postsymptom onset), and
(4) English language manuscript available.

Exclusion criteria were (1) composite scores (comprised the
results from multiple tests) only, (2) cognitive screening than
5 patients). Studies examining patients with VGKC-IgG were

excluded if they did not report LGI1-IgGs and/or CASPR2-
IgGs. See Figure 1 for details regarding study identification,
screening, and inclusion.

Extraction of Data
Studies were screened by 1 of 4 independent reviewers
(R.G., T.G., J.R.A., C.S.). Studies identified for inclusion
were then independently reviewed by a second reviewer
(T.G. or R.G.). Data were extracted in a standardized
manner, including neural-IgG, follow-up time, sample size,
NPT administered, and comparative analyses to normative
data and/or controls. Academic, screening, and/or experi-
mental measures were not reported. Scores comprised
multiple tests were also not reported, unless the tests in-
cluded in the composite were highly similar (e.g., Trail
Making Test, Delis-Kaplan Executive Function System Trail
Making Test). Summary scores, which reflected multiple
indices from the same test (e.g., immediate and delayed re-
call scores from the same list learning test), were included.

Data Synthesis and Analysis
When multiple studies reported data from overlapping pa-
tient cohorts, the study with the largest sample size was in-
cluded in the analysis. When studies reported outcomes at
multiple time points, the distal time point to disease onset
was reported.

Study results included comparisons of performance with
healthy controls and/or normative data. When comparing
with controls, our threshold for significance was p < 0.05.
When comparing with normative data, impairment was most
often defined as at least 1.5 standard deviations below the
mean (z ≤ −1.5). In studies using a different definition of
impairment, we calculated the rates of impairment at z < −1.5,
if possible. Otherwise, the alternative impairment definition
was reported. For the 2 studies that reported equivalence and/
or weighted scores (representing “significantly below average
performance”), we used the authors’ definition.14,15 For syn-
thesis, significant impairment and/or difference to controls
was defined as ≥25% impairment and/or significant difference
relative to controls (p < 0.05).

Data Availability
Data not published within this article will be made available by
request from any qualified investigator.

Results
Thirty-two studies were included in this review and examined
these neural-IgG AE cohorts: anti-NMDA-R (k = 18), anti-
LGI1(k = 10), anti-CASPR2 (k = 2), anti-GABAB-R (k = 2),

Glossary
AE = autoimmune encephalitis; CANTAB = Cambridge Neuropsychological Test Automated Battery; CI = cognitive
impairment; NPT = neuropsychological tests; PASAT = Paced Auditory Serial Addition Test.
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and anti-GAD-65 (k = 4). See eTable 1 (links.lww.com/NXI/
A924) for details on included studies.

Anti-LGI1 AE

Verbal Memory
List learning tasks were the most used verbal memory mea-
sures. All studies comparing with controls found worse per-
formance among patients,3,4,16 and normative impairment
rates were relatively high for immediate (19%–30%) and
delayed (30%–50%) recall. The only other verbal memory
measure used was a story task, used in 1 study, which showed
worse performance in patients compared with controls on
delayed recall only (30% impairment).3

Visual Memory
Visual memorywas assessed inmost studies, all of which showed
impairment in at least one aspect of visual memory testing.
However, there was little overlap in the specific measures used.
Two of 3 cohorts (using 3 different tasks) showed either worse
performance relative to controls or≥25% normative impairment
in immediate recall, whereas 1 of the 3 showed worse delayed
free recall.3,4,17 Two studies using a different figure recall task
used a summary score (immediate and delayed recall combined)
with impairment ranging from 63% to 75%.18,19 Finally, one
study using the Cambridge Neuropsychological Test Auto-
mated Battery (CANTAB) showed worse spatial recognition

compared with normative data but no differences in other visual
memory measures.20

Attention/Working Memory
Simple auditory attention span (short-term memory)/
working memory was most often assessed using a digit
span task, with 2/3 studies showing worse performance
(total, forward subtest) among patients compared with
controls.3,4 Impairment rates were variable (5 total, 10%
backward, 40% forward).3,17 Lower vigilance on a sustained
attention task was found in patients compared with controls
(43% impairment) in 1 study.3 Reaction time and divided
attention were no different from controls and/or normative
data in 1 study each.4,20

Processing Speed
Processing speed was most often examined using a numeric
sequencing task (e.g., Trails A), with worse performance
compared with controls in 2/3 studies and impairment
ranging from 13-20%.3,16,17,21,22 One study used a coding
measure (e.g., Symbol-Digit Modalities Test) showing im-
pairment in 30% of patients but no difference compared with
controls.3

Language
Semantic fluency was the most used language measure, with
worse performance in patients relative to controls found in

Figure 1 PRISMA Flow Diagram of Studies Retrieved for the Review
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2/3 studies4,16 and 11%–53% impairment relative to nor-
mative data in 3 studies.3,16,17 Phonemic fluency was worse
in patients relative to controls in 1 of 2 studies and im-
pairment ranged from 3% to 30% in 2 studies.3,17,21 Naming
was examined in 3 studies but was not significantly different
compared with controls or normative data. The rates of
impairment relative to normative data ranged from 3% to
20%.3,17,20

Visuospatial
The Rey Complex Figure Task was the most used visuo-
spatial measure, although with variable results. Normative
impairment ranged from 11% to 75%, whereas worse per-
formance relative to controls found in 1/2 studies.2,3,17,22

Angle estimation did not differ from controls in 1 study
(10% normative impairment).3

Executive Functions
The most used executive function test was an alphanumeric
switching task (e.g., Trails B) with worse performance compared
with controls in 2/3 studies and 10%–31%normative impairment
in 2 studies.3,16,17,21 Stroop inhibition did not differ between pa-
tients and controls in one study, while another showed only 6%
normative impairment.17,21 One study found more errors com-
pared with controls on a different inhibition task (Go/No-Go).4

No differences were found in set-shifting or reasoning, examined
in 1 study each.3,20 Finally, although no differences were found
comparedwith controls on a problem-solving task in 1 study, 44%
of patients were impaired relative to normative data.3

Anti-LGI1 AE Summary
List learning, visual memory (variability in specific measures), trail
making, and verbal fluency tasks were the most administered
NPTs in patients with anti-LGI1 AE. Impairments were most
common in verbal memory (100%), visual memory (80%), digit
span (67%), and phonemic fluency (67%), followed by sequenc-
ing, semantic fluency, and reaction time measures (50% each).

Impairments were least common in complex figure copy (33%)
and naming and Stroop inhibition (0% each). Other tests were
only used in 1 study each, limiting conclusions about them
(Figure 2A, Table 1, eTable 2, links.lww.com/NXI/A924).

Anti-NMDA-R AE

Verbal Memory
List learning tasks were the most used verbal memory mea-
sures, with worse performance in patients compared with
controls and/or normative data or ≥25% normative impair-
ment in 7/10 for immediate and delayed recall each and 2/2

Figure 2 Total Number of Studies Which Administered (Dark Gray) and Found Impairment in (Light Gray) Each Test in
Samples of Anti-LGI-1 AE (A), Anti-NMDA-R AE (B), and AE Anti-CASPR2, Anti-GABAB-R, Anti-GAD65 AE (C) Patients
and Results Pooled Across Samples (D)

Neuropsychological tests only included in 1 study were removed from figures.
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Table 1 Findings of Studies Reporting Neuropsychological Testing in Patients With Anti-LGI1 AE

Domain/test Studies Total N Summary of findings

Verbal memory

Word list 8 112 C:Worse Imm (2/2), Delay (3/3), Rec (1/1); N: Imm (k = 2): 19–30%; Delay (k = 3) 30–50%; Rec (k = 1)
10%; Summary (z < −1; k = 1, z < −1.5; k = 1): 50%

Stories 1 10 C: N.d. Imm, Worse Delay, N.d. Rec; N: 0% Imm, 30% Delay, 11% Rec

Visual memory

Complex figure 3 27 C: Worse Imm, Delay

BVMT 1 9 C: Worse Imm; N.d Delay, Rec; N: 44% Imm, 11% Delay, 22% Rec

WMS VR 1 19 N: 21% Imm, 5% Delay

DCS 2 12 N: Summary (z < −1; k = 1): 63%; Summary (z < −1.5; k = 1): 75%

CANTAB 1 10–11 N: Worse Spatial Rec; N.d. Delay Matching to Sample, Pattern Rec

Attention

Digit span 4 57 C: Worse Total, Forward (1/1); N.d. Backward (1/1); N: 5% Total (k = 1), 40% Forward (k = 1), 10%
Backward (k = 1)

Reaction time 1 11 C: N.d.

Sustained 1 7 C: Worse ISI Change; N: 43% ISI Change, 29% RT

Divided 2 27 C: N.d.

Processing speed

Sequencing 5 87 C: Worse (2/3); N: 13–20% (k = 2)

Coding 1 10 C: N.d.; N: 30%

Language

Naming 3 51 C: N.d. (1/1); N: 3–20% (k = 2), N.d. (1/1)

Fluency-semantic 6 100 C: Worse (2/3); N: 11–53% (k = 3)

Fluency-phonemic 3 61 C: Worse (1/2); N: 3–30% (k = 2)

Visuospatial

Complex figure 4 61 C: Worse (1/2); N: 11–75% (k = 2)

JOLO 1 10 C: N.d.; N: 10%

Executive

Switching 4 87 C: Worse (2/3); N: 10–31% (k = 3)

Stroop inhibition 2 34 C: N.d. (1/1); N: 6% (k = 1)

Go/No-Go 1 27 C: Similar RT, more errors

Set-shifting 1 11 N: N.d.

Reasoning 1 10 C: N.d.; N: 0% matrix, 10% similarities

Problem solving 1 9 C: N.d.; N: 44%

Abbreviations: BVMT = brief visuospatial memory test; C = Comparison to Controls; CANTAB = Cambridge Neuropsychological Test Automated
Battery; DCS = Diagnosticum für Cerebralschädigung; I = Normative Impairment; Imm = Immediate; ISI = interstimulus intervals; JOLO = judgement of line
orientation; N = comparison to normative data; N.d. = no difference; Rec = Recognition; RT = reaction time; VR = visual reproduction;WMS =WechslerMemory
Scales; Worse = Worse.
Worse denotes statistically significant differences (p < 0.05) between patients and controls; Normative Impairment reported using a cut-off score of z < −1.5
unless otherwise specified; Total Studies indicates the total number of studies reporting each test; Unique Samples indicates the number of nonoverlapping
samples used for synthesis; Total Patients indicates the total number of patients included in the synthesis and is the sumof the patients in the nonoverlapping
samples; k denotes number of studies.
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for recognition.15,23-31 Story and verbal pair recall tasks were
used in 2 and 1 study each, all of which showed worse per-
formance than controls or normative data in immediate and
delayed recall.31,32

Visual Memory
Visual memory was assessed in most studies, although with
little overlap in the specific measures used and some variability.
Complex or simple figure recall tasks were used in 5 studies, of
which one found worse delayed recall23 and one found worse
recognition32 compared with controls, whereas one found
worse performance compared with controls but did not specify
the variable of interest.27 Two studies used measures from the
CANTAB with one showing 12%–63% impairment on a
delayedmatching to sample paradigm compared with controls2

and another found worse performance on a paired associates
learning task compared with normative data.29

Attention/Working Memory
Simple auditory attention span (short-term memory)/
working memory was most often assessed using a digit span
task, of which 3/5 demonstrated worse forward, 5/5 showed
worse backward, and 1/1 showed worse total scores in pa-
tients relative to controls,24-26,28,32-34 while impairment rates
varied from 0-38.5%.14,15,30,31 Paced Auditory Serial Addition
Test (PASAT) performance was worse among patients rela-
tive to controls in 1 study.27

Visual attention/working memory was most often assessed
using a block tapping (or similar) test, with variable results (1/
3 worse compared with controls or normative data, 0%–29%
impairment).2,14,15,28,29,34 Divided attention was worse in
patients compared with controls in 1 study.23 There were no
differences in simple reaction time or sustained attention on a
continuous performance task compared with normative or
control data, respectively, in 1 study each.28,29 Selective at-
tention was examined in 3 samples, with mixed results
(0%–63% impairment across indices).14,15,29

Processing Speed
Processing speed was most often examined using a coding
task, with 3/4 studies showing worse performance in patients
compared with controls or normative data and impairment
rates ranging from 27-67%. Numeric sequencing and speeded
color naming (i.e., Stroop) tasks were showed worse patient
performance relative to controls in 2/3 and 3/4 of studies,
respectively.24-26,28,32,35 Symbol search scores were not dif-
ferent between patients and normative data in 1 study, al-
though 40% of the sample demonstrated impairment.31

Language
Semantic fluency was the most used language measure, with
patients performing worse than controls or normative data in
half the studies (0%–25% impairment).14,15,25,28,30-33,35 Pho-
nemic fluency was also commonly examined, with worse
performance compared with normative data or controls was
observed in 2/3 studies (0%–38% impairment).2,14,15,29-32,35

Naming was assessed in 5 studies, with worse performance
compared with controls or normative data in only 1 of 3
(14%–25% impairment).14,15,29,32,34 Less commonly, lan-
guage was assessed using the tests of fluency switching (0%
impairment),31,32 vocabulary (7%–33% impairment),30,31 and
semantic knowledge,32 none of which showed differences
between patients and controls or normative data. Compre-
hension was worse compared with normative data in 1 study29

Visuospatial
Complex figure copy was examined in 4 studies, with worse
performance relative to controls in 1/1 studies and rates of
impairment ranging from 0-25%.2,14,15,32 Block construction
was examined in 3 studies, with variable results.14,25,31 One
study found worse performance in patients compared with
normative data, whereas another found no difference between
patients and controls. Another study found 67% impairment,
although their cutoff for impairment differed from other
studies (weighted score <9, significantly below average). Two
studies used a test of visual-motor integration in pediatric
samples, with 14%–29% impairment.14,30

Executive Functions
Executive functions were examined using 10 different types of
tasks, most commonly using the tests of inhibition (Stroop
Color-Word),2,25,26,28,32,34,35 spatial planning (e.g.,
Tower),2,14,28,29,32 and reasoning (e.g., Ravens Colored Ma-
trices)2,15,30-32 (5 studies each). Worse performance among
patients, compared with controls, was found in 40% of studies
using Stroop, 25% of studies using a Tower (or similar) task
(24%–44% impairment), and 0% of studies using a reasoning
task (0%–31% impairment). Switching was examined in 3
studies, 2 of which showed no difference in patient perfor-
mance relative to controls.15,32,35

All other executive function tasks were examined in only 1
study each. Worse performance relative to controls was seen
for tests of executive control,36 Go/No-Go,23 and problem
solving,35 whereas no differences were observed on tests of
set-shifting,29 verbal abstraction,32 or initiation32 relative to
controls or normative data.

Anti-NMDA-R AE Summary
List learning/memory, visual memory (variability in specific
measures), digit span, and verbal fluency tests were the
most frequently administered NPTs in anti-NMDA-R AE
patients. Impairments were most common in verbal memory
(92%), visual memory (71%), attention/working memory
(auditory—91%, visual—60%), and processing speed (80%),
followed by block construction and selective attention (67%
each), phonemic and/or semantic fluency (50% and 40%
respectively), complex figure copy (50%), and response in-
hibition (57%). Impairments were less common on the tests
of language, including naming, planning, switching, and rea-
soning (20%–40%). The other tests were only used in 1–2
studies each, making it difficult to draw conclusions (see
Figure 2B, Table 2, eTable 3, links.lww.com/NXI/A924).
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Table 2 Findings of Studies Reporting Neuropsychological Testing in Patients With Anti-NMDA-R AE

Domain/test Studies Total N Summary of findings

Verbal memory

Word list 10 191 C:Worse Imm (3/5), Delay (3/5), Rec (1/1), unspecified (1/1);N:Worse Imm (1/2), Delay (2/2); I: Imm:
25% (z < −1; k = 1), 25–30% (z < −1.5; k = 2), Delay: 37.5% (z < −1, k = 1), 0–50% (z < −1.5, k = 2), 20%
(z < −2, k = 1), Rec: 31.3% (k = 1)

Stories 2 17 C: Worse Imm, Delay; N.d. Rec (1/1); N: Worse Imm, Delay (1/1); I: 0% Imm, 22% Delay (k = 1)

Word pairs 1 7 C: Worse Imm, Delay, Rec

Visual memory

Complex figure 2 50 C: Worse Delay (1/2), Rec (1/1), N.d. Imm (1/1)

BVMT 1 24 C: Worse unspecified (1/2)

AFLT 1 5 C: N.d. Imm, Delay, Rec

DMS 1 8 C: Impaired (z < −2): 12.5% Color, 50% Location, 63% Association

PAL 1 15 N: Worse

Attention

Digit span 10 149 C: Worse Forward (3/5), Backward (5/5), Total (1/1); I: 27%–33% Total, 0% Forward, 0% Backward
(z < −1.5, k = 3); 38.5% Forward, 30.8% Backward (z < −1; k = 1)

PASAT 1 24 C: Worse

Block tapping 5 79 C: Worse Total (1/1); N.d. Forward or Backward (1/1); N:Worse (1/1); I: 0% Total, 29% Forward

Reaction time 1 11 N: N.d.

Selective 2 25 N: Worse RT, Variability; I: 0–20% Selective, 20–40% Sustained (z < −1.5, k = 2); 63% Fluctuations
(z < −2, k = 1)

Sustained 1 28 C: N.d.

Divided 1 44 C: Worse

Processing speed

Sequencing 4 61 C: Worse (2/3); I: 0% (es < 1; k = 1)

Coding 6 74 C: Worse (3/3); N: N.d. (1/1); I: 27–50% (z < −1.5; k = 2); 67% (es < 9; k = 1)

Symbol search 1 10 N: N.d.; I: 40% (z < −1.5)

Stroop (color) 4 55 C: Worse (3/4)

Language

Naming 5 58 C: N.d. (2/2); N:Worse (1/1); I: 14–25% (k = 2)

Semantic
knowledge

1 7 C: N.d.

Fluency-phonemic 8 86 C: Worse (1/2); N: Worse (1/1); I: 0–38% (z < −1.5; k = 3), 20% (z < −1; k = 1)

Fluency-semantic 9 136 C: Worse (3/5); N: N.d. (1/1); I: 0% (z < −1.5; k = 3), 25% (z < −1; k = 1)

Fluency-switching 2 17 C: N.d. (1/1); N: N.d. (1/1), I: 0%

Vocabulary 2 27 N: N.d. (1/1), I: 7% (z < −1.5), 33% (z < −1)

Comprehension 1 16 N: Worse

Visuospatial

Figure copy 4 28 C: Worse (1/1); I: 0–25% (z < −1.5), 11% (unclear threshold)

VMI 2 21 I: 29% (ws < 85), 14.3% (z < −1)

Block construction 3 26 C: N.d. (1/1); N: Worse (1/1); I: 17% (z < −1.5), 67% (ws < 9)

Executive

Continued
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Anti-CASPR2, Anti-GABAB-R, and Anti-GAD-
65 AE

Anti-CASPR2 AE
NPT was examined in only 2 samples of patients with anti-
CASPR2 AE, involved samples of only 3 and 5 patients, and
was limited to visual and verbal memory summary scores.18,19

Two of the 3 patients demonstrated impairment (z < −1) on a
visual memory test involving a series of figures, whereas none
were impaired on a list learning task.18 In another study, no
patients demonstrated impairment on either of these mea-
sures using the traditional z < −1.5 cutoff.19

Anti-GABAB-R AE
NPT was only examined in 2 samples of patients with anti-
GABAB-R AE, using samples of 5 and 10 patients.37,38 One
study found impairment in at least 30% of the sample on
measures of visual attention/working memory, abstract visual
reasoning, sustained attention, and problem solving.37 How-
ever, they used a limited cognitive battery. The other found no
differences compared with controls on any measure.38

Anti-GAD-65 AE
Four studies in 3 unique samples have examined NPT in anti-
GAD-65 AE, but only included measures of visual and verbal
memory. In 2 studies using a more lenient impairment cutoff
(z < −1), impairment has ranged from 20% to 71% on list
learning tasks and 57–75% on figure recall, although these
studies either used a summary score or combined the results
of all parameters.39,40 One study using the more typical cutoff
(z < −1.5) showed 11% and 37% impairment on list learning
and figure recall summary scores.19

Anti-CASPR2, Anti-GABAB-R, and Anti-GAD65 AE
Summary
Overall, it is difficult to draw conclusions regarding CI associated
with anti-CASPR2, anti-GABAB-R, and anti-GAD-65, given
significantly limited data and methodological heterogeneity
(Figure 2C, Table 3, eTable 4, links.lww.com/NXI/A924).

Summary of Frequency of NPT Applied to
Pooled AE Cohorts
Across different neural-IgG AE cohorts, the most administered
NPTs were list learning (k = 22), digit span (k = 14), semantic
fluency (k = 14), and phonemic fluency (k = 11). Visualmemory
measures were administered in most studies, although different
measures were used. Specifically, 13 studies used a task that
involved a series or display of figures, 3 studies used a complex
figure task, and 3 studies used a visual memory measure from
CANTAB. Processing speed (sequencing k = 8, coding k = 8,
Stroop color naming k = 4, symbol search k = 1); naming,
reasoning, and Stroop inhibition (k = 8 each); block tapping; and
shifting (k = 7) were also commonly administered.

Summary of Impairment Across NPT in Pooled
AE Cohorts
Across different neural-IgG AE cohorts, impairments were most
common on themeasures of visual and verbalmemory (complex
figure recall, story memory, CANTAB memory measures, word
pairs—100%, word list—70%, discrete figures—69%), pro-
cessing speed (symbol search—100%, coding—88%, Stroop
color naming—75%, sequencing—50%), visual and audi-
tory attention/working memory (digit span—79%, block
tapping—71%), sustained (75%) and selective (67%) attention,
several measures of executive functions (problem solving,

Table 2 Findings of Studies Reporting Neuropsychological Testing in Patients With Anti-NMDA-R AE (continued)

Domain/test Studies Total N Summary of findings

Switching 3 31 C: N.d. (2/2); I: 50% (es < 1)

Stroop inhibition 5 85 C: Worse (2/5)

Go/No-Go 1 44 C: Worse

Reasoning 5 46 C: N.d. (1/1); N: N.d. (1/1); I: 0–31% (z < −1.5, k = 3), 8.3% (z < −1, k = 1)

Executive control 1 40 C: Worse

Planning 5 68 C: N.d. Total (2/2), More rule violations (1/1); N: N.d. (1/1); I: 44% (k = 2)

Abstraction 1 7 C: N.d.

Initiation 1 7 C: N.d.

Problem solving 1 15 C: Worse

Set-shifting 1 14 N: N.d.

Abbreviations: AFLT = Aggies figural learning test; BVMT = brief visuospatial memory test; C = comparison to controls; DMS = delayed matching to sample;
es = equivalence score; I =Normative Impairment; Imm= Immediate; N = comparison toNormative data; N.d. = no difference; PAL = paired associate learning;
PASAT = paced auditory serial addition test; rec = Recognition; VMI = visual-motor integration; ws = weighted score.
Worse denotes statistically significant differences (p < 0.05) between patients and controls; Normative Impairment reported using a cut-off score of z < −1.5
unless otherwise specified; Total Studies indicates the total number of studies reporting each test; Unique Samples indicates the number of nonoverlapping
samples used for synthesis; Total Patients indicates the total number of patients included in the synthesis and is the sumof the patients in the nonoverlapping
samples; k denotes number of studies.
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executive control, Go/No-Go—100% each, Stroop inhibition,
planning—50% each), and complex figure copy (60%). The
least common impairments were found on the measures of
naming, reasoning, comprehension (25% each), reaction time,
verbal fluency switching, semantic knowledge, visuoperception,
abstraction, and initiation (0% each).

However, it is difficult to interpret findings when tests were not
universally administered. Only 14 measures were examined in
at least 5 different studies. Of these, memory (list learning,
discrete figure recall), auditory attention/working memory
(digit span, spatial span), processing speed (coding, sequenc-
ing), complex figure copy, and aspects of executive functions
(inhibition, planning) were the most impaired. Naming and
reasoning were the least impaired (see Figure 2D).

Discussion
The most frequent impairments across neural-IgG AE cohorts
were found on the measures of visual and verbal learning/

memory, attention, processing speed, aspects of executive
functions, and complex figure copy. Among NPTs administered
in ≥5 studies, impairments were most common in list and figure
learning/recall, processing speed, auditory attention/working
memory, and executive functions, whereas minimal impairment
was observed in most aspects of language and reasoning. Sur-
prisingly, despite obvious temporal lobe involvement in most
forms of AE, naming tests were not impaired in any study and
may be ofminimal utility in this population. This could be due to
the fact that naming deficits more often correlate with more
lateral temporal regions,41 while AE often involves more mesial
temporal dysfunction. However, further study is recommended
to confirm the lack of naming impairment in AE.

Although small sample sizes, methodological differences, and
test variability limit definitive conclusions regarding test-level
impairments and differences across neural antibody groups,
some differences in NPT impairment rates between the
neural-IgG AE cohorts emerged. Specifically, list learning/
memory impairments were common in anti-LGI1 AE (100%)

Table 3 Findings of Studies Reporting Neuropsychological Testing in Patients With Anti-CASPR2, Anti-GAD65, and Anti-
GABAB-R AE

Domain/test Antibody, N Studies Summary of findings

Memory

Word list CASPR2 = 8
GABAB-R = 5
GAD65 = 33

7 C: GABAB-R: N.d.
I: CASPR2: 0% (z < −1 or −1.5) Summary; GAD65: 11% (z < −1) to 71% (z < −1.5)
Summary; 20% any parameter (z < −1)

DCS CASPR2 = 8
GAD65 = 31

4 I: CASPR2: 0% (z < −1.5) to 67% (z < −1) Summary
I: GAD65: 37% (z < −1.5) to 57% (z < −1) Summary; 60% any parameter (z < −1)

BVMT GABAB-R = 10 1 I: GABAB-R: 60%

AFLT GABAB-R = 5 1 C: N.d.

Attention

Digit span GABAB-R = 5 1 C: N.d.

Block tapping GABAB-R = 10 1 I: GABAB-R: 50%

Sustained attention GABAB-R = 10 1 I: GABAB-R: 30%

Processing speed

Coding GABAB-R = 5 1 C: N.d.

Visuospatial

Visuoconstruction GABAB-R = 5 1 C: N.d.

Language

Fluency-semantic GABAB-R = 5 1 C: N.d.

Executive

Stroop inhibition GABAB-R = 5 1 C: N.d.

Reasoning GABAB-R = 10 1 I: GABAB-R: 50%

Abbreviations: AFLT =Aggies figures learning test; BVMT=brief visuospatialmemory test; C = comparison toControls; CASPR2 =Contactin-associatedprotein-
like 2; DCS = Diagnosticum für Cerebralschädigung; GABAB-R = G-protein coupled receptors for gamma-aminobutyric acid (B); GAD65 = Glutamic acid
decarboxylase (65-kd isoform); I = Normative Impairment; N.d. = no difference.
Normative Impairment reported using a cut-off score of z < −1.5 unless otherwise specified; Total Studies indicates the total number of studies reporting each
test; n indicates the total number of patients included in the synthesis and is the sum of the patients in the nonoverlapping samples.
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and anti-NMDA-R AE (92%) groups but were present in less
than one-third of other groups. By contrast, all groups showed
at least 50% impairment on visual memory tasks. Processing
speed, auditory attention, response inhibition, and complex
figure copy tasks seem more impaired in anti-NMDA-R AE
studies (80%, 91%, 57%, and 50%, respectively) compared
with anti-LGI1 AE studies (60%, 67%, 33%, and 33%, re-
spectively). These tasks were only examined in 0–2 studies in
other cohorts. The rates of verbal fluency impairment were
similar between anti-NMDA-R AE and anti-LGI1 AE studies.

Table 4 presents our recommended standardized NPT for
AE. At this stage, neural antibody-specific recommendations
cannot be made, given the variability in test administration
across neural antibodies and sparse data. Given that studies
examining NPT in AE remain limited, the use of compre-
hensive NPT batteries spanning all cognitive domains is
recommended.

Specific measures which may be of highest yield include (1)
tests of visual and verbal learning/memory, (2) basic atten-
tion (digit span), (3) processing speed (Symbol-Digit Mo-
dalities Test), and (4) executive functions. Regarding
memory, the Rey Auditory Verbal Learning Test and Brief
Visuospatial Memory Test are recommended over other
memory measures given the wide availability of translations
and normative data across languages. For testing executive
function, we specifically recommended Stroop inhibition and
spatial planning (Tower) tests, although the inclusion of
multiple executive function tests, such as the Wisconsin Card
Sorting Test and Go/No-Go, is encouraged to better char-
acterize executive deficits in AE.

Additional measures which have some support and are rec-
ommended for more study include (1) visual attention/

working memory (block tapping), (2) sustained attention
(continuous performance), (3) verbal fluency, (4) Stroop
color and word subtests, (5) block construction, and (6)
complex figure copy. We have also included naming tasks in
our recommendation as this represents an important domain
of cognitive functioning and warrants more study.

This recommended battery may be applied to pediatric
populations; however, because very few studies have exam-
ined NPT in pediatric AE cohorts and those studies have been
limited to patients with anti-NMDA-R AE, more research is
needed to further refine recommendations for NPT in pedi-
atric cohorts.

We recommend that NPT be performed at standardized in-
tervals from disease onset, ideally at 6m, 12m, and then yearly
intervals, to minimize variability between test intervals.

One factor that can influence interpretation of these findings
is the frequency of administration of each NPT as it is im-
possible to determine the utility of tests which have not
routinely been studied. When evaluating all AE studies across
the United States, Europe, Australia, and Asia as a pooled
group, list learning, complex or discrete figure memory, digit
span, and verbal fluency tasks were the most used NPTs.
Some differences in measures used emerged between neural-
IgG AE cohorts. Specifically, there were several measures
commonly assessed in anti-NMDA-R AE studies, including
digit span, block tapping, fluency, coding, Stroop, planning,
block design, comprehension, reasoning, and selective atten-
tion, which were not often studied in other neural-IgG AE
cohorts. This may reflect the larger number of studies in
patients with anti-NMDA-R AE and/or preference of the
researchers studying this group.

Interpretation may also be affected using normative vs control
comparisons. For example, a recent study of anti-LGI-1 AE
patients found that although there were no significant differ-
ences between patients and controls on a problem-solving
task, 44% of patients demonstrated impairment on that task
relative to normative data.3 Using normative data may im-
prove comparability between studies and reduce issues related
to small sample sizes. However, there are multiple sets of
normative data for each test, and appropriate normative data
may vary by country and/or region and could become out-
dated. In addition, one benefit for using control data is that
controls may match patient samples more closely for de-
mographic and socioeconomic factors. Cut-off scores also
varied by studies, which limit comparability. It may be useful
for studies to report the rates of impairment at multiple cut-
offs, including 1 and 1.5 SD below the normative mean, to
help determine optimal cutoffs and to improve comparability.

Timing of NPT from symptom onset of treatment may affect
performance on NPTs, given expected gradual improvement
over time, with greater deficits with a shorter test interval
expected. Most studies did not examine the effect of the

Table 4 Recommended Test Battery for Adults With AE

Domain Test examples

Verbal memory Rey Auditory Verbal Learning
Test (RAVLT)

Visual memory Brief Visuospatial Memory Test
(BVMT-R)

Auditory attention/working memory Digit Span, Block Tapping

Sustained attention Continuous Performance Test

Processing speed Symbol-Digit Modalities Test,
Stroop (color, word)

Language Controlled Oral Word Association
Test, Category fluency, Naming

Executive functions Tower of London, Stroop, Go/No-
Go, Wisconsin Card Sorting Test

Visuospatial Rey-O Complex Figure Task, Block
Construction

Italicized tests are supplemental.
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timing of assessment, except for those including multiple
visits, which found improvement over time. Using blanket
cut-off scores for impairment, without accounting for the
impact of premorbid functioning, may limit detection of
clinically significant cognitive decline.

Selection bias may also contribute, with patients who are ad-
herent to therapies and follow up more often referred for NPT.
In addition, patients with greater symptoms may be preferen-
tially referred for NPT, skewing the proportion of CI in ob-
servational studies. Finally, studies examining NPT in AE have
occurred in only a few centers and have primarily involved
samples from the United States, Europe, and China, limiting
generalizability to other regions/countries and languages.

There is a specific need for additional studies examining ex-
ecutive functions in AE, given significant heterogeneity in
specific tests administered across studies. At this stage, in-
clusion of multiple executive function measures is recom-
mended. Future studies should report test-level data, even if
using domain composite scores, to further clarify the sensi-
tivity of specific NPTs in this population. There should also be
an effort to standardize analysis and reporting of normative
data and cutoffs used. Adjustment for premorbid indicators
and/or including measures of subjective cognitive decline
could increase the detection of cognitive changes, particularly
for patients at the higher end of the spectrum of premorbid
ability.

Standardized follow-up intervals would improve comparabil-
ity between studies. Initial assessment should occur after the
acute disease phase (when many patients might not be able to
perform a full cognitive assessment) and initial dynamic re-
covery phase (i.e., a few weeks after the initiation of first-line
treatment), and follow-up may be beneficial every 6–12
months in the first 1–2 years of recovery. The number of
follow-up assessments should be carefully planned to avoid
unnecessary repetitions with increasing test/re-test effects.

As there are differences in pathophysiology between neural
antibody-mediated AE, future research should focus on dis-
tinct and well-defined (e.g., high titer for GAD65-IgG pa-
tients) AE cohorts, rather than pooled cohorts, which may be
heterogenous in their neuropsychological outcomes.

Finally, systemic and psychiatric comorbidities, which may
significantly contribute to cognitive outcomes, are not typically
accounted for in studies reporting cognitive outcomes in AE.
Anti-LGI-1 and anti-CASPR2 cohorts may be at greatest risk
for undiagnosed concomitant neurodegenerative conditions,
given the typically older age of onset compared with other
cohorts. Future studies should assess and adjust for these
comorbidities in statistical models and use age-matched and
sex-matched healthy controls. In addition, in age groups where
cognitive disorders, such as mild cognitive impairment, are
more prevalent, using matched controls from these cohorts
may also be important.

Our search did not reveal any studies of patients with para-
neoplastic neurologic disorders manifesting with encephalitis,
although research is needed in these groups, to determine
whether similar cognitive profiles and testing are applicable.
These disorders may differ from the synaptic/extracellular
neural antibody-mediated AE due to their cancer association,
potential impact of cancer therapies on cognition, and that they
are associated with irreversible neuronal destruction and often
have a limited response to immunosuppressive therapies.

This review examined NPT’s most frequently impaired in
neural-IgG seropositive AE cohorts and provided recom-
mendations for a standardized NPT battery. The most im-
paired NPTs were list and figure learning/recall, processing
speed, auditory attention/working memory, and aspects of
executive functions, while minimal impairment was observed
in most aspects of language and reasoning.

We recommend the use of comprehensive NPT batteries
given the dearth of data in this area. At minimum, we rec-
ommend inclusion of measures of list learning and figural
memory (RAVLT, BVMT), basic attention (digit span),
processing speed (SDMT), and multiple executive function
measures (particularly Stroop, Tower as well as Wisconsin
Card Sorting Test, Go/No-Go—secondary). Measures that
may additionally be useful include block tapping, sustained
attention (continuous performance), verbal fluency, block
construction, and complex figure copy.

We observed several limitations affecting the cognitive research
in AE to date including variability in type and frequency of
NPTs used. However, these initial recommendations for NPT
in AE will help standardize research in this area and facilitate
collaboration and compilation of data registries. We further
hope that this work encourages future work usingmore focused
and high-yield approaches to identifying meaningful cognitive
changes in AE.
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