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Abstract

Objective: Cognitive impairment is one of the most common symptoms of anti-leucine rich glioma inactivated 1 (anti-LGI-1) encephalitis,
but little is known about the cognitive profile of these patients. This study characterized the cognitive profile of patients with anti-LGI-1
encephalitis and compared patterns of impairment to healthy controls and other patient groups with known temporal lobe/limbic involve-
ment. Methods: A retrospective analysis of adult patients with anti-LGI-1 encephalitis who underwent neuropsychological assessment was
conducted. Performance patterns of anti-LGI-1 patients were compared to patients deemed cognitively healthy (HC), as well as patients with
amnestic mild cognitive impairment (aMCI) and temporal lobe epilepsy (TLE). Results: Among 10 anti-LGI encephalitis patients (60% male,
median age 67.5 years) who underwent neuropsychological testing (median = 38.5 months from symptom onset), cognitive deficits were
common, with 100% of patients showing impairment (<1.5 SD below mean) on 1+ measures and 80% on 24 measures. Patients with
anti-LGI-1 encephalitis performed worse than controls on measures of basic attention, vigilance, psychomotor speed, complex figure copy,
and aspects of learning/memory. Of measures which differed from controls, there were no differences between the anti-LGI-1 and TLE
patients, while the anti-LGI-1 patients exhibited higher rates of impairment in basic attention and lower rates of delayed verbal memory
impairment compared to the aMCI patients. Conclusions: Long-term cognitive deficits are common in patients with anti-LGI-1 encephalitis
and involve multiple domains. Future research in larger samples is needed to confirm these findings.
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Introduction screening measures, such as the Mini Mental State Exam
(MMSE) or the Montreal Cognitive Assessment (MoCA)
(Huang et al., 2021), which provide domain scores that are more
easily interpreted by clinicians and compared between groups, but
lack the in-depth insights provided by neurocognitive evaluations.
Moreover, studies have shown that cognitive screens appear to be
insensitive to cognitive impairment in the anti-LGI-1 population
(Bettcher et al., 2014; Binks et al., 2021).

Excluding case reports, a total of 8 studies (in 7 unique patient
samples) have examined performance on detailed neuropsycho-
logical measures in patients with post-acute anti-LGI-1 encepha-
litis. Three studies employed relatively limited batteries with
variable results (Binks et al., 2021; Sola-Valls et al., 2020; van
Sonderen et al., 2016). Specifically, all three found impairment
in at least one memory test, and two found impairments in verbal
fluency (Binks et al., 2021; Sola-Valls et al., 2020). Other findings
were variable, with one demonstrating visuospatial deficits (Binks
etal,, 2021) and another showing oral processing speed/set-shifting
deficits (Sola-Valls et al., 2020). All five studies using more detailed
cognitive batteries reported learning/memory impairments
(Bettcher et al, 2014; Finke et al., 2012; Heine et al., 2018;
Miller et al., 2017; Rodriguez et al., 2021) which were an isolated

Anti-leucine rich glioma inactivated 1 (LGI-1) encephalitis is one of
the more commonly encountered autoimmune encephalitidies
predominating in older adult males, and typically manifests with
faciobrachial dystonic seizures, cognitive dysfunction and behav-
ioral dysregulation (Arifo et al., 2016; Irani et al., 2010; Kunchok
et al., 2021). Nearly all patients experience some degree of cognitive
impairment in the acute stages of the disease (Huang et al.,, 2021).
Memory deficits are most commonly reported, possibly related to
the dense expression of LGI-1 in the hippocampus and overlying
temporal cortex (Ohkawa et al.,, 2013; Sonderen et al.,, 2016), and
the association with hippocampal atrophy (van Sonderen et al.,
2017). Although patients can experience an improvement in cogni-
tive function following immunotherapy (Arino et al., 2016), many
continue to experience cognitive difficulties at long-term follow
up, and may not return to premorbid functional abilities (Binks
et al,, 2021; Chen et al., 2021; Sola-Valls et al., 2020).

Literature reporting the cognitive phenotype and prognosis of
patients recovering from anti-LGI-1 encephalitis is scarce. Few
studies have employed objective measures of cognitive function,
relying instead on chart review or physician rating scales (Arifio
et al., 2016; Shin et al., 2013). Others have used global cognitive
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finding in one study (Miller et al., 2017). Others found more diffuse
impairments including executive dysfunction (Bettcher et al., 2014;
Finke et al., 2012; Heine et al., 2018; Rodriguez et al., 2021), lan-
guage deficits (Bettcher et al, 2014), and attention/working
memory impairment (Finke et al., 2012; Heine et al., 2018).
Research examining cognitive outcomes in anti-LGI-1
encephalitis is scarce and marked by significant variability, likely
due to methodological differences in timing of assessment, mea-
sures used, and sampling (i.e., clinically referred vs. research sam-
ples). Additional studies are needed to better understand the
underlying cognitive profile and prognostic factors associated with
anti-LGI-1 encephalitis, in an effort to further understand the
pathophysiology, treatment response and long-term outcomes of
affected patients. This study provides a detailed description of cog-
nitive functioning in clinically referred patients with anti-LGI-1
encephalitis who were seen for a neuropsychological evaluation
at least 9 months post-symptom onset and describes associations
between clinical and cognitive outcomes. Test performance was
also compared to that of healthy controls (HC) and groups with
other types of temporal lobe pathology including amnestic mild
cognitive impairment (aMCI) and temporal lobe epilepsy (TLE).

Method
Study design and anti-LGI-1 patients

This is a retrospective, observational study of adult anti-LGI-1
encephalitis patients who were seen for neuropsychological evalu-
ation at the Cleveland Clinic. All anti-LGI-1 encephalitis patients
were positive on serum or cerebrospinal fluid by commercial test-
ing using HEK293 cells expressing LGI-1-IgG at commercial clini-
cal laboratories (Athena diagnostics, Associated Regional and
University Pathologists, Mayo Clinic Neuroimmunology labora-
tory). All patients met the clinical criteria for autoimmune
encephalitis (Graus et al., 2016). Demographic, clinical and radio-
logical cross-sectional data was obtained via medical chart review
and/or the Cleveland Clinic autoimmune neurology registry.

Comparison groups

Performance of the patients with anti-LGI-1 on cognitive tests was
compared to demographically similar patients determined as cog-
nitively healthy controls (HC), and patients with aMCI and TLE
derived from an IRB-approved existing clinical neuropsychological
registry. HCs were defined as patients who presented for a clinical
neuropsychological assessment due to subjective cognitive com-
plaints, but were not diagnosed with a cognitive disorder following
testing. aMCI was operationalized as performance at least 1.5 SD
below published norms in any tests within the memory domain
and without impaired activities of daily living (Petersen, 2004)
as conferred by a clinical neuropsychologist. Patients with TLE
were derived from a registry of patients who were seen for evalu-
ation as part of a workup for epilepsy surgery. HCs and patients
with aMCI or TLE with a history of other neurological conditions
(e.g., traumatic brain injury with loss of consciousness, stroke, etc.)
other than obstructive sleep apnea were excluded.

Patients within each comparison group were selected using a
two-step process. We first identified all patients in the comparison
groups who had completed the CPT-3, as this was the least com-
monly administered measure, resulting in a sample of 10 HC, 1
right TLE, 0 left TLE and 6 aMCIL. We then blindly selected addi-
tional patients from each group within the age range of anti-LGI-1
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patients until we had a sample of 20 patients for each compari-
son group.

Cognitive evaluation

Patients underwent a comprehensive cognitive evaluation as part
of their clinical evaluation under the supervision of American
board-certified neuropsychologists. The evaluation included mea-
sures of attention (Wechsler Adult Intelligence Scale, Fourth
Edition [WAIS-IV] Digit Span [DSF]; Wechsler, 2008; Conners
Continuous Performance Test, Third Edition [CPT-3]; Conners,
2014), processing speed (Symbol Digit Modalities Test; Smith,
1982; Trail Making Test — Part A; Heaton et al., 2004; Delis-
Kaplan Executive Function System [DKEFS] Number
Sequencing; Delis et al., 2001), executive function (WAIS-IV
Similarities and Matrix Reasoning; Wechsler, 2008; Trail
Making Test- Part B; Heaton et al., 2004; DKEFS Number-
Letter Switching; Delis et al., 2001; Wisconsin Card Sorting
Test; Heaton et al., 1993), language (Boston Naming Test,
Controlled Oral Word Association Test, Animal Fluency,
Heaton et al, 2004), visuospatial skills (Judgment of Line
Orientation; Benton et al., 1994; Rey Complex Figure Test;
Strauss et al., 2006; Brief Visuospatial Memory Test- Revised copy;
Benedict, 1997), visual (BVMT-R; Wechsler Memory Scales, Third
or Fourth Edition, Logical Memory; Wechsler, 1997, 2009) and
verbal memory (California Verbal Learning Test, Second
Edition; Delis et al., 2000; Rey Auditory Verbal Learning Test;
Strauss et al., 2006; or Hopkins Verbal Learning Test; Benedict
et al,, 1998, Wechsler Memory Scales, Third or Fourth Edition,
Logical Memory; Wechsler, 1997, 2009).

There was some variability in the specific tests administered,
given the clinical nature of the evaluation, with some variables rep-
resenting combinations of similar/related (albeit not identical)
tasks. For example, the variable “Coding” was defined as either
SDMT written or WAIS-IV Coding score and “List Immediate”
was defined as immediate recall on either HVLT, CVLT, or
RAVLT. Table 1 includes standardized scores for tests adminis-
tered for the anti-LGI-1 patients. Table 2 provides full details
regarding scores. Three patients underwent multiple neuropsycho-
logical evaluations. Given that the focus of this evaluation was
long-term cognitive outcomes, we report the results of the evalu-
ation that was furthest from symptom onset.

Statistical analyses

Scores on each of the cognitive tests were transformed to standard
scores (SS; mean = 100, standard deviation = 15) using published
normative data, consistent with standard practice. Rates of impair-
ment on each cognitive test (> 1.5 standard deviations below the
normative mean) were calculated for all groups. The exception was
BVMT-R copy, which does not have corresponding normative
data, and on which determinations of impairments (within or
below normal limits) were made based on qualitative assessment
by the neuropsychologist.

Descriptive statistics were used to characterize the sample.
Pearson correlation coefficients were calculated to examine
the association between time from onset and treatment to
neuropsychological testing (domains impaired) in the anti-
LGI-1 group. One-way analysis of variance (ANOVA) and
Fisher exact tests were used to compare the groups based on
demographic variables.

Comparisons of test performance between groups was con-
ducted using a two-step process, that was meant to limit Type I
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Table 1. Characteristics and neuropsychological test performance of the anti-LGI-1 group

Variable Pt1 Pt 2 Pt3 Pt 4 Pt5 Pt 6 Pt7 Pt 8 Pt9 Pt 10
Age 7 73 67 68 47 57 58 73 69 51
Sex M F M M F F M F M M
Race White White White White Black Asian White White White Asian
Education, 16 12 19 12 11 20 14 13 16 14
years
Relevant Hyperlipidemia  Stroke, OSA (not Hyperlipidemia OSA (on CPAP), None Hypertension Hypertension Depression Type 2 diabetes,
comorbidities antiphospholipid using CPAP), hypothyroid, obesity, anxiety hyperlipidemia, hyperlipidemia, OSA
syndrome hyperlipidemia anxiety, bipolar hypothyroid (on CPAP)
disorder
Age at 76 72 64 65 41 53 56 67 69 51
Diagnosis
Acute disease  Cognitive Dyskinesias, seizures Generalized Syncopal Memory loss, Vertigo Seizures Episodic Rapid cognitive  Syncopal Syncopal spells,
symptoms decline, confusion, spells, seizures confusion, decline, spells paranoia, seizures,
Involuntary seizures memory loss, Seizures rapid cognitive
movements seizures decline
Seizure type Faciobrachial Focal motor, Generalized Dialeptic Autonomic, dialeptic, Focal motor, Fachiobrachial Faciobrachial Autonomic Focal motor,
autonomic tonic-clonic focal motor, Focal motor generalized autonomic
generalized tonic-clonic
tonic-clonic
MRI findings T2 right medial ~ Moderate white matter ~ WNL WNL T2 Bimesial T2/GAD R WNL T2/GAD R T2L>R WNL
temporal lobe ischemic change hippocampi uncus, temporal lobe, hippocampus/
Multiple remote hippocampal uncus temporal
ischemic infarcts head lobes
PET findings 1 uptake R diffuse cortical N/A N/A N/A 1 uptake R N/A N/A luptake Diffuse cortical
amygdala, hypometabolism, 1 amygdala hippocampus  hypometabolism
anterior uptake b/l amygdala L>R
hippocampus (L>R)
Treatment IVMP Prednisone IVMP IVMP IVIG IVMP IVMP None IVMP IVMP None prior to
Rituximab Prednisone Prednisone Prednisone Prednisone PLEX IVIG Neuropsych
PLEX Azathioprine IVIG IVIG IVIG Rituximab
Rituximab Rituximab Rituximab Rituximab Rituximab
Onset to 29 11 5 28 22 2 N/A 55 17 54
treatment,
weeks
Malignancy Prostate Breast None None None None Pancreatic None None None
Neuropsychological evaluation
WRAT4 112 110 113 76 93 95 95 84 122 88
Reading
Symptom 13 23 40 12 75 60 37 78 17 9
onset to
neuropsych,
months
Domains 2 5 1 2 4 7 1 6 4 5
impaired
Attention
WAIS-IV digit SS=110 SS=115 SS=135 SS=85 SS=100 SS=110
span forward
WAIS-IV digit SS=100 SS =100 SS=125 SS=285 SS=90 SS=280 SS=280 SS =100 SS=85
span
backward

(Continued)
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Table 1. (Continued)

Variable Pt1 Pt 2 Pt3 Pt 4 Pt5 Pt 6 Pt7 Pt 8 Pt9 Pt 10
CPT SS=99 SS=101 SS=99 X SS=114 SS=102 X SS=92 SS=94 X
omissions*

CPT SS=88 SS=92 SS=76 X SS=100 X SS=88 SS=83 X
commissions*

CPT RT* SS=116 X SS=109 SS=94 X SS=110 SS=113 X

CPT RT block  SS=102 SS=109 SS<55 X SS=110 SS=115 X SS=99 SS=73 X
change*

CPT RT ISI SS=95 X SS =109 X SS=88 SS=69 X
change*

Processing speed

TMTAL/DKEFS ~ SS =105 SS =105t Ss =98g! SS=110" SS=99! SS=1252

NS?

WAIS-IV SS=102* SS=89* SS =105 SS=90° SS=79* -ss =105

coding3/SDMT*

Executive functions

WAIS-IV SS=120 SS=90 SS=125 SS=80 SS=90 SS=85 SS=100 SS=85
similarities

WAIS-IV matrix SS =125 SS =100 SS=115 SS=90 SS=105 SS=280 X SS=85
reasoning

TMTBS/DKEFS ~ SS =995 5SS =83° SS=1225 SS =845 SS=1075 SS =1106 5SS =83° SS =88° SS =84°
NLS®

WCST errors SS=82 SS=104 SS=87 SS=82 SS=115 X

WCST S=91 SS=130 SS=90 SS=84 SS=114

perseverative

errors

Language

COWAT SS=88 SS=88 SS=105 SS=87 SS=110 SS=74 SS=88 SS=98 SS=170
Boston SS =105 SS=88 SS=87 SS=87 SS=110 SS=112 SS=70 SS=94 SS=82
Naming Test

Animal SS=98 _ss =98 $S=93 SS=94 SS =100 SS=84 SS=83 X
Fluency

Visuospatial

Rey Complex SS>90 SS <65 -X
Figure Test

BVMT Copy WNL WNL WNL WNL WNL WNL WNL WNL WNL X
Judgment of SS=102 SS=96 SS=116 SS=82 SS=280 SS=116 SS=96 SS=116 SS=88
Line

Orientation

Verbal memory

WMS 1117/1V8 SS=1308 SS=1158 SS=1108 SS =858 5SS =908 SS =858 SS=1008 SS =858 SS =908 SS =907
LM |

WMS 1117/1V8 SS=1158 SS =808 SS=1108 SS =858 SS=1058 SS =908 SS=1108

LM 1l

WMS-IV SS>90 SS=100-110 SS=90-100 SS =81-85 SS=90-100 SS> 110 SS>110 SS>90 X
recognition

List immediate SS=95° SS=116° SS=104° 7910 SS =99° SS=93 SS = 85°
List delay SS=108° SS=101° SS=97° =850 SS=112° SS=79°

List SS =109° SS=103° SS=90° SS=118° SS = 8510 SS=111° SS=109°

recognition

hits
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error by reducing the number of comparisons. Rates of impair-
ment on all neuropsychological tests were first compared
between the anti-LGI-1 and HC groups using Fisher exact
tests. Follow up Fisher-Freeman-Halton exact tests compared
rates of impairment between the anti-LGI-1 and other patient
groups (aMCI, TLE) for any test which significantly differed
between the anti-LGI-1 and HC groups. For tests which did
not significantly differ in terms of rate of impairment between
right and left TLE groups (based on Fisher exact tests), the
groups were combined for analyses. Given the preliminary
nature of this study and the primary goals of identifying poten-
tial cognitive deficits and estimating effect sizes, the signifi-
cance level of 0.05 was set for all statistical tests. Effect sizes
(Cramer’s V) were calculated for all group comparisons and
were interpreted as follows: .10 = small, .30 = medium, .50
= large (Cohen, 1988). All analyses were conducted using
IBM SPSS Statistical Software.

Results
Clinical characteristics of the ant-LGI-1 group

Ten patients with anti-LGI-1 encephalitis underwent formal
neuropsychological testing at a median time of 38.5 months
(range =9 to 76 months) from symptom onset. Median time
from initiation of immunosuppression to neuropsychological
assessment was 38 months (n=38; range=7 to 70 months).
Patients were primarily White (n=38; 80%) males (n=6;
60%), and had a median of 14 years of education (range =11
to 20). The median age at the time of diagnosis was 64.5 years
(range =41 to 76), and the median age at time of cognitive
evaluation was 67.5 years (range =47 to 77). The most com-
monly observed comorbidities were malignancy (n=3; 30%),
hyperlipidemia (n=5; 50%), obstructive sleep apnea (n=5;
50%) and psychiatric disorders (n = 3; 30%).

All 10 patients had both seizures and cognitive deficits at some
point in their disease course, with 60% initially presenting with
cognitive dysfunction and 80% initially presenting with seizures
at the time of diagnosis. The most common seizure types included
focal motor seizures (1 = 8; 80%) followed by autonomic and gen-
eralized tonic-clonic seizures (n = 3; 30% each). Per chart review,
all 10 patients reported psychiatric symptoms at some point during
their disease course, with anxiety being the most common (n = 6;
60%), followed by depression (n = 4; 40%), insomnia and agitation
(n=2; 20%, each).

MRI was performed on all patients, with temporal lobe involve-
ment occurring in 50% (n = 5), with either unilateral involvement
(n=3; 60%) or bilateral involvement (n =2; 40%). Five patients
showed FLAIR/T2 hyperintensity involving the hippocampus/
mesial temporal lobe, while two showed uncal enhancement.
Five patients underwent PET/CT, with the most common finding
being hypermetabolism in the amygdala (n = 3; 50%), followed by
diffuse cortical hypometabolism (n = 2; 40%). One patient showed
hippocampal hypometabolism while another showed hippocam-
pal hypermetabolism.

The median time from symptom onset to treatment was 22
weeks (range = 2 to 55). Two patients did not undergo treatment
prior to neuropsychological assessment while 8 (80%) patients
underwent first-line treatment (n = 7 methylprednisolone, n =5
intravenous immunoglobulin, n=2 plasmapheresis). Seven
(70%) patients received second line immunotherapy, all 7
received rituximab. One patient also received azathioprine.
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Table 2. Characteristics of the anti-LGI-1 and comparisons samples

Rachel Galioto et al.

anti-LGI-1 Right TLE Left TLE
Variable (n=10) HC (n=20) aMCl (n=20) (n=20) (n=20)
Age, years, mean (SD) 64.2 (10.3) 67.0 (7.1) 67.8 (8.3) 60.0 (5.7) 60.0 (5.8)
Male, n (%) 6 (60.0) 8 (53.3) 6 (30) 11 (55) 8 (53.3)
White, n (%) 7 (70.0) 13 (86.7) 19 (95) 19 (95) 14 (93.3)
Education, years, mean (SD) 14.9(2.9) 16.0 (2.8) 13.9 (2.3) 13.4 (2.9) 14.3 (2.6)
BDI-Il, mean (SD) 12.5 (10.9) 12.9 (9.79) 10.7 (9.0) 13.0 (8.8) 10.7 (7.0)
BAI, mean (SD) 7.6 (5.6) 7.9 (6.4) 8.4 (8.1) 13.2 (11.5) 6.4 (5.4)
Comorbidities, n (%)
Obstructive Sleep Apnea 3(30) 9 (45) 3 (15) 3(15) 2 (10)
Hypertension 2 (20) 6 (30) 8 (40) 7 (35) 8(40)
Hyperlipidemia 5 (50) 6 (30) 10 (50) 6 (30) 7 (35)
Type 2 Diabetes 1(10) 5 (25) 2 (10) 1(5) 0 (0)
Heart Disease 0 (0) 2 (10) 3 (15) 4 (20) 0 (0)
Neuropsychological tests Totaln % Impaired Totaln % Impaired Totaln % Impaired Totaln % Impaired Totaln % Impaired
WAIS-IV Digit Span Forward 10 40 20 0 20 0 17 176 18 16.7
WAIS-IV Digit Span Backward 10 10 20 0 20 10 17 11.8 18 22.2
CPT3 Omissions 7 0 11 0 6 16.7 - - - -
CPT3 commissions 7 14.3 11 0 6 16.7 - - - -
CPT3 Reaction Time (RT) 7 28.6 11 0 6 50 - - - -
CPT3 RT Block Change 7 0 11 18.2 6 0 - - - -
CPT3 RT ISI Change 7 42.9 11 0 6 16.7 . . - -
TMTA/DKEFS NS 9/1 20 17/3 5 15/5 10 20/0 10 19/0 0
WAIS-IV Coding/SDMT 4/6 30 15/0 0 20/0 5 20/0 15 20/0 20
WAIS-IV Matrix Reasoning 9 0 15 0 12 5 12 83 14 0
WAIS-IV Similarities 10 10 17 0 17 15 12 0 14 7.1
TMTB/DKEFS NLS 9/1 10 17/3 0 15/5 20 20/0 25 19/0 21.1
WCST total errors 9 44.4 17 11.8 12 25 19 47.4 17 41.2
COWAT 10 30 20 5 20 10 20 40 20 5
Boston naming test 10 20 20 0 20 20 20 20 20 55
Animal fluency 9 22.2 14 11.8 18 38.9 20 25 17 58.8
Rey complex figure test 8 75 14 143 13 53.8 - - - -
Judgment of line orientation 10 10 16 0 19 53 16 20 18 16.7
WMS LM | 10 0 19 0 19 47.4 20 30 20 25
WMS LM I 10 30 19 0 19 84.2 20 15 20 15
WMS LM recognition* 9 111 19 0 18 27.8 5 20 5 80
RAVLT/CVLT/HVLT immediate 9/1/0 30 8/3/9 0 6/1/13 75 20/0/0 15 20/0/0 40
RAVLT/CVLT/HVLT delayed 9/1/0 30 8/3/9 0 6/1/13 95 20/0/0 5 20/0/0 35
RAVLT/CVLT/HVLT recognition 10 10 8/3/9 10 6/1/13 60 20/0/0 10 20/0/0 5
BVMT-R/visual memory/VR immediate  9/1/0 50 18/0/0 0 17/0/2 68.4 0/13/6 35 0/12/6 22.2
BVMT-R/visual memory/VR delayed 9/1/0 20 18/0/0 21.4 17/0/2 474 0/13/6 25 0/12/6 16.7
BVMT-R/VR recognition* 9 22.2 18/0/0 0 17/0/2 52.6 5 20 5 20

Note. anti-LGI-1 = anti-leucine rich glioma inactivated 1 encephalitis; HC = healthy controls; aMCl = amnestic mild cognitive impairment, TLE = temporal lobe epilepsy, BDI-Il = Beck Depression

Inventory, second edition; BAl = Beck Anxiety Inventory, WAIS-IV = Wechsler Adult Intelligence Scale, Fourth Edition, CPT3 = Conner’s Continuous Performance Test, Third Edition;

ISI = Interstimulus interval; SDMT = Symbol Digit Modalities Test; TMTA = Trail Making Test - Part A; DKEFS = Delis-Kaplan Executive Function System; NS = Number Sequencing,

NLS = Number-Letter Switching; TMTB = Trail Making Test- Part B; WCST = Wisconsin Card Sorting Test; COWAT = Controlled Oral Word Association Test; BYMT-R = Brief Visuospatial Memory
Test- Revised CVLT2 = California Verbal Learning Test; RAVLT = Rey Auditory Verbal Learning Test; HVLT = Hopkins Verbal Learning Test; WMS = Wechsler Memory Scales, Visual Memory = WMS
11l Visual Memory Index, VR = WMS-IV Visual Reproduction; *“WMS-IIl LM and Visual Immediate do not calculate a recognition score.

Cognitive deficits in the chronic phase were common

Detailed results of the neuropsychological evaluations for all anti-
LGI-1 patients are provided in Table 1. Overall, cognitive deficits
were common, with 100% of patients demonstrating impairment
in at least one test administered, while 80% (n = 8) were impaired
in > 2 tests.

Time to follow up was associated with levels of impairment

Pearson correlations revealed a medium effect for the association
between number of domains impaired and time from symptom
onset to neuropsychological assessment (r = .47), indicating that
more domains were impaired the further out from onset a patient
was evaluated. Small effects were observed for the association
between number of domains impaired and time to initiation of
immunosuppression (n=8; r = .26), depressive symptoms
(r = .14), and anxiety (r = -.20).
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Comparison group test performances

Demographic characteristics, test performances, and sample sizes
for each of the tests for the anti-LGI-1 and comparison groups are
available in the Table 2. One-way ANOVA revealed significant
group differences for age (F (4, 89) = 4.60, p = .002) and education
(F (4, 89) =2.86, p = .03), though post-hoc analyses showed no
significant differences between the anti-LGI-1 encephalitis group
and any of the other groups. There were no significant group
differences for BDI-II (p = .82) or BAI (p = .12) scores. There were
no significant group differences for sex (p = .51) or race (p = .27).

Anti-LGI-1 encephalitis versus healthy controls

Fisher’s exact tests showed higher rates of impairment in the anti-
LGI-1 encephalitis group compared to HC for DSF (p =.008;
Cramer’s V = .56), CPT-3 ISI Change (p = .04; Cramer’s V =
.56), coding (p = .03; Cramer’s V = .47), Rey Complex Figure
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Table 3. Fisher-Freeman-Halton exact test results comparing rates of impairment on neuropsychological tests between the Anti-LGI-1, healthy control, aMCl and TLE

groups
Anti-LGI-1 versus clinical
Anti-LGI-1 versus HC groups Omnibus test Anti-LGI-1 versus aMCl Anti-LGI-1 versus TLE
p Cramer’s V p Cramer’s V p Cramer’s V p Cramer’s V

WAIS-IV DSF .008 .56 .01 .36 .008 .56 .10 .23
WAIS-IV DSB .33 .26 - - - - - -
CPT3 omissions * - i - - - - -
CPT3 commissions .39 .30 ! - - - - -
CPT3Reaction Time (RT) 14 44 t - - - - -
CPT3 RT block change 36 28 ! - - - - -
CPT3 RT ISI change .04 .56 ! - .34 28 - -
TMTA/DKEFS NS .25 .24 - - - - - -
WAIS-IV coding/SDMT .03 A7 .14 22 - - - -
WAIS-IV matrix * - - - - - - -
WAIS-IV similarities 37 .26 - - - - - -
TMTB/DKEFS NLS 33 .26 - - - - - -
WCST total errors .08 37 - - - - - -
COWAT .10 .35 - - - - - -
Boston naming test .10 .38 - - - - - -
Animal fluency 41 .14 - - - - - -
Rey complex figure test .008 .61 ! - 31 21 - -
JOLO .39 25 - - - - - -
WMS LM | * - - - - - - -
WMS LM I .03 AT <.001 57 .006 .54 .67 .10
WMS LM recognition 12 .28 - - - - - -
List immediate .03 AT .001 43 .05 43 1.0 .02
List delayed .03 AT <.001 .67 <.001 .69 L: 1.0 R: .10 .05
.35

List recognition 12 .00 - - - - - -
Visual immediate .002 .63 .02 34 .28 .18 27 .18
Visual delayed .58 .07 - - - - - -
Visual recognition .10 40 - - - - - -

Note. *no participants impaired; 'no data for TLE.Abbreviations: anti-LGI-1 = anti-leucine rich glioma inactivated 1 encephalitis; HC = healthy controls; aMCl = amnestic mild cognitive
impairment, TLE = temporal lobe epilepsy, R = right, L = left; WAIS-IV = Wechsler Adult Intelligence Scale, Fourth Edition, DSF = Digit Span Forward; DSB = Digit Span Backward CPT2 = Conner’s
Continuous Performance Test, Second Edition; ISI = Interstimulus interval; SDMT = Symbol Digit Modalities Test; TMTA = Trail Making Test - Part A; DKEFS = Delis-Kaplan Executive Function
System; NS = Number Sequencing, NLS = Number-Letter Switching; Matrix = Matrix Reasoning; TMTB = Trail Making Test- Part B; WCST = Wisconsin Card Sorting Test; COWAT = Controlled Oral
Word Association Test; JOLO = Judgment of Line Orientation ; WMS = Wechsler Memory Scales, LM = Logical Memory.

Test (p = .02; Cramer’s V = .61), Word List Immediate and
Delayed Free Recall (p = .03; Cramer’s V = .47, for both),
WMS-IV Logical Memory II (p = .03; Cramer’s V = .47), and
Visual Memory Immediate (p =.002; Cramer’s V = .63).

Anti-LGI-1 encephalitis versus clinical groups

Follow up comparisons for CPT-3 RT ISI Change and RCFT did
not reveal significant differences between aMCI and ant-LGI-1
groups; these tests were not administered to the TLE patients. Of
the other tests which differed between anti-LGI-1 encephalitis
and HC groups, only delayed list recall significantly differed
between right and left TLE (p = .03); as such, right and left
TLE were considered as separate groups for this variable.
Overall group comparisons were significant for DSF (p =.01;
Cramer’s V = .36), immediate (p = .001; Cramer’s V = .43)
and delayed free recall of a word list (p < .001; Cramer’s
V=67), LM II (p < .001; Cramer’s V = .57), and Visual
Memory Immediate (p = .02; Cramer’s V = .34).

Follow up analyses revealed that the anti-LGI-1 encephalitis
group showed higher rates of impairment on DSF (p = .008;
Cramer’s V = .56) and lower rates of impairment on LMII (p =
.006; Cramer’s V = .54) and list delayed recall (p < .001;
Cramer’s V = .69) compared to the aMCI group. There were no
other differences between the aMCI and anti-LGI-1 encephalitis
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groups. There were no differences between the anti-LGI-1
encephalitis and TLE groups. See Table 3.

Discussion

Results of this study showed that cognitive deficits are common
(100% on 1+ tests, 80% on 2+ tests) in a sample of patients with
anti-LGI-1 encephalitis who were approximately 39 months from
symptom onset. Patients with anti-LGI-1 encephalitis showed sig-
nificantly greater rates of impairment in basic attention, vigilance
during a sustained attention measure, one test of visuomotor
processing speed, complex figure copy, and aspects of learning/
memory, including immediate and delayed recall of a word list,
delayed recall of short stories, and immediate recall of visual infor-
mation, when compared to demographically similar healthy con-
trols. In contrast, rates of impairment on tests of auditory working
memory, simple visuospatial skills, delayed recall/recognition
memory, and other executive functions did not differ from the con-
trol group. Patients with anti-LGI-1 encephalitis showed higher
rates of impairment on a test of basic attention impairments when
compared to aMCI patients, but lower rates of impairment on
memory tests. Interestingly, there were no significant differences
between anti-LGI-1 encephalitis and TLE patients, though some
comparisons (i.e., sustained attention, complex figure copy) could
not be made due to differences in test batteries.
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Regarding attentional impairments, prior research in patients
with anti-LGI-1 encephalitis has been mixed (Binks et al., 2021;
Finke et al., 2012), though no prior studies have employed a mea-
sure of sustained attention. While the neurological processes
underlying sustained attention are not completely understood,
they likely involve multiple neural networks (Lawrence et al.,
2003), and deficits in this domain may indicate widespread net-
work disruption within this population (Heine et al., 2018; Qiao
et al,, 2020). Furthermore, deficits in sustained attention may also
relate directly to limbic dysfunction (Oken et al, 2006).
Importantly, attentional deficits are nonspecific and can be
observed in multiple etiologies, such as sleep apnea (Mazza,
2005), which was a common comorbidity in this sample.
However, sleep apnea was more common among the healthy con-
trols, who did not similarly exhibit significant attentional difficul-
ties. Overall, findings warrant further research to evaluate whether
attentional deficits represent a core feature among anti-LGI-1
patients.

The anti-LGI-1 encephalitis patients also more commonly
impaired on measures of complex visuospatial skills (figure copy)
and encoding of visual and verbal memory compared to healthy
controls despite similar performance on other visuospatial mea-
sures (WAIS-IV Matrix Reasoning, JOLO). However, their perfor-
mance on these measures did not differ from the other clinical
groups evaluated. It is unclear whether these findings relate directly
to visuospatial function as opposed to attentional, executive, or
processing speed difficulties, which have been shown to contribute
both to RCFT (Mullen et al., 2019) and BVMT immediate trials
(Tam & Schmitter-Edgecombe, 2013). Similarly, a recent study
suggested that visuospatial deficits, along with executive dysfunc-
tion, may represent a hallmark feature of cognitive dysfunction in
anti-LGI-1 encephalitis. Notably, the authors of the study did not
provide information regarding test data in their sample, stating
only that impairment in cognitive domains was assessed by two
independent raters based on review of patient performance on
the cognitive screening instruments and neuropsychological test-
ing as available (Bastiaansen et al., 2021). This contrasts other stud-
ies which have described visuospatial functioning as being
relatively spared (Bettcher et al., 2014; Rodriguez et al., 2021).
Specifically, Bettcher et al. (2014) employed the Benson Figure
Copy and Visual Object Space Perception (VOSP) tests as mea-
sures of visuospatial function in 12 patients with autoimmune
encephalitis and voltage-gated potassium channel complex anti-
bodies (of which anti-LGI-1 is a subtype), 8 of whom were con-
firmed to have LGI-1 antibodies. Their results showed 20% were
impaired on VOSP and only 8% were impaired on the figure copy.
The authors concluded that their patient sample displayed “relative
preservation of visuospatial skills” (Bettcher et al., 2014, p. 1038).
Rodriguez et al. (2021) reported that 11% of their sample was
impaired on the Rey Complex Figure Test. It is possible that
differences in our findings compared to these prior studies were
attributable to different tests (Bettcher et al., 2014) or normative
data (Rodriguez et al., 2021) used. Overall, further research into
visuospatial functioning in this population is warranted.

Similar to previous studies (e.g., Bettcher et al., 2014, Miller
et al,, 2017), patients with anti-LGI-1 encephalitis demonstrated
frequent impairments in learning/memory tasks, though findings
were variable. While performance in the anti-LGI-1 encephalitis
group was worse compared to controls for both encoding and
delayed recall, rates of impairment were lower for the anti-LGI-
1 group compared to aMCI. Additionally, anti-LGI-1 patients
did not differ from controls on any aspects of recognition memory.
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It is possible that memory deficits in anti-LGI-1 patients with pri-
mary encoding-based impairment result from underlying atten-
tional/executive difficulties (Anderson et al., 2000; Hanseeuw
et al, 2011; Putcha et al, 2018). It is worth noting that five
LGI-1 patients also demonstrated deficits in delayed recall/
retrieval, and three of them had temporal lobe lesions on MRI,
although an additional two patients without delayed recall deficits
also showed lesional temporal lobe changes on MRI.

Cognitive processing speed findings were variable compared to
controls, with one test being more frequently impaired (digit-sym-
bol coding) while the other two (CPT-3 RT, Trail Making Test Part
A) did not differ. This is somewhat in contrast to the suggestion by
Bettcher et al. (2014) that deficits in executive domains may have
stemmed from general slowing, although this has not been con-
cluded in other studies. Overall, additional work in larger samples
is needed to better clarify the role of processing speed in patients
with anti-LGI-1 encephalitis. Despite frequent temporal lobe
involvement in anti-LGI-1 encephalitis patients, this study did
not demonstrate any differences in language tasks compared to
controls.

Greater time from disease onset to neuropsychological assess-
ment was associated with greater cognitive impairment. This find-
ing may be subject to a selection bias, given that the patients who
are referred for testing later in their disease course are often experi-
encing a greater cognitive impact. There was no association
between overall cognitive impairment and time to immuno-
suppression, as was found in prior studies (Finke et al., 2012;
Thompson et al., 2018), though it is likely that this study was
underpowered to evaluate the impact of treatment on cognitive
impairment.

Patients in our sample had multiple comorbidities which may
have contributed to their cognitive performance. Similar to other
cohorts reported (Binks et al., 2021), psychiatric symptoms were
common in our sample, with greater than half reporting at least
mild symptoms of anxiety and three endorsing at least mild symp-
toms of depression. The association or contribution of psychiatric
comorbidities to cognitive symptoms and long-term outcomes has
not been well studied, though in this study, there was not a signifi-
cant association between the presence of depressive or anxiety
symptoms and the severity of cognitive difficulties. Additionally,
patient 2 had a history of significant cerebrovascular disease,
including moderate chronic white matter changes, and a history
of multiple remote infarcts, which may also have impacted her cog-
nitive performance. Other studies examining cognitive perfor-
mance in anti-LGI-1 encephalitis patients have not reported
comorbidities (e.g., Bettcher et al., 2014; Rodriguez et al., 2021)
which limits comparability.

There are several limitations of this study. Most notably, the
small sample size limits generalizability and examination of poten-
tial confounders, which may help to explain some of the inconsis-
tencies with prior research. Sample size further limited statistical
comparisons between groups and prevented testing for group by
test interaction effects, to determine if the neuropsychological def-
icits in the anti-LGI-1 group might be functionally specfic. Given
the age of the sample, impact from other neuropathology and/or
pre-existing cognitive impairment on cognitive testing is possible.
Further studies of larger cohorts with longitudinal follow up,
ideally with the formation of multicenter registries, are needed
to better examine risk factors associated with poorer cognitive out-
comes. Another limitation is that there was some variability in the
tests administered, which could have impacted results. Specifically,
the sustained attention tests were not commonly administered in
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the comparison groups and future studies may be helpful in deter-
mining whether sustained impairment is more common in anti-
LGI-1 encephalitis compared to other groups with temporal lobe
dysfunction.

Despite its limitations, this study adds to the limited available
literature examining comprehensive cognitive profiles in patients
with anti-LGI-1 encephalitis in the chronic phase. This is the first
study to compare this group to other well-characterized clinical
groups with temporal lobe pathology. Taken together, we found
that patients in the chronic phase of anti-LGI-1 encephalitis exhibit
diffuse cognitive impairment, which extends beyond what would
be expected for temporal lobe pathology, suggesting more wide-
spread disruption. Therefore, it is recommended that neuro-
psychological evaluation in patients with anti-LGI-1 encephalitis
include broad assessment across domains, with particular focus
on areas of attention, learning/memory, and complex visuospatial
skills. Results of sustained attention tests have not been previously
reported in this group but may provide interesting insights into
underlying cognitive dysfunction in anti-LGI-1 encephalitis. Our
study highlights the pervasiveness of cognitive deficits in the
chronic phase of anti-LGI-1 encephalitis, and the importance of
continued investigation into the specific cognitive domains
affected, in order to objectively monitor functional outcomes
and treatment response, to provide tailored cognitive rehabilitation
strategies and educational support for long-term caregivers.
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