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Abstract
The contributors to persistent cognitive impairment and hippocampal atrophy
in leucine-rich glioma-inactivated 1 antibody encephalitis (LGI1) patients are
unknown. We evaluated whether tau neuropathology measured with [18F]flortaucipir PET neuroimaging associated with persistent cognitive impairment and
hippocampal atrophy in four recovering LGI1 patients (3 men; median age, 67
[37–88] years). Imaging findings in cases were compared with those observed
in age- and gender-similar cognitively normal individuals (n = 124) and individuals with early-symptomatic Alzheimer disease (n = 11). Elevated [18F]flortaucipir retention was observed in the two LGI1 patients with hippocampal
atrophy and persistent cognitive impairment, including one with autopsy-confirmed Alzheimer disease. Tau neuropathology may associate with cognitive
complaints and hippocampal atrophy in recovering LGI1 patients.
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Introduction
Autoimmune encephalitis associated with autoantibodies
to the surface-exposed leucine-rich glioma-inactivated 1
(LGI1) neuronal antigen most commonly affects individuals >60 years,1,2 in whom it associates with persistent cognitive impairment and hippocampal atrophy.1,3–5 It is
unknown whether these changes result from classical
immune-mediated structural damage (i.e., neuronal loss
secondary to complement- or other immune-mediated
damage),6,7 the accelerated accrual of neuropathology in
susceptible individuals,8,9 or other causes.
The discovery of PET ligands capable of binding
paired-helical filaments that comprise neurofibrillary (tau)

tangles provides a unique opportunity to evaluate the
contribution of tau neuropathology to clinical phenotypes
in living individuals. [18F]Flortaucipir (AV-1451) exhibits
reasonable specificity for tau neuropathology associated
with Alzheimer disease (AD),10–12 with tracer retention
associated with clinical presentation,13,14 disease severity
and symptomatic decline.15–17 We evaluated whether tau
neuropathology measured with [18F]flortaucipir PET associated with persistent cognitive impairment and hippocampal atrophy in recovering LGI1 antibody
encephalitis patients. One patient died 2.4 months following neuroimaging and underwent brain-only autopsy,
providing a unique opportunity to correlate neuroimaging and neuropathological findings.
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Methods
Standard protocol approvals, registrations,
and patient consents
Patients were enrolled from February 2016 to January
2017 within prospective studies permitting longitudinal
collection and monitoring of clinical data and neuroimaging studies. Written informed consent was obtained from
all individuals or their delegates. The Washington University School of Medicine Institutional Review Board (Saint
Louis, Missouri, USA) approved all study procedures.

Participant selection and evaluation
Patients with LGI1 antibody encephalitis were evaluated
and treated by experienced clinicians at Barnes Jewish
Hospital (Saint Louis, Missouri, USA). All patients met
criteria for definite autoimmune encephalitis.18 LGI1 IgG
autoantibodies were identified in the cerebrospinal fluid
(CSF) or serum using cell-based assays (Mayo Clinic Neuroimmunology Laboratory; Rochester, Minnesota). Community-dwelling cognitively normal (CN) participants
were enrolled in longitudinal studies of memory and
aging at the Washington University Knight Alzheimer
Disease Research Center (Saint Louis, Missouri). Cognitive impairment was graded using the Clinical Dementia
Rating (CDR),19 and quantified longitudinally using the
18-point CDR sum-of-boxes.20,21 CN participants were
devoid of cognitive symptoms (CDR 0), and of substantial [18F]florbetapir (AV-45) retention (i.e., “amyloid”
negative; mean SUVR < 1.27). Participants with earlysymptomatic AD had typical (amnestic) presentations
with very mild impairment (CDR 0.5) and increased [18F]
florbetapir retention consistent with AD (mean
SUVR ≥ 1.27).22 AD cohort characteristics were previously reported.13
Structural MR (Biograph mMR) and [18F]flortaucipir
PET neuroimaging (Biograph 40 PET/CT; Siemens Medical Solutions; Erlangern, Germany) were obtained in participants, as previously described.12,13 [18F]Florbetapir
PET images were obtained in CN participants and those
with early-symptomatic AD. Briefly, T1-weighted images
were acquired using magnetization-prepared rapid-acquisition gradient echo sequences, before cortical and subcortical parcellation was performed using FreeSurfer 5.3
(http://freesurfer.net), yielding 46 unique brain regions,
corresponding to the Desikan atlas. Imaging was performed following injection of 6.8–10.9 mCi of flortaucipir
or 7.4–11.3 mCi of florbetapir. Data from the 80- to 100min and 50- to 70-min postinjection window were converted to SUVRs, respectively, using the cerebellar cortex
as a reference; regional values were partial volume
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corrected using a geometric transfer matrix approach.23,24
For visualization only, voxel-wise PET were aligned to an
individual patient’s T1 image and placed into a common
anatomic space. [18F]flortaucipir retention was summarized using the average SUVR across all cortical regions
and areas commonly affected in AD, including the left
and right inferior temporal cortex, amygdala, entorhinal
cortex, and lateral occipital cortices.25
Brain-only autopsy was performed in one patient who
died following enrollment. Microscopic analyses included
immunohistochemical staining with anti-Ab (1–42, clone
H31L21) and antiphosphorylated tau (clone AT8) antibodies, performed by the Anatomic and Molecular
Pathology Core Laboratory (Washington University
School of Medicine), using a polymer-based detection system and instrumentation by Ventana Medical Systems.

Statistical analyses
Clinical data were analyzed using SPSS Statistics (version
25.0; IBM Corp., Armonk, NY). On a region-by-region
basis individual’s SUVR values were transformed into zscores relative to the mean and standard deviation of a
cohort of 124 CN participants. P-values for the z-scores
were inferred from the standard normal distribution. Correlations between neuroimaging findings and outcomes
were evaluated using the nonparametric Spearman’s rank
correlation coefficient (Spearman’s q).

Data availability statement
Anonymized study data will be shared pending review of
a request from qualified individuals by the corresponding
author.

Results
Table 1 documents the clinical course and longitudinal
outcomes of LGI1 antibody encephalitis patients (75%
male; median 67 years, range 37–88). Illness severity was
similar across patients; all required inpatient assessment
and treatment without cardiorespiratory support. [18F]
Flortaucipir PET neuroimages were obtained a median of
27.4 months (range, 4.1–54.6) following symptom-onset,
and compared to findings in cohorts of amyloid-negative
CN individuals (n = 124; 58 men [47%]; median
67.7 years, range 46–91) and amyloid-positive participants
with early-symptomatic AD (n = 11; 4 men [36%]; median 77.0 years, range 63–90). Visual inspection of images
suggested prominent [18F]flortaucipir retention within the
temporal lobes in Cases B and D. These findings were
confirmed by quantitative analyses (Fig. 1). [18F]Flortaucipir retention within areas typically involved in AD were
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compared between LGI1 antibody encephalitis patients,
and amyloid negative CN and amyloid positive participants with early-symptomatic AD (Fig. 2A). In Case D,
the greatest increases (vs. CN individuals) were noted in
the amygdala (Z = 2.84, P = 0.005), and entorhinal
(Z = 5.35, P < 0.001), inferior temporal (Z = 6.08,
P < 0.001) and lateral occipital cortices (Z = 3.94,
P < 0.001). Focused deposition within limbic structures
was seen in Case B, including the parahippocampal gyri
(Z = 2.61, P = 0.009), amygdala (Z = 2.17, P = 0.03),
and posterior cingulate cortices (Z = 2.34, P = 0.02).
When compared to CN individuals, both patients had
smaller-than-expected hippocampal volumes (Fig. 2B;
Case B: Z = 4.13, P < 0.001; Case D: Z = 1.64,
P = 0.1), with persistent deficits in cognitive function
observed at the last clinical evaluation (54.6 [Case D] and
76.0 months [Case B] from symptom onset). No differences were observed in [18F]flortaucipir retention or hippocampal volumes in Cases A and C (vs. CN
participants); both patients were CN at the last clinical
evaluation (35.4 [Case A] and 46.0 months [Case C] following symptom onset).

In LGI1 encephalitis patients, global and AD summary
SUVRs were closely associated with the rank-order of
CDR sum-of-boxes at last clinical follow-up (Spearman’s
q = 0.95; P = 0.051), but not with CDR sum-of-boxes at
the time of imaging (Spearman’s q = 0.80; P = 0.20).
Hippocampal volumes closely tracked CDR sum-of-boxes,
with smaller volumes associated with greater impairment
at the time of imaging (Spearman’s q < 0.99; P < 0.01)
and last follow-up (Spearman’s q = 0.95; P = 0.051).
Case D initially responded to immunotherapy, but presented 3 years later with worsening cognition, paranoid
delusions and visual hallucinations. Autoantibodies were
not detected in serum or CSF (WBC = 0 cells/µL, 0 CSFspecific oligoclonal bands). Deficits persisted despite treatment with steroids (1g IV 9 5 days followed by prolonged oral taper), intravenous immunoglobulin (2 g/kg
over 5 days) and rituximab (375 mg/m2 IV weekly 9 4).
She died due to complications of dementia 57.0 months
after the symptomatic-onset of LGI1 antibody encephalitis
(2.4 months following [18F]flortaucipir PET). Brain-only
autopsy confirmed “intermediate” AD neuropathologic
change (A2, B2, C2) with Braak neurofibrillary tangle

Table 1. Clinical course and longitudinal outcomes in LGI1 antibody encephalitis patients.
Flortaucipir PET
Case,
age/
gender
A, 35 y/M

Presenting features

Treatment

Small fiber and
autonomic
neuropathy, followed
by
subacute-onset memory
loss, inattention and
mental status change.
Subacute-onset psychosis
and FBDS.

Steroids,
IVIg,
rituximab

C, 67 y/M

Subacute-onset psychosis
with FBDS.

D, 83y/F

Subacute-onset memory
loss and psychoses with
FBDS associated with
altered consciousness.

B, 63 y/M

Months
from
onset

Cognitive
function

Final outcome

Global
SUVR1

AD
Summary
SUVR2

Months
from
onset

Cognitive function

4.2

CDR 0.5;
CDRsb 2.0

1.12

1.05

36.0

Cognitively normal;
CDR 0; CDRsb 0

Steroids, IVIg

36.4

CDR 0.5;
CDRsb 3.0

1.21

1.32

48.0

Steroids,
IVIg,
rituximab
Steroids,
IVIg,
rituximab

18.4

CDR 0;
CDRsb 0

1.12

1.16

48.0

Very mild
impairment
CDR 0.5; CDRsb
4.0
Cognitively normal;
CDR 0; CDRsb 0

54.6

CDR 2;
CDRsb
14.0

1.48

1.97

57.0

Deceased

AD, Alzheimer disease; CDR, Clinical Dementia Rating; CDRsb, CDR sum-of-boxes; FBDS, faciobrachial dystonic seizures; IVIg, intravenous
immunoglobulin (0.4 g/kg 9 5 days); rituximab, 375 mg/m2 Q7 days 9 4; steroids, methylprednisolone 1 g 9 5 days, followed by prolonged oral
taper); SUVR, standardized uptake value ratios.
1
Global SUVR reflects the average SUVR across all cortical regions. For comparison, mean Global SUVR was 1.11  0.1 in cognitive normal individuals and 1.43  0.25 in individuals with early-symptomatic AD.
2
AD Summary SUVR reflects the average SUVR within regions commonly affected in AD, including the left and right inferior temporal cortex,
amygdala, entorhinal cortex, and lateral occipital cortices.25 For comparison, mean AD Summary SUVR was 1.16  0.21 in cognitive normal individuals and 1.99  0.64 in individuals with early-symptomatic AD.
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Figure 1. Selected neuroimaging in LGI1 antibody encephalitis patients. Structural magnetic resonance brain images (T2-FLAIR [column I] and T1post contrast [column II]) and flortaucipir PET images (axial and coronal orientation, column III) are shown for each patient with LGI1 antibody
encephalitis (cases A–D; presented in radiologic convention). Column IV shows [18F]flortaucipir uptake in LGI1 antibody encephalitis patients
referenced to uptake in cognitively normal individuals (n = 124) across 46 regions of interest. FLAIR = fluid attenuated inversion recovery;
PET = positron emission tomography; CN = cognitively normal; LGI1 = leucine-rich glioma-inactivated 1; SUVR = standardized uptake ratio value.

stage IV,26
encephalitis.

without

inflammation

or

sequelae

of

Discussion
[18F]Flortaucipir PET retention was observed in brain
areas associated with AD17,25 in two of four recovering
LGI1 antibody encephalitis patients. These findings suggest that inflammation associated with autoimmune
encephalitis may accelerate the accrual of neurofibrillary
pathology in susceptible individuals. Interestingly, elevations in tau were associated with hippocampal atrophy
and persistent cognitive impairment, suggesting that tau
neuropathology may contribute to cognitive complaints
and structural and functional neuroimaging changes
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reported in larger cohorts of LGI1 antibody encephalitis
patients.1,3–5 The discovery of AD neuropathologic change
without sequelae of encephalitis in one patient further
emphasizes the potential that biomarkers with reasonable
sensitivity and specificity for specific neuropathology may
be leveraged to inform the contributors to resurgent or
treatment-refractory symptoms and signs in patients with
autoimmune encephalitis.
Confluent lines of research implicate inflammation in
the formation and spread of neurofibrillary neuropathology in AD8,9 and autoimmune encephalitis.27,28 It is possible that tau neuropathology may accumulate in
response to inflammation or immune-mediated injury in
susceptible individuals, or that that immune-mediated
injury may unmask symptoms in patients with underlying
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Figure 2. [18F]Flortaucipir retention and hippocampal volume in LGI1 antibody encephalitis patients versus cognitively normal and earlysymptomatic Alzheimer disease participants. Plots showing [18F]flortaucipir PET standardized uptake value ratios (SUVRs; A) within areas
commonly implicated in AD17,25 (A), and hippocampal volumes measured on structural MR (B) for LGI1 antibody encephalitis patients (symbols),
cognitively normal participants (gray violin plots) and participants with early-symptomatic Alzheimer disease (white violin plot).

neuropathology, including patients with co-occurring preclinical Alzheimer disease.29 It is also plausible that LGI1
antibody encephalitis and symptomatic Alzheimer disease
may present in the same patient, representing two independent and unrelated disease processes. Systematic evaluation of patients recovering with LGI1 antibody
encephalitis may inform the dynamic relationship
between inflammation (severity, duration, etc.) and relevant neuropathology. Future studies integrating emerging
markers of synaptic function and neuroinflammation
(e.g., PET markers of synaptic vesicle and translocator
proteins30), as well as neuropathological assessment are
key to this goal. Studies in LGI1 antibody encephalitis
patients may be particularly insightful as the LGI1 protein
is most strongly expressed in the hippocampus,31 and
LGI1 antibody encephalitis preferentially affects older
individuals,1,2 who are most susceptible to AD neuropathology.
Caution is advised when interpreting these results in
four patients with LGI1 antibody encephalitis. Longitudinal biomarker measures are needed in greater numbers of
recovering patients to circumvent limitations inherent
with cross-sectional [18F]flortaucipir PET neuroimaging

performed at variable intervals following symptom onset.
These same studies should also consider the relationship
between known AD risk factors, including APOE allele
status (not measured here), and imaging changes
observed following LGI1 antibody encephalitis. Such
efforts may aid in deciphering the contributors to cognitive impairment and structural changes in patients with
LGI1 antibody encephalitis, while informing the roles of
inflammation in promoting the accrual and spread of
neuropathology in individuals with common age-associated neurodegenerative diseases.

Conclusion
Increased [18F]flortaucipir PET retention was observed in
the two LGI1 antibody encephalitis patients with hippocampal atrophy and persistent cognitive impairment,
including one patient with autopsy-proven AD and moderate-stage neurofibrillary pathology. Inflammation associated with autoimmune encephalitis may accelerate the
accrual of tau neuropathology in susceptible individuals,
and may associate with hippocampal atrophy and persistent cognitive complaints.
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