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Background and Significance: Autoimmune encephalitis (AE) is a rare group of
diseases that can present with stroke-like symptoms. Anti-leucine-rich glioma inactivated
1 (LGI1) encephalitis is an AE subtype that is infrequently associated with neoplasms and
highly responsive to prompt immunotherapy treatment. Therefore, accurate diagnosis of
LGI1 AE is essential in timely patient management. Neuroimaging plays a critical role
in evaluating stroke and stroke mimics such as AE. Arterial Spin Labeling (ASL) is an
MRI perfusion modality that measures cerebral blood flow (CBF) and is increasingly used
in everyday clinical practice for stroke and stroke mimic assessment as a non-contrast
sequence. Our goal in this preliminary study is to demonstrate the added value of ASL
in detecting LGI1 AE for prompt diagnosis and treatment.

Methods: In this retrospective single center study, we identified six patients
with seropositive LGI1 AE who underwent baseline MRI with single delay 3D
pseudocontinuous ASL (pCASL), including five males and one female between ages 28
and 76 years, with mean age of 55 years. Two neuroradiologists qualitatively interpreted
the ASL images by visual inspection of CBF using a two-point scale (increased,
decreased) when compared to both the ipsilateral and contralateral unaffected temporal
and non-temporal cortex. The primary measures on baseline ASL evaluation were a)
presence of ASL signal abnormality, b) if present, signal characterization based on
the two-point scale, c) territorial vascular distribution, d) localization, and e) laterality.
Quantitative assessment was also performed on postprocessed pCASL cerebral blood
flow (CBF) maps. The obtained CBF values were then compared between the affected
temporal cortex and each of the unaffected ipsilateral parietal, contralateral temporal,
and contralateral parietal cortices.

Results: On consensus qualitative assessment, all six patients demonstrated ASL
hyperperfusion and corresponding FLAIR hyperintensity in the hippocampus and/or
amygdala in a non-territorial distribution (6/6, 100%). The ASL hyperperfusion was found
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in the right hippocampus or amygdala in 5/6 (83%) of cases. Four of the six patients
underwent initial follow-up imaging where all four showed resolution of the initial ASL
hyperperfusion. In the same study on structural imaging, all four patients were also
diagnosed with mesial temporal sclerosis (MTS). Quantitative assessment was separately
performed and demonstrated markedly increased CBF values in the affected temporal
cortex (mean, 111.2 ml/min/100 g) compared to the unaffected ipsilateral parietal cortex
(mean, 49 ml/min/100 g), contralateral temporal cortex (mean, 58.2 ml/min/100g), and
contralateral parietal cortex (mean, 52.2 ml/min/100 g).

Discussion: In this preliminary study of six patients, we demonstrate an ASL
hyperperfusion pattern, with a possible predilection for the right mesial temporal lobe on
both qualitative and quantitative assessments in patients with seropositive LGI1. Larger

scale studies are necessary to further characterize the strength of these associations.

Keywords: Arterial Spin Label (ASL) MRI, stroke mimics, encephalitis, MRI, perfusion imaging

INTRODUCTION

Autoimmune encephalitis (AE) is a family of immune-
mediated diseases, which can present with generalized stroke-
like symptoms, such as seizures and cognitive deficits, making
prompt and accurate diagnosis challenging (1, 2). Autoimmune
encephalitis is subdivided into two groups based on the location
of the autoantibody target; Group I has intracellular targets and
is more closely associated with an underlying malignancy, while
Group II autoantibodies bind to cell surface antigens and are
less likely to be paraneoplastic (2). Group II AE is also generally
more responsive to treatment compared to Group I. Leucine-
rich glioma-inactivated 1 (LGI1) AE is a Group II AE and
second most common AE subtype (3), with an annual incidence
of 0.83 per million people (1). LGI1 is seen in 11.2% of all
AE cases (4) and classically presents with faciobrachial dystonic
seizures (FBDS) in addition to cognitive deficits (4). Unlike
some AE forms (typically Group II), LGI1 AE is not commonly
associated with neoplasms and responds well to immunotherapy,
where studies have shown that 67% of patients can achieve
favorable outcomes (1). The timing of the immunotherapy
is also important. When there is high clinical suspicion for
AE and confirmatory antibody testing is not readily available,
expeditious administration of immunotherapy is associated with
better outcomes (5). Prompt and accurate diagnosis of AE and
its subtypes is essential to begin immunotherapy earlier and
potentially decrease likelihood of complications, such as mesial
temporal sclerosis (MTE) (6).

In conjunction with the clinical presentation, physiological
neuroimaging plays an important role in diagnosing AE subtypes.
Fluorodeoxyglucose positron emission tomography (PET) has
been shown to aid in differentiating AE subtypes based on spatial
differences in metabolic activity. For example, anti-methyl-
d-aspartate receptor encephalitis (anti-NMDA) demonstrates
frontotemporal hypermetabolism with occipital hypometabolism
(5). In contrast, contactin-associated protein-2 AE (CASPR-
2) and LGI1 have both been associated with mesial temporal
hypermetabolism (7).

Arterial Spin Labeling (ASL) is a non-contrast MRI perfusion
technique that is able to measure cerebral blood flow (CBF) (8).
It has been increasingly utilized in clinical practice due to its
ability to provide physiological assessment. It has shown utility in
stroke and stroke-mimic detection in particular (9-14). PET and
ASL have shown moderate to strong concordance in detecting a
number of pathologies, including mesial temporal lobe epilepsy
(15). As with PET, reports have suggested that ASL can aid
in detecting AE subtypes, such as anti-NMDA (16) and anti-
glutamic acid decarboxylase (ani-GAD) (17) when preceding
laboratory diagnosis. A recent case report with two patients
has demonstrated strong concordance between ASL and PET
in detecting LGI1, specifically on qualitative visual inspection
(18). Nevertheless, the role of ASL in detecting AE subtypes

TABLE 1 | Baseline characteristics.

Baseline characteristic Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Age 70 28 57 54 48 76
Sex M M M F M M
Heart disease Y N N N N N/A
Hyperlipidemia Y N Y N Y N/A
Hypertension Y N Y Y Y N/A
Diabetes mellitus N N Y Y N N/A
Atrial fibrillation N N Y N N N/A
Smoking

Non-smoker Y Y Y Y

Former smoker Y Y
Current smoker

Alcohol

Non-alcoholic Y Y Y

Former alcoholic

Current occasional consumer Y Y Y
Current heavy consumer

BMI 252  26.6 25 26.4 251 27.3
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FIGURE 1 | A 70 year old male who presented with rapid cognitive decline and spasmic extremity movement. (A) Initial coronal T2W shows asymmetric T2
hyperintense signal in the right hippocampus. (B) Axial FLAIR demonstrates asymmetric hyperintense signal in the right hippocampus and focal cortical signal
abnormality in the posterior right temporal lobe. (C) ASL shows focal hyperperfusion in the right hippocampus and milder asymmetric signal in the posterior right
temporal and right occipital lobes. (D) 12 month follow up coronal T2W shows mild right hippocampal volume loss. (E) Follow up axial FLAIR shows mild right
hippocampal volume loss and hyperintense signal. (F) Follow up ASL shows complete resolution of the previously right hippocampal hyperperfusion. Of note, the
decreased ASL signal in the left occipital lobe is due to the present of an ipsilateral fetal PCA.

and LGI1 in particular is vastly underexplored. Therefore, the
objective of this study is to characterize the ASL imaging findings
in seropositive LGI1 AE.

MATERIALS AND METHODS

We retrospectively performed an imaging and chart review of
six consecutive patients who were diagnosed with AE based
on MRI imaging characteristics and given symptomatology
from December 2015 to April 2021. This retrospective
investigation was deemed exempt by the institutional
review board of Stanford University, and patient consent
was waived (IRB-64187).

Patient Population

Patients of agel8 years and above with baseline ASL imaging,
seropositive LGI1 AE, negative Herpes Simplex Virus (HSV)
PCR, negative Creuztfeld-Jakob Disease panel (4), absence
of acute territorial infarct on MRI, and clinical presentation
of stroke-like symptoms were included. Stroke-like symptoms

included seizures, acute neurologic deficits, cognitive deficits,
behavioral changes, altered mental status, memory loss, and
myoclonus. This search yielded six patients with seropositive
LGI1 AE included in our analysis. Four patients underwent
follow-up MRI imaging, with ASL at least 3 weeks after the
initial presentation.

Imaging Acquisition and Post-processing
Patient examinations were performed from December 2015
to April 2021 on 3T Discovery (GE Healthcare, Milwaukee,
Wisconsin) scanners.

ASL acquisition: ASL was performed using a single-delay
pseudocontinuous (pCASL), with 3D eight-stacked spiral fast
spin echo readout acquisition with background suppression, with
the following imaging parameters: TR: 6512, TE: 10.2, FOV:
24 x 24 cm, slice thickness: 4mm, scan time: 4 min, labeling
duration: 1,500ms, post-label delay: 2,000 ms, background
suppressed three averages per acquisition based on the previously
mentioned acquisition time. MO scans were also acquired.
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ASL demonstrates resolution of the previous right greater than left hyperperfusion.

FIGURE 2 | A 28 year old male who presented with seizures and altered mental status. (A) Coronal T2W shows mild right hippocampal edema. (B) Axial FLAIR shows
subtle right hippocampal and amygadala hyperintense signal. (C) ASL demonstrates asymmetric right greater than left hyperperfusion. (D) 10 month follow up coronal
FLAIR shows right hippocampal volume loss. (E) Axial FLAIR shows right hippocampal volume loss with associated ex vacuo dilatation of the right temporal horn. (F)

ASL was reconstructed with an interpolated resolution of
1.9 x 1.9 x 4 mm>.

ASL post-processing: ASL post-processing was performed
prior to CBF quantification for motion correction.

For generating CBF quantification maps, the previously
described one compartment model for standard single delay ASL
was utilized in this study (19, 20).

Imaging Analysis

Qualitative Analyses

Imaging analysis of ASL CBF maps on the six patients
with seropositive AE was performed independently by two
neuroradiologists (VY, 3 years of experience; and BL, 6 years
of experience) through qualitative visual inspection using a
two-point scale (increased, decreased), comparing the abnormal
signal to the unaffected ipsilateral and contralateral unaffected
temporal and parietal cortices. Quality checks were performed
by the two reading neuroradiologists to ensure the images

were acceptable for diagnostic interpretation and free of a
significant motion artifact or other confounding artifacts in
the regions of interest, such as an arterial transit artifact.
Discordant interpretations were resolved by consensus repeat
review. The following characteristics were assessed: a) presence
of ASL signal abnormality; b) if present, characterizing the
ASL signal abnormality using a two-point scale, ¢) assessment
of whether the ASL signal abnormality is in a territorial
or non-territorial distribution, d) specific spatial anatomic
location of the ASL signal abnormality, and e) laterality
(left, right, or both; if both, which side predominantly was
also specified).

Quantitative Analyses

Quantitative analysis was performed with manual placement
of ROIs (placement performed by BL) in the region of the
affected cortex in addition to the unaffected ipsilateral parietal,
contralateral temporal, and contralateral parietal cortices. The
ROI for the lesion was selected to cover only the abnormal
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postcontrast shows heterogenous enhancement of the same region.

FIGURE 3 | A 54 year old female who presented with altered mental status and seizures. (A) Axial T2W demonstrates right hippocampal hyperintense signal. (B)
Coronal FLAIR shows corresponding hyperintense signal in the same region. (C) ASL shows hyperperfusion in the right hippocampus and amygdala. (D) T1W

mesial temporal lobe, but not the entirety of the abnormality. The
contralateral side was measured at the same site and volume. For
the unaffected brain, gray and white matter was selected, covering
the same territory and volume on both sides. Abnormal CBF was
defined as under 20 ml/min/100 g and above 80 ml/min/100g

21).

RESULTS

In this study, we present six patients (five males
and one female: 28-76 years of age, mean age, 55.
years). Baseline characteristics are summarized in
Table 1.
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FIGURE 4 | A 76 year old male with subacute cognitive decline. (A) Coronal FLAIR demonstrates hyperintense signal in the left greater than right hippocampus and
amygdala. (B) ASL shows hyperperfusion in the left greater than right hippocampi. (C) ASL demonstrates bilateral involvement.

Four of the six underwent follow-up MRI, and three of the
four had ASL available on follow-up imaging for review.

On qualitative consensus review, all patients had ASL signal
abnormality present (6/6, 100%, Figures 1-4 on Panel B, as
well as Figures4-6 on Panel C). In all patients, the ASL
signal abnormality was focally increased in the mesial temporal
lobe involving the amygdala and hippocampus (5/6) or only
the amygdala (1/6) in a non-territorial distribution. Associated
T2/FLAIR hyperintensity and mild swelling were present in all
cases (6/6 100%), although this finding was subtle in half of the
cases. One patient had corresponding restricted diffusion (not
shown) and enhancement in the affected mesial temporal cortex
(1/6, 17%, Figure 3, Panel D). In five patients, the ASL signal
abnormality involved the right mesial temporal lobe (5/6, 83%);
one patient had left-sided mesial temporal lobe findings.

On the four patients with ASL available on follow-up, the
hyperperfusion was resolved in all patients (4/4, 100%, Figure 7
as an example). In three patients, the T2/FLAIR signal was
resolved, while, in one patient, the edema seen on T2/FLAIR was
resolved, but signal abnormality persisted in the same region of
the ASL hyperperfusion, with development of volume loss when
assessed qualitatively.

Quantitative analyses are summarized in Table 2.

Please see the detail sequence parameters in Table 3.

DISCUSSION

In this preliminary study of retrospectively reviewed patients,
we demonstrate focal increased mesial temporal ASL
signal abnormality compatible with hyperperfusion to be
present with the LGI-1 subtype of AE on qualitative and
quantitative analysis.

Prior studies have elucidated the structural MRI
characteristics of AE and LGI1 in particular. In a retrospective
review of eight patients with confirmed LGII, Li et al. showed
that, in five of the eight patients, there were T2 and FLAIR
signal abnormalities involving the hippocampus, insula, or
thalamus. In our study, we found mesial temporal involvement
without signal abnormalities in the insula or thalamus. Kotsenas
et al. and Kelley et al. both demonstrated that, in patients
with voltage-gated potassium channels (VGKC) antibody AE
- of which LGII is one of the most common (22), patients
develop T2/FLAIR hyperintensity in the medial temporal
lobes in the acute setting (2, 6). Also of note, Kotsenas
et al. showed that patients with mesial temporal lobe FLAIR
hyperintensity and associated restricted diffusion or postcontrast
enhancement have a higher likelihood to progress to mesial
temporal sclerosis (MTS) (6). Their findings are spatially
concordant with our study on the mesial temporal lobe
involvement. Flanagan et al. also reported that patients who
present with FBDS in the setting of LGI1 also demonstrate
T1 hyperintensity in the basal ganglia (23). Unlike Flanagan
et al., we need not find any basal ganglia signal abnormality in
any case.

Although structural MRI imaging has been increasingly
investigated in AE and its subtypes, perfusion imaging is vastly
underexplored and restricted only to case reports. Vallabhaneni
et al. present one case of CT and MRI perfusion in a patient
with GADG65 antibody AE, demonstrating hyperperfusion on
both modalities in the left parieto-occipital cortex (17). Dinoto
et al. reported ASL findings into two patients with LE - one
seronegative and one LGI1. In the patient with LGI1, they
found an increased ASL signal in the right hippocampus and
the mesial temporal lobe along with FLAIR hyperintensity
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FIGURE 5 | A 54 year old male with traumatic brain injury. (A) Coronal T2W shows no structural abnormality. (B) ASL demonstrates hyperperfusion within the left
amygdala. (C) 8 month follow up coronal FLAIR shows left hippocampal volume loss. (D) ASL demonstrates resolution of the previous hyperperfusion.

and postcontrast enhancement (18). Additionally, a case of an
increased right mesial temporal lobe ASL signal within the
hippocampus and amygdala has been previously reported in one
patient with LGI1 (24).

Our preliminary analysis of six patients is the largest group
of LGI1 patients with ASL reported to date. We report ASL
hyperperfusion in a non-territorial distribution localized to the
mesial cortex, specifically involving the hippocampal formation
and/or amygdala, with a possible predilection for the right mesial
temporal lobe. We postulate that the ASL hyperperfusion is
found during the acute phase of the disease similar to what is
seen with the ictal state in seizures (25). The distribution of

the ASL hyperperfusion is concordant with prior investigations
that have shown the LGI1 protein to be mainly expressed in the
hippocampi and temporal cortex (26, 27).

Our findings are also in agreement with previous reports
with the novel addition of ASL CBF quantification. Specifically,
our finding of mesial temporal involvement falls in line with
previous case reports by Dinoto et al. (18) and Espinosa-
Jovel et al. (24). Interestingly, our finding is also concordant
with previous reports of hypermetabolism in the right mesial
temporal lobe on PET during the acute phase (7). This is also
in contrast to the predominant cortical involvement seen in
the patients with non-LGI1 and may represent a biomarker

Frontiers in Neurology | www.frontiersin.org

July 2022 | Volume 13 | Article 850029


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Yedavalli et al.

ASL Imaging of LGI1 Encephalitis

FIGURE 6 | A 48 year old male with memory loss and seizures. (A) Coronal FLAIR shows hyperintense signal in the right greater than left hippocampus and
amygdala. (B) ASL shows hyperperfusion in the corresponding regions. (C) Six month follow up coronal FLAIR shows hyperintense signal in the bilateral hippocampi
compatible with mesial temporal sclerosis. (D) Six month follow up ASL demonstrates complete resolution of the previously seen hyperperfusion.

specific to LGI1. Given the high-relapse rate (4) and high
mortality (28) of LGII, it is also possible for ASL to be a
potential treatment biomarker. In the four LGI1 patients with
ASL follow-up imaging, all showed post-treatment resolution of
the increased signal. However, despite subsequent resolution of
the ASL hyperperfusion, all four patients were diagnosed with
MTS. Larger-scale prospective studies are necessary to further
investigate these findings.

Our study is not without limitations. We kept stringent
criteria using a retrospective design that resulted in a small
sample size of six patients with seropositive LGI-1 AE.
Nevertheless, our cohort is the largest series of seropositive
LGI1 patients with ASL reported in the literature. Notably,
LGI1 is an exceedingly rare disease as LGI1 antibodies have
only been recently discovered in 2010, and only 250 cases
have been reported in the world as of 2015 (1). Only four
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FIGURE 7 | A 54 year old male with traumatic brain injury. (A) Initial ASL at the level of the parietal cortex shows normal cerebral blood flow bilaterally. (B) ASL
demonstrates hyperperfusion within the left hippocampus when compared to the normal contralateral mesial temporal lobe. (C) 8 month follow up at the level of the
parietal cortex demonstrates normal cerebral blood flow bilaterally. (D) 8 month follow up ASL shows resolution of the previous left hippocampal hyperperfusion with
cerebral blood flow similar to the normal contralateral side.

TABLE 2 | Quantitative ASL measurements by spatial location.

Cerebral blood flow Mean Median Standard deviation Absolute difference between means of
affected cortex and normal cortex per lobe

CBF of affected temporal cortex 111.2 £ (5.73) 105 (100-131) 5.73 N/A
CBF of ipsilateral normal parietal cortex 49 49 (31-59) N/A 62.2
CBF of contralateral normal temporal cortex 58.2 + (5.62) 59 (44-77) 5.62 53
CBF of contralateral normal parietal cortex 52.2 + (4.77) 52 (39-67) 4.77 59

TABLE 3 | Sequence parameters.

Sequence Readout TR (ms) TE (ms) TI(ms) Slice thickness (mm) Acquisition matrix (voxels) Flip angle Acquisition time (mins)
DWI (B 1000) EPI 4,835 80.7 5 128 x 128 90 1:19
T2*W GRE Gradient echo 680 15 5 384 x 224 20 2:18
3D FLAIR Spin echo 6,002 136 1,709 1.2 256 x 256 90 5:03
2D FLAIR Spin echo 9,500 147 2,300 5 384 x 224 111 2:48
3D T1W post contrast ~ Gradient echo 8.27 3.23 400 1 256 x 256 90 4:20
2DT1W post contrast ~ Spin echo 600 19 5 320 x 224 13 2:01
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of the six patients had follow-up imaging with ASL, limiting
our temporal assessment post treatment. It is also notable that
several patients presented acutely with seizures, which can also
show an increased ASL signal in a non-territorial distribution
in the ictal phase (11). It is certainly possible that the increased
ASL signal in these patients is attributed to the ictal state.
However, three of the six patients with LGI1 who did not
present with seizures also had a similarly increased ASL signal
in the right mesial temporal lobe, suggesting that this finding
is distinct from the imaging findings seen in the ictal phase
of seizures.

This study may serve as the basis for future investigations.
Further larger scale retrospective or prospective studies
with serial follow-up ASL imaging this  specific
population are necessary to ascertain the strength of these
findings.

in

CONCLUSION

In this preliminary study, we qualitatively and quantitatively
demonstrate an ASL hyperperfusion pattern with a
possible predilection for the right mesial temporal lobe
in patients with seropositive LGI1. Further studies
must be performed to assess the strength of this
potential association.
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