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IMPORTANCE Rapid and accurate diagnosis of autoimmune encephalitis encourages prompt
initiation of immunotherapy toward improved patient outcomes. However, clinical features
alone may not sufficiently narrow the differential diagnosis, and awaiting autoantibody
results can delay immunotherapy.

OBJECTIVE To identify simple magnetic resonance imaging (MRI) characteristics that
accurately distinguish 2 common forms of autoimmune encephalitis, LGI1- and
CASPR2-antibody encephalitis (LGI1/CASPR2-Ab-E), from 2 major differential diagnoses, viral
encephalitis (VE) and Creutzfeldt-Jakob disease (CJD).

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study involved a retrospective,
blinded analysis of the first available brain MRIs (taken 2000-2022) from 192 patients at
Oxford University Hospitals in the UK and Mayo Clinic in the US. These patients had
LGI1/CASPR2-Ab-E, VE, or CJD as evaluated by 2 neuroradiologists (discovery cohort; n = 87);
findings were validated in an independent cohort by 3 neurologists (n = 105). Groups were
statistically compared with contingency tables. Data were analyzed in 2023.

MAIN OUTCOMES AND MEASURES MRI findings including T2 or fluid-attenuated inversion
recovery (FLAIR) hyperintensities, swelling or volume loss, presence of gadolinium contrast
enhancement, and diffusion-weighted imaging changes. Correlations with clinical features.

RESULTS Among 192 participants with MRIs reviewed, 71 were female (37%) and 121 were
male (63%); the median age was 66 years (range, 19-92 years). By comparison with VE and
CJD, in LGI1/CASPR2-Ab-E, T2 and/or FLAIR hyperintensities were less likely to extend
outside the temporal lobe (3/42 patients [7%] vs 17/18 patients [94%] with VE; P < .001, and
3/4 patients [75%] with CJD; P = .005), less frequently exhibited swelling (12/55 [22%] with
LGI1/CASPR2-Ab-E vs 13/22 [59%] with VE; P = .003), and showed no diffusion restriction (O
patients vs 16/22 [73%] with VE and 8/10 [80%] with CJD; both P < .001) and rare contrast
enhancement (1/20 [5%] vs 7/17 [41%] with VE; P = .01). These findings were validated in an
independent cohort and generated an area under the curve of 0.97, sensitivity of 90%, and
specificity of 95% among cases with T2/FLAIR hyperintensity in the hippocampus and/or
amygdala.

CONCLUSIONS AND RELEVANCE In this study, T2 and/or FLAIR hyperintensities confined to the
temporal lobes, without diffusion restriction or contrast enhancement, robustly distinguished
LGI1/CASPR2-Ab-E from key differential diagnoses. These observations should assist clinical
decision-making toward expediting immunotherapy. Their generalizability to other forms of
autoimmune encephalitis and VE should be examined in future studies.
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antibody encephalitis and contactin-associated

protein-like 2 (CASPR2)-antibody encephalitis (LGI1/
CASPR2-Ab-E) are 2 common forms of autoimmune
encephalitis (AE), characterized by rapid onset of cognitive
impairment, behavioral disturbance, and seizures.! They can
be difficult to distinguish from other encephalopathies or
rapidly progressive dementias, such as viral encephalitis
(VE) and Creutzfeldt-Jakob disease (CJD).? Delays to immu-
notherapy administration in patients with AE result in
poorer outcomes.? Further, autoantibody test results can
take several weeks to return. Hence, there is a practical
importance in rapidly accessible investigations that can
assist early diagnosis. Here, we identify brain magnetic
resonance imaging (MRI) findings that differentiate LGI1/
CASPR2-Ab-E from VE and CJD.

I eucine-rich glioma inactivated protein 1 (LGI1)-

Methods

Discovery Cohort

Using existing Oxford Autoimmune Neurology Group
cohorts,** 55 people with LGI1- or CASPR2-Ab-E and with lo-
cally downloaded MRIs were identified. All demonstrated at
least 1 of seizures, cognitive impairment, psychosis, and be-
havioral disturbance, consistent with encephalitis. Two par-
ticipants with purely peripheral features (neuropathic pain,
neuromyotonia) were excluded. Retrospective data were
collected from medical records and research databases, with
patients granting informed written consent as approved by eth-
ics committees (Oxfordshire RECA07/Q1604/28-REC16/YH/
0013). Thirty-two people with VE or CJD diagnosed at Oxford
University Hospitals were identified from microbiology de-
partment and hospital records, respectively (Oxford Univer-
sity Hospitals approval 6660). This cross-sectional study was
designed in accordance with Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guidelines.

Two neuroradiologists who were blinded to diagnoses
reviewed the earliest available MRIs and reached consensus
opinion on the following features:

» T2 and/or fluid-attenuated inversion recovery (FLAIR) hy-
perintensities in predefined brain regions

« Swelling or volume loss in hippocampus/amygdala

 Gadolinium contrast enhancement

- Diffusion-weighted imaging changes

» Hemorrhages

» Basal ganglia T1 hyperintensities®

Incidental findings unrelated to the diagnosis were
excluded from analyses. Statistics were performed using
SPSS version 29 (IBM) and Prism version 9.4.1 (GraphPad). x>
and Fisher exact tests were performed to compare propor-
tional differences between groups (LGI1/CASPR2-Ab-E, VE,
CJD) with nonparametric Mann-Whitney tests. For logistic
regression analyses, potentially significant features (P < .10)
were entered into stepwise backward models. Receiver oper-
ating characteristics curves were generated for key findings,
excluding missing data.
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Key Points

Question Can magnetic resonance imaging (MRI) features help
distinguish LGI1-antibody and CASPR2-antibody encephalitis from
viral encephalitis and Creutzfeldt-Jakob disease?

Findings This cross-sectional study using validation with an
independent external cohort identified that confinement of T2
and/or fluid-attenuated inversion recovery hyperintensities to the
temporal lobe, without diffusion restriction or contrast
enhancement, robustly distinguished LGI1- and CASPR2-antibody
encephalitis from key differential diagnoses.

Meaning These simple MRI features should be used within the
routine diagnostic process to help expedite the diagnosis and
treatment of autoimmune encephalitis.

Validation Cohort

The same analyses were performed by 3 blinded neurologists
from 105 MRIs at Mayo Clinic in the US, where patients pro-
vided written consent to medical record use for research (in-
stitutional review board No. 20-005622). Discovery and vali-
dation cohorts were combined when analyzing subgroups with
LGI1/CASPR2-Ab-E and VE.

. |
Results

Among 192 participants with MRIs reviewed, 71 were female
(37%), 121 were male (63%), and the median age was 66
years (range, 19-92 years). The discovery cohort included
55 participants with LGI1/CASPR2-Ab-E (42 with LGI1
antibodies, 9 with CASPR2 antibodies, 4 with LGI1 and
CASPR2 antibodies), 22 participants with VE (herpes sim-
plex virus 1, n = 18; human herpes virus 6, n = 4), and 10
participants with sporadic CJD (Table and eTable 1 in
Supplement 1). Thirty-eight of 51 patients (75%) with LGI1/
CASPR2-Ab-E had imaging within 6 weeks of commencing
immunotherapy.

Regional T2 and/or FLAIR Hyperintensities

From 80% to 91% of the 3 groups showed MRI abnormalities
(LGI1/CASPR2-Ab-E, 44/55 patients; VE, 20/22 patients; CJD,
9/10 patients) (Figure 1 and Figure 2A). T2 and/or FLAIR
hyperintensities were seen in 42 of 44 abnormal scans (95%)
of patients with LGI1/CASPR2-Ab-E, 19 of 20 (95%) with VE,
and 5 of 9 (56%) with CJD (P = .005 and P = .02, respectively)
(Figure 2B). These hyperintensities universally involved the
temporal lobes in LGI1/CASPR2-Ab-E (42/42; 100%) and in
almost all VE cases (18/19; 95%). However, they were con-
fined to the hippocampus/amygdala (hippocampus, amyg-
dala, and/or hippocampus-amygdala junction) in all but 8 of
42 patients (19%) with LGI1/CASPR2-Ab-E; by contrast, this
confinement was observed in 1 of 18 patients (6%) with VE
(P <.001) and 1 of 4 patients (25%; P = .04) with CIJD
(Figure 2C). Extension beyond the temporal lobe (ie, insula,
cingulate gyrus, frontal lobe, basal ganglia) was even rarer in
LGI1/CASPR2-Ab-E (3/42 patients; 7%) vs VE (17/18 patients;
94%; P < .001) and CJD (3/4 patients; 75%; P = .005)
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(Figure 2D). No differences were observed in the laterality of
T2 and/or FLAIR hyperintensities (Figure 2E).

Swelling of the hippocampus/amygdala was more com-
mon in VE (13/22; 59%) than LGI1/CASPR2-Ab-E (12/55; 22%;
P =.003) or CJD (0/10; P = .002) (Figure 2F), and loss of hip-
pocampus/amygdala volume was not different across the 3
cohorts (data not shown). Hemorrhage within T2-/FLAIR-
hyperintense regions occurred in 4 of 22 patients with VE (18%)
compared with O of 54 patients with LGI1/CASPR2-Ab-E
(P =.006) and O of 9 patients with CJD (P = .07). Neither T2,
FLAIR, nor precontrast T1 hyperintensities were seen in the
basal ganglia in LGI1/CASPR2-Ab-E cases; both were seen in 1
of 22 separate VE cases (5%).

Diffusion Restriction and Contrast Enhancement

Strikingly, diffusion restriction with apparent diffusion coef-
ficient hypointensity was seen in O of 50 patients with LGI1/
CASPR2-Ab-Ebut 16 of 22 patients (73%) with VE (all in the con-
text of T2/FLAIR hyperintensities) and 8 of 10 patients (80%)
with CJD (4/8 in the absence of other T2/FLAIR hyperintensi-
ties; P < .001) (Figure 1and Figure 2G). Furthermore, when per-
formed, contrast enhancement was observed in only 1 of 20
LGI1/CASPR2-Ab-E cases (5%) vs 7 of 17 VE cases (41%; P = .01)
and O of 2 CJD cases (P > .99) (Figure 1 and Figure 2H).

Clinical Associations

In LGI1/CASPR2-Ab-E, only the occurrence of seizures was as-
sociated with T2 and/or FLAIR hyperintensities in the hippo-
campus and hippocampus-amygdala junction (Figure 2I and
eFigure 1 in Supplement 1). Neither frequency of seizures
(Mann-Whitney U test) nor time since symptom onset (logis-
ticregression) was associated with any of the MRI features stud-
ied (eTable 3 in Supplement 1).

Validation Cohort

To validate and assess the relevance of these radiological find-
ings, 3 neurologists independently reviewed 105 additional
MRIs blinded to diagnoses of LGI1/CASPR2-Ab-E (n = 59), VE
(n = 10), and sporadic CJD (n = 36) (Table). Trends were simi-
lar overall (eFigure 2 in Supplement 1), although by compari-
son with the discovery cohort, patients with LGI1/CASPR2-
Ab-E showed fewer overall MRI abnormalities and T2/FLAIR
hyperintensities (discovery vs validation: 44/55 [80%] vs 27/59
[46%] and 42/44 [95%] Vs 16/27 [59%], respectively; both
P < .001), which more often extended outside of the hippo-
campus/amygdala (discovery vs validation: 8/42 [19%] vs 12/15
[80%]; P < .001). Yet in LGI1/CASPR2-Ab-E, extratemporal ex-
tension was again rare compared with VE (1/15 [7%] vs 6/6 with
VE [100%]; P < .001), diffusion restriction was observed in O
of 57 patients with LGI1/CASPR2-Ab-E (vs 3/9 [33%] with VE;
P =.002; and 25/36 [69%] with CJD; P < .001), and contrast en-
hancement in just 1 of 40 patients (3%) with LGI1/CASPR2-
Ab-E (compared with 4/9 [44%] with VE; P = .003, and 0/26
patients with CJD; P > .99).

History of seizures (excluding faciobrachial dystonic sei-
zures) trended toward a correlation with T2 and/or FLAIR hy-
perintensities in the amygdala (odds ratio, 0.17; 95% CI, 0.03-
1.15; P = .07), but there were no other significant associations
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Table. Demographic Characteristics and MRI Timing
in the Discovery and Validation Cohorts

Characteristic® Discovery Validation
LGI1/CASPR2-antibody encephalitis
No. of patients 55 59
Disease subtype, No. (%)
LGI1 antibody 42 (76) 41 (69)
CASPR2 antibody 9(16) 17 (29)
LGI1 and CASPR2 antibody 4(7) 1(2)
Sex, No. (%)

Male 43 (78) 42 (71)
Female 12 (22) 17 (29)
Age at time of MRI, median (range),y 65 (25-92) 68 (19-87)

Episode type, No. (%)
First episode 52 (95) 42 (100)
Relapse 3(5) 0
Time from symptom onset to MRI, 15.0 7.6 (0.0-104.6)
median (range), wk (0.0-554.0)°
Viral encephalitis
No. of patients 22 10
Disease subtype, No. (%)
HSV1 18(82) 5(50)
HHV6 4(18) 0
HSV2 0 2 (20)
vzv 0 2 (20)
WNV 0 1(10)
Sex, No. (%)
Male 10 (45) 3(30)
Female 12 (55) 7 (70)
Age at time of MRI, median (range),y 60 (31-83) 59(33-91)
Creutzfeldt-Jakob disease
No. of patients 10 36
Sex, No. (%)
Male 8 (80) 15 (42)
Female 2 (20) 21 (58)
Age at time of MRI, median (range),y 62 (33-80) 67 (32-84)

Abbreviations: CASPR2, contactin-associated protein-like 2; HSV, herpes
simplex virus; HHV6, human herpes virus 6; LGI1, leucine-rich glioma
inactivated 1; LGI1/CASPR2-Ab-E, LGI1- and CASPR2-antibody encephalitis;
MRI, magnetic resonance imaging; VZV, varicella zoster virus; WNV, West Nile
virus.

2 All details were available for LGI1/CASPR2-Ab-E cases and basic demographic
data for patients with viral encephalitis and Creutzfeldt-Jakob disease. Groups
were age matched.

b A gender skew to males was present in the LGI1/CASPR2-Ab-E groups (P = .02
in discovery cohort, P = .002 in validation cohort, Fisher test).

€ The discovery cohort had a longer median time from symptom onset to MRI

(P =.003, Mann-Whitney U test). There were no other significant differences
between cohorts.

between clinical features and distribution of T2/FLAIR hyper-
intensities (eFigure 3 in Supplement 1).

Median time from onset was 7 weeks in the LGI1/CASPR2-
Ab-E validation cohort (compared with 15 weeks in the dis-
covery cohort), but time since onset was again found not to
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Figure 1. Regional T2 Magnetic Resonance Imaging (MRI) Hyperintensities, Diffusion Restriction, and Contrast Uptake

E Individualized patient data from the discovery cohort
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A, T2 hyperintensities across brain regions (red), the presence of diffusion

restriction (dark gray), and contrast enhancement (green) in LGI1/CASPR2-

antibody encephalitis (LGIT/CASPR2-Ab-E, n = 55), viral encephalitis (VE,
n = 22), and Creutzfeldt-Jakob disease (CJD, n = 10). Light gray indicates
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available in eTable 2 in Supplement 1. ADC indicates apparent diffusion
coefficient; AE, autoimmune encephalitis; DWI, diffusion-weighted imaging;
FLAIR, fluid-attenuated inversion recovery; HSV1, herpes simplex virus 1.
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Figure 2. Magnetic Resonance Imaging (MRI) Features and Distinctions Between LGI1- and CASPR2-Antibody
Autoimmune Encephalitis (AE), Viral Encephalitis (VE), and Creutzfeldt-Jakob Disease (CJD)
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Figure 3. Subgroup Analyses in Combined Discovery and Validation Cohorts of LGI1-Antibody Encephalitis vs CASPR2-Antibody
Encephalitis and LGI1/CASPR2-Antibody Autoimmune Encephalitis (AE) vs Viral Encephalitis (VE) Subtypes
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Figure 4. Receiver Operating Characteristic (ROC) Curves Reporting the Predictive Value of Diffusion Restriction, Contrast
Enhancement, and Extratemporal T2 and/or Fluid-Attenuated Inversion Recovery (FLAIR) Hyperintensity
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Distinguishing LGI1/CASPR2-antibody autoimmune encephalitis (AE) from
non-AE cases across both cohorts separately and combined. All cases entered
into this analysis demonstrated T2 and/or FLAIR hyperintensity of the
hippocampus and/or amygdala. Absence of all 3 of these features was
predictive of LGI1/CASPR2-antibody AE with an area under the curve (AUC) of

0.97, sensitivity of 90%, and specificity of 95% among cases with
hippocampus/amygdala T2/FLAIR hyperintensity. For similar analyses including
all cases (including scans without hippocampus/amygdala changes and normal
scans) and comparing LGI1/CASPR1-antibody AE against herpes simplex virus 1
cases only, see eFigure 4 in Supplement 1.

be associated with MRI features. No significant differences were
found in other demographic variables (Table).

Subgroup Analyses Within AE and VE
Across the combined discovery and validation cohorts, cases with
LGI1-Ab-E more commonly showed abnormal MRIs than those
with CASPR2-Ab-E (58/83 [70%] vs 10/26 [39%], respectively; P =
.005) (Figure 3A). However, within abnormal scans, the fre-
quency of T2 and/or FLAIR abnormalities and of temporal lobe
confinement were not significantly different (Figure 3B-D).
Of all VE cases, diagnoses included herpes simplex virus 1
(HSV1, 23/32, 72%), human herpes virus 6 (n = 4), HSV2 (n = 2),
varicella zoster virus (n = 2), and West Nile virus (n = 1). By com-
parison with HSV1, these pooled subtypes showed fewer abnor-
mal MRIs (23/23 [100%] vs 6/9 [67%], respectively; P = .02)
(Figure 3E) and T2/FLAIR hyperintensities (23/23 [100%] vs 3/6
[50%], respectively; P = .005) (Figure 3F-H) with less hippocam-
pus/amygdala swelling (18/23 [78%] vs 1/9 [11%], respectively;
P <.001) (Figure 3I), less diffusion restriction (17/22 [77%] vs 2/9
[22%], respectively; P = .01) (Figure 3J), and no contrast en-
hancement (11/19 [58%] vs O/7, respectively; P = .01) (Figure 3K).
LGI1/CASPR2-Ab-E cases continued to demonstrate lower rates
of diffusion restriction than the non-HSV1 forms of VE (0/107 vs
2/9[22%], respectively; P = .005) (Figure 3J) without other sig-
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nificant differences in this small, heterogenous cohort
(Figure 3E-K).

Combined Predictive Values

Among cases with T2/FLAIR hyperintensities of the hippocam-
pus/amygdala, we generated receiver operating characteristic
curves incorporating diffusion restriction, contrast enhance-
ment, and extratemporal T2/FLAIR hyperintensities. These
revealed an area under the curve (AUC) of 0.97 (95% CI, 0.91-
1.00) across both cohorts (Figure 4). The absence of these 3 fac-
tors identified LGI1- and CASPR2-Ab-E with a sensitivity of 90%
and specificity of 95%. A parallel analysis including all cases (in-
cluding normal scans) returned an AUC of 0.89 (95% CI, 0.82-
0.95), 93% sensitivity, and 81% specificity (eFigure 4A in Supple-
ment 1). Restricting the analysis to LGI1/CASPR2-Ab-E vs HSV1
cases only further improved the AUC to 0.997 (95% CI, 0.99-
1.00), returning a sensitivity of 90% and specificity of 100% (eFig-
ure 4B in Supplement 1).

|
Discussion

This study identifies several simply ascertained MRI features
that accurately differentiate LGI1/CASPR2-Ab-E from 2 key
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differentials.?® Compared with VE and CJD, T2 and/or FLAIR
hyperintensities in LGI1/CASPR2-Ab-E were typically con-
fined to the temporal lobe, without diffusion restriction and
only rare contrast enhancement. These widely accessible MRI
sequences, validated by 2 sets of expertise (neuroradiologists
and neurologists), have clear diagnostic utility in the appro-
priate clinical context and can help expedite immunotherapy
administration to patients with AE.

Although imaging abnormalities were our focus, 43 of 114
LGI1/CASPR2-Ab-E scans (38%) showed no abnormalities, im-
pressing the importance of considering AE even in the con-
text of a normal MRI. Nevertheless, our most frequently ob-
served MRI abnormality was T2/FLAIR hyperintensities within
the hippocampus/amygdala, present in 80% of abnormal LGI1/
CASPR2-Ab-E images.”® Importantly, extratemporal exten-
sion of T2/FLAIR hyperintensities was rare in AE but almost
universal in VE, emphasizing the value of precise anatomical
distributions. In addition, we identified 2 other sensitive and
highly specific radiological findings in LGI1/CASPR2-Ab-E: ab-
sence of diffusion restriction and contrast enhancement. These
observations offer valuable clinical tools but also fundamen-
tal biological insights, suggesting inflammation in LGI1/
CASPR2-Ab-E is associated with limited cytotoxic edema or
blood-brain barrier opening. However, outside of this study,
we have observed very rare cases with diffusion restriction and
contrast enhancement, often in the hyperacute phase of dis-
ease: these observations may relate to frequent focal seizures,'®
the only clinical feature associated with hippocampal T2/
FLAIR hyperintensities in the discovery cohort.

Our findings help contextualize previous studies. An early
report suggested diffusion restriction and contrast enhance-
ment were common in voltage-gated potassium channel
(VGKC)-antibody encephalitis, likely relating to the in-
clusion of patients with non-LGI1/CASPR2-reactive VGKC
antibodies.'? Our data are more consistent with recent
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studies,'®>* including one that identifies the combined ab-

sence of diffusion restriction, contrast enhancement, and
extralimbic MRI changes, although not each in isolation, as
suggestive of AE."®

Limitations

Limitations of this study include the use of heterogenous pro-
tocols across hospitals and variable MRI timing. While these
reflect real-world practice and suggest our data may miss
some early, transient findings, 75% of MRIs were performed
within 6 weeks of immunotherapy commencement. In terms
of their application to the individual patient, our findings
were most sensitive at distinguishing between LGI1/CASPR2-
Ab-E and HSV1 VE, whereas less common forms of VE
appeared to have more heterogenous imaging findings.
Hence, our data should be extended to other forms of VE in
future studies. Similarly, we only focused on LGI1/CASPR2-
Ab-E, and future studies should specifically aim to systemati-
cally translate these observations to other forms of AE,
including GABAbR-antibody encephalitis and seronegative
AE. Finally, our study combined MRI scans from several cen-
ters across 2 countries, implying some potential inconsisten-
cies in imaging parameters that could be better addressed by
MR parameter harmonization.

. |
Conclusions

In this study, T2 and/or FLAIR hyperintensities confined to the
temporal lobes, without diffusion restriction or contrast en-
hancement, robustly distinguished LGI1/CASPR2-Ab-E from
key differentials. These observations should assist clinical de-
cision-making toward expediting immunotherapy. Their gen-
eralizability to other forms of autoimmune encephalitis and
VE should be examined in future studies.
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