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eTable 1. Clinical and Laboratory Characteristics of Anti-LGI1 Encephalitis Patients 
ID Sex Age Acute routine 

clinical imaging 
EEG  FBDS or 

pilomotor / 
autonomic 
seizures 

Other 
seizures 

Limbic 
encephalitis 
symptoms 

Hyponatremi
a (< 135 
mmol/l) 

Lowest 
sodium 
level 
(mmol/l) 

Tumor Antiepileptic 
therapy 

Immunotherapy mRS  
(at the 
time of 
study) 

Antibody 
titer  
(at the time 
of study) 

1 w 69 T2/FLAIR acute:  
hyperintensities 
hippocampus and 
amygdalae 
bilaterally 
Follow-up after  4 
months: mild right-
sided hippocampal 
atrophy with 
T2/FLAIR signal 
increase 
Mild SAE 

Normal 
EEG 

FBDS -  Memory 
deficits, sleep 
disturbances 

yes 129 Neuroendocri
ne tumor 
grade 2, 
Jejunum 
(Mib-1 , 5%) 

Levetiracetam 
(3000 mg/d) 

Plasma exchange 
IV 
Methylprednisolon
e (x3) 
Prednisolone (30 - 
70 mg/d) 
Methotrexate 15 
mg/week 

1 1:100 (S) 
neg. (CSF) 

2 m 48 T2/FLAIR acute: 
right hippocampal 
hyperintensities 
 
Follow-up after 4 
months: right 
hippocampal 
atrophy 

Predomin
ant alpha 
rhythm 
with 
repeated 
episodes 
of 
rhythmic 
bilateral 
theta 
activity 

Pilomotor 
seizures, 
shivers 
running 
through the 
body 

One 
complex-
focal 
seizures 
with 
secondary 
generaliza
tion 

Memory 
deficits 

no 137 no Levetiracetam 
(2000 mg/d) 

Immunoglobulins 
IV 
Methylprednisolon
e 

1 1:100 (S) 

3 m 66 T2/FLAIR acute: 
bilateral (left > 
right) hippocampal 
hyperintensities  
 
Follow-up after 10 
months: Left 
hippocampal 
atrophy and 
T2/FLAIR signal 
increase 

Predomin
ant alpha 
rhythm 
with 
epileptifor
m activity 

- One 
complex 
focal 
seizure 

Memory 
deficits, 
confusion, 
sleep 
disturbances 

yes 129 no Levetiracetam 
(1000 mg/d) 

IV 
Methylprednisolon
e 
Plasma exchange 
Azathioprine (60 
mg/d) 

2 1:10 (S) 

4 m 75 T2/FLAIR acute: no 
hyperintensities in 
hippocampi 
 
Follow-up after 30 
months: Bilateral 
hippocampal 
atrophy 
 
Extensive SAE, 
mild global atrophy 

Normal 
EEG 

FBDS - Memory 
deficits 

no  no Valproic acid 
(600 mg/d) 

IV 
Methylprednisolon
e 
Plasma exchange 

2 neg. (S) 
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5 m 75 T2/FLAIR acute: 
normal 
 
Follow-up after 12 
months: mild 
bilateral 
hippocampal 
atrophy 

Normal 
EEG 

FBDS - Memory 
deficits, 
confusion 

no 136 no Levetiracetam 
(1000 mg/d) 

IV 
Methylprednisolon
e (x4) 
Immunoglobulins 
(x3) 
Prednisolone (60 
mg/d) 
Azathioprine (60 
mg/d) 

1 1:100 (S) 

6 m 70 T2/FLAIR acute: 
left hippocampal 
hyperintensities 
 
Follow-up after 5 
years: mild left 
hippocampal 
atrophy 
 
Mild SAE 

Moderate 
generalize
d slowing 
with right 
frontotem
oral 
slowing 

FBDS - Memory 
deficits, 
confusion, 
sleep 
disturbances, 
reduced 
vigilance, 
delirium 

yes 130 no Levetiracetam 
(3000 mg/d) 

IV 
Methylprednisolon
e 
Plasma exchange 
(x2) 
Prednisolone 
(100mg/d) 
Azathioprine 
(100mg/d) 

2 1:10 (S) 

7 m 76 T2/FLAIR acute: 
normal hippocampi, 
periventricular 
leukoencephelopath
y 
 
Follow-up after 24 
months: Bilateral 
hippocampal 
atrophy 
 
Mild global atrophy 

n/a - - Memory 
deficits, sleep 
disturbances 

yes 134 no - Immunoglobulins 
IV 
Methylprednisolon
e (x3) 
Prednisolone (70 
mg/d) 
Azathioprine 
(150mg/d) 

3 1:32 (S) 

8 w 68 T2/FLAIR acute: 
mild bilateral 
hyperintensities in 
hippocampus 
 
Follow-up after 30 
months: mild right 
hippocampal 
atrophy 

Predomin
ant alpha 
rhythm 
with 
hemispher
ic focus of 
slowed 
activity 
during 
hypervent
ilation, no 
epileptifor
m activity 

FBDS and 
short shivers 
of whole 
body 

- Memory 
deficits, 
confusion 

no 140 no Levetiracetam IV 
Methylprednisolon
e  
Plasma Exchange 

1 1:320 (S) 

9 w 73 T2/FLAIR acute: 
left hippocampal 
hyperintensities 
 
Follow-up after 14 
months: 
bilateral (left >> 
right) hippocampal 
atrophy 

n/a - generalize
d tonic-
clonic 
seizure 

Memory 
deficits, 
confusion 

yes 133 no Levetiracetam 
(1000 mg/d) 

IV 
Methylprednisolon
e (x2) 
Prednisolon 
(60mg/d) 
Azathioprine 
(150mg/d) 
Rituximab (2 x 
1000 mg) 

3 (12/04/201
3: IgG 
1:100) 
07/06/2013
: IgG 1:32 
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10 m 54 T2/FLAIR acute: 
bilateral 
hyperintensities in 
hippocampi 
 
Follow-up after 10 
months: bilateral 
(left > right) 
hippocampal 
atrophy with 
T2/FLAIR signal 
increase and mild 
global atrophy 
 
Mild SAE 

n/a FBDS - Memory 
deficits, 
confusion, 
pavor 
nocturnus 

yes n/a no Levetiracetam Immunoglobulins 
(x3) 
IV 
Methylprednisolon
e (x3) 

2 neg. (S) 

11 m 38 T2/FLAIR acute: 
normal 

Normal 
EEG 

- complex 
focal 
seizures 

Memory 
deficits, 
irritability, 
anxiety, 
depressive 
symptoms, 
sleep 
disturbances 

no 138 no Levetiracetam 
(1250 mg/d) 

IV 
Methylprednisolon
e 
Prednisolone (80 
mg/d) 

0 1:100 
(CSF) 

12 m 68 T2/FLAIR acute: 
right hippocampal 
hyperintensities 
 
Follow-up after 10 
months: right 
hippocampal 
atrophy 
 
Mild SAE 

Diffuse 
theta and 
delta 
activity 
with 
intermitte
nt sharp 
waves 

FBDS - Memory 
deficits, 
confusion, 
agitation, 
confusion, 
pseudobulbar 
affect with 
pathological 
crying 

yes 118 no Levetiracetam 
(3000 mg/d) 

IV 
Methylprednisolon
e 
Prednisolone (80 
mg/d) 

2 1:10 (S) 

13 m 60 T2/FLAIR acute: 
hyperintensities 
right hippocampus 
 
Follow-up after 12 
months: bilateral 
(right > left) 
hippocampal 
atrophy with 
T2/FLAIR signal 
increase and mild 
global atrophy 

Moderate 
generalize
d slowing 

Shivers - Memory 
deficits, 
confusion, 
apathy, 
suicidality 

yes 127 no - IV 
Methylprednisolon
e 
Plasma exchange 
Immunoglobulins 
Prednisolone (20 
mg/d) 

2 neg. (S) 

14 m 63 T2/FLAIR acute: 
hyperintensities 
right hippocampus; 
residual 
hyperintensities 
lefthippocampus 
 
Follow-up after 3 
months: left > right 
hippocampal 
atrophy 

Bilateral 
fronto-
temporal 
slowing 
and 
epileptifor
m 
discharges 

FBDS - Memory 
deficits, 
confusion, 
delusions, 
aggressiveness
; later apathy, 
depressive 
symptoms, 
somnolence 

yes 134 no Valproic acid 
(1800 mg/d) 
Levetiracetam 

IV 
Methylprednisolon
e 
Plasma exchange 
Immunoglobulins 
Rituximab (2 x 
1000 mg) 

3 positive (S) 
positive 
(CSF) 
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15 m 71 T2/FLAIR acute: 
bilateral 
hyperintensities in 
hippocampi 
 
Follow-up after 3 
months: mild 
bilateral 
hippocampal 
atrophy 
 
Mild SAE 

Moderate 
generalize
d slowing 

FBDS - Memory 
deficits 

yes 129 no - IV 
Methylprednisolon
e 
Immunoglobulins 
Prednisolone 
(80mg/d) 
Rituximab (2 x 
1000mg) 

1 1:100 (S) 

16 m 75 T2/FLAIR acute: 
normal hippocampi, 
extensive SAE 
involving white 
matter, basal 
ganglia and brain 
stem; mild global 
atrophy 
 
Follow-up after 4 
months: mild 
bilateral 
hippocampal 
atrophy 
 
Extensive SAE 

Normal 
EEG 

FBDS - Memory 
deficits 

yes 128 no Levetiracetam 
Clonazepam 
(0.75 mg/d) 

IV 
Methylprednisolon
e 
Prednisolone 
(80mg/d) 

1 1:32 (S) 
neg. (CSF) 

17 f 74 T2/FLAIR acute: 
bilateral 
hyperintensities in 
hippocampi 
 
Follow-up after 3 
months: bilateral 
hippocampal 
atrophy with 
persisting 
hyperintensities 

Moderate 
slowing, 
no 
epileptifor
m activity 

- complex 
focal 
seizures 

Memory 
deficits 

yes 134 no Valproic acid 
Levetiracetam 
(2000 mg/d) 

No 
immunosuppressiv
e treatment due to 
severe 
complications 
(pneumonia, 
sepsis) 
Deceased in 4/2014 
due to multi-organ 
failure 

4* 1:320 (S) 
1:100 
(CSF)* 

18 f 95 T2/FLAIR acute: 
Mild generalized 
atrophy and SAE 
FDG-PET: bilateral 
striatal 
hypermetabolism 

Normal 
EEG 

FBDS - (No limbic 
encephalitis) 

no 137 no Pregabalin Immunoglobulins 
(x2) 

0* 1:320 (S)* 

19 m 62 T2/FLAIR acute: 
bilateral 
hyperintensities in 
hippocampi (left > 
right) 

Normal 
EEG 

FBDS complex 
focal 
seizures 

Memory 
deficits, 
confusion, 
executive 
dysfunction, 
agitation, 
delusions 

yes 126 no Valproic acid 
(2000 mg/d) 
Levetiracetam 
(1500 mg/d) 

IV 
Methylprednisolon
e 
Immunoglobulins 
Plasma exchange 

4* 1:320 (S) 
1:10 
(CSF)* 
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20 f 61 T2/FLAIR acute:  
bilateral 
hyperintensities in 
hippocampi, 
fornices, amygdalae 
 
Follow-up after 4 
months: 
hippocampal 
atrophy with 
T2/FLAIR 
signal increase 
(predominantly left-
sided) (i.e., 
hippocampal 
sclerosis)  
 
SAE  
 
other imaging 
features: peri-
ventricular (non-
active) subclinical 
lesions suggestive 
for multiple 
sclerosis 

Periodic 
rhythmic 
theta-
activity 
temporal 
left, 
suspicious 
for focal 
EEG-
seizures 

- complex 
focal 
seizures 

Memory 
deficits, 
confusion, 
psychosis 

yes 126 no Levetiracetam 
(3000 mg/d) 

IV 
Methylprednisolon
e (x2) 
Plasma exchange 
(x2) 
Rituximab (4 x 375 
mg/m2) 
Cyclophosphamid 

3 neg. (S) 
neg. (CSF) 

21 m 61 T2/FLAIR acute:  
no hyperintensities 
in hippocampi 
 
Follow-up after 9 
years: hippocampal 
atrophy with 
T2/FLAIR 
signal increase 
(hippocampal 
sclerosis)  
 
SAE  

Alpha 
rhythm, 
left 
fronto-
temporal 
focus 
without 
epileptifor
m activity 

FBDS generalize
d tonic-
clonic 
seizure 

Memory 
deficits, 
fluctuating 
consciousness, 
optic & acustic 
hallucinations, 
confusion, 
delirium, 
psychosis, 
apathy 
followed by 
aggressiveness 

yes 124 no Valproic acid 
(1500 mg/d) 
Levetiracetam 
(1500 mg/d) 
Phenytoin 
(400 mg/d) 

IV 
Methylprednisolon
e 
Prednisolone (50 
mg/d)  
Azathioprine (150 
mg/d) 

2 1:32 (S) 
neg. (CSF) 

22 f 73 T2/FLAIR acute:  
hyperintensities left 
hippocampus 
 
Follow-up after 12 
months: left 
hippocampal 
atrophy with 
T2/FLAIR signal 
increase (i.e., 
hippocampal 
sclerosis) 
 
SAE  

Continuou
s theta 
and delta 
activity 
with 
fronto-
temporal 
dominanc
e 

FBDS complex 
focal 
seizures 

Memory 
deficits, 
confusion, 
impaired 
consciousness 

yes 112 no Levetiracetam 
(1500 mg/d) 

IV 
Methylprednisolon
e (x2) 
Prednisolone (30 
mg/d) 
Azathioprine (25 
mg/d) 

2 1:10 (S) 
neg. (CSF) 
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23 m 66 T2/FLAIR acute:  
hyperintensities 
hippocampi 
(predominantly left) 
 
Follow-up after 12 
months: left 
hippocampal 
atrophy with 
moderate 
T2/FLAIRsignal 
increase (i.e., 
hippocampal 
sclerosis) 
 
SAE  

Predomin
ant alpha 
rhythm 
with 
inconstant 
left 
temporop
arietal 
theta-
delta-
focus ; no 
epileptifor
m activity 

Pilomotor 
seizures 

generalize
d tonic-
clonic 
seizure 

Memory 
deficits, affect 
lability, 
confusion 

no n/a no Valproic acid 
(1200 mg/d) 

IV 
Methylprednisolon
e (x2) 
Prednisolone (20 
mg/d) 
Azathioprine (150 
mg/d) 

2 neg. (S) 
neg. (CSF) 

24 m 79 T2/FLAIR acute:  
hyperintensities 
hippocampi 
(predominantly 
right) 
 
Follow-up after 12 
months: bilateral 
hippocampal 
atrophy with 
T2/FLAIR signal 
increase right (i.e., 
hippocampal 
sclerosis) 
 
SAE  

Slow 
alpha 
rhythm 
wit 
intermitte
nt 
generalize
d slowing 

FBDS  - Memory 
deficits, 
delirium, 
apathy 

yes 130 no Levetiracetam 
(2000 mg/d) 
Carbamazepin
e (600 mg/d) 
Lorazepam (3 
mg/d) 

Immunglobulins 
IV 
Methylprednisolon
e 
Prednisolone  

2 neg. (S) 

25 f 38 T2/FLAIR acute:  
hyperintensities 
hippocampi and 
amygdalae, insula 
right 
 
Follow-up after 12 
months: bilateral 
hippocampal 
atrophy with 
T2/FLAIR signal 
increase (i.e., 
hippocampal 
sclerosis) 

Predomin
ant alpha 
rhythm 
with 
paroxysm
al 
dysrhyth
mia and 
left 
frontotem
poral 
theta-delta 
focus with 
epileptifor
m 
discharges 

- Absence-
like 
seizures, 
one 
generalize
d tonic-
clonic 
seizure 

Memory 
deficits, 
confusion 

no 138 no Levetiracetam 
(2500 mg/d) 
Valproic acid 
(1800 mg/d) 

IV 
Methylprednisolon
e 
Prednisolone (25 
mg/d) 
Immunoglobulins 
Plasma exchange 
(x2) 
Immunoadsorption
Rituximab (4 x 375 
mg/m2) 

1 neg. (S) 

26 f 70 T2/FLAIR/DWI 
acute: no 
hippocampal 
hyperintensities; 
transient bilateral 
posterior cortical 
diffusion lesions 
 
Follow-up: normal 

Alpha 
rhythm, 
left 
frontotem
poral 
focus with 
intermitte
nt sharp-
waves 

- - Memory 
deficits 

no 138 no Levetiracetam 
(1000 mg/d) 

IV 
Methylprednisolon
e (x2) 
Prednisolone 
Azathioprine 

1 neg. (S) 
neg. (CSF) 



©	2016	American	Medical	Association.	All	rights	reserved.	8	

27 f 70 T2/FLAIR acute:  
hyperintensities 
hippocampi and 
amygdalae 
 
SAE  

Predomin
ant alpha 
rhythm 
with 
increased 
beta-
activity, 
no 
epileptifor
m 
actitvity 

FBDS - Memory 
deficits, 
confusion, 
personality 
changes, 
depressive 
symptoms 
including 
suicidality 

yes 126 Mammary 
Carcinoma 
(highly 
differentiated) 

- IV 
Methylprednisolon
e  
Prednisolone 80mg 

1 1:10 (S) 

28 m 48 T2/FLAIR acute:  
hyperintensities 
hippocampi and 
amygdalae 
 
Follow-up after 7 
months: mild 
bilateral 
hippocampal 
atrophy with 
T2/FLAIR signal 
increase (i.e., 
hippocampal 
sclerosis) 
 
gliotic changes after 
brain trauma 1995 

Mild 
generalize
d slowing, 
no 
epileptifor
m 
actitvity 

Pilomotor 
seizures 

- Memory 
deficits, 
confusion 

yes 114 no Levetiracetam 
(2000 mg/d) 

IV 
Methylprednisolon
e  
Prednisolone 

0 1:10 (S) 

29 m 74 T2/FLAIR acute:  
bilateral 
hyperintensities 
hippocampi and 
amygdalae 
 
Follow-up after 14 
months: mild 
bilateral 
hippocampal 
atrophy (l>r) with 
mild T2/FLAIR 
signal increase (i.e., 
hippocampal 
sclerosis)  
general atrophy 
 
SAE  

Normal 
EEG 

- complex 
focal and 
generalize
d tonic-
clonic 
seizures 

Memory 
deficits, 
confusion 

yes n/a Adenocarcino
ma of the 
esophagus 
(highly 
differentiated) 

Valproic acid 
(1500 mg/d) 

IV 
Methylprednisolon
e 
Prednisolone 
Azathioprine 

1 neg. (S) 

30 f 51 T2/FLAIR acute:  
hyperintensities 
hippocampus and 
amygdalae right 
 
Follow-up after 9 
months: mild right-
sided hippocampal 
atrophy with 
T2/FLAIR signal 
increase (i.e., 

Predomin
ant alpha 
rhythm, 
diffuse 
and 
paroxysm
al 
dysrhyth
mia, no 
epileptifor
m 

Pilomotor 
seizures, 
flushing 

- Memory 
deficits, affect 
lability 

yes 122 no Levetiracetam 
(1000 mg/d) 

Prednisolone (80 
mg/d) 

1 neg. (S) 
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hippocampal 
sclerosis)  
 
mild SAE  

actitvity 

* clinical MR 
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eTable 2. Hippocampal Volumes, Microstructural Integrity and Neuropsychological Scores 

 Patient group 

(mean ± SEM) 

Control group 

(mean ± SEM) 

Test statistic p-value 

Volumes (in mm³)  

    Bilateral hippocampus 3502.3 ± 127.4 3921.4 ± 128.5 F(1,34)= 5.37 p = 0.025 

    Left hippocampus 3530.5 ± 127.6 3843.1 ± 131.4 F(1,34)= 2.80 p = 0.100 

    Left CA 1 300.9 ± 8.9 315.0 ± 8.5 F(1,34)= 1.28 p = 0.263 

    Left CA 2/3 826.0 ± 28.3 916.7 ± 24.3 F(1,34)= 5.70 p = 0.021 

    Left CA4 / DG 461.5 ± 15.7 507.6 ± 14.6 F(1,34)= 4.46 p = 0.040 

    Left presubiculum 372.6 ± 13.3 421.0 ± 12.4 F(1,34)= 6.88 p = 0.011 

    Left subiculum 522.3 ± 17.6 592.8 ± 17.5 F(1,34)= 7.80 p = 0.007 

    Right hippocampus 3474.1 ± 147.1 3999.7 ± 126.1 F(1,34)= 7.09 p = 0.010 

    Right CA 1 293.6 ± 10.2 326.3 ± 8.0 F(1,34)= 6.14 p = 0.017 

    Right CA 2/3 841.3 ± 32.4 990.5 ± 24.1 F(1,34)= 13.17 p = 0.001 

    Right CA 4/DG 470.0 ± 17.9 555.7 ± 12.8 F(1,34)= 14.61 p < 0.001 

    Right presubiculum 365.3 ± 10.3 423.3 ± 14.3 F(1,34)= 10.40 p = 0.002 

    Right subiculum 523.0 ± 18.5 593.3 ± 19.5 F(1,34)= 6.59 p = 0.013 

    Bilateral caudate nucleus 3671.2 ± 164.1 3488.9 ± 115.2 F(1,34)= 0.83 p = 0.367 

    Left caudate nucleus 3579.4 ± 164.6 3453.3 ± 120.5 F(1,34)= 0.38 p = 0.539 

    Right caudate nucleus 3763.1 ± 167.8 3524.4 ± 118.9 F(1,34)= 1.35 p = 0.251 

    Bilateral putamen 5059.5 ± 157.2 5040.7 ± 127.3 F(1,34)= 0.01 p = 0.927 

        Left putamen 5197.2 ± 176.6 5180.2 ± 142.2 F(1,34)= 0.006 p = 0.941 

        Right putamen 4921.7 ± 146.1 4901.3 ± 121.6 F(1,34)= 0.12 p = 0.915 

    Bilateral pallidum 1507.6 ± 42.1 1594.1 ± 40.5 F(1,34)= 2.20 p = 0.144 

        Left pallidum 1589.3 ± 55.3 1679.2 ± 44.8 F(1,34)= 1.59 p = 0.212 

        Right pallidum 1425.8 ± 32.9 1509.0 ± 39.9 F(1,34)= 2.58 p = 0.114 

Microstructural integrity  

    MD left hippocampus (*10⁻³) 1.155 ± 0.030  1.028 ± 0.019  F(1,34)= 12.99 p = 0.001 

    MD right hippocampus (*10⁻³) 1.186 ± 0.031  1.045 ± 0.019  F(1,34)= 14.78 p < 0.001 

    FA left hippocampus 0.1314 ± 0.004 0.1344 ±  0.004 F(1,34)= 0.28 p = 0.597 

    FA right hippocampus 0.1332 ± 0.004 0.1331 ± 0.003 F(1,34)= 0.001 p = 0.975 
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Neuropsychological assessment  

    RAVLT sum score 40.64 ± 2.88 54.59 ± 1.67 t(50)= - 4.27 p < 0.001 

    RAVLT recall after interference 6.88 ± 0.99 11.70 ± 0.48 t(50)= - 4.48 p < 0.001 

    RAVLT delayed recall 6.52 ± 1.05 11.78 ± 0.56 t(50)= - 4.51 p < 0.001 

    RAVLT recognition 10.24 ± 0.76 13.69 ± 0.34 t(50)= - 3.46 p = 0.001 

    ROCF copy 32.96 ± 0.85 30.89 ± 1.24 t(49)= 1.14 p = 0.262 

    ROCF immediate recall 16.62 ± 2.14 25.16 ± 1.21 t(27)= - 3.64 p = 0.001 

    ROCF delayed recall 16.0 ± 1.96 25.86 ± 1.24 t(42)= - 4.17 p < 0.001 

    Digit span forward 6.92 ± 0.47 8.12 ± 0.35 t(50)= - 2.04 p = 0.047 

    Digit span backward 5.73 ± 0.58 7.42 ± 0.43 t(50)= - 2.42 p = 0.019 

    MoCA 23.36 ± 1.22 28.46 ± 0.51 t(20)= - 3.86 p = 0.001 

    Premorbid intelligence a 27.08 ± 1.52 30.52 ± 1.08 t(46)= - 1.82 p = 0.075 

    Logical reasoning 22.07 ± 2.25 26.87 ± 1.67 t(28)= - 1.72 p = 0.097 

    Phasic alertness (ms) 311.4 ± 17.0  268.0 ± 8.8  t(48)= 2.32 p = 0.025 

    Divided attention: auditory (ms) 638.21 ± 53.46  570.15 ± 21.48  t(46)= 1.25 p = 0.217 

    Divided attention: visual (ms) 940.91 ± 69.43  822.19 ± 25.31  t(46)= 1.71 p = 0.094 

    Stroop test (s) 165.00 ± 19.03  149.43 ± 13.68  t(23)= 0.68 p = 0.502 

    Stroop test errors 1.18 ± 0.66 0.43 ± 0.23 t(23)= 1.19 p = 0.247 

    Trail making test A (s) 58.55 ± 11.31  33.46 ± 2.70  t(20)= 2.16 p = 0.043 

    Trail making test B (s) 174.0 ± 34.25  87.0 ± 11.95  t(20)= 2.40 p = 0.026 

    Go/NoGo false alarms 1.63 ± 0.69 0.35 ± 0.11 t(43)= 2.14 p = 0.038 

    Go/NoGo misses 0.90 ± 0.41 0.00 ± 0.00 t(43)= 2.56 p = 0.014 

    Semantic fluency (animals) 21.86 ± 1.23 26.52 ± 1.34 t(45)= - 2.53 p = 0.015 

    Phonemic fluency “s” 12.00 ± 1.86 18.36 ± 1.63 t(20)= - 2.57 p = 0.018 

    Phonemic fluency “k” 13.00 ± 2.08 21.27 ± 2.16 t(20)= - 2.75 p = 0.013 
a   NART equivalent 
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eMethods. Detailed Methodology 

MRI Acquisition 

Imaging data was acquired at both sites using 3T MRI Scanners. At Charité University Hospital, a Siemens Tim 

Trio scanner equipped with a 12-channel phased-array head coil (Siemens, Erlangen, Germany) at the Berlin 

Center for Advanced Neuroimaging was used. At University Hospital Schleswig-Holstein in Kiel, MRI data 

was acquired using a 32-channel head coil on a Philips Achieva scanner (Philips, Best, The Netherlands). At 

both sites, a high-resolution three-dimensional T1-weighted magnetization-prepared rapid gradient echo 

(MPRAGE) sequence (matrix size = 240x240, 176 slices, voxel size = 1x1x1 mm3) and a single-shot echo-

planar imaging sequence for the acquisition of DTI data (voxel size = 2x2x2mm3, 61 slices, 64 diffusion 

directions, b value = 1000s/mm²) were acquired. For clinical assessment, T2-weighted turbo spin echo 

sequences and a 3D isotropic T2-weighted fluid-attenuated inversion recovery (FLAIR) were collected.  

 

Analyses of clinical MRIs 

For the clinical study, available previous brain MRIs from other institutions were re-evaluated by a 

neuroradiologist or neurologist experienced in the assessment of hippocampal signal abnormalities and blinded 

to the patient’s diagnosis. Signal characteristics were assessed using T2-weighted or FLAIR images and were 

classified as “normal” or “hyperintense”. Hippocampal volume was assessed by visual inspection and in 

comparison classified as “normal”, “enlarged” or “atrophic”. In follow-up images, T2/FLAIR signal increase 

and loss of internal laminar architecture in the cornu ammonis were used as criteria for diagnosing Ammon’s 

horn sclerosis. All patients MRI’s were also carefully evaluated with regard to signal changes in the basal 

ganglia in the acute, subacute and follow-up state to detect possible transient imaging changes. All patients had 

serial MRIs (4-9 MRIs) over the course of the disease. Signal abnormalities in the basal ganglia were 

longitudinally assessed with regard to hypo- or hyper intensities and volume changes in T1, T2, FLAIR and 

diffusion-weighted imaging. 
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Diffusion Tensor Imaging and hippocampal microstructural integrity 

Differences in white matter integrity between patients and controls were investigated with diffusion tensor 

imaging.1 The FMRIB Diffusion Toolbox as implemented in FSL2 was used to assess fractional anisotropy 

(FA), mean diffusivity (MD), axial diffusivity (AD) and radial diffusivity (RD). Preprocessing steps included 

eddy current correction and brain extraction. Subsequently, a tensor model was fitted to the raw diffusion data. 

The FA images were aligned to a 1x1x1 standard space, non-linearly registered to the group-specific template 

and narrowed to the FA skeleton. Cross-subject non-parametric permutation testing (5000 permutations) was 

conducted on a voxel-wise basis using the randomise tool as implemented in FSL. In order to account for 

different scanners at both sites, we included ‘study site’ as a covariate of no interest in the model. Threshold-

free cluster enhancement was applied (TFCE, p < 0.05, family-wise error corrected). Similarly, MD, AD and 

RD maps were determined using tract-based spatial statistics (TBSS).  

In order to assess the microstructural integrity of the hippocampus and its relation to cognitive outcome, we 

conducted a region-of-interest analysis of the FA and MD maps in patients and controls. The left and right 

hippocampi were individually segmented from the brain extracted T1-weighted images using FSL FIRST, with 

the quality of the automated segmentation being controlled by visual inspection.3 An affine linear ratio cost 

function transformation was used to register individual FA maps to the T1-weighted images. The resultant 

transformation matrices were then used for registration of MD maps. Finally, hippocampal masks were used for 

calculation of the mean individual hippocampal FA and MD values. 

 

Voxel-based morphometry  

The evaluation of differences in the local grey matter volume between patients and controls was carried out 

using FSL VBM.4 MPRAGE images were brain extracted, segmented, aligned to MNI152 standard space using 

nonlinear registration and a study-specific template was created. Next, all native grey matter images were 

nonlinearly reregistered to this study-specific template. Further steps included modulation to correct for local 

expansion or contraction and smoothing with an isotropic Gaussian kernel (σ = 3mm). The final voxel-wise 
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statistical analysis was performed with  ‘study site’ as a covariate of no interest in the model and comprised 

non-parametric permutation testing with 5000 permutations and threshold-free cluster enhancement (TFCE) 

using FSL randomise (p < 0.05, FWE-corrected). 

 

Hippocampal and basal ganglia volumetry 

The Freesurfer image analysis suite (http://surfer.nmr.mgh.harvard.edu/)5 was used to perform hippocampal and 

basal ganglia volumetry. Following motion correction and brain extraction, the images were segmented into 

subcortical white matter and grey matter volumetric structures including the hippocampal formation, caudate 

nucleus, putamen, globus pallidus and nucleus accumbens. Automated subfield segmentation of the 

hippocampus was performed using Bayesian inference and a probabilistic atlas of the hippocampal formation.6,7 

The following subfield volumes were calculated: cornu ammonis CA1, CA2/3, CA4/dentate gyrus (DG), 

presubiculum, subiculum, and fimbria (Fig. 1). Volumes of the basal ganglia, whole hippocampus and 

hippocampal subfields were adjusted for intracranial volume (ICV) using the following formula: 

Volumeadjusted = Volumeobserved - β (slope from ICV vs. regional volume regression) x (ICVobserved - ICVsample 

mean)
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eFigure 1. Cognitive Deficits in LGI1 Encephalitis 
 

 
 
A, Mean scores on the Rey Auditory Verbal Learning Test show impaired verbal episodic memory performance in patients with LGI1 encephalitis. 
B, Visual episodic memory deficits become apparent in the immediate and delayed recall of the Rey-Osterrieth Complex Figure (ROCF) test. 
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eFigure 2.	Hippocampal	Volumetry	and	Microstructural	Integrity	Analyses		 
 

 
 
 

 
 
A. Reduced	mean	volume	of	the	cornu	ammonis	(CA)2/3	subfield	in	the	patient	group	are	associated	with	
verbal	memory	deficits	and	an	increased	modified	Rankin	Scale	(mRS)	score.	B,	An	increase	in	left	
hippocampal	MD	is	accompanied	by	verbal	memory	deficits	and	higher	mRS	scores . 

A	

B	
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