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Anti-LGI1–associated cognitive
impairment
Presentation and long-term outcome

ABSTRACT

Objective: We investigated a series of patients with LGI1 antibody (Ab)–related cognitive deteri-
oration to determine the clinical presentation, long-term outcome, and LGI1 Ab evolution.

Methods: We retrospectively analyzed the clinical information of 76 patients with LGI1 Ab–
related cognitive deterioration. Presenting syndromes were classified as limbic encephalitis
(LE), non-LE, or encephalopathy (normal MRI and no CSF pleocytosis). Frequency of relapses
and clinical outcome were assessed in 48 patients with prolonged follow-up (median 39 months,
range 18–200).

Results: Sixty-three patients (83%) developed LE, 3 (4%) non-LE, and 10 (13%) encephalopathy.
All patients received steroids, IV immunoglobulins (Ig), or both. At 2 years, 17 (35%; 95% CI
21%–49%) fully recovered, 17 (35%) became functionally independent but not at baseline or
were unable to return to work, 11 (23%) required assistance because of moderate or severe
cognitive deficits, and 3 (6%) died. Predictors of bad outcome included no response to initial
immunotherapy (odds ratio 23.0, 95%CI 2.4–215.6, p5 0.006) and clinical relapses (odds ratio
10.2, 95%CI 1.0–100.1, p50.047) that occurred in 13 patients (27%). In all patients, the LGI1
Abs were IgG4 and usually detectable in both serum and CSF (only CSF, 8%). Abs remained
positive in serum of 4 of 16 patients with long-term follow-up; 3 of these 4 patients fully recov-
ered and none showed class switch to IgG1.

Conclusions: Up to 13% of patients with LGI1 Abs develop cognitive impairment without criteria
of encephalitis. After immunotherapy, only 35% of patients return to their baseline cognitive
function. Serum LGI1 Abs may remain detectable after full clinical recovery. Neurology®

2016;87:759–765

GLOSSARY
Ab 5 antibody; CI 5 confidence interval; CJD 5 Creutzfeldt-Jakob disease; CPS 5 cognitive performance score; Ig 5
immunoglobulin; LE 5 limbic encephalitis; NMDAR 5 NMDA receptor.

The current knowledge on neurologic manifestations associated with antibodies against leucine
rich glioma inactivated 1 protein (LGI1 Abs) has been strongly influenced by the discovery of
these Abs in patients with limbic encephalitis (LE), but the landscape of manifestations is sus-
pected to be wider.1–3 For example, it is unknown how many patients with LGI1 Abs develop
cognitive deterioration without imaging or CSF evidence of inflammation (encephalopathy).4,5

Moreover, although patients with LGI1 Abs often show a rapid response to immunotherapy, the
long-term outcome and frequency of relapses have not been addressed in large studies. Isolated
case reports and small series indicate that the clinical outcome is variable and not always
benign.6,7

In patients with anti-NMDA receptor (NMDAR) encephalitis, the Ab–immunoglobulin G
(IgG) class is predominantly IgG1, Ab detection is more reliable in CSF than in serum, and Ab
titers decrease over time regardless of outcome.8 It is unclear whether LGI1 Abs share these
features, although preliminary data suggest they are mainly IgG4.9 In the current study, we
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clarify these clinical and immunologic features
in a series of patients with LGI1 Ab–associated
cognitive deterioration.

METHODS Patients. We reviewed all patients with LGI1

Abs whose serum and CSF were sent for Ab investigations to

the laboratories of the Hospital Clinic (Barcelona, Spain) or Uni-

versity of Pennsylvania (Philadelphia) between December 1,

1998, and June 28, 2014. Patients were included if they fulfilled

the following criteria: (1) age 18 years or older, (2) adequate clin-

ical information, (3) evidence of cognitive deterioration at diag-

nosis, and (4) sufficient serum and/or CSF available for Ab

studies. Clinical information was obtained from the authors (13

patients) or provided by the referring physicians through a struc-

tured written questionnaire. We initially evaluated 83 patients

and 7 were finally excluded because the clinical features were iso-

lated seizures (6) or Morvan syndrome (1). The 6 patients with

isolated seizures have not developed cognitive deterioration after

a median follow-up of 10 months (range 6–21 months).

We classified the patients in one of the following groups: lim-

bic encephalitis (LE), non-LE, or encephalopathy. Patients with

LE presented short-term memory loss, seizures, or psychiatric

symptoms, involvement of medial aspects of the temporal lobes

by MRI, and CSF pleocytosis or EEG with epileptic or slow activ-

ity involving the temporal lobes. Non-LE patients showed MRI

abnormalities suggesting inflammation outside the limbic system

or CSF pleocytosis without criteria of LE. We applied the term

encephalopathy to patients with normal MRI and no evidence

of CSF pleocytosis.

We assessed the long-term functional status by an in-house

scale score designed when the study was planned to detect disabil-

ity caused by cognitive deficits. This cognitive performance score

(CPS) ranged from 0 to 4, where 05 asymptomatic; 0.55minor

cognitive complaints that do not prevent the return to previous

activities and work; 1 5 unable to perform some previous activ-

ities or return to work but independent for activities of daily

living; 2 5 unable to perform most previous activities or return

to work and dependent for activities of daily living; 3 5 severe

cognitive deficits requiring constant assistance at all levels; and

4 5 severe cognitive deficits followed by death. This CPS was

obtained at 2 time points during the disease: (1) 18–24 months

after symptom onset, and (2) at the last follow-up. When we

designed the study, we considered a CPS #1 a good outcome

and a CPS .1 a bad outcome. We defined relapse as clinical

worsening noted during treatment after initial improvement but

requiring a change of the medication, or clinical worsening noted

after recovery and being off medication.

Immunologic studies. LGI1 Abs were screened by immuno-

histochemistry on frozen sections of rat brain and confirmed by

cell-based assay using HEK293 cells cotransfected with LGI1

and ADAM23.1 Determination of LGI1 IgG class was

performed with specific fluorescein isothiocyanate–labeled

secondary Abs against the 4 IgG subclasses (IgG1–IgG4; The

Binding Site, Birmingham, UK). We assessed LGI1 Ab titers

by cell-based assay using serial dilutions of serum and CSF

being the titer the last dilution that showed visible reactivity.

Standard protocol approvals, registrations, and patient
consents. The ethics committees of the Hospital Clinic and Uni-

versity of Pennsylvania approved the study. All patients or proxies

gave written informed consent for the storage and use of serum,

CSF, and clinical information for research purposes. Serum and

CSF samples were deposited in the collection of biological sam-

ples named “Neuroinmunología” registered in the biobank of

Institut d’ Investigació Biomèdica August Pi i Sunyer (IDIBAPS),

Barcelona, Spain.

Statistics. We used nonparametric tests (Fisher exact test and

Mann–Whitney U test) to compare clinical and immunologic

data between 2 independent groups. Independent variables asso-

ciated with bad outcome (CPS.1) at 2 years were assessed using

binary logistic regression. A stepwise regression was performed to

explore significant variables (inclusion p value #0.05 and exclu-

sion p value .0.1). We used Stata version 13.1 (StataCorp,

College Station, TX) for the statistical analysis.

RESULTS Initial symptoms. Seventy-six patients,
mean age 61 years (range 32–80), 50 (66%) men, were
included in the study. Twenty-nine patients (38%,
95% confidence interval [CI] 27%–49%) developed
over several weeks or months (median of 2 months,
range 0.4–29 months) isolated or predominantly
isolated symptoms: 12 had seizures, 9 had mood/
behavioral manifestations (4 apathy, 3 depression, and
2 anxiety [see 2 examples in appendix e-1 on the
Neurology® Web site at Neurology.org]), 7 had an
amnestic syndrome, and one developed a gait
disorder. The remaining 47 patients (62%) developed
a combination of the above symptoms (figure e-1). The
type of initial symptoms did not vary between patients
initially characterized as developing encephalitis and
those characterized as encephalopathy (see below). In
47 patients (62%), the neurologic symptoms reached
the nadir in #3 months.

Neurologic symptoms and paraclinical studies at

diagnosis. By inclusion criteria, all patients had mem-
ory loss and cognitive deterioration. Symptoms at
diagnosis are summarized in table 1. Overall, 63 pa-
tients (83%) fulfilled the criteria of LE. The MRI
findings were unilateral in 15 (24%) and bilateral in
48 (76%). In 8 patients, the initial MRI was consid-
ered normal (even with evidence of cognitive deficits)
with subsequent MRI studies revealing features of
LE. Three patients (4%) were considered to have
non-LE: 2 had MRI abnormalities outside the
temporal lobes, and the third had a normal MRI
with CSF pleocytosis. CSF pleocytosis (median 10
white blood cells/mL, range 6–41) was identified in
14 of 62 patients (23%) with encephalitis. Ten pa-
tients (13%, 95% CI 5%–21%) did not have MRI or
CSF evidence of inflammation (encephalopathy).
Compared to patients with encephalitis, they were
more likely to have a subacute onset (58% vs 90%,
p 5 0.05; table 1). The 10 patients had memory loss
and cognitive deterioration, 5 with prominent psychi-
atric symptoms and 7 with seizures.

LGI1 Ab subtypes, serum and CSF levels at diagnosis,

and evolution in follow-up samples. In 51 patients with
paired serum/CSF samples available, we detected
LGI1 Abs in both serum and CSF in 47 (92%) and
only in the CSF in 4 (8%). All sera available for
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subclass analysis (57/57) showed IgG4 Abs. LGI1
Abs were exclusively of the IgG4 subclass in 33 pa-
tients (57.9%), IgG2 and IgG4 in 14 (24.6%), and
IgG1, IgG2, and IgG4 in 10 (17.5%). None of the
serum samples had IgG3 subclass Abs (figure 1).

Baseline titers and evolution of LGI1 Abs were as-
sessed in the group of patients with long-term follow-
up and sufficient sample volume for evaluation (40
sera and 36 CSF). Serum and CSF titers were not sig-
nificantly different between patients with good (CPS
0–1) and bad (CPS 2–4) outcome (table 2). Follow-
up serum samples were available in 19 patients. In 3
of them, the sample was obtained shortly before or
after a clinical relapse and all were LGI1 Ab positive.
Of the remaining 16 patients, 12 became Ab negative
(median follow-up 20 months, range 5–62 months)
and all but one had a good outcome (CPS 0–1). Four
patients remained LGI1 Ab positive 20 months after
treatment even though 3 of them had substantial
clinical recovery (CPS 0–1). None of these 4 patients
showed Ab class switch to IgG1.

Immunotherapy and outcome. A follow-up of at least
18 months was available for 48 patients (median
[interquartile range] time of 39.2 [22.0–58.3] months).
First-line immunotherapy included oral (3 patients) or
IV (19) steroids in 22 patients (46%), IVIg in 4 (8%),
and steroids combined with IVIg in 22 (46%).With this
treatment, 24 patients (50%) improved at least 1 point
in the CPS. Seven patients were additionally treated with
second-line immunotherapy (4 rituximab, 1 cyclophos-
phamide, 2 both). Twenty patients (42%) underwent
chronic oral immunosuppression (13 prednisone, 6 aza-
thioprine, and 1 mycophenolate mofetil) for a median
(interquartile range) time of 17.4 (10.9–32.2) months
(table e-1).

At 24 months, 34 patients (71%, 95% CI 57%–

84%) had a good outcome with a CPS of 0 to 0.5
(17) or 1 (17), and 14 patients had a bad outcome: 8
(17%) CPS of 2, 3 (6%) CPS of 3, and 3 (6%) CPS
of 4. Among the 35 patients with a follow-up .2
years, 4 continued to improve and returned to their
premorbid baseline status, 2 worsened because of late
relapses, and 2 died (one from complications of the
disease); the clinical status of the other patients re-
mained unchanged or normal.

Thirteen patients (27%, 95% CI 14%–40%) had
relapses that required further treatment. In 9 of these
patients, relapses occurred during the first 6 months
of the disease (range 1.7–6 months), 6 of them related
to steroid tapering. Four patients had late relapses 12,
27, 65, and 66 months after disease onset. Relapses
consisted of reappearance of cognitive or behavioral
symptoms with or without seizures, or recurrent seiz-
ures after a period of months to years without seizures
(3 patients). Table 2 summarizes the main features of
patients grouped according to good (CPS 0–1) or bad
(CPS 2–4) outcome after a follow-up of 2 years. In
the multivariate analysis, failure to respond to first-
line immunotherapy (odds ratio 23.0, 95% CI 2.4–
215.6, p 5 0.006) and clinical relapses (odds ratio
10.2, 95% CI 1.0–100.1, p 5 0.047) were the only
predictors of bad outcome.

DISCUSSION In this study, we examined the long-
term clinical outcome of a large cohort of patients
with LGI1 Ab–associated cognitive deterioration,
which provided several important findings with
practical implications: (1) up to 13% of the patients
presented with encephalopathy without MRI or CSF
features of encephalitis; (2) 29% had moderate to
severe cognitive problems 2 years after disease onset;
(3) relapses occurred in 27% of the patients, usually
within the first 6 months of the disease, and were an
independent predictor of bad outcome; (4) the
sensitivity of LGI1 Ab testing was higher in CSF
than in serum; and (5) after clinical recovery, serum
LGI1 Abs may remain positive.

Table 1 Characteristics of patients according to the clinical syndrome

Encephalitisa

(n 5 66)
Encephalopathy
(n 5 10) p Valueb

Male 42 (64) 8 (80) 0.31

Mean age, y (range) 60 (32–80) 67 (58–74) 0.11

Diagnostic delay, mo, median (IQR) 4.2 (1.6–6.9) 2.8 (1.4–5.1) 0.27

Subacute (£3 mo) onset 38 (58) 9 (90) 0.05

Symptoms at diagnosis

Memory loss 66 (100) 10 (100)

Seizures 58 (88) 9 (90) 0.85

Abnormal movements 27 (41) 6 (60) 0.31

Mood/behavior 45 (68) 4 (40) 0.09

Psychiatric 18 (27) 5 (50) 0.14

Sleep disorders 30 (45) 3 (30) 0.50

Hyponatremia 45/60 (75) 7/10 (70) 0.74

CSF pleocytosis 14/62 (23) 0 (0) 0.09

Tumorc 4 (6) 1 (10) 0.52

Clinical outcome at 2 y 0.67

CPS 0–1 29 (71) 5 (71)

CPS 2–4 12 (29) 2 (29)

Abbreviations: CPS 5 cognitive performance score; IQR 5 interquartile range.
Data are n (%) unless otherwise indicated.
a Sixty-three patients (95.4%) fulfilled the criteria for limbic encephalitis.
b Fisher exact test was used for proportions comparison and Mann–Whitney U test was
used for mean or median comparison.
c Two patients had prostate cancer (in one detected 21 months before the diagnosis of
encephalitis, and in the other 12 months after); one patient had a gastric neuroendocrine
tumor detected 3.5 months after the diagnosis of encephalitis, and one patient had colon
carcinoma detected 2.8 months after the diagnosis of encephalopathy. Another patient had
a PET body scan that showed multiple hypermetabolic foci suggestive of bone metastasis 6
months after the onset of encephalitis (lost to follow-up, final diagnosis unclear).
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Our findings show that although most patients
with LGI1 Ab–associated symptoms respond to
immunotherapy, only 35% are able to return to work
or to all premorbid activities. The study was observa-
tional and the final outcome was provided by the
referring neurologists. We cannot rule out that formal
neurocognitive evaluation would detect more patients
with subtle cognitive deficits.10 However, the end-
points that we chose when the study was designed
were a reasonable objective (patients were able to
return to their job or, if retired, to their usual previous
daily activities) to confirm that just a third of patients
return to normal.

Clinical relapses occurred in 27% of the patients.
This frequency is higher than previously reported1

but may reflect the criteria used. We included as
relapses cases of clinical worsening noted during treat-
ment (e.g., steroid taper) and requiring a change or
redosing of the medication. Even though patients
with relapses usually improved after treatment mod-
ification, this event and the lack of response to first-
line immunotherapy were independent predictors of
bad outcome. Taken together, these data suggest that
patients who do not respond or worsen during first-
line immunotherapy should receive second-line
immunotherapy, as shown in patients with anti-

NMDAR encephalitis.11 Rituximab has been consid-
ered particularly effective in IgG4-mediated disor-
ders9 but there are limited data for LGI1 Ab–
associated disorders and no firm recommendations
can be made.12–14

A substantial number of patients did not fulfill the
recently proposed criteria of autoimmune encephalitis
either because the MRI and CSF findings did not sug-
gest an inflammatory disorder or because the presen-
tation was atypical (e.g., .3 months).15 However,
most patients with prolonged symptom presentation
showed MRI abnormalities in the medial temporal
lobes suggesting autoimmune encephalitis. It is of
interest that the initial brain MRI was reported nor-
mal in 8 patients who subsequently were found to
have typical MRI changes of LE in a repeat study.

In some previously reported patients with LGI1
Abs, the subacute onset of cognitive deterioration
with myoclonus and absent CSF inflammatory
changes led to the misdiagnosis of Creutzfeldt-
Jakob disease (CJD).5 This confusion was fueled by
the description of VGKC Abs (without further anti-
gen characterization) in a few true cases of CJD.16,17

In contrast, LGI1 Abs have not been reported in
patients with CJD.18 We found that 13% of our
patients with LGI1 Abs developed an encephalopathy

Figure 1 Analysis of IgG subclasses of LGI1 antibodies

Cell-based assay with HEK293 cells showing the 3 different combinations of IgG subclasses among 57 sera examined at disease onset. Each row repre-
sents an anti-LGI1–positive serum revealed by a specific secondary antibody against total human IgG (A, E, I), IgG1 (B, F, J), IgG2 (C, G, K), and IgG 4 (D, H, L).
The frequency of each IgG subclass combination is shown on the right side of each row. The green signal indicates reactivity against transfected LGI1. Nuclei
counterstained with DAPI (49,6-diamidino-2-phenylindole). Scale bar 5 20 mm. IgG 5 immunoglobulin G.
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that could potentially mimic CJD. However, most of
these patients developed seizures in addition to cog-
nitive deterioration, which is unusual in CJD,19 and
the MRI findings were different from the cortical and
basal ganglia abnormalities characteristic of CJD.20,21

Taken together, our findings suggest that the confu-
sion between CJD and LGI1 Ab encephalopathy
should rarely occur. In a recent survey of 384 autop-
sies of patients with suspected CJD, 6 had definite
autoimmune encephalitis associated with neuronal
Abs, none of them against LGI1.22

In a previous study of patients with Morvan syn-
drome, it was suggested that LGI1 Abs in a few of
the patients were of the IgG4 subclass.23 We con-
firmed this finding in all of our patients suggesting
that, as in other IgG4-mediated syndromes, the IgG4
LGI1 Abs may alter neuronal function through

a disruption of the interaction between LGI1 and
its ligand (ADAMs) leading to a secondary dysregu-
lation of synaptic receptors, as recently proposed.24

Similar to anti-NMDAR encephalitis,8 we found
that determination of LGI1 Abs in CSF was more
sensitive (100%) than in serum (92%). A possible
reason why LGI1 Abs are only detectable in CSF in
some cases is that the serum levels may be below
screening detection. This is supported by a prelimi-
nary study suggesting predominant B cell affinity
maturation in the brain leading to increased levels
of LGI1 Abs in the CSF.25 In any case, our findings
emphasize the need to test both serum and CSF in
patients with suspected CNS autoimmune disorders.

In this study, serum LGI1 Abs disappeared after
a median follow-up of 2 years. The persistent detec-
tion of serum LGI1 Abs did not associate with a poor

Table 2 Clinical and paraclinical features related to outcome at 2 years in 48 patients

Cognitive performance score

p Value0–1 (n 5 34) 2–4 (n 5 14)

Age, y, median (IQR) 63 (53–72) 60 (55–66) 0.55

Male 23 (68) 10 (71) 0.24

Subacute onset (£3 mo) 23 (68) 7 (50) 0.33

Clinical syndrome

Encephalopathy 5 (15) 2 (14) 1.00

Encephalitis 29 (85) 12 (86)

Cognitive performance score at nadir

1–2 15 (44) 4 (29) 0.35

3–4 19 (56) 10 (71)

Hyponatremia 24/32 (75) 9/12 (75) 1.00

LGI1 antibody titer, median (IQR)

Serum 20,480 (2,560–20,480) 2,560 (160–10,240) 0.07

CSF 80 (20–1,280) 320 (80–320) 0.76

IgG class in serum at disease onset

IgG4 only 15/26 (57) 9/12 (75) 0.47

IgG4 and IgG2 and/or IgG1 11/26 (43) 3/12 (25)

Delay to treatment, mo, median (IQR) 2.3 (0.8–6.0) 2.8 (1.3–5.1) 0.81

Improvement with first-line immunotherapya 22 (65) 2 (14) 0.003

Type of first-line immunotherapy

Steroids 1 IVIg 18 4 0.20

Steroids or IVIg 16 10

Second-line immunotherapy 4 (12) 3 (21) 0.40

Chronic immunotherapy 14 (42) 6 (43) 1.00

Relapsesb 5 (15) 5 (33) 0.25

Abbreviations: IgG 5 immunoglobulin G; IQR 5 interquartile range; IVIg 5 IV immunoglobulins.
Data are n (%) unless otherwise indicated.
aDefined as improvement of at least 1 point in the cognitive performance score. Data obtained during the first 6 months
from the end of first-line treatment.
bRelapses that occurred in the first 2 years. Three patients had relapses beyond this date (see text).
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outcome. However, we did not find IgG subclass
switch in patients with good outcome. This subclass
switch was described in a patient with myasthenia
and MuSK Abs during remission of the disease.26

Considering the limitations posed by the observa-
tional, retrospective nature of this study, our findings
indicate that the final outcome of patients with cog-
nitive deterioration and LGI1 Abs is far from optimal
despite an initial improvement with steroids alone or
IVIg. Early diagnosis before the development of cog-
nitive dysfunction, recognition of the disorder in pa-
tients without criteria of encephalitis, and probably
more aggressive upfront immunotherapy are impor-
tant steps toward an improved outcome. The persis-
tence of LGI1 Abs in patients who fully recover
challenges the value of routine surveillance of Ab
titers to evaluate the clinical outcome.
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