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ABSTRACT

Background: Both anterograde and retrograde amnesia can typically co-occur in limbic autoimmune encephalitis (LAE), in-
cluding the forms associated with antibodies to CASPR2/LGI1, two protein complexed with the voltage-gated potassium channel
(VGKC). However, isolated retrograde amnesia is very rare, and it has never been described in LAE.

Methods: We report two patients with CASPR2 LAE who showed isolated retrograde amnesia, without other significant cog-
nitive impairments. A systematic literature review was performed in accordance with the PRISMA guidelines on patients with
LAE, antibodies to the VGKC complex (including LGI1, CASPR2, or the VGKC), and memory impairment.

Results: We identified 467 patients from 29 studies. Fourteen/467 had retrograde amnesia (2.9%), which co-occurred with an-
terograde amnesia in 12 with VGKC antibodies (7 with LGI1 LAE-like clinical phenotypes). Our two cases with CASPR2 LAE
(2/469, 0.4%) were the only ones with isolated retrograde amnesia, which was actively investigated in only 56/467 patients.
Thirteen/14 patients, including the two with isolated retrograde amnesia, had partial or poor cognitive improvement.
Conclusions: Retrograde amnesia is rare but likely under-recognized in VGKC-complex antibodies LAE and associates with
poor recovery. When isolated, it adds to the spectrum of CASPR2 LAE. These findings promote insights into retrograde amnesia
pathophysiology, deserving investigation across the whole spectrum of AE.
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1 | Introduction

Limbic autoimmune encephalitis (LAE) is characterized by
memory loss, disorientation, mood changes, and epileptic sei-
zures [1]. Brain magnetic resonance imaging (MRI) often shows
fluid-attenuated inversion recovery (FLAIR)/T2 hyperintensity
and subsequent atrophy within the medial temporal lobes and
the hippocampus, namely the brain regions important for learn-
ing and memory [2, 3].

Patients with LAE can harbor several autoantibodies target-
ing intracellular or cell surface neuronal antigens. In the latter
group, autoantibodies directed against the contactin-associated
protein-like 2 (CASPR2) and the leucine-rich glioma-inactivated
1 (LGI1) are among the most common and have shown a direct
pathogenic role [4-6]. These antibodies were originally identi-
fied as targeting the voltage-gated potassium channel (VGKC)
complex, but, later on, LGI1 and CASPR2 (two proteins associ-
ated with the VGKC) were discovered to be the actual targets,
and the term “VGKC antibodies” is now considered obsolete [7].

Amnesia is one of the key features in all forms of LAE, includ-
ing those associated with LGI1/CASPR2 antibodies [8]. Memory
loss in LAE patients is typically both anterograde (affecting the
ability to store new memories) and retrograde (affecting exist-
ing recent or remote memories). Retrograde amnesia is in most
cases temporally graded, with more recent memories being first
affected according to Ribot's law [9, 10], but cases showing tem-
porally ungraded retrograde amnesia, with the inability to re-
call scattered episodes of the past, have also been reported [10].
Conversely, isolated retrograde amnesia is exceptionally rare
and has been mainly reported after electroshock therapy or as
psychological mechanisms linked to the “blocking” of traumatic
memories (“dissociative amnesia”; [11]). In addition, isolated
retrograde amnesia can be experimentally induced through the
administration/consumption of psychoactive drugs and alcohol,
but the mechanisms of memory loss are largely unknown [12].
Notably, isolated retrograde amnesia has never been reported in
LAE [13-19].

Here we report two patients with CASPR2 antibody-positive
LAE with isolated episodic-autobiographical temporally graded,
in one case, and ungraded, in the other, retrograde amnesia,
along with a systematic literature review on memory impair-
ment in LAE associated with antibodies to LGI, CASPR2, or
the VGKC.

2 | Materials and Methods

Information regarding the two case reports was collected
from the hospital charts. To assess the retrograde amnesia,
the Autobiographical Memory Interview (AMI; [20]) was per-
formed. This is a structured interview that evaluates autobi-
ographical and personal semantic memories over three distinct
time periods: recent events (within the previous year), early
adulthood (between the ages of 19 and 29), and childhood
(up to 18years old). LAE diagnosis was assessed according to
Graus' consensus-based criteria [1]. CASPR2 antibodies were
assessed using a combination of in-house tissue-based assay
(TBA), and live CBA, as previously described [21] together

with a commercial fixed cell-based assay (CBA; Euroimmun,
Germany), in accordance with manufacturer's instructions.

2.1 | Study Selection, Inclusion, and Exclusion
Criteria for the Systematic Review

On June 15th, 2024, we searched the PubMed, Scopus, and
Embase databases for articles about patients diagnosed with
LAE in accordance with PRISMA guidelines [22]. In the final
analysis, we included patients with the following characteris-
tics: (a) diagnosis of definite LAE [1]; (b) serum and/or CSF posi-
tive for antibodies targeting the VGKC-complex (either targeting
LGI, CASPR2, or VGKC without further specification); (c) mem-
ory impairment; (d) sufficient information to classify the mem-
ory impairment (neuropsychological tests to assess the memory
impairment had to be specified).

Table S1 shows search strategies with MeSH terms, and Figure 1
PRISMA flow chart with inclusion and exclusion criteria. We
obtained systematic review protocol registration on PROSPERO
(CRD42025649987), whereas the PRISMA 2020 checklist is re-
ported in Appendix S2.

2.2 | Data Extraction and Quality Assessment

We extracted the following data: the first author's last name,
year of publication, patients' demographic and clinical data, am-
nesic syndrome characteristics, associated neurologic deficits,
neuroimaging data, etiology, and outcome.

Quality of studies included in the systematic review was in-
dependently assessed by two authors (A.M. and D.C.) using
the NIH Quality Assessment Tool for Case Report/Series and
Retrospective studies (Table S2). A risk of bias assessment,
graphs, and a map were then generated and visually represented
(Figures S1 and S2).

2.3 | Data Synthesis and Descriptive Analysis

Data were summarized using descriptive statistics, with means
and standard deviations for continuous variables and frequen-
cies and percentages for dichotomous variables. All descriptive
statistical analyses were performed using GraphPad Version 9
(GraphPad Software, San Diego, CA, USA).

3 | Clinical Case Description
31 | Casel

In May 2021, a 72-year-old male presented, in a 2-week pe-
riod, with recurrent episodes of altered consciousness lasting
a few seconds, and behavioral changes, and was admitted to
the Mondino neurology ward. His medical history revealed hy-
pertension, atrial fibrillation, and previous bullous pemphigus.
After neurological evaluation, he underwent a brain MRI that
showed only mild signs of cerebrovascular pathology, and a
normal EEG that was unremarkable. In suspicion of temporal
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FIGURE1 |

Flowchart of the search process based on the PRISMA systematic review of the literature. LAE, limbic autoimmune encephalitis.

* PubMed, Scopus, and Embase databases analyzed with and without MeSH terms in the search strings.

seizures, antiepileptic therapy with Levetiracetam was started
with symptoms' resolution. After 4 months, the patient presented
a cluster of generalized tonic-clonic seizures and was hospi-
talized for further investigation. Immediately after recovering
from the seizures, he complained of almost complete loss of ep-
isodic autobiographical memory dating back roughly 12 months
before, attributable to temporally graded retrograde amnesia. At
the time of the hospitalization the patient was unable to recall
any episode from that period, including major life events, such as
his son's graduation. Notably, according to his wife, his behavior
and memory during that 12-month-long period were completely
unaffected. Brain MRI demonstrated bilateral FLAIR/T2 mild
hyperintensity and thinning of the limbic structures (Figure 2)
and EEG revealed only a slight asymmetry of the posterior back-
ground rhythm amplitude. Cerebrospinal fluid (CSF) analysis
showed mild blood-CSF barrier (B-CSF-B) damage, pleocyto-
sis (20 cells/mm?, lymphomonocytoids), oligoclonal IgG bands
(OCBs) that were identical in serum and CSF (mirror pattern),
and negative PCRs for neurotropic viruses. Indirect immuno-
fluorescence on transfected EU 90 cells (“Euroimmun”) found
high titer anti-CASPR2 antibodies in both CSF and serum
(1:200, superficial neuronal antigens; 1:10 synaptic neuronal an-
tigens) (Figure 2). Brain and total body FDG-PET scans showed
no pathological findings. A full battery of neuropsychological
testing including Mini Mental State Examination (MMSE),
Trail Making Test (TMT), Symbol Digit Test (SDT), Buschke's
Memory test, Clock drawing test, semantic and phonemic flu-
encies, executive functions, and tests for visuo-spatial functions

were unremarkable. The Autobiographical Memory Interview
(AMI; [20, 23]) confirmed the presence of retrograde amnesia. A
final diagnosis of autoimmune CASPR?2 encephalitis was made,
and intravenous 6-methylprednisolone (1g/day for 5days) was
given, followed by slow tapering over 3months. At the 2-year
follow-up, the patient remained stable and seizure-free, without
any recovery of the amnesic gap. At this stage, the AMIinterview
scores pertaining to recent events were completely normalized.

3.2 | Case2

In September 2009, a 52-year-old male presented weekly ep-
isodes of staring and unresponsiveness lasting a few seconds,
followed by confusion, behavioral changes, and depersonal-
ization while he was working in Venezuela. In addition, the
patient complained of being unable to recall specific and even
major life events of the recent and remote past. For example, he
could not remember his wedding day or the birth of his chil-
dren (occurred, respectively, 30 and 32years before). Once he
returned to Italy, he underwent a neurological evaluation and
performed a brain MRI that showed slight hyperintensity of the
mesial temporal lobes, at the thalamic-capsular level, and of the
corona radiata (Figure 2). CSF analysis showed mild B-CSF-B
damage, without pleocytosis, identical in serum and CSF OCBs
(mirror pattern), and negative PCRs for neurotropic viruses. Tau
protein was within normal levels. To rule out a paraneoplastic
LAE, a total body FDG-PET and onconeural antibody testing
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FIGURE 2 | Timeline of neurological symptoms of our two CASPR2 LAE patients. The results of AMI (autobiographical incidents and personal
semantic schedules, at baseline and 2-year follow-up); AMI scores were defined as follows; “Acceptable”: +£1SD of the mean derived from literature
data on healthy controls (dotted green line); “borderline”: All the values falling between 1SD and 2 SD below the mean; “probably abnormal”: >2SD
below the mean (dotted orange line; not always assessed); “definitely impaired”: Scores at or below the lowest score among the healthy controls (red
line) (Kopelman et al. 1989 [20]). Brain MRI, case 1 (A) and case 2 (F): coronal sections showing bilateral hippocampal hyperintensity (on the left)
and swelling on Fluid-attenuated-inversion-recovery (FLAIR) and T2 sequences (on the right). CASPR2 antibody detection assays (case 1, B-E; case
2, G-L). Serum of patient 1 (B-E) and of patient 2 (F-L) did not bind to untrasfected HEK293 cells (B, G), but provided membrane surface staining on
fixed cell-based assay (CBA, green, anti-human IgG), and on live CBA (D, [; red, anti-human IgG; green, EGFP tag) on CASPR2-transfected HEK293
cells. Blue: DAPI. The presence of CASPR2 antibodies was confirmed on IHC on lightly fixed rat brain slices showing neuropilar staining patterns
compatible with CASPR2 antibody reactivity (E, case 1; L, case 2; brown: anti-human IgG). Staining intensity on both CBAs and IHC in case 1 was
more intense than in case 2. AE, autoimmune encephalitis; AMI, autobiographical memory interview; IHC, immunohistochemistry; LAE, limbic
AE; MRI, magnetic resonance imaging; NS, non-significant; TC, tonic-clonic; TGRA, temporally graded retrograde amnesia; TuGRA, temporally

ungraded retrograde amnesia; yr, years.

were performed and resulted negative. Neuropsychological
tests, including MMSE, TMT, SDT, Buschke's Memory test,
Clock drawing test, semantic and phonemic fluencies, and tests
for visuospatial functions, showed a normal profile except for a
slight impairment in spatial organization and abstraction. The
AMI test [20] revealed temporally ungraded retrograde amnesia
(Figure 2). The patient started levetiracetam and add-on therapy
with carbamazepine (400mg bis in die), with complete resolu-
tion of the episodes. After 6 months, he performed a follow-up
brain MRI, which confirmed the temporomesial alterations,
with a slight increase in the left amygdala.

In 2022, 13years after the first admission, the patient suffered
from mild obsessive behavior, apathy, difficulty in managing

emotions, and dysarthria, and was admitted to the neurology
ward. Brain MRI showed resolution of the previous lesions, and
FDG-PET, EEG, and neuropsychological tests were unremark-
able. For the first time, neuronal antibody serostatus was as-
sessed through indirect immunofluorescence on transfected EU
90 cells (“Euroimmun”) finding a low titer of anti-CASPR2 an-
tibodies (1:10) in serum (Figure 2), supporting the diagnosis of
CASPR2 LAE. Unfortunately, the lumbar puncture was refused
by the patient. The AMI was re-administered, confirming the
same temporally ungraded retrograde amnesia detected at the
previous test. In the presence of normal paraclinical studies and
the stability of the clinical picture, the patient was not treated.
The amnesic gap remains unchanged at the last follow-up after
13years.
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4 | Systematic Review Findings

The literature search in PubMed, Scopus, and Embase databases
resulted in the identification of 2306 articles. After removing 136
duplicates and 960 records removed for other reasons (e.g., no
full-text available, articles not written in the English language,
review, opinion article, book chapters or articles not related to
memory impairment and LAE), 1209 studies were selected for
title-abstract screening. After this phase, 195 articles were ex-
cluded due to the absence of reported neuropsychological data
or because no abstract was available. After a second phase of
screening, 587 articles were eliminated because they did not
address anterograde or retrograde amnesia in LAE patients or
did not involve human participants. In this phase, case reports
and case series were included in the assessment. A total of 427
out of 1014 studies were suitable for full-text assessment. After
cross-reference checking, only 29 studies were finally included
in this review.

4.1 | Patients With VGKC-Complex LAE
and Memory Impairment

Among the 29 studies included, we found a total number of 467
patients with memory impairment and VGKC-complex antibod-
ies which, together with our two patients, were included in the
final analysis. Mean age was 57.5years (range, 36.0-77.7). Three
hundred and nineteen out of 469 patients (68.3%) were male,
and mean follow-up was 18 months. Patients harbored LGI1
(346/469, 73.8%), CASPR2 (13/469, 2.8%), co-occurring LGI1
and CASPR2 (5/469, 1%; data not represented in the graphs),
or VGKC antibodies (48/469, 10.2%; specific assays for LGI1/
CASPR2 antibodies unavailable at the time of testing) (Table 1).
All patients had a clinical syndrome classified as LAE.

Overall, 189 patients underwent extensive neuropsychological
tests, while 146 were studied only using MOCA and/or MMSE
tests. In 132 patients, no specific neuropsychological battery
assessment was mentioned, but nonetheless, sufficient informa-
tion was provided to classify the type of memory impairment.
Only 58/469 patients (12.4%) underwent tests that actively in-
vestigate retrograde amnesia, such as AMI, Adult Memory and
Information Processing Battery (AMIPB), or Doors and People
test (D&P).

The most common cognitive alteration was isolated anterograde
amnesia, found in 406/469 patients (86.6%). Retrograde amnesia
was detected in only 14/469 patients (2.9%). Detailed informa-
tion about these patients is reported in Table 2. Sixty-two/469
patients (13%) complained of attention deficits, and 94/469 (20%)
presented executive function impairment, 38/469 (8%) with spa-
tial disorientation, 59/469 (13%) with language impairment, and
17/469 (4%) with processing speed deficits. Overall, 68/469 (15%)
showed other unspecified cognitive impairment (Table 1).

4.2 | Patients With LGI1/CASPR2 LAE
and Retrograde Amnesia

Among the 14 patients with retrograde amnesia (described in
4 studies plus our case reports), the mean age was 61.5 (range

43-75years old). Twelve of 14 patients (85.7%) were male, and
the mean follow-up was 12months. Autoantibody profiles in-
cluded VGKC in 12 of 14 (85.7%) and CASPR2 in 2 of 14 (14.3%),
and none with LGI1 (Figure 3, Table 2). However, seven cases
with VGKC antibodies had a clinical phenotype highly sugges-
tive of LGI1 LAE (Lad et al. 2019 [39]).

Three/14 (21.4%) showed temporally graded retrograde am-
nesia, while 5/14 (35.7%) temporally ungraded retrograde
amnesia. In 9/14 cases (64.3%) amnesia was among the initial
symptoms reported, while developing later over the disease
course in the remaining cases. Notably, in all patients, except
the two reported in this paper (2/469, 0.4%), retrograde amne-
sia occurred concomitantly with anterograde amnesia (12/469;
2.6%) (Figure 3).

Thirteen/14 (92.8%) had partial or poor cognitive improvement
on follow-up (namely, selective memory deficits involving both
the anterograde and retrograde memory) after the administra-
tion of various immunotherapies. Only one out of 14 patients
(7.1%) showed total clinical/cognitive recovery after IVIg ther-
apy (Table 2).

We then compared patients with retrograde amnesia with those
with isolated anterograde amnesia and found no substantial
differences in terms of clinical phenotype and disease course.
Patients with mixed anterograde-retrograde amnesia showed
unilateral or bilateral hippocampal atrophy more frequently
(11/12; 91.6%) than those with isolated anterograde amnesia
(78/107; 72.9%).

5 | Discussion

In this study, we highlight for the first time that isolated retro-
grade amnesia can be part of the spectrum of CASPR2 LAE. In
addition, through a systematic literature review, we underline
how retrograde amnesia, when in association with anterograde
amnesia, occurs very rarely and in patients with VGKC-
complex LAE.

Amnesia is a hallmark of LAE and inherently depends on
the pathological involvement of the hippocampus in these
disorders [39]. This brain region represents a key structure
implicated in new memory formation, and whose damage is
typically associated with episodic memory impairment [26].
Conversely, the role of the hippocampus in the storage and re-
trieval of remote memories, whose impairment is a core feature
of retrograde amnesia, remains debated [12, 51, 52]. According
to the Standard Consolidation Theory, hippocampal involve-
ment in memory formation is necessary to create a coherent
memory and to maintain it for a relatively short period, while
consolidated memories are stored within the neocortex and
can be accessed without hippocampal intervention [53, 54]. In
contrast, both the multiple traces and the disconnection theo-
ries suggest that the hippocampus is actively involved in the
recall of episodic memories regardless of their age [55, 56]. The
latter theories would be more coherent with the observation
derived from our cases and the results of the literature review,
as LAE patients can show both long-term temporally graded
and ungraded amnesia.
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LAE with memory impairment

3 97.01% 455 Isolated Anterograde Amnesia
Il 0.43% 2 Isolated Retrograde Amnesia
Bl 2.56% 12 Mixed Amnesia

ot Total=469

Total=346 Total=13

[ 84.62% 11 Isolated
Anterograde Amnesia

ia (Mixed + Isolated)

[ 42.86% 6 Not specified
[ 35.71% 5 Temporally un-graded
[ 21.43% 3 Temporally graded

B Total=14

LGI1 LAE CASPR2 LAE VGKC LAE
[ 100.00% 346 Isolated Il 15.38% 2 lIsolated B 25.00% 12 Mixed Amnesia
Antevog:adeAmnssia Retrograde Amnesia 1 75.00% 36 Isolated Anterograde Amnesia

Total=48

FIGURE 3 | Results of the systematic review: VGKC, LGI1 and CASPR2 Limbic Autoimmune Encephalitis with memory impairment.

As a novelty, in our two cases, retrograde amnesia occurred in
the absence of anterograde amnesia. Overall, retrograde am-
nesia occurring concomitantly with anterograde amnesia in
only 0.4% of LAE patients with VGKC-complex antibodies, and
11% of those with CASPR2 LAE, and was not associated with
other forms of AE. However, since retrograde amnesia is rarely
tested in routine clinical practice, and the currently available
tests have inherent limited sensitivity [20], it is possible that this
phenomenon may be underestimated (only 12.4% of the patients
in our systematic review performed specific tests for retrograde
amnesia). Notably, a recent study reported retrograde amnesia,
labeled as “lacunar autobiographical amnesia” in 21% of patients
with CASPR2 LAE [57]. Even though this study could not be
included in the systematic review due to insufficient informa-
tion regarding the neuropsychological tests used to assess the
memory impairment, it shows how retrograde amnesia might
represent a frequent feature in CASPR2 LAE patients. The vari-
able neuropsychological testing in the literature is a limitation
to the results of our review, and future case series will have to
investigate, and report retrograde amnesia systematically.

Isolated retrograde amnesia has been associated with heteroge-
neous etiologies including multifocal brain damage due to trau-
matic brain injury [58], herpes simplex encephalitis, and hypoxia
[59]. It has also been reported after electroshock treatment [60],
alcohol consumption, and following a minor physical injury,
often associated with psychogenic factors [61]. The underlying
mechanisms remain currently unknown [12]. At the cellular
level, it has been suggested that this amnesia might be related to
altered intracellular calcium homeostasis, possibly linked with
neuronal loss [51]. At present, the mechanisms through which
CASPR2 antibodies could cause isolated retrograde amnesia are
amatter of speculation. Indeed, the symptom does not invariably

occur in all the affected patients, and we found no clinical and
paraclinical differences between our two patients with the iso-
lated symptom and the 12 cases from the literature with mixed
anterograde-retrograde amnesia. In CASPR2 LAE, memory im-
pairment has been associated with hippocampal neuronal dam-
age at the CA3 level, which corresponds to the area with more
severe atrophy [34]. CASPR2 antibodies are pathogenic by re-
ducing density of CASPR2 at the neuronal surface, impairing its
interaction with TAGI1 [52], and concomitantly reducing the sur-
face levels of the potassium channel Kv1.1 and the a-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPAR;
[62, 63]). In animal models, the infusion of CASPR2 antibodies
induces both short-and long-term memory loss in a reversible
fashion [52, 64]. These antibodies can therefore alter the syn-
aptic transmission mediated by AMPAR, which are crucially
involved in long-term potentiation and long-term depression,
the major synaptic substrates of learning and memory [65-67].
However, whether these mechanisms are involved in the devel-
opment of retrograde amnesia is still uncertain and should be
investigated.

Our two patients showed persistent hippocampal involvement
at brain MRI, and retrograde amnesia recovery was poor. This
suggests that retrograde amnesia could be likely due to irrevers-
ible damage, rather than to the transient functional impairment,
as shown in an experimental model [52].

6 | Conclusions and Future Directions
Retrograde amnesia is rare but likely under-recognized in LAE

with VGKC-complex antibodies and associates with poor recov-
ery. Our findings suggest that isolated retrograde amnesia is part

14 of 17

European Journal of Neurology, 2025



of the spectrum of CASPR2 LAE. Future studies should assess
the frequency of retrograde amnesia in the whole AE spectrum
and possibly explore its pathophysiology.
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