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Accurate diagnosis of frontotemporal dementia (FTD) with right anterior temporal lobe (RATL)
predominance remains challenging due to lack of clinical characterization, and standardized
terminology. The recent research of the International Working Group (IWG) identified common
symptoms but also unveiled broad terminologies lacking precision and operationalization, with risk of
misdiagnoses, inappropriate referrals and poor clinical management. Based on the published
evidence (91267 articles screened) and expert opinion (105 FTD specialists across 52 centers) by
using the nominal group technique, the IWG delineates three primary domains of impairment causing
behavioral, memory and language problems: (i) multimodal knowledge of non-verbal information
including people, living beings, landmarks, flavors/odors, sounds, bodily sensations, emotions and
social cues; (ii) socioemotional behavior encompassing emotion expression, social response and
motivation; and (iii) prioritization for focus on specific interests, hedonic valuation and personal
preferences. This study establishes a consensus on clinical profile, phenotypic nomenclature, and
future directions to enhance diagnostic precision and therapeutic interventions.

Frontotemporal dementia (FTD) is one of the leading causes of dementia
before age 65, and selectively impacts circuits in the frontal and anterior
temporal lobes (ATL) that support behavior and language1–3. Despite the
extensive study of semantic aphasia (left temporal dominant) and beha-
vioral variant (frontal dominant) FTD syndromes, the syndrome of FTD
related to pathology predominant in the right ATL (RATL) lacks standar-
dized nomenclature and consensus diagnostic criteria4. Although the

diagnostic criteria for svPPA and earlier criteria for FTD and semantic
dementia (SD) allude to RATL involvement, the syndrome has been rela-
tively neglected as a separate entity in the literature. The problem goes
beyond the lack of a categorical term for the syndrome, with confusion or
inconsistency in the very phenomenological characterization.

Diverse and sometimes conflicting descriptions have been applied to
the symptoms of FTD with RATL predominance. Hyper-religiosity, once
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regarded as virtually pathognomonic for this subtype, has been widely
observed in numerous case reports, with influences from the “Geschwind
Syndrome,” a concept derived from epilepsy literature that includes hyper-
religiosity, hypergraphia, hyposexuality, and irritability5. Early publications
with larger sample sizes highlighted prosopagnosia, parsimony, pre-
occupations, lack of empathy and compulsive behavior, while some
emphasized loss of object knowledge and visual semantic deficits as core
features3,6–9. Other studies pointed to memory deficits, mental rigidity,
somatization, topographagnosia, atypical depression, slowness, hallucina-
tions, and delusions10–12. Furthermore, a wide spectrum of singular case
studies reported dysprosody, altered emotional expression, parosmia, gus-
tatory agnosia, phonagnosia, musicophilia or amusia, visceral agnosia, and
an array of emergent obsessions ranging from strong political or religious
beliefs to artistic skills13–21. Most recently, some groups have proposed that
socioemotional semantic deficits and altered hedonic valuation are the
primarymechanisms underpinning the behavioral changes commonly seen
in the RATL syndrome22–24.

We established an international working group (IWG) in 2020 to
elucidate the clinical characteristics of the syndrome, resolve contradictions
in thefield, andpromote consensuson terminology forFTDpresentingwith
RATLpredominance.Our initialmulti-cultural publication,which included
360 patients, showed that common symptoms included mental rigidity/
preoccupations (78%), disinhibition/socially inappropriate behavior (74%),
naming/word-finding difficulties (70%), memory deficits (67%), apathy
(65%), loss of empathy (65%), and face-recognition deficits (60%), as well as
impairments regarding landmarks, smells, sounds, tastes, and bodily sen-
sations (74%). Some of these were not specifically inquired about in many
centers and others were interpreted heterogeneously using diverse
terminologies4. Many symptoms in this study were described using broad
terminologies such as “disinhibition” and “word-finding difficulties”, which
either lacked or misattributed underlying mechanisms. These descriptions
were typically based on clinicians’ observations or informant-based surveys.
The limited use of objective, face-to-face assessments for common and
specific RATL symptoms led to heterogeneous interpretations. While
available test results indicated deficits in the semantics of emotion, people,
social interactions, and visual stimuli, we lacked objective assessments and
operationalization for mental rigidity and preoccupations, despite the high
prevalence4.

Lastly, our most recent multicultural cohort revealed that 80% of
patients have no genetic variant or family history, which will be detailed in
our forthcoming publication. Nevertheless, given the sporadic nature of the
disease, early and accurate diagnosis is particularly challenging worldwide,
often leading toundiagnosedormisdiagnosed cases as psychiatric disorders.
Therefore, early and precise diagnoses, which are essential for improving
patient care, advancing research, and facilitating clinical trial inclusion,
primarily rely on thorough clinical assessments.

These results underscore the urgent need for consensus on terminol-
ogies that elucidate primary cortical dysfunctions and can be readily applied
in everyday clinical practice globally. This is the first international initiative
to address existing gaps and offer consensus recommendations by con-
ducting a thorough systematic review and gathering expert opinions.

Methods
Establishment of the IWG
HU and YP reviewed the international literature to identify the authors/
centers that might have an interest in FTD with RATL, based on their
scientific reports and/or clinical cohort characteristics. Clinician and
researcher partners including neurologists, psychiatrists, psychologist spe-
cializing in FTDwere invited via email and/or zoommeetings to collaborate
in the project. Initial invitations were extended to multiple centers, and
subsequent Zoom meetings were held to outline the objectives of the IWG
and the specific project. This resulted in a positive reaction for collaboration
from18 centers including theUnited States, UnitedKingdom, Italy, France,
Belgium, Germany, Spain, Sweden, Canada, Turkey, Brazil, and the Neth-
erlands. The invitation remained open to allow additional centers to join

subsequent round table meetings, which aimed to achieve consensus on
various aspects including aims, methodology, study designs, generation of
the symptom checklist for data collection, data analyses, interpretation of
the collected data, terminology, recommendations, and future directions.
Over time, new collaborators have joined the collaboration that contributed
to the round table discussions, although they could not provide patient data
for the retrospective study. Currently, the IWG contains 52 centers across
the world withmore than 100 early-career and senior FTD experts. The full
list of participating investigators is provided below (see Investigators of the
International Working Group).

Systematic review. A comprehensive review in MEDLINE (PubMed)
and Embase until February 2024 was performed. Thirteen separate sys-
tematic reviews were conducted to tackle each RATL-relevant clinical
symptom identified in our previous study and literature. Included
symptoms were “person specific knowledge deficit” (Supplementary
Fig. 1), “lack of empathy“ (Supplementary Fig. 2), “disinhibition” (Sup-
plementary Fig. 3), deficits regarding “taste” (Supplementary Fig. 4),
“sound” (Supplementary Fig. 5), “smell” (Supplementary Fig. 6), “land-
marks” (Supplementary Fig. 7), “bodily sensations” (Supplementary
Fig. 8), “visual information” (Supplementary Fig. 9), as well as “memory
deficits” (Supplementary Fig. 10), “apathy” (Supplementary Fig. 11),
“mental rigidity” (Supplementary Fig. 12), and “psychiatric symptoms”
(Supplementary Fig. 13). Search terms for each symptom were discussed
and identified by the IWG consensus to increase the sensitivity of the
search. (i.e., for person specific knowledge, search terms; “prosopagno-
sia” OR “associative prosopagnosia” OR “face recognition deficit” OR
“person knowledge” OR “semantics for people” OR “face agnosia” OR
“face blindness” OR “person identification” OR “person-specific” OR
“person recognition” OR “face recognition”, [see the Supplementary
Table 1 in Supplementary Data File 1 for the search-terms of other
symptoms]). Subsequently each symptom was attached with the fol-
lowing terms “frontotemporal dementia” OR “semantic dementia” OR
“semantic variant primary progressive aphasia” OR “behavioral variant
frontotemporal dementia” OR “temporal variant frontotemporal
dementia”OR “frontotemporal lobar degeneration”OR “Pick’s Disease”
OR “right temporal” OR “right anterior*” OR “temporal pole”, “fron-
totemporal dementia AND right temporal”, “semantic dementia”,
“semantic variant primary progressive aphasia AND right”, “behavioral
variant frontotemporal dementia AND right”, “temporal variant fron-
totemporal dementia”, and “frontotemporal lobar degeneration AND
right temporal”.

Search strategy
The systematic review was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement. Relevant studies were retrieved using keywords in Supplemen-
tary Table 1 in Supplementary Data File 1 fromMEDLINE (PubMed) and
Embase databases as well as other sources, covering the literature until
February 2024. Search results are summarized in Supplementary Table 2 in
Supplementary Data File 2, with PRISMA flow diagrams provided in
Supplementary Figs. 1–13. The titles and abstracts of the citations were
screened by 3 independent authors (HU, MM, and KY) to determine their
relevance for inclusion. Full-text articles of the relevant citations were then
assessed to determine whether the study meets the predefined criteria for
RATL case identification (Fig. 1).

Studies were excluded when no original data were reported (letters to
the editor, meta-analyses, or review studies). Mendeley reference manager
(v2.114.0)was used to register all citations.Duplicated studieswere removed
basedonoverlapping authorship, studydescription, year of publication, and
journal. Unlike other published systematic reviews on this topic, even if the
prevalent RATL atrophywas notmentioned in the titles or abstracts, if there
was a bvFTD, svPPA, or SD cohort, full texts were screened to identify
potential caseswith predominant RATL atrophy. The identification of FTD
caseswith predominant RATL atrophy is illustrated in Fig. 1, and guidelines
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for visual atrophy rating are provided below. Initial discordance between the
three primary assessors was resolved through consensus or through the
decision of a fourth author (YP). Consequently, all included articles were
shared with the IWG for their review, and additional articles were included
by the IWG if they were not in the initial search. Full-text articles of the
relevant citationswere then assessed to determinewhether the studymet the
predefined inclusion criteria. The study quality of all included articles was
assessed using the IWG’s guidelines including a 6-point checklist assesses
the rigor of inclusion criteria and subject selection, sample size, diversity
(ethnicity/ country), biomarker, genetic and pathological confirmation
availability, and measurement of symptoms (Supplementary Table 3 in
Supplementary Data File 3).

Atrophy rating guidelines
If not explicitly reported in the original articles, RATL atrophy was deter-
mined through visual inspection of structural neuroimaging, following
established visual atrophy rating guidelines25. All included patients
demonstrated greater atrophy severity (at least one grade higher) in the
RATL compared with other brain regions. Patients with marked frontal or
left temporal atrophy (≥3, on a 0–4 scale), even if they had predominant
RATL atrophy, were excluded to minimize gross effects of general
neurodegeneration.

Consensusapproach. A series of round tablemeetingswas organized to
reach consensus on aims, methodology, generation of the terminologies,
and future directions. The nominal group technique (NGT) which
combines qualitative and quantitative data and encourages and enhances
the participation of groupmembers was used to deliver rapid and reliable
results to have a consensus and generate ideas/solutions to be used in the
project26. Given the large number of experts involved, their varying levels
of expertise, the complexity of the subject matter, and the fact that several
IWG members are renowned specialists who have devoted their careers
to specific symptoms in our study, we required amethod thatwould allow
for focused qualitative depth, real-time dialog, direct face-to-face inter-
action (via Zoom), and rapid turnaround without relying on multiple
iterations or participant anonymization. Because of these needs, theNGT
was deemed more suitable than other methods such as the Delphi
technique27. After completing the systematic review, preliminary results
were documented, and surveyswere prepared to systematically collect the
opinions of the collaborators. The surveys addressed the following topics:
(1) interpreting and categorizing the listed symptoms; (2) rating pre-
viously used terminologies; (3) proposing new terminologies if existing
ones did not adequately represent the clinical presentation; (4) rating
previously used formal names for the syndrome; (5) proposing new
formal name if previously used names did not adequately represent the

clinical syndrome. All survey results were shared and discussed in the
structured round tablemeetings to establish consensus on recommended
terminology for symptoms and a formal name for the syndrome. All
round table meetings were recorded to be further coded to capture the
interpretations shared by the experts. In cases where members were
unable to participate in the discussion or had additional comments, they
were encouraged to watch the recorded videos and share their opinions
via email. Subsequently, to determine the most appropriate terminology,
another survey was conducted wherein each proposed term for each
symptomwas rated by the experts. A 70%agreement thresholdwas set for
consensus. Finally, prior to manuscript submission, a final round table
meeting and online discussion forum was held to determine whether the
findings of this retrospective studywere sufficient to establish operational
diagnostic criteria (for further details regarding the design of the round
table meetings, see the IWG’s previous publication28).

Results
Terminology
Supplementary Table 4 in Supplementary Data File 4 presents real-life
examples from the IWG’s dataset and illustrates how these examples are
interpreted by caregivers in terms that belie the underlying cognitive deficit.
For instance, knowledge loss for peoplemay be perceived as amemory (e.g.,
“She doesn’t remember people…”), language (e.g., “He cannot name actors
on TV…”), or a behavioral issue (e.g., “She behaves as if she is talking to
strangers on the phone when she is actually talking to close friends and
family”) (see examples for each symptom in Supplementary Table 4 in
Supplementary Data File 4). In the following section, the IWGmeticulously
reviewed each identified symptom from our previous work and the existing
literature. The group conceptualized these symptoms by considering
underlying neural mechanisms and provided recommended terminology
and clinical guidelines to better capture these symptoms in daily clinical
practice (Supplementary Table 4 in Supplementary Data File 4, Box 1). All
terminologies identified in this process met or exceeded the consensus
threshold.

Multimodal knowledge loss for non-verbal information
The IWG clustered the following symptoms under this broad category,
pointing out that the main deficit is “knowledge loss” for many categories
(each discussed in detail below) via multimodal (more than one modality,
i.e., notonlyvisual) “non-verbal” stimuli (withoutusing language, i.e., visual,
auditory, gustatory, or olfactory).

RATL and knowledge loss for people
Face recognition deficits are prominently observed in patients with pre-
dominant RATL atrophy, and extensively studied across various research

Fig. 1 | Inclusion criteria for identifying FTD
patients with predominant RATL atrophy. Indi-
viduals were included if they met at least one
established clinical diagnostic criterion for fronto-
temporal dementia (FTD) (Neary 1994; Neary 1998;
McKhann 2001; Rascovsky 2011), semantic
dementia (SD; Neary 1998), primary progressive
aphasia (PPA; Gorno-Tempini 2011), or fronto-
temporal lobar degeneration (FTLD; MacKenzie &
Neumann 2016). Patients were included when
clinical, imaging, or pathological findings indicated
right-temporal variant FTD, right-predominant
semantic-variant PPA (svPPA), right SD, semantic
behavioral variant FTD (sbvFTD, or right anterior
temporal lobe atrophy. Cases were excluded if they
demonstrated left-predominant svPPA/SD, non-
fluent variant PPA (nfvPPA), logopenic variant PPA
(lvPPA), or frontal-predominant FTD without right
temporal predominance.
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groups (Supplementary Table 3 in Supplementary Data File 3). While
commonly labeled as “prosopagnosia,” recent literature employing rigorous
face-to-face assessments indicates that RATL-related impairments differ
significantly from those related to posterior cortical areas primarily involved
in basic face perception. Instead, these deficits are associated with a multi-
modal loss of person-specific knowledge, encompassing recognition diffi-
culties with voices, biographical details, and faces, collectively termed as
“person-specific knowledge” or “person-based semantics”8,17,29–44. These
studies have shown that patients with RATL atrophy often demonstrate
intact basic face perception and discrimination skills, but struggle to identify
people from photographs or recognize them by voice. They therefore also
exhibit deficits in assessing familiarity, semantic associations and providing
semantic information. Some studies have reported that knowledge of
infrequent acquaintances or famous public figures deteriorates earlier than
that of close family members, analogous to the early loss of less familiar/
frequent words in the left hemisphere counterpart, svPPA38. Several authors
have highlighted that semantic knowledge about people can be sparedwhen
individuals are provided with names or verbal definitions rather than
pictures33,36,38–40,45. Moreover, comparative studies of RATL versus LATL
atrophy in semantic dementia reveal distinct patterns of impairment. A
strong anatomical correlation has been found between face-to-name and
voice-to-name matching performance and the right temporal lobe but not
the left46, and patients with predominant LATL atrophy identify faces from
pictures (visual task) better than their names (verbal task), whereas those
with RATL atrophy show the opposite pattern32,34,35, suggesting the crucial
role of LATL in verbal semantics, and RATL in non-verbal processing.
These laterality effects are likely to be a matter of degree, rather than binary
distinctions47 andmaydissipate as disease progression leads tobilateralATL
damage. In a detailed case study, the patient was also unable to describe her
feelings about the ‘recognized’ person, as an aspect of semantic loss, beyond
difficulties in providing biographical information. In addition, she used

general semantic knowledge to identify people. For example, she would
promptly recognize her grandson in his mechanic’s overall but not in
ordinary clothes. Similarly, she would identify the local priest only when he
wore his black cassock during church services39. These examples highlight
the complexity of patients’ adaptive mechanisms, underscoring the diffi-
culties in capturing such symptoms unless they are systematically inquired
about and objectively tested. Existing face-to-face tests are mainly available
for Western populations’ references images and delivered in English. Cul-
tural adaptation of those tests is essential, both in language and in the
cultural familiarity of test materials. Additionally, current validated tools
assess person identity via static pictures. Novel ecologically valid, and cul-
turally sensitive tools that combine visual and auditory information are
warranted (Supplementary Table 4 in Supplementary Data File 4).

RATL and knowledge loss for other living beings
Object recognition deficits, naming, and word-finding difficulties are other
common symptoms reported by several groups6,10,22,48. However, studies
using standardized tests indicate that these deficits are category-specific.
Beyond person-based knowledge, research has shown that patients with
RATL atrophy experience knowledge loss for living beings, leading to
recognition, naming, and word-finding difficulties39,49–52. Comparative stu-
dies have demonstrated that while left-predominant SD affects both ani-
mate and inanimate words equally due to language involvement, right-
predominant SD, with greater language sparing, continues to impair other
semantic aspects related to animals49. Other studies using multi-modal
stimuli reported poor knowledge of sensory attributes and consistently
greater impairment for living things52,53. A more specialized study docu-
mented difficulties in recognizing birds by their calls in a bird expert with
RATL atrophy51, while another reported a deficit in mushroom identifica-
tion in an experienced mushroom gatherer with RATL atrophy39. This
evidence highlights the need for more detailed cognitive assessments to
identify such deficits in patients with RATL atrophy. Better test designs and
prospective multicultural studies are needed to elucidate whether the
impairment is confined to socioemotionally relevant living beings or
extends to all living entities, and to assess if this symptom is an earlymarker
of the syndrome. Additionally, given the reported similar deficits in patients
with predominant LATL atrophy54, prospective comparative studies are
warranted to elucidate whether these deficits are part of a broader con-
ceptual system underpinned by a bilaterally-implemented, functionally-
unitary semantic hub in the ATLs. Currently, a few experimental tasks are
available, but there is no validated tool for clinical use. During tool devel-
opment and/or validation, cultural sensitivities should be carefully con-
sidered (Supplementary Table 4 in Supplementary Data File 4).

RATLandknowledge loss for landmarks,monumentsandplaces
Deficits regarding landmarks and monuments have been reported by sev-
eral groups, despite the use of heterogeneous terminologies for the ensuing
phenomena, including “getting lost,” “topographagnosia,” “wayfinding
difficulties,” “knowledge loss for places” or “semantic deficit for
landmarks”10–12,22,29,30,38,42. Although most studies rely on clinical observa-
tions, some groups have assessed this deficit using quantitative tests,
reflecting knowledge loss for landmarks and monuments29,30,38,42. One
detailed case study provided deeper insights into the nature of the deficit in
RATL degeneration30. In this study, the patient’s wayfinding abilities in a
familiar environment (i.e., his hometown) were preserved despite an
inability to recognize familiar and famous buildings, monuments, and
landmarks. Wayfinding was achieved through heavy reliance on written
indications (e.g., names of restaurants and streets), preservation of a pre-
existing cognitive map of the familiar environment, normal executive
functions necessary to plan the execution of a given trajectory, and an over-
reliance on processing local features. This distinguishes the deficit from
navigational impairment following damage to the medial temporal lobe.
Naming (4/20) and identifying (6/20) famous monuments, as well as
familiarity, were significantly impaired when presented with photographs.
In contrast, upon verbal presentation of the names of these famous

Box 1. | Recommended symptom checklist
for clinicians

1. MULTIMODAL KNOWLEDGE LOSS FOR NON-VERBAL
INFORMATION*

A. Knowledge loss for people and other living beings
B. Knowledge loss for flavors, odors, sounds, landmarks, and bodily

sensations
C. Knowledge loss for emotions, social information and

paralinguistic cues
*These deficits may be interpreted asmemory, language, executive

or behavioral problems by care givers.

2. ALTERED SOCIOEMOTIONAL BEHAVIOR
A. Altered emotional expression
B. Altered social reaction
C. Altered motivation for social interactions

3. ALTERED PRIORITIZATION
A. Hyperfocus on specific interests
B. Altered hedonic valuation and personal preferences

4. SPARED FUNCTIONS
A. Spared visuospatial functions compared to healthy controls
B. Relatively spared attention and executive functions compared

to bvFTD
C. Relatively spared episodic memory performances

compared to AD
D. Relatively spared verbal semantic skills compared to svPPA
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monuments, he correctly identified 17/20 of them. Although not system-
atically tested initially, the patient was also unable to recognize pictures of
famous places he had visited and pictures of famous monuments in his
hometown30. Considering the high prevalence of place orientation deficits
and getting lost in Alzheimer’s disease (AD), improved terminologies and
standardized assessments are crucial for differentiation and accurate diag-
nosis of FTD patients with RATL predominance. It is crucial to investigate
in multicultural cohorts whether these modalities manifest at early stages.
Although some experimental tasks are currently available, there is a lack of
validated clinical tools. It is crucial to consider cultural sensitivities during
the development and validation processes (Supplementary Table 4 in
Supplementary Data File 4).

RATL and knowledge loss for flavors and odors
Clinical studies based on retrospective analyses of medical records fre-
quently identify this deficit4,32,39,51,55,56. Although this domain has not been as
extensively studied by employing objective tests, as ‘person knowledge,’
substantial evidence indicates that patients with predominant RATL atro-
phy experience semantic knowledge loss for flavors and odors, tested with
gustatory and olfactory stimuli, despite retaining intact taste and smell
perception abilities14,17,57. One study reported impaired identification of food
elements and the inability to associate them with semantically related
content (e.g., edible versus inedible items), despite recognizing them when
provided with their names39. Another study described a patient who noted
his favorite food smelled strange, and the slightest food odor became
intolerable, described as “foul,” “rotten,” or “like sewage,” leading to sig-
nificant weight loss due to reduced food intake14. Several authors suggest
that “the strong foodpreference”observed inRATLneurodegenerationmay
be due to semantic degradation for foodstuffs, narrowing their
preferences14,57. However, it remains debated whether chemosensory
alterations (taste, smell) represent a pure semantic deficit or a broader deficit
in hedonic valuation24. It is necessary to objectively test whether deficits
related to taste and smell stimuli constitute a multimodal non-verbal
semantic deficit and if so, whether these deficits are category-specific (e.g.,
living beings, social context-related items) in larger samples. Furthermore,
although such deficits have been reported as early symptoms of the syn-
drome, prospective multicultural comparative studies are needed to eluci-
date the contribution of LATL atrophy and to determine the impact of the
culture in food appreciation, as well as the onset and distinctiveness of these
symptoms.At present, a few experimental tasks exist, but no tools have been
validated for clinical application. Attention to cultural nuances is essential
throughout development and validation (Supplementary Table 4 in Sup-
plementary Data File 4).

RATL and knowledge loss for sounds
Studies focusing on RATL degeneration and sounds have primarily
examined human voices, as discussed above (see Section, RATL and
knowledge loss for people). However, data using detailed assessments that
include otorhinolaryngological examinations and tests for perception,
identification, discrimination, familiarity, semantic association, andnaming
have revealed knowledge loss for accents, songs, vocal tones, andmelodies as
well as prosody, in patients with RATL neurodegeneration43,58–62. Neuroi-
maging studies have found significant correlations between famous music
recognition deficits and right temporal pole atrophy60, and between atrophy
in the right supra-marginal and superior temporal gyri and deficits in
detecting violated sounds and melodies. Additionally, atrophy in the
bilateral anterior temporal poles and left medial temporal structures was
related to deficits in environmental sound recognition59. Furthermore, post-
hoc analysis in this study showed that the right predominant SD group had
significant impairments in both melody and environmental sound tasks,
scoring lower for living superordinate categories (animals, humans),
although this was not statistically significant59. Another case study reported
a patient with bilateral superior temporal lobe atrophy who lost expertise as
a telephone operator, demonstrating deficits in human voice identification,
naming, and familiarity63. Despite these observations, the limited amount of

evidence highlights that this domain still awaits better-designed studies to
determine its category specificity, clinical prevalence in the early stages of the
syndrome, anddistinctiveness fromLATLneurodegeneration. Thefield has
some experimental tasks but lacks clinically validated tools. Cultural con-
siderations should be integral to the development and validation phases
(Supplementary Table 4 in Supplementary Data File 4).

RATL and knowledge loss for bodily sensations
Another ubiquitous symptom in the RATL literature is altered responses of
patients to sensations,mostly termed as “somatization”, “hypochondria”, or
“alexisomia”10,64. The lack of knowledge related to interoceptive stimuli and
their interpretation, leading to misidentification of normal bodily sensa-
tions, has been suggested as theunderlyingmechanism18,64. Patients exhibit a
variety of complaints of behaviors related to this impairment, including
unidentified pains, aches, numbness, itching, tinnitus, discomforts; feelings
of warmth or cold; abnormal sensations in the bladder, bowel, thorax,
abdomen, head and stomach; inappropriate reactions to own bodily odors,
hunger, regurgitation, borborygmi, running nose, sweating, and fatigue.
Normal interceptive signals may be considered as indicators of disease,
which may be reported as hypochondriasis, illness anxiety disorder, or
Cotard syndrome10,18,64. Recent studies using cardiac monitoring during
emotional stimuli have shown significantly impaired interoception in pre-
dominant RATL neurodegeneration compared to those with predominant
LATL atrophy65. The authors suggested that impaired emotion recognition
in the RATL syndrome is driven by inaccurate internal monitoring65.
Conversely, another group found preserved cardiac reactivity during
emotional stimuli in ATL syndromes, whereas cardiac reactivity was atte-
nuated in groups with predominant fronto-insular atrophy (bvFTD and
nonfluent PPA)66. Another group suggested that a decline in the para-
sympathetic nervous system may contribute to reductions in interpersonal
engagement and gregariousness/extraversion, personality changes that are
especially common in the RATL syndrome67. Nevertheless, these hypoth-
eses need to be tested in larger cohorts to elucidate the neural mechanisms
and determine whether they are early characteristic symptoms of the syn-
drome and whether the bodily sensation of emotion dissipates before the
cognitive recognition of the emotion, or vice versa68. As discussed in the
previous sections, a consistent theme emerges: while there are a few
experimental tasks available, the absence of validated tools for clinical use
remains a significant gap. Moving forward, it is imperative that cultural
sensitivities are incorporated into every stage of tool development and
validation (Supplementary Table 4 in Supplementary Data File 4).

RATL and knowledge loss for emotions, social information and
paralinguistic cues
Emotion recognition deficit is one of the most frequently reported symp-
toms inpatientswithRATLatrophy.Various emotion recognition tasks (see
Supplementary Table 3 in Supplementary Data File 3) have been used
globally, confirming these deficits across different studies22,65,69–72. Com-
parative studies have shown thatpatientswith right temporal predominance
at early stages performworse on facial emotion selection tasks compared to
other FTD subtypes, including bvFTD and svPPA22,72. Recent work has
shown that comprehending facial cues is not limited to emotions. A study
using video-based dynamic stimuli (including facial expressions, body
gestures, and vocal cues) demonstrated a sarcasm detection deficit in
patients with predominant RATL atrophy, who considered the actors’
statements literally without reading paralinguistic cues. This deficit was
worse in RATL patients than in their left temporal and frontal FTD
counterparts22. A PET study indicated that FTLD patients with right
superior ATL hypometabolism were significantly more impaired on social
concepts (e.g., “polite,” “stingy”) than on animal function concepts (e.g.,
“trainable,” “nutritious”)73. The same group, administering a similar word
task in a healthy population with fMRI, confirmed their results, finding that
the bilateral superior ATLs, particularly the right side, are selectively acti-
vated when participants judge the meaning relatedness of social concepts
(e.g., honor–brave) compared with concepts describing general animal
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functions (e.g., nutritious–useful)74. A case report assessing knowledge of
social information using a standardized test of general knowledge of public
events and figures, found that the patient’s scores were significantly
impaired in the visual identification part of the semantic test (a picture of a
famous public event, such as the explosion of the atomic bomb, the
destruction of the Berlin Wall, etc.,) while performance was within the
normal range for the verbal part of the test38. Another study using a social
interaction vocabulary test found a correlation between bilateral ATL
atrophy and lower performances on this test. Notably, in this test, the
definition of the social interaction was provided verbally, and participants
were asked to match the word with a picture75. These studies support the
argument that while the RATL is crucial for non-verbal comprehension of
socioemotional concepts (paralinguistic, visual, vocal), the LATL supports
verbal comprehension76,77. However, more meticulous work with larger
sample sizes is needed to disentangle the contributions of each ATL to
knowledge for socioemotional concepts. Existing face-to-face tests are
mainly available for Western, English-speaking populations. During tool
development and/or validation, cultural sensitivities and ecological validity
should be considered (Supplementary Table 4 in Supplementary
Data File 4).

Altered socioemotional behavior
A second domain affected in FTD with RATL predominance according to
the IWG was altered socioemotional behaviors, characterized by either
exaggerated responses or a lack of reaction, or altered motivation for social
interactions.

RATL and altered emotional expression
Beyond emotion recognition deficits, several groups have reported other
social cognition deficits such as inappropriate emotional expression (facial
and prosodic) or theory of mind (ToM) (mentalizing) impairments in
patientswithRATLatrophy. This is often described as a ‘lackof empathy’by
caregivers and clinicians,13,16,20,22,78–81. A recent study found a restricted
prosodic range in this group compared to svPPA and healthy controls,
which was associated with a reduction in empathy, as observed by
caregivers13. Another study showed that the subgroup with RATL atrophy
exhibited a unique phenotype, characterized by globally reduced facial
reactivity and aberrant coupling of muscle reactivity to facial expression
identification. This group showed impaired emotion recognition, but their
facialmimicswere not correlatedwith emotion identificationperformances,
unlike other FTD subgroups and healthy controls, and were described as
“poker-faced (no reaction)” or “caricatures” of normal emotional reactions
(over/inappropriate reaction)16,79. Similarly, another group reported that
compared with healthy older adults, bvFTD patients showed an overall
dampening of physiological responses, whereas SD patients exhibited
abnormal facial expressiveness discordantwith the emotional content of the
stimuli78. The right fusiform gyrus has been implicated in the processes of
facial and emotional recognition of laughter, explaining inconsistent shared
laughter experiences in patients with RATL80. Additionally, ToMdeficits on
ToMtasks have been associatedwithRATL regions, a recent study assessing
a large number of patients with focal RATL atrophy at early stages using
dynamic face-to-face tests showed that patients with predominant RATL
atrophy displayed lower scores in the emotional ToM task, unlike patients
with predominant frontal atrophy who exhibited worse performance in the
cognitive ToM task22. It has been suggested that if an individual can no
longer understand the semantic meaning of emotional information, the
associated response appears compromised76,78. However, it remains to be
tested whether these altered emotional reactions are purely due to knowl-
edge loss for emotions or whether alterations in other brain networks fol-
lowing neurodegeneration in RATL lead to the abnormal behavioral
response. Given the lack of evidence elucidating the neuralmechanisms, the
IWG recommends the term “altered emotional expression”. Although it is
still relatively broad and does not fully reflect impaired neural domains, it
refers to the objective observation of the external expression of emotion,
rather than attempting to infer the patient’s internal emotional state.

Additionally, it is more specific than current terms such as “lack of empa-
thy”, and clearly describes the clinical phenomenon. Next to neural
mechanisms, it is crucial to investigate whether these modalities manifest at
early stages. The same gap persists regarding the lack of culturally sensitive
validated tests for clinical use (Supplementary Table 4 in Supplementary
Data File 4).

RATL and altered social reaction
Previous work has shown that knowledge loss for socioemotional infor-
mation as well as people, living beings, landmarks, flavors, odors, sounds
and bodily sensations was mainly reported as ‘disinhibition’ by many
clinicians, as the clinical outcome was socially inappropriate behavior4,76

(i.e., drinking a bottle of soap, confusing it with food, see more real life
examples in Supplementary Table 4 in SupplementaryData File 4). This has
been widely discussed in several theoretical models, suggesting that con-
ceptual knowledge of social constructs and socially relevant cues are
represented in the ATLs70,76,77,82, and an anatomical model for the umbrella
term “disinhibition”was offered suggesting thatATL related disinhibition is
associated with loss of knowledge of social norms and expectations rather
than a problemwith control or inhibition per se83. However, no large sample
size study has yet unveiled the neural components of inappropriate social
behavior in RATL using objective measurements. It remains unknown
whether there are other components causing such reactions beyond
semantic deficits. Given the lack of evidence elucidating the neural
mechanisms, the IWG recommends the term “altered social reaction,”
which is still relatively broad and does not fully reflect impaired neural
domains. Yet it is more specific and accurate than current terms such as
“disinhibition”, and clearly describes the clinical phenomenon without
implying the unknown mechanism. Currently, no tasks are available for
clinical use.

RATL and altered motivation for social interactions
Apathy is another highly reported symptom in RATL cohorts, mainly
measured with the neuropsychiatric inventory apathy subscale10,84–88.
However, the characteristics of “lack of motivation” in the RATL syndrome
differ from classic cognitive apathy, which typically involves losing moti-
vation for almost all daily tasks and novelty seeking. Instead, patients exhibit
a strong shift from socially motivated activities to narrowed solitary activ-
ities for which they show heightened motivation4,23 (see Section 3). More-
over, in the early stages, patientsmaintain their non-social daily life activities
such as showering, cooking, driving etc., but they may express inertia
towards social activities4. Available studies using quantitative assessments
are limited, however, one study using the Snaith-Hamilton Pleasure Scale
and themotivation subscale of theCambridge Behavior Inventory indicated
a unique role for right temporal lobe structures inmodulating anhedonia in
SD. The study suggested that degeneration of predominantly right-
hemisphere structures deleteriously impacts the capacity to experience
pleasure in SD, leading to a lack of motivation89. However, no distinction
regarding social vs solitary activities has been made in this study.
Moreover, patients with semantic and behavioral deficits violate the
assumptions implicit in self-report questionnaires and Likert scales90.
Although there are no objective measurements to assess such behaviors,
clinical studies indicate that the motivation for social interactions is often
misplaced rather than completely absent. Given the lack of evidence
elucidating the neural mechanisms, the IWG recommends the term
“Altered motivation for social interactions,” which is still relatively broad
and does not fully reflect impaired neural domains. Yet it is more specific
than current complex terms such as ‘apathy’, and clearly describes the
clinical phenomenon without implying a mechanism. Investigating
whether these modalities manifest at early stages and identifying the
underlying neural mechanisms is crucial. Beyond informant-based sur-
veys for broad symptoms such as pleasure, apathy, motivation scales,
more specific, objective, culturally sensitive face-to-face tests targeting
neural mechanisms are warranted (Supplementary Table 4 in Supple-
mentary Data File 4).
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Altered prioritization
Another symptom group that is very prominent and even characteristic of
patients with RATL is altered prioritization. This category includes symp-
toms such as hyper-religiosity (excessive preoccupation with religious
activities, e.g., spending considerable time at church reading the Bible),
developing strong appreciation for certain topics (e.g., musicophilia),
rigidity around food (e.g., only eating spaghetti), color (e.g., only wearing
blue), or scheduling (e.g., eating breakfast only at 8 a.m.). Instead of
describing this symptom group based on individual examples, as has been
done previously in the literature, the IWG conceptualized it under the title
‘altered prioritization’, categorizing it into two subgroups: hyperfocus on
specific interests and altered hedonic valuation and personal preferences.

RATL and hyperfocus on specific interests
Perhaps the least understood symptom group of the syndrome is mental
rigidity, preoccupations, ritualistic and obsessive-compulsive behavior,
despite their high prevalence (78% in early stages) in the IWG dataset4. A
total of 505 specific examples were reported, including time and schedule
(21%), food (17%), puzzles/sudoku/computer games (12%), global warm-
ing/recycling/saving gas, water, electricity (8%), sports (6%), walking/
cycling/driving (6%), hoarding/collecting (5%), health-related (4%), shop-
ping/ordering (3%), colors (3%), clothes (3%), religion (3%), writing (2%),
art (music/drawing/painting/sculpture) (2%), saving money/parsimony
(2%), cleaning (1%), clock-watching (1%), checking/controlling (1%), gar-
dening (1%), and other (4%). Similar examples have been described by
several authors displayed in Supplementary Table 3 in Supplementary Data
File 3. These activities are part of patients’ daily lives, and they exhibit
heightenedmotivation and attention spans toward such actions. There is no
objective test available to assess such behavior; however, caregiver reports
and clinical observations suggest a unique nature, indicating that patients
spend considerable time and attention, exhibiting hyperfocus on certain
activities and specific interests. Additionally, unlike individuals with psy-
chiatrically diagnosed obsessive-compulsive disorder, patients with RATL
atrophy exhibit less anxiety, self-criticism, or insight. Thus, the IWG
advocates for improved terminologies instead of mental rigidity, pre-
occupations, ritualistic or obsessive-compulsive behavior to better pheno-
type the distinct characteristics of these symptoms. Future studies are
warranted to identify the neural underpinnings of such deficits, to inter-
rogate the thoughtprocessbehind these typical behaviors, andobjective tests
are needed to examine these symptoms in daily clinical practice.

RATL and altered hedonic valuation and personal preferences
Alongside specific interests, alterations in personal preferences such as food
choices, colors, clothes, and esthetic tastes have been noted in international
data4. A group of authors has suggested that the clinical syndrome associated
with RATL atrophy may partly involve disturbances in reward processing,
shifting hedonic values away from people towards inanimate objects23,91.
Similar arguments have highlighted that semantic knowledge of social
interactions is influenced by the hedonic evaluation system, emphasizing the
close connection between ATLs and the medial orbitofrontal regions75,82.
Several clinical scientists claimed semantic loss as the reason of strong per-
sonal preference, particularly for food14,17,57. However, to what extent
semantic deficits contribute to personal preferences and whether valence
processing (i.e., recognizing the pleasant or unpleasant nature of emotions)
also depends on semantic knowledge remains to be determined through
objective evaluations (Supplementary Table 4 in Supplementary Data File 4).

Other symptoms
RATL and apparent memory deficits. To date, episodic, semantic and
autobiographical memory deficits have been documented in RATL with
discrepant frequencies by several groups10,11,92–94, and the occurrence of
amnestic presentations (episodic memory deficits), remains a con-
troversial topic in the field. Although episodic memory disturbances (i.e.,
forgetting appointments) have been reported inmultiple studies4,10,93,95–98,
these were objectified with episodic memory tests in relatively fewer

studies4,10,81,99. The latter showed impairments in standard episodic
memory tests, particularly in those using visual stimuli rather than verbal
stimuli. When comparing dementia subtypes, worse semantic memory
performances in FTD with RATL atrophy were found compared to AD
and worse episodic memory performances in AD compared to FTDwith
RATL atrophy10,81,99. In IWG’s recent study, chart reviews showed that
67% of patients had reported memory problems, whereas objective
abnormalities varied between 21% and 87% across eight different epi-
sodic memory tests4. Studies using detailed memory tests have identified
category specific memory deficits29,100. In those studies, memory for
famous people and social events were selectively disturbed. Current
neuroscientific evidence suggests that due to the categorization problem,
patients with semantic deficits demonstrate a “over-generalization”
tendency and exhibit learning difficulties101, and semantic processing
may underlie forms of episodic and autobiographical memory by pro-
viding schemas and meaning for remembering the past, even for ima-
gining the future94. However, those publications include patients with
either predominant LATL or bilateral temporal atrophy. Given the
advent of disease-modifying therapies for AD, the IWG calls for more
focused studies that aim to disentangle the neural and molecular
underpinnings of memory impairment in RATL syndrome.

RATL and psychiatric symptoms
Besides those core symptoms, affective dysregulation, anxiety/panic, delu-
sions/ hallucinations, have also been reported with lower frequencies in
previous publications10,93. Although, former literature suggested depression
as a distinctive symptom10,93, our joint data also showed cases with mania
and fluctuating mood4. A case with RATL atrophy whose severe claus-
trophobiahaddisappeared7 years after onset of herfirst symptomshas been
reported102. Another case with mania responded very well to symptomatic
treatment103. On the other hand, another group has drawn attention to
increased potential risk for suicidal behavior in this disease group, as they
found preoccupations around depressive thoughts and suicidal ideas104. All
reported psychiatric symptoms cited above rely on clinical observations and
caregiver declarations, lacking direct face-to-face psychometric assessments
to better understand the neural mechanisms causing such problems.
However, RATLneurodegeneration should be considered in caseswith late-
onset psychiatric problems, and other RATL-specific symptoms listed in
this paper should be further assessed to detect potential underlying
neurodegeneration.

RATL and language problems
As discussed in the previous sections and exemplified in Supplementary
Table 4 in Supplementary Data File 4, the loss of knowledge across several
categories were reported as language problems by many caregivers and
clinicians. In the IWG dataset, 70% of patients were reported to have
naming and word-finding difficulties, although available cognitive test
scores revealed that nearly all patients who underwent cognitive assessment
exhibited severe visual and person-specific semantic deficits while perfor-
mances on general naming were relatively better4. Additionally, compara-
tive studies have shown that patients with predominant RATL atrophy
performedbetter on verbal semantics and fluency tests compared to svPPA,
howeverworse than bvFTDandhealthy controls10,22. However,more robust
studies are warranted to elucidate these findings and to determine whether
certain semantic categories (i.e., animate, inanimate, socioemotional, proper
names) may be more susceptible to degradation. It also remains unclear
whether anomia primarily arises from deficits in visual confrontation
naming (based on visual presentation) or verbal confrontation naming
(based on verbal description). Therefore, further work is required to
understand the role of RATL in language functions, particularly in naming
and elucidate the contributions of LATL atrophy which is commonly
observed in patients with RATL predominant atrophy. Experimental
paradigms that specifically differentiate betweenvisual versus verbal anomia
and test category specificity would be especially valuable in advancing our
knowledge in this area.
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RATL and motor symptoms
Previous clinical studies and case reports have predominantly focused on
the initial and characteristic symptoms of RATL neurodegeneration, often
omitting motor symptoms. However, a single-center study reported motor
slowness as an initial symptom in 27%of the RATL patients10. Additionally,
a post-mortem study revealed that 35% of patients with RATL developed
parkinsonism over the course of the disease, which is linked to tau
pathology11. Several studies have also noted associations betweenRATL and
motor neuron disease (MND), as well as parkinsonism10,85,105–112. Some
studies have emphasized the relationship between RATL neurodegenera-
tion and co-existing MND or corticospinal tract degeneration (CTD) fea-
tures observed in pathological examinations85,105–107,110,111,113, which has been
accumulated in a systematic review showing that 28.6% of RATL patients
exhibit co-existing CTD in brain autopsy85. While MND is predominantly
associated with FTLD-TDP type B, the aforementioned studies have also
identified CTD features in FTLD-TDP types A and C. Forthcoming
research by the IWG aims to study the genetic and pathological features of
the syndrome, which would shed light on the frequency of the relationship
between genetic and pathological risk factors associated with MND and
parkinsonism.

RATL and spared functions
It should be noted that almost all papers have reported no symptoms related
to visuospatial and attention functions4,6,8–10,22,93,114. Patients have either
performed within normal expectations or showed mild impairment on
standardized tests. Visuospatial functions, in particular, have been high-
lighted as well-preserved, a finding confirmed by standardized test
assessments4,6,8–11,22,93. Comparative studies showed although executive and
attention functions may not be normal, they are less severely affected
compared to AD, bvFTD, and svPPA10,22. And in RATL, there are better
verbal semantic skills, less surface dyslexia in English; or fewer accent and
tone regularization errors in other languages compared to svPPA10,22,84, and
better episodic memory performances compared to AD10,81,99.

Conclusions
This consensus paper on FTDwith RATL predominant neurodegeneration
breaks new ground on four levels. First, it represents the first international
initiative, employing a 4-year nominal group approach that includes neu-
rologists, psychiatrists, psychologists, and dementia neuroimaging experts
from around the world as equal partners to tackle discrepancies and resolve
conflicts in the field. Second, it implements a meticulous systematic review
aimed at identifyingpatientswithRATL atrophyharmonized in SD, svPPA,
and bvFTD cohorts, resulting in the largest collection of cases to disentangle
the nature of the symptoms in a neuroscientifically informed manner.
Third, it provides transparent, evidence-based nomenclature that moves
beyond subjective caregiver and clinician observations, clearly highlighting
limitations and avoiding the imposition of personal opinions. Lastly, it
identifies the lack of or limited evidence in many domains, indicating areas
where physicians need more information, thus shaping future direction
goals. In particular, neuroimaging studies that integrate both structural and
functional techniques offer a promising avenue for elucidating the syn-
drome’s poorly understood symptoms. By applying these advanced imaging
methods, future investigations can clarify underlying pathophysiological
mechanisms, ultimately enhancing both diagnostic precision and ther-
apeutic strategies.

Although the IWGreached consensus on terminologies, no agreement
was reached on finalizing a formal name or publishing the symptom
checklist in Box 1 as international diagnostic criteria. Our future goal is to
perform cross-cultural validation of the clinician-faced symptom checklist
identified in this study (Box 1) by utilizing culturally sensitive objective tests
described inSupplementaryTable 4 inSupplementaryDataFile 4. The IWG
is formulating targeted interview questions that capture the identified
symptoms, assembling a reliable and adaptable test battery to supplement
these interviews. Ourmulticenter prospective studywill thoroughly validate

these tools across various cultural and linguistic settings. This study will
include direct comparisons with other diagnostic groups to differentiate the
syndrome fromAD and psychiatric disorders, and delineate the ambiguous
boundaries with bvFTD, and particularly with left predominant SD/svPPA.
Furthermore, we will work towards achieving consensus on a formal
nomenclature for this syndrome to facilitate precise communication and
diagnosis within the international medical community.
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