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Abstract

Optic Aphasia (OA) and Associative Visual Agnosia (AVA) are neuropsychological disorders characterized by impaired
naming on visual presentation. From a cognitive point of view, while stimulus identification is largely unimpaired in OA
(where access to semantic knowledge is still possible), in AVA it is not. OA has been linked with right hemianopia and
disconnection of the occipital right-hemisphere (RH) visual processing from the left hemisphere (LH) language areas.

In this paper, we describe the case of AA, an 81-year-old housewife suffering from a deficit in naming visually pre-
sented stimuli after left occipital lesion and damage to the interhemispheric splenial pathway. AA has been tested through
a set of tasks assessing different levels of visual object processing. We discuss behavioral performance as well as the
pattern of lesion and disconnection in relation to a neurocognitive model adapted from Luzzatti and colleagues (1998).
Despite the complexity of the neuropsychological picture, behavioral data suggest that semantic access from visual input
is possible, while a lesion-based structural disconnectome investigation demonstrated the splenial involvement.

Altogether, neuropsychological and neuroanatomical findings support the assumption of visuo-verbal callosal discon-

nection compatible with a diagnosis of OA.

Keywords Optic aphasia - Associative visual agnosia - Occipital lobe - Semantics - Splenial disconnection -

Disconnectome

Introduction

The term optic aphasia (OA) was introduced by Carl Sam-
uel Freund in 1889 to describe patients suffering from right
hemianopia and impaired naming of objects on visual pre-
sentation, although they could identify the same objects on
sight, name them after tactile manipulation and were some-
times able to demonstrate the use of the unnamed object
via pantomime. One year later, Lissauer (1890) reported
the occurrence of a modality-specific visual disorder that
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he called associative visual agnosia (AVA), caused by a
primary damage to the visual identification of objects, but
spared identification and naming of the same objects after
tactile manipulation. In this context, the core distinction
between identification and naming concerns the fact that
identification corresponds to “knowing what the object is”,
while naming corresponds to “knowing how the object is
named”, after retrieving the object semantic information.
Freund explained OA in terms of visuo-verbal discon-
nection, due to both a left parieto-occipital lesion determin-
ing right side hemianopia, and a splenial lesion causing a
disconnection of the intact right occipital lobe from the left
hemisphere (LH) language areas. However, this explanation
has not been unanimously accepted (Freud 1891; Goldstein
1906; Kleist 1934; Wolff 1904): for instance, a similar pat-
tern of anatomical and functional damage has been proposed
also for AVA (e.g. Geschwind 1965). As for OA, in AVA
(Lissauer, 1890), unilateral lesions involve the left occipi-
tal cortex, the left inferior longitudinal fasciculus, as well
as the callosal splenium (but see the case of AVA described
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by McCarthy and Warrington 1986; in which the splenium
was apparently spared; see also Ptak et al. 2014; Feinberg et
al. 1994; and Gainotti and Marra 2011; for reviews on AVA
anatomical underpinnings).

Different functional interpretations of OA were proposed
in the cognitive neuropsychological literature: as a discon-
nection between visual and semantic systems (Beauvois
1982; Lhermitte and Beauvois 1973), as “access visual
agnosia” (Hillis and Caramazza 1995; Leek et al. 1994,
under the label “visual modality-specific naming impair-
ment”; Riddoch and Humphreys 1987), as a disruption of
a non-semantic route for naming (Ratcliff and Newcombe
1982), or as an additive access deficit of the semantic sys-
tem and the phonological output lexicon (Campbell and
Manning 1996; Farah 1990; Manning and Campbell 1992;
Raymer et al. 1997; Sitton et al. 2000).

The concept of a visuo-verbal disconnection was then
successively reintroduced by Coslett and Saffran (1989,
1992): following a left occipital lesion, visual information
has to be processed in the right hemisphere (RH) and acti-
vate semantic properties in the isolated RH. This assump-
tion was based on the preserved performance of patient EM
in categorization and associative matching tasks. However,
RH information could not be transferred to LH language
areas because of the callosal interruption. Thus, the visual
naming deficit observed in such patient was attributed to the
inability to access the LH phonological output lexicon from
RH semantics.

In 1998, Luzzatti and colleagues further specified the
concept of right and left hemisphere semantics while
describing patient AB, who displayed the typical OA per-
formance pattern, with impaired visual object naming, as
well as spared tactile naming and naming to definition. In
this case the lesion involved the left occipital inferior and
mesial cortex and the underlying white matter, in the vascu-
lar territory of the left posterior cerebral artery. Luzzatti and
colleagues (1998) interpreted AB’s difficulties as caused
by a disconnection of RH visual semantics from LH verbal
semantics. In this view, visual semantics would be repre-
sented bilaterally and symmetrically in the brain, whereas
verbal semantics would be predominantly organized in the
LH only. Accordingly, the RH would contain some phono-
logical and orthographic input lexical information, although
almost only for high-frequency concrete words (e.g.,
Bonandrini et al. 2020; Schweiger et al. 1989; Semenza and
Luzzatti 2019; Zaidel 1991). This interpretation has been
systematized in a model of oral and written language pro-
cessing (Luzzatti et al. 1998, 2003), that portrays the cogni-
tive functional operations carried out by the two cerebral
hemispheres.

As far as the differential diagnosis between OA and AVA
is concerned, the core difference between OA and AVA lies
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in the fact that in AVA semantic access from visual input
is completely impaired, while in OA semantic access from
visual input is still possible: the impairment rather lies in the
retrieval of the target lexical labels (Gerlach and Robotham
2021; Luzzatti et al. 1998).

In a complementary neuroanatomical fashion, Schnider
and colleagues (1994) proposed a diagnostic criterion based
on the extent of callosal damage: the involvement of the
splenium - and more specifically, the disconnection of left
inferior temporo-occipital areas from the RH visual input -
would only underlie OA. If these connections are spared to
some degree, the LH would maintain its processing advan-
tage over the RH. The pattern would then be consistent with
AVA, with the severity of the deficit depending on the extent
of the left inferior temporo-occipital lesion'. This appar-
ently counterintuitive relationship between the severity of
the deficit (AVA> OA) and the entity of the lesion relies on
the hypothesis that, according to Schnider and colleagues
(1994), only a full splenial disconnection allows RH com-
pensation for the LH lesion.

Still, the distinction between AVA and OA proves diffi-
cult, vague or impossible to evince in some cases, and some
patients reported in literature showed intermediate patterns
or shift from one clinical condition to the other (Barca et al.
2009; Chanoine et al. 1998; Schnider et al. 1994). Also from
the anatomo-pathological point of view, a similar LH lesion
pattern involving the occipital lobe seems to cause either
right homonymous hemianopia (RHH), or RHH and pure
alexia, or RHH, pure alexia, and color anomia, or RHH,
pure alexia, color anomia, and OA, or RHH, pure alexia,
and AVA (Binder and Mohr 1992; Damasio and Damasio
1983; De Renzi 1999; De Renzi et al. 1987; De Renzi and
Saetti 1997; Mohr and Binder 2011; Schnider et al. 1994).
These limitations in differential diagnosis are further com-
plicated by the lack of a comprehensive neurocognitive
model adopted as reference point to interpret behavioral
performance with reference to the neural damage.

In this study, we report the clinical pattern observed in
case AA, a patient with a neuropsychological deficit consis-
tent with that of OA. A set of tasks assessing different visual
object processing levels were administered and a lesion-
based structural disconnectome study was performed, in
order to define the involvement of specific inter- and intra-
hemispheric tracts. The case is reported from the angle of
clinical differential diagnosis between OA and AVA (Ger-
lach and Robotham 2021).

' De Renzi (1999) claimed that premorbid variability of RH lexi-
cal-semantic competence itself could underlie the different clinical
outcomes, based on the different degree to which the RH can compen-
sate for the LH’s lack of contribution to visual semantic processing.
Although plausible, empirical support for this interpretation would
rely on the availability of premorbid data. As such, this hypothesis
proves difficult to demonstrate.
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The main aim of the study is to discuss and integrate cog-
nitive performance and structural disconnectome findings, in
the light of an updated neurocognitive version of the model
proposed by Luzzatti and colleagues (Luzzatti et al. 1998;
Luzzatti 2003) (see Figs. 1 and 2) for OA. Identical to the
original description of the model are the general outline of
the modules, the subdivision into left and right hemispheres,
and the assumption that verbal abilities in the RH are only
limited to concrete and frequent items. In this version of
the model the overall direction of the flow is bottom-up to
mimic the direction of processing from occipital (input) to
frontal (output) cortices, and a new module has been added
to accommodate recent evidence suggesting the existence
of a cross-modal “semantic-hub” (Patterson et al., 2007). A
tentative set of neural correlates of the different components
of the model (according to available literature) have also
been added (see Supplementary Table S4, for references and
Figure S1 for an overview of structural connections).
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Case report

AA is an 81-year-old right-handed housewife with 8 years
of education, who was hospitalized for a stroke involving
the left occipital and temporo-occipital inferior and mesial
cortical and subcortical structures, due to occlusion of the
left posterior cerebral artery. Ten days after the event, she
was hospitalized to take part in a neurorchabilitation pro-
gram: at a first neurological examination, she presented
with mild right hemiparesis; Humphrey’s visual field
perimetry revealed right homonymous hemianopia, which
was acknowledged but not completely compensated by
the patient (Fig. 3). A clinical neuropsychological assess-
ment revealed the presence of alexia without agraphia (see
Bonandrini et al. 2020; for a detailed description of the read-
ing impairment) and naming deficits limited to the visual
modality. The Aachen Aphasia Test (AAT, Huber et al.
1984; Luzzatti et al., 2023, 2024) revealed that spontane-
ous speech was only mildly impaired, showing very slight
difficulties in lexical access (score 4/5), with no additional
phonological, morphosyntactic or articulatory and prosodic
impairment. Reading aloud was severely impaired (1/30;
Percentile Rank, PR: 13), as well as naming from visual

RIGHT HEMISPHERE

gesture pointing oral output

Frmemme e 1 r 1
! ideational gesture !
representation

t t I

spoken word written word picture

Fig. 1 Neurocognitive model of the pathways for object identification
and naming in the left and right hemispheres. Dashed lines indicate
modules and connections for which there is little (if any) evidence
in the RH. Please note that the link between the semantic hub and
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@ Springer



Brain Structure and Function

oral output pointing gesture gesture pointing oral output
t f S S S
phonological output| ideational gesture ! ideational gesture ' ! . '
lexicon representation : representation : : phono::)g{il:::.ou(pu! :
1 1 1 1
IFG pars triangularis IPL H H H H
~ e £
semantic hub anterior commissure semantic hub
temporal pole N (middle GC:splenium) g temporal pole
verbal semantics visual semantics anterior commissure visual semantics vorbal semantics
B T ———— (concrete only?)
anterior MTG ventra;::;m'ﬂ] andfor middle:C€C splenium VB"";‘):;‘;;\FOW anterior MTG
Iy
v P
! ! ! ‘
- o structural structural "
ogical input or i-c input description (anterior commissure) description oﬂho?er:z:r::ﬁ input phom::(glizﬂ input
~ — system (concrete only?) {concrete only?)
middle-posterior STS fusiform gyrus fusiform gyrus middle CC-splenium fusiform gyrus fusiform gyrus middle-posterior STS
T 4 4 A A e T
[ [ (middle CC spleni [ [
auditory analysis visual analysis visual analysis (anteriar cormissure) visual analysis visual analysis auditory analysis
iet"and ¥ateral mediefand™ateral P - » | medial and lateral medial and lateral
STS occipital cortices occipital cortices |nienwemum occipital cortices occipital cortices ST8
spoken word written word picture picture written word spoken word
Fig. 2 Graphical representation of the patient’s lesion and disconnec- pletely impaired in patient AA. In AVA, access to semantic representa-
tion profile, with reference to the neurocognitive model of the pathways tions from visual input, possible in OA, would be impaired (Gerlach
for object identification and naming in the left and right hemispheres. and Robotham 2021), due to lesion of / disconnection from its neural
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Fig.3 AA’s visual field perimetry, demonstrating the presence of right hemianopia after left occipital lesion
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presentation (moderate impairment: 55/120; PR: 38), pro-
ducing, among other errors, several perseverations and ver-
bal paraphasias (see Table 1).

The following section addresses the investigation of AA’s
identification and naming abilities, performed during her
hospitalization, aimed at detecting the impaired functional
components underlying AA’s naming impairment. The
study was approved by the local Research Ethics Commit-
tee (Comitato Etico Milano, Area 2; ID 819), and informed
written consent was obtained from AA, according to guide-
lines established by the 1964 Declaration of Helsinki.

Neuropsychological testing

AA’s visual, lexical and semantic abilities were investigated
following the procedure described by Luzzatti and col-
leagues (1998).

Section A: visual and tactile naming. AA was asked to
name 25 visually presented real manipulable objects (arti-
facts) that she saw in a prototypical perspective, and she
was not allowed to touch. In a following session, she had to
name the same objects after left-hand haptic exploration out
of vision. A time limit of 10s was given for each item. AA’s
performance on the object naming task for tactile explora-
tion was significantly better than that on visual presentation
(22/25 and 12/25, respectively; x*(1)=9.19; p<.01) (see
Table 2A). A qualitative analysis of the naming responses
after visual presentation revealed that the patient produced
10 perseverations, 1 semantic paraphasia, 1 semantic para-
phasia/visual error and 1 visual error. In particular, persever-
ations were related, but not necessarily identical to previous
responses. For example, she correctly named item 5 “pencil
sharpener”, but then she answered: (i) item 7, tweezers —
“pencil sharpener”; (ii) item 9 hammer — “used to sharpen

the pencils”; (iii) item 14 bottle opener — “blade for sharp-
ening pencils”; (iv) item 15 battery (electric pile) — “pencil
sharpener”; (v) item 19 phone token (used in the past on
public phones) — “pencil sharpener of the past” (this “of
the past” specification suggests access to semantic features
that are specific of the target item). After tactile presenta-
tion, she produced 2 verbal paraphasias and 1 efficacious
circumlocution.

When tested with line drawings, AA’s oral naming abili-
ties resulted to be impaired on both object and verb action
naming (Batteria per I’Analisi dei Deficit Afasici, BADA,
Miceli et al. 1994), with no difference between nouns and
action verbs (23/30 and 20/28, respectively; y*(1)=0.21;
p=.65). She also performed poorly on a living and non-liv-
ing object naming task (15/48, Catricala et al. 2013), with-
out difference between living (9/24) and non-living (6/24)
items (x?(1)=0.87; p=.35). On the other hand, AA’s per-
formance on naming to definition (Novelli et al.,1986) fell
within the normal range (36/38).

In this section, AA showed a naming deficit that is spe-
cific to the visual modality: she performed better on naming
after haptic exploration and to definition, which is compat-
ible with either OA or AVA.

In the next sections, each step of visual object naming,
from early visual analysis to oral output, has been addressed.

Section B: visual analysis. AA’s ability to produce an on-
line representation of visual stimuli was assessed by: (i) the
Length, Size and Orientation match tasks of the Birmingham
Object Recognition Battery (BORB, Humphreys and Rid-
doch 1993); (ii) the Poppelreuter-Gent overlapping figures
test, where she had to identify three to five overlapping line
drawings by pointing to each of the target drawings among
10 individual alternatives displayed underneath the over-
lapped images (Della Sala et al. 1995); (iii) the copy of geo-
metric line drawings (Spinnler and Tognoni 1987). When

Table 1 Scores obtained by AA at the Aachen Aphasia Test (AAT, Huber et al. 1984; Luzzatti et al. 2023, 2024) at the first neuropsychological

assessment (two weeks after stroke)

AAT subtest Item set/Observation level Range  Score PR  Severity
Spontaneous speech Communicative behavior (COM) 0-5 4

Articulation and prosody (ART) 0-5 5

Formulaic automated language (AUT) 0-5 5

Lexical and Semantic structure (SEM) 0-5 4

Phonemic structure (PHO) 0-5 5

Syntactic structure (SYN) 0-5 5

Token Test (TT)
Repetition (REP)

Written language (WRIT)  Reading aloud

Composing words/sentences from graphemes/morphemes

Writing to dictation
Naming (NAM)
Comprehension (COMP)  Auditory comprehension

Reading comprehension

50—0* 22 65
0-150 149 100

Mild-to-moderate

Minimal-to-no impairment

0-30 1 13 Severe

0-30 11 45 Moderate

0-30 21 75 Mild

0-120 55 38 Moderate

0-60 48 64 Mild-to-moderate
0-60 0 2 Severe

PR: Percentile Rank; * In the subtest Token Test (TT), the number of errors is counted

@ Springer



Brain Structure and Function

Table 2 Performances exhibited by AA in a set of tasks assessing each step of visual object processing (one month after stroke)

Section A: visual and tactile naming

Naming real objects: visual presentation (ad-hoc task)
Naming real objects: haptic presentation (left hand; ad-hoc task)
Naming of line drawings

Oral object naming - BADA (Miceli et al. 1994)

Oral action verb naming - BADA (Miceli et al. 1994)

Living and non-living object naming (Catricala et al. 2013)
Naming to definition (Novelli et al. 1986)
Section B: visual analysis

Birmingham Object Recognition Battery (BORB; Humphreys and Riddoch 1993)

Length match task
Size match task
Orientation match task
Poppelreuter-Ghent s test - objects (Della Sala et al. 1995)

Poppelreuter-Ghent s test - abstract line drawings (Della Sala et al. 1995)

Copy of line drawings (Spinnler and Tognoni 1987)
Section C: access to the structural description system

Object decision task (line drawings of real and chimeric animals; Luzzatti et al. 2020)

Section D: from an object name to the underlying visual representations

Oral comprehension of nouns - AAT (Luzzatti et al. 2024)
Oral comprehension of sentences - AAT (Luzzatti et al. 2024)
Oral comprehension of nouns - BADA (Miceli et al. 1994)

Section E: access to visual semantics
Picture-to-picture matching
Pyramids and Palm Trees Test (Gamboz et al. 2009)
Semantic Association Test (Luzzatti et al. 2020; Banco et al. 2023)
Sorting pictures into categories (ad-hoc task)
Section F: color naming and object color knowledge
Color naming - AAT (Luzzatti et al. 2024)

Name-to-color matching

Object-Color Knowledge (ad-hoc task)

Section G: limb and oral apraxia

Ideomotor apraxia (De Renzi et al., 1980) (right hand)
Ideomotor apraxia (De Renzi et al., 1980, 1996) (lefi hand)
Pantomime after visual presentation of objects (ad-hoc task)
Pantomime after verbal presentation of objects (ad-hoc task)
Oral apraxia (Spinnler and Tognoni 1987)

Raw score/ Adjusted Cut-off Equiva-

number of  score lent

items score® /
Per-
centile
Rank

12/25#

22/25

23/30%* 28

20/28%* 27

15/48 15.6 0*

36/38 36 2

25/30 24

25/30 23

26/30 20

18.22 17.92 0*

7.75 8.05 0*

5/14 5.6 0*

30/34 28

26/30 PR=66

22/30 PR=52

38/40%* 39

(mild deficit)

35/52 36.25* 40.15

41/76 42.09 0*

32/32

17/30* (moderate 37

deficit)

5/5

40/40

41/72* 52

43/72* 52

7/15

15/15

15/20 15.25 0*

# Errors were predominantly perseverations

° Following Capitani and Laiacona’s (1997) and Spinnler and Tognoni’s (1987) procedure, adjusted scores of neurologically healthy participants
were classified into five categories (“equivalent scores”, from 0 to 4). Zero corresponds to a score below the 95% tolerance limit at 95% confi-
dence level. Four corresponds to a score that is > of the median value, and 1, 2, 3 are intermediate values between 0 and 4

* Pathological performance according to available normative data

tested on the BORB Length, Size and Orientation match
tasks, the patient performed within the normal range. Her
performance on the Poppelreuter-Ghent’s test was impaired
for objects and abstract line drawings (predominant choice
of left-side elements); her ability to copy geometrical line
drawings was also mildly impaired (Table 2B). In these
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latter tasks, a qualitative error analysis showed one omis-
sion and one deformation on the right side of the stimuli,
together with a tendency to copy figures more to left with
respect to the objective midpoint of the sheet. We suggest
that these data could be attributed to the presence of right
hemianopia, which was not completely compensated by the
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patient, or to the additional presence of a mild right spatial
neglect. Indeed, when tested through visuo-spatial tasks,
she performed flawlessly at the line cancellation test (Albert
1973), but she exhibited 1 left-sided and 7 right-sided omis-
sions at the Bell cancellation test (Gauthier et al. 1989),
performing outside the established cut-off score (Vallar et
al. 1994). Furthermore, she showed a large deviation to the
left with respect to the objective midpoint of the stimulus in
the Line bisection task and left position preference on the
Raven’s Progressive Matrices test (Colombo et al. 1976).

In general, although AA’s performance was influenced
by the presence of hemianopia and possibly right spatial
neglect, her early visual processing abilities were substan-
tially preserved.

Section C: access to the structural description system.
After early visual processing, the episodic representation
obtained from the image of an object needs to match its cor-
responding stored structural representation to allow iden-
tification (see Humphreys and Riddoch 1993; Marr 1980).
To tap this function, AA was asked to decide whether items
depicted by a line drawing (real animals or chimeric images,
namely non-real animals consisting of two different types of
animals, e.g., half camel/half giraffe, half cat/half chicken)
were real animals or not. In this task she performed within
normal range (Table 2C).

Section D: from an object name to the underlying visual
representations. Word-to-picture matching tasks were used
to investigate the relationship between words and pictures.
AA showed a mild-to-minimal deficit in both the oral word
comprehension task of the AAT (26/30; Luzzatti et al., 2023,

b Flower

\ 2 Glass

House

Fig.4 Example of AA’s drawings from memory

2024); and the oral noun comprehension task of the BADA
(38/40; Miceli et al. 1994; Table 2D).

Figure 4 shows AA’s performance in drawing from mem-
ory, demonstrating, beyond some slight deformations on the
right side, the global preservation of AA’s access to stored
visual representations. Ten healthy subjects (7 F, 3 M; mean
age=32.3 years, SD=4.32, range 26-39, and mean educa-
tion=18.70 years, SD=2.31, range 15-22) correctly rec-
ognized AA’s drawings from memory (100% agreement,
except for the drawing of a “glass”, whose agreement was
90%).

Section E: access to visual semantics. This section
aimed at assessing the integrity of the access to semantic
knowledge from structural description. In order to test AA’s
access to semantics from pictures we used the Pyramids and
Palm Trees Test (PPT) developed by Howard and Patterson
(1992). Fifty-two picture triads were shown to AA, one at
the top and two at the bottom of an A4 sheet. She was asked
to select, through finger pointing, which of the two bottom
items was semantically most related to that on the top. The
score obtained by the patient (35/52) was below the lower
tolerance limit (Gamboz et al. 2009; for normative data
in Italian). Visual semantic memory was further assessed
through the Semantic Association Test (SAT; Banco et al.
2023; Luzzatti et al. 2020), using a picture-to-picture match-
ing paradigm. Once again, AA obtained a pathological
score (41/76). However, performance in these tests could be
invalidated by AA’s scarcely compensated right hemianopia
and additional spatial neglect, since a qualitative analysis
of errors indicated that, out of 35 errors on the SAT test,
the patient committed 25 mistakes out of 38, choosing the
picture on the left instead of the right side, and 10 errors out
of 38, choosing the picture on the right instead of the left
side (Fisher’s exact test, two-tailed: p=.001). Furthermore,
it is worth mentioning that in a picture-to-picture match-
ing task a participant may not necessarily employ a purely
visual strategy bypassing language, as usually thought.
Despite the purely visual characteristics of the stimuli, the
task may become easier when a lexical-semantic association
is used rather than a visual association of the two objects in
a same context. For instance, when neurologically healthy
individuals see a pyramid, they may associate this image
with the lexical-semantic concept of Egypt and the concept
of Egypt with a tuft of palm trees (“Pyramids are in Egypt —
also palm trees are typical of Egypt”). Therefore, AA’s poor
performance on the picture-to-picture matching task may be
also interpreted as the result of a tentative impaired access
to lexical and/or lexical-semantic knowledge from vision
(Luzzatti et al. 1998; Luzzatti 2003).

Furthermore, spared semantic access was demonstrated
by AA’s preserved ability in sorting pictures into catego-
ries, when the names of categories were supplied by the
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examiner, similarly to what occurred for patient AB (Luz-
zatti et al. 1998). When presented with 32 pictures, one
at a time, and asked to categorize each item according to
three classes (animals, vegetables, and tools), she performed
flawlessly (score 32/32; see Table 2E).

In this section, AA showed evidence of spared semantic
access from visual input that should be typically impaired in
AVA (Bartolomeo 2022).

Section F: color naming and object color knowledge.
Color naming is classically impaired in OA. AA was asked
to name 10 patches of prototypical colors (the color naming
section of the AAT), scoring 17/30. Errors were 3 persevera-
tions and 2 semantic paraphasias (other color names). When
she was asked to point to a color patch named by the exam-
iner from 5 alternatives, she performed flawlessly (5/5).
Object color knowledge was assessed by asking the patient
to retrieve from memory the typical color of black and white
line drawings. AA was given 40 items, 22 natural (fruits,
vegetables) and 18 artificial objects (conventional colors of
artifact objects, e.g., a fire truck =red). When AA was asked
to give a verbal response (the name of the corresponding
color), she performed flawlessly (Table 2F). The discrep-
ancy found between color naming and object color knowl-
edge is in line with pure lexical damage from visual stimuli
that also extends to color names (see Siuda-Krzywicka et al.
2019; for a similar dissociation between color naming and
color categorization).

Section G: limb and oral apraxia. AA’s abilities on
visual imitation of meaningful and meaningless gestures
were assessed through the limb-apraxia test devised by De
Renzi et al. (1980) and an oral apraxia test (Spinnler and
Tognoni 1987) (Table 2G). She presented deficits in motor
programming for both the upper limb and oral districts. Her
pantomime after visual presentation of an object, carried out
with her right hand, was impaired (7/15), but she performed
flawlessly on pantomime after verbal command (“show me
how to use a hammer”).

Interim discussion. We described the case of a patient,
AA, suffering from modality-specific deficit in naming line
drawings and real objects from sight with much better tac-
tile naming and spared naming to definition (Section A).
Her naming deficit from visual modality was not caused by
early identification problems, since AA was able to analyze
visually presented stimuli adequately (Section B). Seem-
ingly, unimpaired performance on the reality decision task
indicates that AA was able to access the structural descrip-
tion of objects (Section C). AA performed flawlessly on a
word-to-picture matching task and was able to draw objects
from memory from verbal stimuli (Section D). The rela-
tively accurate performance on these tasks indicates that AA
was able to process visual knowledge of objects from ver-
bal stimuli. Her minimal impairment on a word-to-picture
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matching task is consistent with that reported by Luzzatti
et al. 1998 in a similar case of OA, but not with the per-
formance of other OA cases (e.g., Beauvois 1982; Riddoch
and Humphreys 1987), who were impaired on such task.
Finally, naming of color patches was severely impaired,
with spared comprehension of color names (name-to-color
matching) and preserved object-color knowledge: this pat-
tern of performance is in double dissociation with that
observed in Luzzatti and Davidoff (1994), whose patient
suffered from impaired retrieval of object-color knowledge
with preserved color naming, and also confirms a relatively
preserved access to stored visual knowledge of objects from
the phonological input lexicon.

Lesion-based structural disconnectome study and
lesion localization in the corpus callosum

The aim of the present section is to quantify the extent to
which brain regions and white-matter tracts are discon-
nected from the lesion site. Particular emphasis is placed
on the analysis on the involvement of the callosal splenium
as, according to Schnider and colleagues (1994), the greater
the splenial disconnection, the more compatible the ensu-
ing clinical outcome with OA rather than AVA. This was
achieved by applying a structural disconnectome method
to AA’s lesion (see Hajhajate et al. 2022; for a similar
approach). Registration to the standard Montreal Neu-
rological Institute (MNI) template of the skull-stripped
T1-weighted structural MRI of the patient was performed
using BCBtoolkit (Foulon et al. 2018) with the “classical”
masking procedure to weigh the normalization with ref-
erence to the brain rather than non-brain tissue or lesions
(Brett et al. 2001). The disconnectome map was then cal-
culated using the patient’s lesion (Bonandrini et al. 2020).
The disconnectome approach builds on diffusion-weighted
images of healthy controls to track the fibers passing through
the location of a lesion. In other words, based on structural
connectivity in healthy controls, this method estimates the
probability - from 0 to 1 - of each volume unit in the brain
(voxel) of being disconnected from the lesion site (Thiebaut
de Schotten et al. 2015). To do so, the lesion normalized
to the MNI152 space is registered to each healthy control
native space and used as a seed for tractography (estimated
as in Thiebaut de Schotten et al. 2011) in Trackvis (Wang
et al. 2007). Each tractography from each control subject
is then converted into a visitation map, binarized and back-
transformed in the MNI space. Finally, a percentage overlap
map is produced by summing, for each voxel of the MNI
space, the normalized visitation maps of the healthy sub-
jects. It is worth noting that the disconnectome approach
identifies (given a lesioned brain area A) a set of areas (each
one can be labelled B) whose connections with the lesioned
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brain area A are interrupted. All other connections of each
brain area B with other areas (each one can be labelled C)
other than area A are spared.

Differently from Bonandrini et al. (2020), in which the
disconnectome analysis was based on a reference sample
of 10 healthy controls, in this analysis we used diffu-
sion weighted images from 100 subjects of the package
X (1 mm) available at https://storage.googleapis.com/
beblabweb/open_data.html (the list of track files is reported
in the Supplementary Materials). The tracts involved in the
disconnection with the lesion site were identified through
computation of the voxels of overlap between the discon-
nectome map (thresholded at a probability of disconnection
greater than 0.5) and of the masks from Rojkova and col-
leagues (2016). The disconnected brain regions were identi-
fied using the same approach, but with masks extracted from
the HarvardOxford anatomical template. The same template
was adopted to extract voxels of overlap with the normal-
ized lesion. The disconnectome and lesion maps were even-
tually plotted through the FSLeyes software (https:/fsl.
fmrib.ox.ac.uk/fsl/fslwiki/FSLeyes). The normalized lesion
was also plotted on the 2-dimensional medial sagittal plane.
The map was masked to show the corpus callosum (through
the callosal ROI derived from the JHU atlas), the anterior
commissure (spherical ROI of 3 voxels radius centered on
the coordinates x=0, y=2, z= -5 manually identified on

the MNI152 template) and posterior commissure (spherical
ROI of 3 voxels radius centered on the coordinates x=0,
y=-26, z= -1 manually identified on the MNI152 template).

Results and interim discussion. The lesion mainly
involved posterior LH regions (Fig. 5a, Supplementary
Table S1), namely the occipital pole, the lingual gyrus, the
intracalcarine cortex, the lateral occipital gyrus, the fusiform
and parahippocampal gyri, the posterior cingulum and the
precuneus. The lesion also involved middle-inferior sple-
nial fibers (Fig. 5b). The disconnectome analysis (Fig. Sc,
Supplementary Tables S2 and S3) demonstrated the discon-
nection from the lesion site of the splenial fibers, together
with a set of white matter tracts: the cingulum, the inferior
fronto-occipital fasciculus, the optic radiations, the fornix,
the long and posterior segments of the arcuate fasciculus,
the superior and inferior longitudinal fasciculi.

General discussion

We described the case of patient AA, who - after a stroke in
the territory of the left posterior cerebral artery, displayed a
modality-specific deficit in naming line drawings and real
objects from sight, but better tactile naming and spared
naming to definition. The naming deficit specific for objects
presented in the visual modality emerged in AA is — prima

corpus callosum

N\

0 Probability of disconnection

anterior commissure \

posterior commissure

Voxel intensity in the normalized lesion mask

0

Fig. 5 (a) 3D rendering of the lesion after normalization to the stan-
dard MNI template; (b) 2D plot of the lesion at the level of the medial
sagittal plane. Fluctuations in voxel intensity at the boundary of the
lesion map are a byproduct of spatial normalization; (¢) 3D rendering

of the disconnectome map based on the patient’s lesion and structural
connectivity estimates based on 100 healthy controls. For the original
MRI scan see Bonandrini et al. (2020) (colors online and in PDF)
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facie — compatible with both OA and AVA. Although the
distinction between AVA and OA may be challenging and
some overlapping features may emerge in a same patient,
differential diagnosis has been proposed based on: (a) the
possibility to access semantic representations from visual
input (which should be possible in OA, impaired in AVA;
Gerlach and Robotham 2021); (b) the extent of the callosal
damage (i.c., extensive splenial involvement and a discon-
nection of left ventral occipito-temporal areas from right
occipital regions, which is more compatible with OA than
AVA; Schnider et al., 1994).

As far as the lesion is concerned, the anatomical analysis
demonstrated that in AA it encompassed the most posterior
(and medial) LH cortical regions, involving the occipital
pole, the lingual gyrus, the intracalcarine cortex, the lateral
occipital gyrus, the fusiform and parahippocampal gyri, the
posterior cingulum and the precuneus. In line with a previ-
ous analysis on a more limited reference sample of healthy
controls (Bonandrini et al. 2020), we conducted a lesion-
based structural disconnectome analysis, which allows to
estimate, based on structural connectivity in healthy con-
trols, the probability - from 0 to 1 - of each volume unit in
the brain (voxel) of being disconnected from the lesion site
(Thiebaut de Schotten et al. 2015). The present disconnec-
tome analysis brings evidence for the critical disconnection
of the lesion site (largely involving left ventral occipito-
temporal areas) from the RH occipital lobe and to LH lan-
guage areas. Furthermore, voxels in the middle-inferior
callosal splenial fibers, together with a set of white-matter
tracts (bilaterally, but mostly in the LH), as the cingulum,
the inferior fronto-occipital fasciculus, the optic radiations,
the fornix, the long and posterior segments of the arcuate
fasciculus turned out to be disconnected from the lesion site
(Fig. 5, Supplementary Table S2 and S3). This provides an
anatomical account for the visual-verbal disconnection that
defines OA: the lesion interrupts the flow of visual informa-
tion from the RH to the LH occipital cortices, as well as that
from LH visual cortices to LH language areas.

From a cognitive perspective, through a series of tasks
addressing each step of visual processing, behavioral data
demonstrated that AA was able to access structural descrip-
tion knowledge of objects from visual stimuli, correctly dis-
tinguishing pictures of real animals from chimeric images.
Gerlach and Robotham (2021) proposed a diagnostic flow-
chart for the assessment of visual agnosia: AVA would be
supported by the impaired ability to associate semantically-
related line drawings. Conversely, such ability would be
spared in OA (Gerlach and Robotham 2021). AA scored
poorly in both picture-to-picture matching tasks. However,
a poorly compensated right hemianopia and possibly spa-
tial neglect may have affected the processing of stimuli, due
to the patient’s tendency to preferentially select left-hand
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options. In addition, it is worth mentioning that performance
on picture-to-picture matching tasks could be hampered by
the attempt to use a verbal strategy to solve the visual task,
a process that is compromised in OA. Furthermore, AA’s
categorization and object color knowledge abilities were
preserved, suggesting a spared access to semantics (see
Luzzatti et al. 1998; for similar results).

In OA, because of right homonymous hemianopia,
visual information is processed by the RH, but it cannot
be adequately transferred to the LH for lexical activation,
due to the splenial disconnection (Schnider et al. 1994;
see Supplementary Figure S1). The disconnectome analy-
sis performed in AA suggests an extensive damage to the
splenium, and that the flow of semantic information is most
likely to stream leftward through the spared anterior com-
missure (Fig. 5, see also Fig. 2 for graphical representation
of AA’s lesion and disconnection profile with reference to
the neurocognitive model). The anterior commissure medi-
ates the connection among inter-hemispheric temporopolar
regions (Catani and Thiebaut de Schotten 2008; Mesulam
2023). The inter-hemispheric transfer of information would
thus happen more likely after semantic access in RH. It is
in the LH that semantic information would trigger activa-
tion of the corresponding lexical label. We speculate that in
OA the callosal damage would cause impaired or lower, less
specific semantic activation among competitors, and conse-
quently naming deficits. Indeed, errors are predominantly
semantic, as semantic paraphasias and semantic persevera-
tions. A qualitative analysis of naming errors revealed that
AA committed frequent vertical semantic perseverations,
namely naming responses biased by those given to previous
stimuli (Lhermitte and Beauvois 1973), in line with what
described in other cases affected by OA, as well as with the
results obtained by Plaut and Shallice (1993) in a simula-
tion study. Differently from lexical perseverations of typical
aphasia (Hepner and Nozari 2020), the type of perseveration
errors frequently found in OA are considered “a peculiar
mingling of semantic errors, perseverations, and descrip-
tions of morphological features of the object” (Beauvois
1982). Explanations in terms of lack of inhibitory processes
(Lhermitte and Beauvois 1973), inhibitory connections
(Goldenberg and Karlbauer 1998), and damage to “clear-
up units” (Plaut and Shallice 1993) have been suggested.
To explain typical aphasia perseverations at various levels
(e.g., whole words, isolated semantic features, phonemes),
Cohen and Dehane (1998) proposed the residual activation
model, according to which deafferentation causes persistent
activation of information that results in perseverations.

As compared to AA’s difficulties in confrontation nam-
ing, in tasks requiring the matching between a phonological
entry and visual ones, as in the visual semantic categoriza-
tion task, providing verbal category labels, AA performed
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flawlessly. In a similar vein, it is fruitful to analyze the rela-
tively preserved (although overall suboptimal) abilities on
the word-to-picture matching tasks. In this tasks, patients
classified as having OA usually show a spared or minimally
impaired performance (Barca et al. 2009; Chanoine et al.
1998; Coslett and Saffran 1989; Coslett and Saffran 1992;
Endo, 1996; Goldenberg and Karlbauer 1998; Kwon et al.,
2006; Lhermitte and Beauvois 1973; Lindeboom and Sav-
inkels 1986; Marsh and Hillis 2005; Pena-Casanova et al.,
1985; Rapcsak et al. 1987; Riddoch and Humphreys 1987),
suggesting the deficit might be unidirectional (Goldenberg
and Karlbauer 1998; Luzzatti et al. 1998; but see Lhermitte
and Beauvois 1973). Word-to-picture matching requires
coupling between an auditorily-presented lexical label and a
target picture presented among other visual and/or semantic
distractors. For AA to perform the word-to-picture match-
ing task, visual input information has to pass the RH early
visual processing and access visual-specific and possibly
amodal semantic representations in the RH. Information
would then get transferred to the LH (most likely through
spared anterior connections) to be compared with the input
auditory phonological string. While in the case of confron-
tation naming, semantic activation is only based on the non-
verbal semantic information extracted in the RH, in the case
of word-to-picture matching task such semantic activation
can be summed to that induced by the input available from
the auditory modality. We speculate that this would pro-
duce more specific semantic activation, which would in turn
result in the accurate selection of the visual target among a
set of competitors.

The present interpretation of OA suggests that objects
presented visually activate semantic representations in the
RH and such semantic activation would be transferred to
the LH. Yet, the resulting semantic activation would be
insufficient to trigger activation of the correct lexical label.
This would be because no vision-based semantic activation
occurs in the LH due to the lesion impairing the LH visual
cortex and the splenial interruption of the connections with
the RH occipital areas. Whenever in this system additional
information is added so as to produce increased semantic
activation (for instance by presenting the label of the tar-
get word auditorily such as in the word-to-picture matching
task or in the categorization task in which semantic labels
are provided), the amount of semantic activation becomes
sufficient to induce the lexical activation of the target item.
A similar mechanism would explain AA’s difficulties in pan-
tomiming objects. As shown in Fig. 2, the impaired seman-
tic information transferred to the LH, would not activate the
corresponding ideational gesture representation, in the same
vein as for the phonological output lexicon, although AA
also showed ideomotor apraxia for meaningless gestures.

Still the issue remains of how damage to the posterior
cerebral artery territory can sometimes cause OA, and
sometimes AVA. One possibility is that AVA is likely to
arise when lesions in the left hemisphere disconnect poste-
rior occipital areas from more anterior areas in the temporal
lobe (Carlesimo et al., 1998; Gerlach and Robotham 2021).
Schnider et al. (1994) suggested that the core difference is
between the extension of splenial disconnection: a com-
plete disconnection would enable the information process-
ing in the RH, giving rise to symptoms consistent with OA,
whereas incomplete splenial disconnection would allow LH
information processing. In this regard the deafferentation
of other LH white matter fasciculi could play a prominent
role (De Renzi 1996; De Renzi and Saetti 1997). In particu-
lar, the disconnection of the inferior longitudinal fascicu-
lus could impair the transfer of visual information (Catani
2003) from posterior temporal and occipital lateral cortices
to the anterior temporal semantic storage areas, which allow
for visual object identification (Catani and Mesulam 2008).
Deafferentation of the inferior fronto-occipital fasciculus
could further contribute to visuo-verbal disconnection (see
for instance the functions of this tract as proposed by Catani
and Thiebaut de Schotten 2008).

The present study suggests that in OA, while splenial
disconnection impedes interhemispheric communication
of early visual information, semantic information could
be transferred from RH to LH, possibly through the ante-
rior commissure. Future disconnectome-based studies may
clarify the role of a disconnection between temporal lobes
via anterior commissure in preventing access to semantic
representations in AVA.

In conclusion, the present report suggests splenial dis-
connection and some spared semantic access from visual
input in a patient showing a deficit in visual object nam-
ing. The available clinical and neuroimaging data support
an interpretation of the case that is more compatible with
OA than with AVA. This study constitutes, to the best of
our knowledge, the first attempt to combine a cognitive and
neuropsychological approach to the differential diagnosis
of AVA/OA with a disconnectome analysis of the lesion
profile. The study underlines the importance to explore
white-matter disconnection(s) in the emergence of rare neu-
ropsychological symptom sets.
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