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ABSTRACT

Progressive prosopagnosia (PP) is a clinical syndrome characterized by a progressive and
selective inability to recognize and identify faces of familiar people. Here we report a pa-
tient (G.S.) with PP, mainly related to a prominent deficit in recognition of familiar faces,
without a semantic (cross-modal) impairment. An in-depth evaluation showed that his
deficit extended to other classes of objects, both living and non-living. A follow-up neu-
ropsychological assessment did not reveal substantial changes after about 1 year. Struc-
tural MRI showed predominant right temporal lobe atrophy.

Diffusion tensor imaging was performed to elucidate structural connectivity of the
inferior longitudinal fasciculus (ILF) and the inferior fronto-occipital fasciculus (IFOF), the
two major tracts that project through the core fusiform region to the anterior temporal and
frontal cortices, respectively. Right ILF was markedly reduced in G.S., while left ILF and
IFOFs were apparently preserved. These data are in favour of a crucial role of the neural
circuit subserved by right ILF in the pathogenesis of PP.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Young, 1986; Damasio et al.,, 1982; De Renzi, 1986; Farah
et al., 1995a,b; Rossion et al., 2003; Wada and Yamamoto,
2001). Such lesion studies, combined with functional imaging

The study of patients with a selective impairment in recog-
nizing faces (acquired prosopagnosia) following right or bilat-
eral temporo-occipital lesions has provided relevant
information about the neural mechanisms involved in face
processing (Bodamer, 1947; Barton et al.,, 2002; Bruce and

studies in normal individuals, have demonstrated that regions
of the posterior fusiform gyrus, the inferior lateral occipital
cortex and the posterior superior temporal sulcus (STS) are
involved in face processing (e.g., Allison et al., 1994a, 1999;
Barton, 2008; Kanwisher et al., 1997; Grill-Spector et al., 2004;
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Pitcher et al., 2009; Rossion et al., 2003; Sergent et al., 1992).
Within these regions, that are part of the so-called ‘core sys-
tem’ for face processing (Haxby et al., 2000), the fusiform gyrus
seems to be especially important for processing facial identity.
More recently, an important role in face recognition has also
been ascribed to the anterior inferior temporal lobe (Allison
et al., 1994b, 1999; Rajimehr et al., 2009; Tsao et al., 2008),
particularly in individuals with developmental prosopagnosia
(DP), who may show reduced volume of the anterior part of
fusiform gyri (Behrmann et al., 2007; Garrido et al., 2009).

In a few studies, prosopagnosia has been described as the
main manifestation of a neurodegenerative disorder
(Barbarotto et al., 1995; De Renzi, 1986; Evans et al., 1995;
Gentileschi et al., 1999, 2001; Gainotti, 2003; Tyrrell et al., 1990).
Early patients with progressive prosopagnosia (PP) also showed
visual agnosia, basic visuoperceptual deficits and impairments
in other cognitive domains, associated with posterior cortical
atrophy (De Renzi, 1986; Tyrrell et al., 1990). In subsequent years
several patients with quite selective progressive disorders of
face recognition have been described. In one patient with se-
lective PP, Evans et al. (1995) interpreted their patient's picture
as due to a visual, modality-selective, inability to access person-
based semantic knowledge; however, the patient eventually
developed (over 9 months) a multi-modal loss of person-based
knowledge. Evans et al's patient showed prominent right
hemisphere temporal lobe atrophy; analogous lesions were
reported in further patients with PP who were affected by
analogous multi-modal deficits of person (and face) recognition,
not restricted to the visual modality (Barbarotto et al., 1995;
Gainotti, 2003; Gentileschi et al., 1999, 2001).

A progressive defect in processing face configuration
associated with mild visual agnosia, but with relative preser-
vation of other cognitive domains and intact basic face
perception skills, was described by Joubert et al. (2003), in a
patient who showed atrophy of the right fusiform gyrus and
parahippocampal cortex on quantitative volumetric measures
of temporal lobes (Joubert et al., 2004). On the basis of this
observation, the authors proposed that the critical region in
the genesis of PP may lie more posteriorly than what was
previously suggested, and involve the right fusiform gyrus
selectively (Joubert et al., 2004).

This rare form of degenerative process may reflect a right
hemisphere variant of semantic dementia. Actually, current
clinical diagnostic criteria (Neary et al., 1998) consider PP with
insidious onset and gradual progression, often associated to
associative agnosia, as the hallmark of the prosopagnosic
variant of frontotemporal dementia (FTD) (Neary et al., 1998),
more recently defined right-temporal variant (rtFTD; Chan
et al., 2009; Josephs et al., 2009; Miller et al., 1993).

In synthesis, several patients have been described with PP
in the context of a degenerative disorder, and all of them
showed atrophy in the right temporal lobe, but no specific
study has investigated white matter tracts (WMT) in patients
with selective PP (but see Migliaccio et al., 2012, for a DT study
on posterior cortical atrophy). In neurodegenerative disorders
neuropsychological deficits are usually considered as result-
ing from cortical degeneration. However, in recent years the
cortical localization approach for cognitive functions is
evolving towards network-based hypotheses, according to
which cognitive disorders emerge from the interruption of the

information flow within large-scale networks linking different
cortical regions (Bartolomeo, 2011; Catani and ffytche, 2005).
According to this approach, not only cortical lesions but also
damage to WMT between cortical areas can induce network
dysfunction and, hence, cognitive disorders (Mesulam, 2009).

Over the last few years, tractography has allowed hodo-
logical study of the brain and a re-interpretation of several
neurobehavioral syndromes. In DP patients, Thomas et al.
(2009) have found a bilateral reduction in structural integ-
rity of the inferior longitudinal fasciculus (ILF) and of the
inferior fronto-occipital fasciculus (IFOF), two major tracts
that project through the core fusiform region to the anterior
temporal and frontal cortices, respectively (Benson et al,,
1974). However, Thomas et al. (2009) demonstrated that
only the reduction in tract integrity of the right ILF (rILF), and
to a lesser extent, of the right IFOF (rIFOF) correlated with
errors in face recognition tasks, consistent with the notion
that the right hemisphere is more prominent in face pro-
cessing (for a recent review, see Gainotti and Marra, 2011).
The ILF is a ventral associative bundle with long and short
fibres connecting the occipital and temporal lobes namely
lingual and fusiform gyrus (Catani et al., 2003). Damage to
such a tract might disconnect visual processing in the oc-
cipital lobe from memory processing in the temporal lobe
(Habib, 1986; Kawahata and Nagata, 1989; Meadows, 1974;
Takahashi et al., 1995), thus giving rise to a form of associa-
tive prosopagnosia (Fox et al., 2008).

On the basis of evidence collected in DP, here we present a
diffusion tensor imaging (DTI) study performed on a patient
with relatively selective PP to the aim of investigating struc-
tural integrity of ILF and IFOF. In previous single case studies
of patients with neurodegenerative disease, DTI was used for
the purpose of following up progressive deterioration of WMT
(Duning et al., 2009). DTI has also been used in a single patient
with posterior cortical atrophy to demonstrate WMT damage
(Migliaccio et al., 2011). Here, our specific working hypothesis
was that connectivity between occipital and temporal lobes in
the right hemisphere is disrupted in comparison with the left
hemisphere.

2. Methods
2.1. Case report

G.S. was a 65-year-old, right-handed man with 7 years of
formal education; he was a retired factory worker. He came to
our observation in November 2010, complaining of progres-
sive difficulties in recognizing familiar faces over the past 2
years. For instance, he knew and could immediately recall
names of the examiners, but over a period of several weeks he
never recognized them by their faces.

At the time of testing, G.S. was alert, cooperative and well
oriented; his language was fluent and flawless. The patient
was aware of his problems and described them in detail, but
his relatives referred some early personality changes, with
instances of social inadequacy (e.g.,: excessive or inappro-
priate jokes; childish behaviour); the total score on Frontal
Behavioural Inventory (FBI; Alberici et al., 2007), administered
to patient's son, was 12/72, i.e., below the cut-off point (28.6)


http://dx.doi.org/10.1016/j.cortex.2012.09.010
http://dx.doi.org/10.1016/j.cortex.2012.09.010

CORTEX 56 (20I4) ITI—-I20 113

discriminating frontotemporal lobe degeneration from other
dementias.

Neurological examination was normal. MRI showed a pre-
dominant right temporal atrophy associated to mild cortical
atrophy of remaining supratentorial cortices (Fig. 1). The anal-
ysis of biomarkers in cerebrospinal liquor (ELISA test; Innoge-
netics, Ghent, Belgium) revealed normal levels of
phosphorylated tau (p-tau 181: 28.6 pg/mL; normal values: <33)
and B-amyloid 1-42 (749.3 pg/mL; normal values: 492—1088).

General neuropsychological assessment did not reveal
impairments of verbal and spatial memory, spatial explora-
tion of personal and extrapersonal space, visuoconstructional
skills, abstract logical abilities, verbal fluency and executive
functioning (Table 1). G.S. then underwent a specific neuro-
psychological assessment of face processing, visuospatial
perception, imagery and semantic knowledge.

2.1.1. Assessment of face processing

2.1.1.1. Face mMaTcHING. On the Benton Facial Recognition Test
(Benton et al., 1983), G.S.' performance was in the ‘borderline’
range after adjusting raw score for age and educational level
(Table 2). It is interesting to note that he performed flawlessly
on the trials in which camera angle and lighting were held
constant, suggesting that his face recognition impairment
could not be accounted for in terms of elementary visual

Fig. 1 — Coronal reformats of the 3D-T1w-volume at the
level of the midportion of the hippocampus (top) and of the
amygdala (bottom), showing on the right side a relative
sparing of the hippocampus, with a dilation of the temporal
horn of the lateral ventricle, likely due to loss of adjacent
white matter, parahippocampal gyrus and amygdala.

Table 1 — Results of the formal neuropsychological
assessment.

Test Nov 2010 Feb2012 Normal
cut-off*
Mini Mental State 28/30 28/30 <23
Examination (MMSE)®
FAB® 14.40 13.40 <13.40
Raven coloured 24 28 <14.75
progressive matrices
(PM)°
Story recall® 10.8/16 11.4/16 <4.50
Corsi Visuospatial span? 4 6 <3.50
Digit span® 5 5 <3.50
Verbal word span* 3 4 <2.75
Copying simple drawings? 11.75 12.75 <7.75
Rey complex figure
Copy 29.9/36 36/36 <23.76
Immediate recall 9/36 10.50/36 <6.44
Delayed recall 8.2/36 13.25/36 <6.33
Phonemic verbal fluency® 26.2 27.2 <17.35
Semantic verbal fluency® 15.25 14 <7

Note. *Normal cut-off values refer to age- and education-adjusted
Italian norms; no G.S.' score was below cut-off.

® Measso et al., 1993.

® Appollonio et al., 2005.

Caltagirone et al., 1995.

Spinnler and Tognoni, 1987.

¢ Orsini et al., 1987.

f Caffarra et al., 2002.

c

d

deficits. G.S. emphasized that he always tried to rely on details
such as ears or eyebrows in order to succeed on this task.

2.1.1.2. FAMOUS FACE RECOGNITION, NAMING AND IDENTIFICATION. To
assess famous face processing, G.S. was administered the
Famous face recognition and naming test (Rizzo et al., 2002), that
evaluates both visual recognition of known people and verbal
recognition of their names. As for visual recognition, the test
included 50 photographs depicting famous people randomly
intermingled with 50 pictures of unknown people. Photo-
graphs were presented one at a time, and G.S. was asked: (a) to
make a fame judgement, (b) to name the 50 famous people, and

Table 2 — Processing of unfamiliar and familiar faces.

G.S. Normal
scores cut-off
Unfamiliar faces
Benton Facial Recognition Test® 40/54 41
Familiar faces
Famous face recognition and naming test”
Naming 0° <14.50
Semantic information 0° <22.17
Semantic information from 24.75 <20.68
name
False recognitions 0 >14.16
False recognitions from name 0 >12.92

Note. Normal cut-off values refer to age- and education-adjusted
Italian norms.

2 Benton et al., 1983.

b Rizzo et al., 2002.

¢ Denotes a score below age- and education-adjusted cut-off.
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(c) to provide some semantic information about the person, in
particular, whether the person was alive, if he/she was Italian,
and to which professional category the person was associated.
G.S. was not able to distinguish famous from unknown faces
(Table 2), and could neither name nor identify even celebrities
with very distinctive and unique facial features from their
photographs (e.g., Michael Gorbaciov). G.S. spontaneously
referred to the gender of every single face he was presented
with (e.g., “I have never seen her/him” or “I don't know who he/
she might be”), showing that his gender perception was pre-
served. When all visual stimuli were presented, the test
assessed recognition of auditorily presented names of the
same famous people, intermingled with 50 unknown names.
When asked to perform a fame judgement and to provide as
much information as he could about the celebrities upon ver-
bal presentation of their names, G.S. performed in the normal
range, meaning that his semantic knowledge about famous
people was at least relatively preserved.

2.1.2. Assessment of visuospatial perception

2.1.2.1. VisuospATIAL ABILITIES. On the Battery for Visuospatial
Abilities (BVA, known in Italy as TERADIC; Angelini and Grossi,
1993; Grossi and Trojano, 1999; Grossi et al., 2002; Trojano
2004), exploring perceptual and representational vi-
suospatial abilities, G.S.' scores were well within the normal
control range according to published norms on tasks assess-
ing discrimination of line length and orientation, coding of
relative position of points within squares, mental rotation,
and analysis and recognition of complex abstract figures
(Table 3). G.S. was relatively impaired in one subtest assessing
discrimination of angle width, and in one ‘representational’
subtest assessing mental construction of abstract figures.

et al,,

2.1.2.2. VISUAL OBJECT PROCESSING. On tasks assessing visual ob-
ject recognition from the Birmingham Objects Recognition
Battery (BORB; Riddoch and Humphreys, 1993), G.S. showed

Table 3 — Assessment of visuoperceptual abilities.

selective difficulties (Table 4). He could correctly name only
about 25% line drawings (19/76), with no difference between
living (10/38) and non-living (9/38) items; during the task, the
patient often provided stimulus' superordinate category (e.g.,
“container” for saltshaker or pot) or a prototypical exemplar of
the same category (e.g., “dog” for lion, sheep or kangaroo). G.S.
achieved low scores on the Object decision task (subtest 10: to
decide whether a line drawing depicts a real item or not) and
on the Associative match task (subtest 12: to associate items
with strong semantic, but not visual, relationships), implying
that his visual knowledge of objects and his knowledge about
semantic relationships among objects were impaired. How-
ever, he performed within the normal range when he was
asked to match items of the same class (Item match task,
subtest 11: to associate items with different visual features but
referring to the same concept, e.g.,, two visually different
keys), that also share many visual properties (G. Humphreys,
personal communication). Thus, it is likely that G.S. relied on
his spared visuoperceptual skills in performing the task. In
addition, he showed spared object constancy, i.e., the ability
to judge that an object remains the same when viewed from
different positions (subtest 8, Foreshortened view task).

2.1.3. Mental imagery

2.1.3.1. MENTAL cLock Task. When required to imagine 20 pairs
of analogue clock faces based on verbally presented times, and
to judge which of the two hand settings defines the larger in-
ternal angle (Formisano et al., 2002; Grossi et al., 1989; Paivio,
1978; Trojano et al., 2000), G.S. made no errors.

2.1.3.2. DRAWING OF HIS OWN HOUSE. To assess visual memory,
he was asked to draw a plan of his own apartment, illustrating
its general outline, the spatial relations between the rooms,
and their relative dimensions. Compared to the one per-
formed by his son, G.S. drew an accurate plan of the house.

Table 4 — Results of DTI in patient G.S. and in a group of
normal controls (HC; n = 7).

G.S. Normal
scores cut-off G.S HC
BVA* Lines rILF 47 8.00 + 4.62 (3.0—16.4)
Visuoperceptual tasks 1ILF 49 8.44 + 2.91 (3.3—-12.0)
Line length judgement 16/20 15 rIFOF 8.5 6.98 + 3.52 (3.4—13.9)
Line orientation judgement 6/10 4 IIFOF 7.3 5.56 + 2.12 (3.5-9.5)
Angle with judgement 1/10* 4 FA rILF .902 .931 + .040 (.880—.978)
Point position identification 11/12 8 IILF .875 .918 + .040 (.872—.981)
Spatial representational tasks rIFOF .898 .973 + .042 (.896—1.017)
Mental rotation 10/10 4 1IFOF .951 1.007 =+ .048 (.920—1.034)
Complex figure identification 10/10 6 ADC rILF 1.151° .967 + .042 (.902—-1.027)
Hidden figure identification 8/10 5 1ILF .961 1.024 + .020 (.998—1.048)
Mental construction 11/20* 13 rIFOF 1.150 1.000 + .102 (.920—1.203)
BORB” 1IFOF 1.013 .988 + .072 (.932—1.136)
Foreshortened view (subtest 21/25 e Note. Normalized values of number of lines, FA and ADC are
’,3) .. separately reported for left and right inferior longitudinal fascic-
Object decision (subtest 10) 23/32* 28 s . .. .
ulus (/rILF) and left and right inferior fronto-occipital fasciculus (I/
ftem r?najcch eulbizesi 1y S A9 rIFOF) in G.S. and HCs. For HC mean + SD (and range) are reported.
Associative match (subtest 12) 16/30* 22 ap . .
. . enotes a value falling outside the range of HC.
Picture naming (subtest 14) 19/76* 64

*Denotes a score below age- and education-adjusted cut-off.
& Angelini and Grossi, 1993.
® Riddoch and Humphreys, 1993.

® Denotes a value falling outside the range of HC and significantly
above the means of HC (one-tailed Bayesian p value = .003). All the
other statistical comparisons did not show significant differences
between G.S.' and HC's values, and are not reported.
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2.1.3.3. FACE DESCRIPTION FROM MEMORY. We also assessed
whether G.S. could retrieve visual details of famous people's
faces whom he did not recognize. Our patient could provide
several visual details about famous people he could not
recognize, although it was quite difficult to exclude that he
relied on verbal semantic memory.

2.1.4. Semantic memory

2.1.4.1. VERBAL SEMANTIC MATCHING. Access to semantic knowl-
edge from written material was assessed by the verbal version
of the Pyramids and Palm Trees Test (Howard and Patterson,
1992), requiring subjects to associate semantically related
words. G.S. scored 45/52 (86.5%), a performance marginally
below that of normal controls (90% correct responses or more).

2.1.4.2. NAMING ON VERBAL DEFINITION. G.S. was asked to produce
abstract or concrete nouns corresponding to verbal definitions
read aloud by the experimenter (Novelli et al., 1986). He scored
25.5/28 for concrete words and 7.5/10 for abstract concepts; his
overall score (33/38) was slightly below the normal cut-off
(33.25).

2.1.5. Summary of the first assessment

G.S. showed spared basic visuoperceptual and visuospatial
abilities, and spared visuospatial imagery, but was affected by
relatively selective defects in face and visual object process-
ing. In particular, G.S. was totally unable to name or identify
faces of famous people. When names of the same famous
people were provided, G.S. could retrieve precise semantic
information about almost half of them, a performance within
the normal range. Therefore, our patient proved to be unable
to access person-based semantic knowledge via the visual
modality, but could access the same knowledge by verbal
modality. Moreover, G.S. showed a minor impairment in
processing unknown faces, particularly when he could not
rely on perceptual details, but had to resort to a configura-
tional analysis. This defect of face processing was associated
with mild visual agnosia (not clinically relevant) for both living
and man-made objects. In contrast, the patient showed pre-
served semantic knowledge about the objects he could not
recognize when he was provided with their names.

2.1.6. Follow-up
Fifteen months after the first evaluation (February 2012), G.S.
underwent a new clinical and neuropsychological assessment.
The patient was still cooperative and well oriented, and his
language was fluent and flawless, but he was highly distractible,
with increasing difficulties of staying on task. Although patient's
subjective complaints were still limited to difficulties in recog-
nizing familiar faces, his caregivers reported increasingly
frequent episodes of social inadequacy, impulsivity, aggressive
behaviour and disinhibition. The most evident personality
changes with respect to the first evaluation reported by patient's
son at the FBI were in the disinhibition subscale (restlessness,
irritability, excessive jocularity, impulsivity, aggression, hyper-
orality, hoarding); the total FBI score (32/72) was above the cut-
off score thought to identify FTD patients (28.6; Alberici et al.,
2007). Neurological examination was still normal.

General neuropsychological assessment did not show
changes in verbal and spatial memory, spatial exploration,

visuoconstructional skills, abstract logical abilities, verbal
fluency and executive functioning (see Table 1).

G.S.' performance on the Benton Facial Recognition Test was
substantially unchanged (38/54): G.S. still emphasized that he
relied on details such as general face shape, ears or eyebrows to
perform the task, and performed well with faces presented in
the same perspective and with the same lighting conditions.

To further investigate G.S.' impairment in face recognition,
and to assess the relative contribution of perceptual processes
and memory to his recognition impairment, he was assessed
on the Cambridge Memory Test for Faces (CMTF; Duchaine
and Nakayama, 2006), and the Cambridge Face Perception
Test (CFPT; Duchaine et al., 2007). G.S.' scores were compared
to those of 7 age-matched healthy control (HC) participants
(mean age: 68 years, range: 61—77), using the modified t-test
devised by Crawford and Garthwaite (2002) for use with single
cases.

The CFMT includes a study phase in which subjects are
required to familiarize with six target faces presented in three
different views; after the study phase, subjects are asked to
recognize target faces in 54 forced-choice items, consisting of
novel views of one of the six target faces along with two non-
target faces. G.S. scored 31/72; this score was significantly
below the mean score of the HCs (m = 52.4, SD = 6.7; p = .024).
In the CFPT, subjects are required to arrange six frontal views
of men's faces according to their similarity to a % profile view
of a target face. The test images are morphs of six different
individuals with the target face. Each combination of target
and test faces are presented once upright and once inverted,
allowing to assess presence of the “face inversion” effect (i.e.,
better performance for upright than for inverted faces), that is
robust in normal adults (Yovel and Duchaine, 2006) and typi-
cally developed children (Taylor et al., 2004), but is lacking in
patients with acquired prosopagnosia (Farah et al., 1995b) and
DP (Schmalzl et al., 2009). Scores for each item are computed
by summing the deviations from the correct position for each
face. G.S.' score for upright trials (total deviations: 90) was
significantly above the mean score of the age-matched control
group (mean deviations: 45.5, SD = 12.6; p = .016) and very
close to chance performance (93.3 deviations). While controls
showed a robust inversion effect (mean deviations for inver-
ted trials: 65.5, SD = 6.7), G.S. performed better with inverted
trials, and his score was not significantly different from con-
trols (total deviations: 76; p = .193).

On tasks assessing visual object recognition from BORB,
G.S. did not show any relevant change in performance with
respect to the first evaluation. G.S. could correctly name 18/76
drawings. Moreover, he performed below normal cut-offs on
the Object decision task (subtest 10: 16/32) and on the Asso-
ciative match task (subtest 12: 16/30), but still performed
within the normal range on Item match task (subtest 11: 31/32)
and showed spared object constancy (subtest 8: 20/25).

2.1.7. Summary of the follow-up assessment

After 15 months, the neuropsychological picture had remained
relatively stable. A more extensive assessment of G.S.' face
recognition abilities at the follow-up showed an impaired
memory for faces, with associated deficits in perception of
facial similarity. However, the patient could still perform a
perceptual analysis of face details with high accuracy, as
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shown by his normal performance on the ‘inverted faces’
condition of the CFPT. Visual object recognition abilities had
remained generally stable. The only relevant change concerned
severity of behavioural and psychological symptoms, particu-
larly those of the disinhibition type.

As it will be discussed to a longer extent below, G.S.' clinical
picture at the time of the first evaluation conforms to that
described at early stages of PP. This gave us the opportunity of
testing the hypothesis about the role of rILF and rIFOF in PP by
means of DTIL.

2.2. DTI data acquisition

G.S. was scanned using a 3T Philips Achieva scanner equipped
with a 8 channels phased-array head coil. The DTI sequence
was based on a single-shot spin-echo, echo-planar imaging (EPI)
sequence with diffusion sensitizing gradients applied on either
side of the 180° refocusing pulse. Diffusion weighted images
were acquired with diffusion gradients oriented along 32 non-
collinear directions. Specific DTI parameters were: Repetition
Time (TR) = 9330 msec, Echo Time (TE) = 102 msec, flip
angle = 90°, Field of view (FOV) = 256 x 256 mm?, acquisition
matrix size = 128 x 128, 50.2 mm thick axial slices (.7 mm gap),
pixel size = 2 x 2 mm?, diffusion weighting b = 1000 sec/mm?.
Two repetitions of the complete set were collected and averaged
to increase signal-to-noise without introducing motion arte-
facts. Sensitivity Encoding (SENSE) factor of two was used to
reduce scan time to 11'29” and to minimize distortion related to
EPI (van den Brink et al., 2003). During each scanning session,
along with the DTI acquisition, high-resolution anatomical
scans were acquired. The high-resolution anatomical scan (T1-
weighted 3-D Magnetization-Prepared Rapid Acquisition
Gradient-Echo sequence (MPRAGE)) was used for co-registration
with the b = 0image. Specific T1 scanning parameters: inversion
time = 832 msec, TR = 6.7 msec, TE = 3.1 msec, flip angle = &°,
FOV = 256 x 256 mm? matrix size = 256 x 256, slice
thickness = 1.2 mm, number of slices = 170, Turbo factor = 240,
orientation of slices was sagittal, acquisition time was 10'53".

Seven age-matched HCs (5 males, 68 + 6 year, age range
61—77) underwent the same DTI acquisition protocol within a
multi-centre research study focussing on memory impair-
ment. Local ethical committee approval and written informed
consent were obtained before the study.

2.2.1. DTI post-processing

Computation of the diffusion tensor and fibre tracking was
performed using Extended MR WorkSpace R2.6.3.1 (Philips
Healthcare), operating on a Microsoft Windows platform. The
diffusion tensors were calculated by solving a linear equation
system using least square fitting. Parameters for tract defini-
tion were .15 minimum Fractional Anisotropy (FA), 27° Max
Angle Change.

We employed a multiple region of interest (ROI) approach
to visualize and quantify the fibres within the tract of interest
as this approach has been shown previously to ensure robust
recovery of the major fibre tracts in the human brain (Mori
et al.,, 2002; Huang et al., 2004). For each hemisphere we
demarcated the ROIs along three coronal planes. In particular,
the fibre tracts for the ILF and IFOF were extracted by speci-
fying two ROIs for each tracts: a common ROI encompassing

the ventral aspect of the occipito-temporal cortex, inferior to
the floor of the posterior horn of the lateral ventricles, for both
tracts was designed in a coronal plane tangential to the pos-
terior edge of the splenium of the corpus callosum; a second
ROI for the ILF was designed in the coronal plane located
where the fornix descends towards the mammillary bodies,
encompassing the whole temporal lobe; a third ROI for the
IFOF was designed on a coronal plane posterior to the tip of the
rostrum of the corpus callosum, encompassing the whole
frontal lobe. As IFOF and ILF share a common pattern in their
most posterior parts, IFOF fibres were removed from the ILF to
avoid inclusion of spurious fibres in the latter. Additionally, to
correct for head size and global white matter volume, for each
subject a Whole-Brain white matter ROI (WB) was derived by
connecting all the voxels with FA >.55, starting from a seed
manually placed in the centre of the corpus callosum.

3. DTI results

All tracts were successfully identified in all subjects. DTI
reconstruction of ILF and IFOF bundles in patient G.S.
demonstrated a severe reduction of fibres in rILF versus left
ILF (lILF), while IFOFs were relatively symmetric (Figs. 2 and 3).

For each tract the total number of fibres, FA and Apparent
Diffusion Coefficient (ADC), as derived from the tractography
analysis, were normalized dividing by the corresponding pa-
rameters obtained from the whole set of fibres crossing the
WB ROI (detected using the same parameters as for the single
tract definition). The resulting ratios were used to compare
G.S. with the group of HC. For statistical analysis we choose a

Fig. 2 — Axial sections and lines tractography. LILF is in
purple, RILF is in light blue, LIFOF is in green, RIFOF is in
yellow.
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Fig. 3 — Left and right oblique sagittal sections. Colour-coding of fasciculi same as in Fig. 2. Clear asymmetry of ILFs can be

appreciated, due to a severe atrophy of the right one.

Bayesian approach that is thought to be prudent, preventing
overestimation of evidence in favour of an effect (Wetzels
et al, 2011). We thus used a Bayesian inferential method
(SingleBayes.exe; Crawford and Garthwaite, 2007) that allows
to test if patient's values are significantly above (or below) the
respective values of a small control sample.

In G.S., the number of lines of the rILF was far below the
range of the values found in HC, but the wide variability of such
values precluded to find a significant difference between G.S.
and HC, associated with an ADC ratio above the range of HC.
The relevant damage in rILF was denoted by the significantly
higher ADC value in G.S. with respect to HC (see Table 4).

4, Discussion

In the present paper we observed a marked asymmetry in
volume of ILF but not of IFOF in a patient with selective PP.
Before examining possible theoretical implication of this
finding, it is useful to discuss G.S.' clinical presentation in
comparison to the few patients with PP described in literature.

Our patient G.S. presented with severe prosopagnosia,
along with mild visual associative agnosia, with no relevant
low-level visuospatial or semantic deficits. Previously re-
ported cases of PP showed other visuoperceptual deficits or
impairments in other cognitive domains (De Renzi, 1986;
Tyrrell et al., 1990) or presented a multi-modal loss of person-
based semantic knowledge not restricted to the visual mo-
dality (Evans et al., 1995; Barbarotto et al., 1995; Gentileschi
et al., 1999, 2001; Gainotti, 2003). All these patients presented
with anterior temporal lobe atrophy. Joubert et al. (2003)
described a case of selective PP associated with mild visual
agnosia that exhibited an atrophy of the posterior temporal
lobe involving the fusiform gyrus. Although the neuroradio-
logical study in G.S. revealed a widespread cortical atrophy,
involving the right temporal lobe with relative sparing of the
hippocampus, the clinical features of PP were suggestive for a
prominently modality-specific disorder, that however might
evolve towards more generalized defects of person-based se-
mantic knowledge as in Evans et al.'s (1995) case. The follow-
up assessment performed about 1 year after the first evalua-
tion in the present patient could not demonstrate such an
evolution of the clinical picture.

The association of modality-specific PP, mild object visual
agnosia, and early behavioural changes with insidious onset
and gradual progression, in presence of normal phosphory-
lated tau and beta-amyloid in CSF, might be consistent with a
diagnosis of prosopagnosic variant of FTD (Neary et al., 1998),
more recently defined as right-temporal variant of FTD (rtFTD;
Chan et al., 2009; Josephs et al., 2009; Miller et al., 1993).

To our knowledge, there are no studies in literature that
explore brain connectivity in PP or in rtFTD, whereas tractog-
raphy studies in temporal variants of FTD showed bilateral re-
ductions in ILF and IFOF, thus suggesting disrupted connectivity
between the posterior occipital pole and the anterior temporal
lobe (ILF), and between the inferolateral and dorsolateral frontal
cortices and both the temporal and occipital cortices (IFOF;
Borronietal., 2007). Such data suggested that DTI measures can
contribute to characterize patients with different variants of
FTD and their clinical symptoms (Borroni et al., 2007).

On this basis, our finding that G.S. showed a selective
marked reduction of ILF in the right hemisphere, whereas IFOF
showed only a mild asymmetry, might explain the prominent
cognitive disorder, i.e., modality-specific prosopagnosia, shown
by our patient. Indeed, a reduction in the microstructural
integrity of both ILF and IFOF bilaterally has been reported in
congenital prosopagnosic subjects by Thomas et al. (2009). In
DP, developmental hypotrophy of bilateral ILF and IFOF
(Thomas et al., 2009) and of the anterior part of fusiform gyri
(Behrmann et al., 2007; Garrido et al,, 2009) would impair
maturation of normal face processing skills, and preclude for-
mation of any efficient compensatory pathway. In the present
patient PP was related to the atrophy of the rILF, related to
progressive neuronal loss, affectingboth grey and white matter.
This idea is compatible with a recent study in which Omar et al.
(2011) investigated the neuroanatomical basis of face process-
ing deficits in frontotemporal lobar degeneration (FTLD) by
means of voxel based morphometry. Omar etal. (2011) observed
that patients' performance on famous face identification was
associated with reduced grey matter volume in a region of the
right fusiform gyrus anterior to the fusiform face area (FFA),
consistent with previously described evidence based on focal
lesions and neuroimaging studies. On the basis of these obser-
vations and of the present findings, we could suggest that the
disproportionate atrophy of the rILF can be the specific hall-
mark of the dysfunction in the neural circuit dedicated to face
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processingin the ventral regions of the right hemisphere in our
patient. These results are also compatible with the finding that
white matter lesions in the ILF as a result of multiple sclerosis
may induce symptoms of prosopagnosia and object agnosia
(Yamasaki et al., 2004).

In recent years Fox et al. (2008) hypothesized that dam-
age of ILF might be specifically related to associative pro-
sopagnosia with relatively preserved perceptual abilities. In
the present patient both the baseline evaluation and the
follow-up assessment revealed a composite clinical picture
in which minor defects of configurational face analysis were
associated with an impairment to experience visual famil-
iarity for well-known faces, and a substantial impairment to
associate visually perceived faces to preserved semantic
information about people. This is no room here to tackle the
controversial distinction between associative and apper-
ceptive forms of prosopagnosia (De Renzi et al, 1991;
Duchaine and Weidenfeld, 2003; see Gainotti and Marra,
2011, for a recent review), but our data support the hy-
pothesis that ILF is the most critical fibre pathway con-
necting regions of the core system of face processing (see
Haxby et al., 2000; Catani and Thiebaut de Schotten, 2008),
as proposed in the past (Benson et al., 1974; Habib, 1986;
Kawahata and Nagata, 1989; Meadows, 1974; Takahashi
et al,, 1995). A damage of rILF would disconnect the occipi-
tal face area and the FFA from each other or from regions in
the anterior temporal lobe and the precuneus (Catani et al.,
2003), thus hampering modulation of right occipital lobe on
temporal lobe activity. However, it remains to be explored
the possible contribution of short U-shaped tracts connect-
ing adjacent gyri that have been identified in human visual
regions (Catani et al., 2003).

In conclusion, the selective damage of rILF in the present
patient G.S. suggests possible underpinnings of early stages of
PP, in line with previous DTI findings in DP. Longitudinal
studies will clarify the clinico-anatomical correlates of evo-
lution of PP and possible relationships with clinical diagnosis
of different variants of neurodegenerative diseases.
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