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Abstract. We described a 56-years-old man with a diagnosis of “non-fluent primary progressive aphasia” (NfPPA). An accurate
neuropsychological, neurological and neuroimaging evaluation was performed in order to assess clinical and behavioural features
of the patient.
From a neuropsychological point of view, the patient showed a typical cognitive profile of subjects affected by NfPPA: a prominent
language deficit, associated with impairments in several cognitive domains after three years from the onset of the symptomatology.
The most intriguing feature is that SPECT revealed hypoperfusion in the right frontal cortex, albeit the patient is right-handed.
This unexpected finding shows that NfPPA may arise not only from cortical abnormalities in the language-dominant left hemisphere
but also from right hemisphere involvement in a right hander (crossed aphasia).
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1. Introduction
Primary Progressive Aphasia (PPA) is a neurodegenerative disease characterized by a) insidious onset, but
progressive impairment of word finding, object naming, syntax, or word comprehension manifested during conversation or assessed with the use of standard
neuropsychological tests of language; b) all major limitation in activities of daily living can be attributed to
the language impairment for at least two years after
onset; c) premorbid language function is known to be
intact; d) prominent apathy, disinhibition, loss of memory of recent events, visuospatial impairment, visualrecognition deficits, and absence of sensory-motor dys∗ Corresponding
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function during the initial two years of illness, d) acalculia and ideomotor apraxia can be present even in the
first two years of illness; e) other cognitive functions
may be affected after the first two years of illness, but
language remains the most impaired function throughout the course of the illness and deteriorates faster than
other affected functions; f) specific cause of aphasia,
such as stroke or tumor, as ascertained by neuroimaging, are absent [14,16].
PPA is observed in different forms: non-fluent PPA
(NfPPA), characterized by effortful articulation,agrammatism, phonemic paraphasias, various degrees of
anomia but relatively preserved comprehension; semantic dementia (SD), or fluent-PPA, in which prominent loss of the meaning of words and objects, grammatically correct speech, and preserved syntactic comprehension are present. A third variant, which differs
from both NfPPA and SD is called “logopenic”, and is
characterized by a speech slowed in rate but without articulatory difficulties, syntactically simple but correct,
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halted by frequent word-finding pauses, in the absence
of (syntactic or semantic) comprehension deficits [7].
Some reviews of demographic and clinical features
of patients with diagnosis of NfPPA revealed that they
are largely more males than females (66% vs 34%), and
that the onset of the illness is shown between the age of
50 and 69, with the modal value at 64 years [23]. When
the MRI shows abnormal findings, there are either in
the left hemisphere or bilateral (for a review: Westbury,
1997 [23]).
We present here a new case of non-fluent primary
progressive aphasia, characterized by right hemisphere
involvement. The observation can be interpreted referring to the hypothesis of crossed aphasia (CAD),
as originally defined by Bramwell [2]. He introduced
this term to denote, in a broad sense, any aphasic syndrome resulting from a cerebral lesion ipsilateral to the
dominant hand.

2. Case report
G.G. is a 56-years-old, right handed (50% dexterity, 1
following Biggs [3] evaluation), man. He used to work
as a business manager and has had 13 years of education. His clinical history is unremarkable. Family history is positive for neurodegenerative diseases (grandfather and father with diagnosis of Alzheimer Disease).
By the age of 53 th, the patient presented difficulties
in word-finding, as he referred at his first neurological
consultation in 2004. This consultation showed a normal neurological examination, but MRI revealed aspecific and puntiform signal hyperintensity in the right
frontal lobe and SPECT showed hypoperfusion in the
right frontal cortex.
He was autonomous in his daily activities except
for the ones requiring oral and written language production. Formal neuropsychological evaluation at that
time revealed an isolated deficit on verbal fluency. The
great difficulties in language expression, associated to
an almost preserved comprehension, made the patient
deeply depressed.
We reported G.G.’s neurological and neuropsychological evaluation, assessed three years after the onset
of the symptomatology, investigating with particular
care his language abilities.
1 The degree of dexterity ranges from 0 to 100%, whereas lefthandedness assumes negative values.

2.1. Neurological evaluation
Neurological examination revealed the cranial nerves
to be intact. The muscle tone was normal in the upper and lower limbs. Gait and reflexes were normal.
Tremors at the distal extremities were evident.
2.2. General neuropsychology
Neuropsychological testing was administered by an
experienced examiner in a quiet environment at the
hospital.
Approximately 60 to 90 minutes were needed to administer tests. Language impairment prevented from
long-term verbal memory evaluation that requires production of complex sentences (story recall [18]).
The examination included screening test for dementia (Mini-Mental State Examination, MMSE [6]), test
of nonverbal reasoning (Raven’s Coloured Progressive Matrices, CPM), auditory language comprehension (Token Test), verbal fluency with phonemic and
semantic cues, verbal and spatial short-term memory
(Digit Span forward and Spatial Span), spatial longterm memory (Rey Recall), constructional abilities
(Rey’s complex copy), upper limbs [4] and buccofacial
apraxia [21], visuospatial abilities (VOSP – The Visual Object and Space Perception battery subtests of incomplete letter detection, object decision and number
location detection [22], Judgement of lines orientation
- H form [1]), and attention (Trail Making Test).
Table 1 reports GG’s performance in these tasks.
In sum, G.G. showed deficits in all these cognitive
domains, with the exception of short-term verbal memory, letter, object and number position detection, and
buccofacial praxic abilities. In addition, language comprehension and non-verbal reasoning were at a borderline level.
2.3. Language assessment
G.G.’s spontaneous speech was non-fluent, with
anomic pauses, phonetic substitutions and articulatory
disturbances; oral language was made up of short sentences, of no more than 2–3 words; syntax was simple.
A formal language evaluation with Aachener Aphasia Test (Italian version [9]) and BADA [15] showed
difficulties repeating single words and sentences, associated with disorder of comprehension and verbs
naming. Writing on composition was well performed,
whereas hand writing, for both words and non-words
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Table 1
General neuropsychology (July 2006)
TEST
MMSE (0–30)
Raven (CPM 0–36)
Rey Recall (0–36)∗
Digit span
Spatial span∗
Token test (0–36)
Fluency (phonological cue)∗
Fluency (semantic cue)∗
Rey copy (0–36)∗
Trail making test A∗
Trail making test B∗
Trail making test B-A∗
De Renzi right arm (0–72)∗
De Renzi left arm (0–72)∗
Buccofacial apraxia (0–20)
VOSP:
Incomplete letters
Object decision
Number location
Benton lines∗
∗ Score

Original
Scores
27
18
4
5
3
30.5
2
0
20
97
392
295
52
54
19
18
20
8
11

Adjusted
Scores
25.99
18
2.25
4.75
2.75
28.5
0
0
19.75
91
376
285

Cut-off

18.75

24
18
9.47
3.75
3.75
26.5
17
25
28.88
93
282
186
62
62
17–18

14

16
14
7
17

below cut-off.

was pathological and a qualitative analysis of his calligraphy showed an evident micrography.
Oral and written naming of verb appeared impaired.
The nature of errors referred to the selection of wrong
stem (i.e. “vote” rather than “put in envelope”) or
anomia (the pantomime of the gesture substitutes the
verbs)
In comprehension BADA subtest, the patient demonstrated difficulties in tasks that require a judgment about
sentence morphosyntactic features: subject – verb,
noun – adjective and article – noun agreement, verb
conjugation, location of constituents.
3. Discussion
In this report we described a case of NfPPA, a clinical
syndrome due to a neurodegenerative process that affects primarily language functions. From the first clinical description of Mesulam [13], during recent years
renewed interest has been developed in this form of
aphasia that belongs to the spectrum of frontotemporal
dementias (FTD).
The heritability of PPA is not well known. Krefft et
al. [8] reported the first case of familial PPA, in which
all members affected (three siblings of four) met criteria
of PPA: genetic analysis revealed a probable autosomal
inheritance (dominant or recessive).
Most studies in literature focused on neuropsychological and neuropathological characterisation of dif-

ferent forms of PPA, with particular concern of anatomical localization of brain damage. Despite the large data corpus, there is not a general consensus about brain
areas involved in NfPPA, mainly for what concerns the
lateralization of cerebral damage. Left brain involvement, consistently with the usual localization of language function, is well documented in several studies;
among these the following imaging data may be mentioned: atrophy of the pars opercularis and triangularis
of the left inferior frontal gyrus and grey matter loss
in the left precentral gyrus of the insula [7]; cortical
atrophy in inferior, orbital, insular, and dorsolateral regions of the left frontal lobe [11]; focal abnormality of
the left insular region and frontal operculum extending
onto the inferior frontal gyrus, with the epicentre of this
hypometabolic cluster being in the anterior insula [17].
Bilateral anomalies were found in several cases,
varying from 43% with MRI to 31% with PET or
SPECT in Westbury’s review [20,23].
The opposite pattern, with right side damage, is reported in left-handed patients by Mesulam [12] and
Drezga [5].
Up to date and excluding our observation, only one
case of right-handed subject showing right hypoperfusion at SPECT scan is reported in literature [19].
In this paper authors described a 65-years woman
who presented gradual decrease in fluency with intact
cognitive functions: her brain SPECT revealed 99m TcHMPAO uptake reduction into the right frontal, perisylvian and temporal lobe regions.
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Table 2
Language assessment (July 2006)
Aachener Aphasie Test
Repetition
Written Language
Objects Naming
Comprehension
B.A.D.A
Non-words repetition
Non-words reading
Non-words writing
Oral lexical decision
Visual lexical decision
Words Repetition
Words reading
Words writing
Oral Objects comprehension
Visual objects comprehension
Oral verbs comprehension
Visual verbs comprehension
Oral objects naming
Oral verbs naming
Written objects naming
Written verbs naming
Naming based in definition
Oral morphosyntactic comprehension
Visual morphosyntactic comprehension
Sentences repetition
Oral syntactic comprehension
Visual syntactic comprehension

This unusual finding is explained by authors referring
to the hypothesis that women brain has greater bilateral
representations of language. This is not true for our
male patient.
Our data show that NfPPA may arise not only from
cortical abnormalities in the language-dominant left
hemisphere but also from right hemisphere involvement: this observation could be explained also referring to the hypothesis of crossed aphasia. Recently,
Mariën et al. [10], reviewing a corpus of 152 case reports of CAD following cerebrovascular lesions, proposed a set of criteria allowing a classification of CAD
into unreliable, possible and reliable.
If we extend these criteria to other possible etiologies
(i.e. neurodegenerative disease), we can find that G.G.
could be classified as “reliable CAD”: in fact he met all
the five points requested to assign this label (evidence of
aphasia; evidence of natural right handedness; lesions
restricted to right hemisphere; absence of familial left
handedness and no history of early brain damage or
seizures).
In conclusion, G.G.’ cognitive profile seems comparable with a clinical picture of NfPPA, with the peculiarity of right-hemisphere involvement suggesting the
presence of CAD.

Score
116/150
82/90
118/120
105/120
31/35
42/45
25/25
78/80
77/80
32/45
77/92
41/46
39/40
40/40
19/20
18/20
29/30
25/28
22/22
17/22
15/16
44/48
17/24
12/20
55/60
38/45

PT
51
64
80
60
Cut-off
33
43
23
78
76
43
90
44
38
38
18
18
28
26
20
20
14
46
22
18
58
43

Gravity
5
8
9
7

Performance
Pathological
Normal
Normal
Pathological
Pathological
Pathological
Normal
Borderline
Normal
Pathological
Pathological
Pathological
Normal
Normal
Normal
Borderline
Normal
Pathological
Normal
Pathological
Normal
Pathological
Pathological
Pathological
Pathological
Pathological

References

[1]

[2]

[3]
[4]

[5]

[6]

[7]

A.L. Benton, A.B. Sivan, K.d. Hamsher et al., Contribution
to neuropsychological assessment. A clinical manual, Oxford
University Press, New York, 1994.
B. Bramwell, On “crossed” aphasia and the factors wich go to
determine whether the “leading” or “driving”speech-centers
shall be located in the left or right hemispehere of the brain,
with notes on a case of “crossed” aphasia (aphasia with rightsided hemiplegia in a left handed man), Lancet (1899), 1473–
1479.
G.G. Briggs and R.D. Nebes, Patterns of hand preference in a
student population, Cortex 3 (1975), 230–238.
E. De Renzi, F. Motti and P. Nichelli, Imitating gestures. A
quantitative approach to ideomotor apraxia, Arch Neurol 1
(1980), 6–10.
A. Drzezga, T. Grimmer, H. Siebner, S. Minoshima, M.
Schwaiger and A. Kurz, Prominent hypometabolism of the
right temporoparietal and frontal cortex in two left-handed patients with primary progressive aphasia, J Neurol 9 (2002),
1263–1267.
M.F. Folstein, S.E. Folstein and P.R. McHugh, “Mini-mental
state”. A practical method for grading the cognitive state of
patients for the clinician, J Psychiatr Res 3 (1975), 189–198.
M.L. Gorno-Tempini, N.F. Dronkers, K.P. Rankin, J.M. Ogar, L. Phengrasamy, H.J. Rosen, J.K. Johnson, M.W. Weiner
and B.L. Miller, Cognition and anatomy in three variants of
primary progressive aphasia, Ann Neurol 3 (2004), 335–346.

Galley Proof

14/12/2007; 14:01

File: ben191.tex; BOKCTP/Haina p. 5

C. Repetto et al. / Right hemisphere involvement in Non-fluent Primary Progressive Aphasia
[8]

[9]

[10]
[11]

[12]

[13]
[14]
[15]

[16]

T.A. Krefft, N.R. Graff-Radford, D.W. Dickson, M. Baker and R.J. Castellani, Familial primary progressive aphasia,
Alzheimer Dis Assoc Disord 2 (2003), 106–112.
C. Luzzatti, K. Willmes and R. De Bleser, Aachener AphasieTest, Versione Italiana, Organizzazioni Speciali, Firenze,
1992.
P. Marien, B. Paghera, P.P. De Deyn and L.A. Vignolo, Adult
crossed aphasia in dextrals revisited, Cortex 1 (2004), 41–74.
C. McMillan, J. Gee, P. Moore, K. Dennis, C. DeVita and M.
Grossman, Confrontation naming and morphometric analyses
of structural MRI in frontotemporal dementia, Dement Geriatr
Cogn Disord 4 (2004), 320–323.
M. Mesulam, S. Weintraub, T. Parrish and D. Gitelman, Primary progressive aphasia: reversed asymmetry of atrophy and
right hemisphere language dominance, Neurology 3 (2005),
556–557.
M.M. Mesulam, Slowly progressive aphasia without generalized dementia, Ann Neurol 6 (1982), 592–598.
M.M. Mesulam, Primary progressive aphasia, Ann Neurol 4
(2001), 425–432.
G. Miceli, A. Laudanna, C. Burani and R. Capasso, Batteria
per l’Analisi dei Deficit Afasici B.A.D.A., CEPSAG Università Cattolica del Sacro Cuore, Roma, Italy, 1994.
D. Neary, J.S. Snowden, L. Gustafson, U. Passant, D. Stuss,
S. Black, M. Freedman, A. Kertesz, P.H. Robert, M. Albert,
K. Boone, B.L. Miller, J. Cummings and D.F. Benson, Frontotemporal lobar degeneration: a consensus on clinical diagnostic criteria, Neurology 6 (1998), 1546–1554.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

5

P.J. Nestor, N.L. Graham, T.D. Fryer, G.B. Williams, K. Patterson and J.R. Hodges, Progressive non-fluent aphasia is associated with hypometabolism centred on the left anterior insula,
Brain Pt 11 (2003), 2406–2418.
G. Novelli, C. Papagno, E. Capitani, M. Laiacona, S.F. Cappa
and G. Vallar, Tre test clinici di memoria a lungo termine.
Taratura su soggetti normali, Archivio di Psicologia Neurologia e Psichiatria 2 (1986), 278–296.
E.C. San Pedro, G. Deutsch, H.G. Liu and J.M. Mountz, Frontotemporal decreases in rCBF correlate with degree of dysnomia in primary progressive aphasia, J Nucl Med 2 (2000),
228–233.
M.H. Soriani-Lefevre, D. Hannequin, S. Bakchine, J.F.
Menard, A. Manrique, A. Hitzel, P.O. Kotzki, V. Boudousq
and P. Vera, Evidence of bilateral temporal lobe involvement
in primary progressive aphasia: a SPECT study, J Nucl Med
7 (2003), 1013–1022.
H. Spinnler and P. Tognoni, Standardizzazione eTaratura Italiana di Test Neuropsicologici, The Italian Journal of Neurological Sciences (1987), 8–119.
E.K. Warrington and M. James, Visual Object and Space Perception Battery, Thames Valley Test, Bury St. Edmunds, UK,
1991.
C. Westbury and D. Bub, Primary progressive aphasia: a review of 112 cases, Brain Lang 3 (1997), 381–406.

