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Abstract

Crossed aphasia has been reported mainly as post-stroke aphasia resulting from brain damage
ipsilateral to the dominant right hand. Here, we described a case of a crossed nonfluent/
agrammatic primary progressive aphasia (nfvPPA), who developed a corticobasal syndrome
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(CBS). We collected clinical, cognitive, and neuroimaging data for four consecutive years from a
55-year-old right-handed lady (JV) presenting with speech disturbances. 18-fluorodeoxyglucose
positron emission tomography (18F-FDG PET) and DaT-scan with 123|-loflupane were obtained.
Functional MRI (fMRI) during a verb naming task was acquired to characterize patterns of
language lateralization. Diffusion tensor MRI was used to evaluate white matter damage within the
language network. At onset, JV presented with prominent speech output impairment and right
frontal atrophy. After 3 years, language deficits worsened, with the occurrence of a mild
agrammatism. The patient also developed a left-sided mild extrapyramidal bradykinetic-rigid
syndrome. The clinical picture was suggestive of nfvPPA with mild left-sided extrapyramidal
syndrome. At this time, voxel-wise SPM analyses of 18F-FDG PET and structural MRI showed
right greater than left frontal hypometabolism and damage, which included the Broca’s area. DaT-
scan showed a reduced uptake in the right striatum. FMRI during naming task demonstrated
bilateral language activations, and tractography showed right superior longitudinal fasciculus
(SLF) involvement. Over the following year, JV became mute and developed frank left-sided
motor signs and symptoms, evolving into a CBS clinical picture. Brain atrophy worsened in
frontal areas bilaterally, and extended to temporo-parietal regions, still with a right-sided
asymmetry. Tractography showed an extension of damage to the left SLF and right inferior
longitudinal fasciculus. We report a case of crossed nfvPPA followed longitudinally and studied
with advanced neuroimaging techniques. The results highlight a complex interaction between
individual premorbid developmental differences and the clinical phenotype.

Keywords

Crossed aphasia; Nonfluent/agrammatic primary progressive aphasia (nfvPPA); Functional MRI;
18-Fluorodeoxyglucose positron emissi on tomography (18F-FDG PET); Diffusion tensor
tractography; Corticobasal syndrome (CBS)

Introduction

The nonfluent/agrammatic variant of primary progressive aphasia (nfvPPA) is characterized
by motor speech difficulties and/or agrammatism, classically associated with predominantly
left-sided fronto-insular involvement [1]. Overtime, many nfvPPA patients develop a
progressive supranuclear palsy (PSP) or a corticobasal (CBS) syndrome [2, 3].

The term “crossed aphasia in dextral” denotes any aphasic syndrome resulting from brain
damage ipsilateral to the dominant right hand [4]. This syndrome has been described mainly
in post-stroke aphasia [5]. Few crossed neurodegenerative aphasia cases have been reported,
mainly presenting as nfvPPA [4, 6-8], but none has been studied with advanced functional
and structural neuroimaging techniques.

This report describes a case of a right-handed nfvPPA patient (JV) with a predominant right-
sided frontal involvement. We followed JV over 4 years and performed extensive clinical,
cognitive, and multimodal neuroimaging assessment, comprising conventional structural
MRI and 18-fluorodeoxyglucose positron emission tomography (18F-FDG PET) at 1-year
follow-up and conventional structural MRI, 18F-FDG PET, DaT-scan with 123|-loflupane,
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diffusion tensor (DT) tractography, and task-related functional MRI (fMRI) at 2-year follow-
up.

Case description

We collected ssyearly clinical, cognitive and neuroimaging data from a right-handed, native
Italian speaker, 55-year-old woman (JV) for four consecutive years. JV had 5 years of
education and worked as saleswoman until she was 30 years old, when she became a
homemaker. She first came to medical attention at the Alzheimer Center, Azienda
Ospedaliera Integrata in Verona, Italy in June 2011 (baseline) with a 1-year history of
speaking difficulties. She reported a progressive lowering of her voice, effortful and slow
speech with frequent sound errors and sporadic word-finding troubles. She developed
depression and anxiety because of her communication problems. Medical history was not
contributory. No birth stress was reported. No premorbid cognitive difficulties were referred.
Her mother had late-onset Alzheimer’s disease, and her father was affected by an
unspecified parkinsonian syndrome. The Edinburgh handedness inventory showed strong
right-handedness with a laterality index of 100 [9]. No early forced-handedness laterality
was reported neither anomalous development of manual skills. There was no left-handedness
in her family. Her general neurological examination was within normal limits, and no
extrapyramidal signs were detected. The neuropsychological evaluation confirmed mild
speech hesitancy, occasional word-finding pauses, effortful, and imprecise articulation with
no clear errors but simplified grammar in production (see Supplementary Materials for
details regarding the cognitive assessment). Single-word comprehension was preserved but
she showed mild comprehension disturbances for complex sentences. Repetition, naming,
reading and writing abilities, and other cognitive domains were preserved (Table 1).

At 1-year follow-up in Verona (2012), her language production was decreased, more
effortful, and characterized by production of simple and short sentences. Syntax
comprehension was stable with only mild difficulties with complex sentences. At this time,
JV started showing some writing difficulties with substitutions and omissions of graphemes.
Mild abstractive reasoning difficulties were also detected. General neurological examination
was still normal. Conventional MRI (1.5 Tesla) showed a mild frontal atrophy, more evident
on the right side (Fig. 1a). 18F-FDG PET showed selective hypometabolism of the right
middle (MFG) and inferior frontal gyri (IFG), including the Broca’s area, and homolateral
lenticular nucleus (Fig. 1b). At this point, considering the clinical and neuroimaging
features, and the patient’s strong right-handedness, a diagnosis of crossed nfvPPA was made.

At the 2-year follow-up (2013), the patient was evaluated at the San Raffaele Scientific
Institute. She was still autonomous in self-care and housekeeping, but she reported a further
decline in her speech output. On detailed language examination, speech was markedly
reduced and characterized by a severe mixed dysarthria with mainly hypokinetic features
(hypophonia, reduced stress, monoloudness, and inappropriate silence), and contributing
apraxia of speech (AOS) with sound distortions and sequencing errors. Word-finding pauses,
decreased prosody, and speech festination were also observed. JV was still able to produce
correct simple phrases orally, but agrammatism was evident in written production and
sentence comprehension. Confrontation naming was relatively spared, and errors were
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characterized by deletions and substitutions of phonemes (Table 1). Single-word
comprehension and semantic association abilities were within the normal range. General
neuropsychological evaluation showed an impairment of executive functions, comprising
working memory, abstract reasoning, and visuoconstructive abilities. Although tests of
buccofacial and limb apraxia were within normal limits, mild deficits were detectable. Her
insight was still intact. Neurological examination revealed a mild left-sided extrapyramidal
bradykinetic-rigid syndrome, more evident at the upper limbs, particularly considering
finger and hand dexterity movements. At this time point (2013), 3.0 Tesla MRI (Fig. 2a)
and 18F-FDG PET showed worsening of right frontal damage with an initial involvement of
the contralateral homologous regions. The patient underwent also a DaT-scan with 123]-
loflupane showing a reduced uptake in the right striatum (putamen and, to a lesser extent,
caudate nucleus). At this time point, experimental investigation of language activations and
quantitative analyses of structural and metabolic patterns of brain damage were conducted as
described below.

At three-year follow up, the clinical picture changed dramatically (2014), when JV became
functionally mute. Her speech was markedly hypophonic and limited to a production of
single words. She could no longer write. Object knowledge and single-word comprehension
were only mildly affected, while grammatical comprehension was severely impaired.
Furthermore, performance in all cognitive domains was decreased, likely in relation to a
severe executive dysfunction (Table 1). Buccofacial apraxia became severe to the point that
she was unable to perform even simple mouth movements or cough on command or
imitation. Bilateral ideomotor apraxia (left greater than right) was also detected. At this
time, she manifested a left-sided bradykinetic-rigid syndrome, left upper alien limb
phenomenon, and dystonic posturing to left limbs (upper>lower limbs). She was still able to
walk but slowly with supervision. The caregiver also referred initial swallowing problems
with occasional choking/coughing to fluids. The clinical diagnosis at this point (2014) was
corticobasal syndrome (CBS). MRI scan in 2014 revealed a worsened bilateral frontal
atrophy extending to the anterior temporal lobes, lateral temporo-parietal regions, and
hippocampi bilaterally, but still with a right-sided prevalence.

Quantification of functional and structural neuroimaging changes in 2013

MRI study

In 2013 and 2014, JV performed two MRI scans on average 1 year apart, on a 3T MRI
scanner (Intera, Philips). Voxel-based morphometry (VBM) and fMRI analysis were
performed on 2013 MRI scan. DT tractography was performed on 2013 and 2014 MRI
scans. The following sequences were obtained: T2-weighted spin echo (SE); fluid-attenuated
inversion recovery (FLAIR); 3D T1-weighted fast field echo; T2*-weighted blood-oxygen-
level dependent echo-planar gradient-echo sequence; and pulsed-gradient SE echo planar
with sensitivity encoding and diffusion gradients applied in 32 non-collinear directions. MRI
sequences details are provided in the Supplementary material. Using the same protocol, a
single MRI scan was obtained from 13 healthy controls. All HC were females and age-
matched with JV.
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Voxel-based morphometry (2013 MRI)—Grey matter (GM) volume differences
between the patient and healthy controls were assessed using VBM [10] and the
Diffeomorphic Anatomical Registration using Exponentiated Lie algebra registration
method [11] in SPM8. VBM has been validated for single-subject’s analysis, as long as a
sufficient smoothing kernel is applied [12]. VBM results were tested at p < 0.001
uncorrected for multiple comparisons, to avoid false negatives that are likely to occur in
single-subject VBM analyses. The analysis was adjusted for total intracranial volume. JV
showed prominent right-sided cortical atrophy involving IFG-pars opercularis and pars-
triangularis, MFG, precentral gyrus, and insula. In left hemisphere, JV showed GM atrophy
of the insula (Fig. 2b).

Activation fMRI study (2013 MRI)—JV is right-handed and presented with nfvPPA
clinical picture despite showing a prevalent right-sided brain damage. In order to
characterize patterns of language lateralization, she underwent an fMRI activation study on
the same scanner as described above. She was asked to perform a covert naming in response
to visual cues as the task of interest and to observe visual patterns obtained from scrambled
parts of the visual cues as the control condition. JV’s naming abilities were tested during
cognitive assessment (Table 1), before and after the scanning session. Her naming accuracy
on cognitive testing was 90 % and errors were characterized as speech articulation and not
lexical retrieval or semantic in nature. Image processing and data analysis were performed
using SPM8, and single-subject results were tested at p value <0.001 uncorrected for
multiple comparisons. For further details see Supplementary Material.

Results showed increased activation in bilateral (Ieft more than right) precentral gyrus,
supplementary motor area, superior temporal gyrus (STG), and in left inferior frontal gyrus,
insula, and supramarginal gyrus (p < 0.01, Fig. 2c).

18F-FDG PET (2013)

18F-FDG-PET imaging scan was performed using a 3D PET/CT multi-ring General Electric
Discovery STE PET/CT. Single-subject analysis was carried out with SPM5 software
(www.fil.ion.ucl.ac.uk/spm) on MATLAB 8 (MathWorks Inc, Sherborn, Mass) as previously
described [13, 14]. The significance threshold was set at p < 0.05, FWE-corrected for
multiple comparisons at the voxel level. Minimum cluster size was set to A= 100. For
further details see Supplementary Material.

Results showed a prevalent right hemispheric hypometabolism involving the dorsolateral
frontal cortex, including the frontal operculum and Broca’s area, and extending to the frontal
medial cortex and inferior parietal cortex (Fig. 3). The right insula and putamen were also
hypometabolic. A less extended but significant hypometabolism was detected in the left
hemisphere in the dorsolateral frontal cortex and frontal operculum.

DT MRI tractography (2013 and 2014)

A DT MRI tractography analysis was performed on 2 follow-up scans in order to evaluate
microstructural damage to the main WM tracts of the language network in the patient
compared to 10 age-matched healthy female subjects. Fiber tracking was performed using a
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probabilistic tractography algorithm implemented in FSL (probtrackx) [15]. Superior
longitudinal (SLF) and inferior longitudinal (ILF) fasciculi, and frontal aslant were obtained.
Tract average fractional anisotropy (FA) and mean diffusivity (MD) values were reported as
estimated means along with their standard errors, and compared between the patient and
controls, using a test for comparing an individual case with a small control sample [16]. A p
value <0.05 was considered significant.

At 2-year follow-up (2013), tractography showed a trend toward a decreased FA and
increased MD in the right SLF compared to healthy controls (Table 2; Fig. 4). The following
year (2014, 3-year follow-up), DT MRI abnormalities became statistically significant in the
right SLF and, to a lesser degree, in the left SLF and right ILF (Table 2; Fig. 4). At this time
point, the right aslant tract also showed a trend for DT MRI alterations (Table 2).

Discussion

We report detailed clinical and neuroimaging description of JV, a case of “crossed” nfvPPA
in a right-handed woman with prevalent GM and WM damage to the right hemisphere and,
likely, a bilateral language representation.

JV presented initially with progressive motor speech impairment, characterized by severe
dysarthria and signs of apraxia of speech. The clinical picture evolved into a typical nfvPPA
with grammatical difficulties and eventually to a full-blown CBS, as suggested also by the
occurrence of an extrapyramidal bradykinetic-rigid syndrome and the DaT-scan findings.
This clinical evolution has been previously described [2, 17, 18] and is highly predictive of a
tauopathy as the underlying pathology, more likely corticobasal degeneration [18-20]. DaT-
scan findings are in line with previous studies reporting a high variability in terms of overall
striatal binding, hemispheric asymmetry, and caudate-to-putamen ratio in CBS patients
relative to patients with idiopathic Parkinson’s disease [21].

Surprisingly, JV’s neuroimaging studies showed greater damage of the right hemisphere
language network, despite her right-handedness, indicating a diagnosis of crossed nfvPPA
with anomalous premorbid language lateralization. A few cases of crossed nfvPPA [6, 8] and
one case of crossed progressive apraxia of speech [7] have been reported in the literature. In
these cases, neuroimaging data were mainly based on qualitative descriptions, and
anomalous premorbid cortical representation of language was only hypothesized as no
activation fMRI study was performed. We performed a multimodal neuroimaging study on
JV in 2013, 3 years after symptom onset, when she showed a clinical picture of nfvPPA with
motor speech impairment, agrammatism, and spared single-word comprehension. Voxel-
wise analyses of GM volumes and 18F-FDG-PET hypometabolism showed a clear pattern of
a greater involvement of the right frontal regions, comprising Broca’s area and the insula
with milder involvement of the left hemisphere. 18F-FDG-PET results on JV were consistent
with the only other reported quantified analysis of 18F-FDG-PET data in a crossed nfvPPA
patient [8]. The milder involvement of the left regions is ascribable to the progression of
neurodegenerative process to the contralateral hemisphere over time. To our knowledge, no
previous study has reported DT MRI tractography data in a patient with neurodegenerative
crossed aphasia. As expected in nfvPPA [22-24], in JV the dorsal fronto-parietal and
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intrafrontal language tracts were more involved than the ventral language comprehension
pathway. Consistently with the location of atrophy, JV showed a right-sided pattern of WM
abnormalities. In summary, objective metabolic and GM and WM structural neuroimaging
abnormalities in JV confirmed greater right hemisphere involvement of the dorsal speech
and language systems.

The pattern of early and greater right hemisphere damage in a right-handed aphasic patient
suggests an anomalous premorbid language lateralization [25]. In order to investigate JV’s
pattern of language lateralization, an fMRI activation study was performed using a picture
naming task. This paradigm is associated with left-lateralized activations of frontal, parietal,
and temporal regions in right-handed healthy controls [26—28]. Based on her clinical and
anatomical results suggesting crossed aphasia, we hypothesized that JV would show right-
sided or bilateral language lateralization, at least in regions where atrophy is not prominent.
We observed a complex pattern of fMRI responses with bilateral superior temporal and left
more than right frontal activations. The bilateral temporal activations are more likely related
to the premorbid language lateralization, since this region did not show significant atrophy
or hypometabolism in JV. The prominent left versus right frontal activation might instead be
a consequence of the occurrence of compensatory mechanisms in the less damaged frontal
lobe. Previous studies have indeed showed increased activation in the early stages of atrophy
and decreased activations when damage is severe [29]. Therefore, based on this data, we
speculate that, despite her right-handedness, JV’s premorbid pattern of language
lateralization was likely bilateral. Bilateral, widespread premorbid language representations
could also contribute to explain why, despite the extensive metabolic and anatomical
abnormalities already evident at presentation, JV was still able to speak at baseline and first
follow-up assessment.

The investigation of the underlying anatomical and functional substrates of this case of
crossed nfvPPA might help to shed light on the challenging question of language
lateralization and disease vulnerability in patients with neurodegenerative conditions. The
integration of auditory and motor information necessary for articulation of speech in right-
handers is thought to be sustained by the left dorsal fronto-parietal language pathway [30].
Furthermore, grammatical comprehension and production is also supported by a left-
lateralized frontotemporal network in right-handers [31]. On the other hand, the right
hemisphere usually sustains other aspects of language production, such as prosody and
pragmatic processing [32]. This dichotomy has, however, been challenged by the fact that
even in right-handers, language representation can be right-sided or bilaterally distributed
[26, 33-35]. In addition, recent literature suggests that premorbid neurodevelopmental
factors, such as language learning disabilities or hand lateralization, might contribute to
brain vulnerability to PPA and phenotypic presentation [36—38]. These reports indicated an
over-representation of language learning disability in patients with PPA [36], possibly more
frequently in the logopenic variant [37]. Miller et al. also observed that non-right-
handedness was more frequent in cases of semantic PPA, while right-handedness was more
common in the nfvPPA than in healthy controls [37, 38].

We report a case of crossed nfvPPA in whom the prominent right fronto-parietal brain
damage detected by VBM, DT MRI, and 18F-FDG-PET was associated with a premorbid
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bilateral language lateralization as revealed by fMRI. A distributed language representation
and compensatory left frontal activation likely influenced the clinical presentation and
progression. This case provides further evidence for recent models that emphasize a complex
interaction between individual premorbid developmental differences and clinical phenotype
in neurodegenerative diseases.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This study was partially supported by a grant from the Italian Ministry of Health (Grant#GR-2010-2303035).

References

1.

Gorno-Tempini ML, Hillis AE, Weintraub S, Kertesz A, Mendez M, Cappa SF, Ogar JM, Rohrer JD,
Black S, Boeve BF, Manes F, Dronkers NF, Vandenberghe R, Rascovsky K, Patterson K, Miller BL,
Knopman DS, Hodges JR, Mesulam MM, Grossman M. Classification of primary progressive
aphasia and its variants. Neurology. 2011; 76:1006-1014. [PubMed: 21325651]

. McMonagle P, Blair M, Kertesz A. Corticobasal degeneration and progressive aphasia. Neurology.

2006; 67:1444-1451. [PubMed: 17060571]

. Caso F, Mandelli ML, Henry M, Gesierich B, Bettcher BM, Ogar J, Filippi M, Comi G, Magnani G,

Sidhu M, Trojanowski JQ, Huang EJ, Grinberg LT, Miller BL, Dronkers N, Seeley WW, Gorno-
Tempini ML. In vivo signatures of nonfluent/agrammatic primary progressive aphasia caused by
FTLD pathology. Neurology. 2014; 82:239-247. [PubMed: 24353332]

. Bramwell B. On “crossed” aphasia and the factors which go to determine whether the “leading” or

“driving” speech-centers shall be located in the left or in the right hemisphere of the brain: With
notes of a case of “crossed” aphasia (aphasia with right-sided hemiplegia) in a left-handed man.
Lancet. 1899; 153:1473-1479.

. Cappa SF, Perani D, Bressi S, Paulesu E, Franceschi M, Fazio F. Crossed aphasia: a PET follow up

study of two cases. J Neurol Neurosurg Psychiatry. 1993; 56:665-671. [PubMed: 8509781]

. Repetto C, Manenti R, Cotelli M, Calabria M, Zanetti O, Borroni B, Padovani A, Miniussi C. Right

hemisphere involvement in non-fluent primary progressive aphasia. Behav Neurol. 2007; 18:239-
243. [PubMed: 18430983]

. Assal F, Laganaro M, Remund CD, Ragno Paquier C. Progressive crossed-apraxia of speech as a

first manifestation of a probable corticobasal degeneration. Behav Neurol. 2012; 25:285-289.
[PubMed: 22885809]

. Jeong EH, Lee YJ, Kwon M, Kim JS, Na DL, Lee JH. Agrammatic primary progressive aphasia in

two dextral patients with right hemispheric involvement. Neurocase. 2014; 20:46-52. [PubMed:
23058062]

. Oldfield RC. The assessment and analysis of handedness: the Edinburgh inventory.

Neuropsychologia. 1971; 9:97-113. [PubMed: 5146491]

10. Ashburner J, Friston KJ. Unified segmentation. Neuroimage. 2005; 26:839-851. [PubMed:

15955494]

11. Ashburner J. A fast diffeomorphic image registration algorithm. Neuroimage. 2007; 38:95-113.

[PubMed: 17761438]

12. Salmond CH, Ashburner J, Vargha-Khadem F, Connelly A, Gadian DG, Friston KJ. Distributional

assumptions in voxel-based morphometry. Neuroimage. 2002; 17:1027-1030. [PubMed:
12377176]

13. Perani D, Della Rosa PA, Cerami C, Gallivanone F, Fallanca F, Vanoli EG, Panzacchi A, Nobili F,

Pappata S, Marcone A, Garibotto V, Castiglioni I, Magnani G, Cappa SF, Gianolli L, Consortium

J Neurol. Author manuscript; available in PMC 2018 January 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Spinelli et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Page 9

E-P. Validation of an optimized SPM procedure for FDG-PET in dementia diagnosis in a clinical
setting. Neurolmage Clin. 2014; 6:445-454. [PubMed: 25389519]

Della Rosa PA, Cerami C, Gallivanone F, Prestia A, Caroli A, Castiglioni I, Gilardi MC, Frisoni G,
Friston K, Ashburner J, Perani D, Consortium E-P. A Standardized [(18)F]-FDG-PET template for
spatial normalization in statistical parametric mapping of dementia. Neuroinformatics. 2014;
12:575-593. [PubMed: 24952892]

Behrens TE, Berg HJ, Jbabdi S, Rushworth MF, Woolrich MW. Probabilistic diffusion tractography
with multiple fibre orientations: what can we gain? Neuroimage. 2007; 34:144-155. [PubMed:
17070705]

Crawford JR, Garthwaite PH. Statistical methods for single-case studies in neuropsychology:
comparing the slope of a patient’s regression line with those of a control sample. Cortex. 2004;
40:533-548. [PubMed: 15259332]

Gorno-Tempini ML, Murray RC, Rankin KP, Weiner MW, Miller BL. Clinical, cognitive and
anatomical evolution from nonfluent progressive aphasia to corticobasal syndrome: a case report.
Neurocase. 2004; 10:426-436. [PubMed: 15788282]

Sanchez-Valle R, Forman MS, Miller BL, Gorno-Tempini ML. From progressive nonfluent aphasia
to corticobasal syndrome: a case report of corticobasal degeneration. Neurocase. 2006; 12:355—
359. [PubMed: 17182400]

Josephs KA, Duffy JR, Strand EA, Whitwell JL, Layton KF, Parisi JE, Hauser MF, Witte RJ,
Boeve BF, Knopman DS, Dickson DW, Jack CR Jr, Petersen RC. Clinicopathological and imaging
correlates of progressive aphasia and apraxia of speech. Brain. 2006; 129:1385-1398. [PubMed:
16613895]

Grossman M. The non-fluent/agrammatic variant of primary progressive aphasia. Lancet Neurol.
2012; 11:545-555. [PubMed: 22608668]

Cilia R, Rossi C, Frosini D, Volterrani D, Siri C, Pagni C, Benti R, Pezzoli G, Bonuccelli U,
Antonini A, Ceravolo R. Dopamine Transporter SPECT Imaging in Corticobasal Syndrome. PL0S
One. 2011; 6:€18301. [PubMed: 21559307]

Galantucci S, Tartaglia MC, Wilson SM, Henry ML, Filippi M, Agosta F, Dronkers NF, Henry RG,
Ogar JM, Miller BL, Gorno-Tempini ML. White matter damage in primary progressive aphasias: a
diffusion tensor tractography study. Brain. 2011; 134:3011-3029. [PubMed: 21666264]

Agosta F, Canu E, Sarro L, Comi G, Filippi M. Neuroimaging findings in frontotemporal lobar
degeneration spectrum of disorders. Cortex. 2012; 48:389-413. [PubMed: 21632046]

Schwindt GC, Graham NL, Rochon E, Tang-Wai DF, Lobaugh NJ, Chow TW, Black SE. Whole-
brain white matter disruption in semantic and nonfluent variants of primary progressive aphasia.
Hum Brain Mapp. 2013; 34:973-984. [PubMed: 22109837]

Coppens P, Hungerford S, Yamaguchi S, Yamadori A. Crossed aphasia: an analysis of the
symptoms, their frequency, and a comparison with left-hemisphere aphasia symptomatology. Brain
Lang. 2002; 83:425-463. [PubMed: 12468397]

Vikingstad EM, George KP, Johnson AF, Cao Y. Cortical language lateralization in right handed
normal subjects using functional magnetic resonance imaging. J Neurol Sci. 2000; 175:17-27.
[PubMed: 10785252]

Petrovich Brennan NM, Whalen S, de Morales Branco D, O’Shea JP, Norton IH, Golby AJ. Object
naming is a more sensitive measure of speech localization than number counting: converging
evidence from direct cortical stimulation and fMRI. Neuroimage. 2007; 37(Suppl 1):S100-S108.
[PubMed: 17572109]

Ojemann GA. Cortical organization of language. J Neurosci. 1991; 11:2281-2287. [PubMed:
1869914]

Dickerson BC, Salat DH, Greve DN, Chua EF, Rand-Giovannetti E, Rentz DM, Bertram L, Mullin
K, Tanzi RE, Blacker D, Albert MS, Sperling RA. Increased hippocampal activation in mild
cognitive impairment compared to normal aging and AD. Neurology. 2005; 65:404-411.
[PubMed: 16087905]

Hickok G, Poeppel D. Dorsal and ventral streams: a framework for understanding aspects of the
functional anatomy of language. Cognition. 2004; 92:67-99. [PubMed: 15037127]

J Neurol. Author manuscript; available in PMC 2018 January 08.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Spinelli et al.

31.

32.

33.

34.

35.

36.

37.

38.

Page 10

Wilson SM, Dronkers NF, Ogar JM, Jang J, Growdon ME, Agosta F, Henry ML, Miller BL,
Gorno-Tempini ML. Neural correlates of syntactic processing in the nonfluent variant of primary
progressive aphasia. J Neurosci. 2010; 30:16845-16854. [PubMed: 21159955]

Lindell AK. In your right mind: right hemisphere contributions to language processing and
production. Neuropsychol Rev. 2006; 16:131-148. [PubMed: 17109238]

Wyllie E, Luders H, Murphy D, Morris H 3rd, Dinner D, Lesser R, Godoy J, Kotagal P, Kanner A.
Intracarotid amobarbital (Wada) test for language dominance: correlation with results of cortical
stimulation. Epilepsia. 1990; 31:156-161. [PubMed: 2318168]

Kurthen M, Helmstaedter C, Linke DB, Hufnagel A, Elger CE, Schramm J. Quantitative and
qualitative evaluation of patterns of cerebral language dominance. An amobarbital study. Brain
Lang. 1994; 46:536-564. [PubMed: 8044676]

Binder JR, Swanson SJ, Hammeke TA, Morris GL, Mueller WM, Fischer M, Benbadis S, Frost JA,
Rao SM, Haughton VM. Determination of language dominance using functional MRI: a
comparison with the Wada test. Neurology. 1996; 46:978-984. [PubMed: 8780076]

Rogalski E, Johnson N, Weintraub S, Mesulam M. Increased frequency of learning disability in
patients with primary progressive aphasia and their first-degree relatives. Arch Neurol. 2008;
65:244-248. [PubMed: 18268195]

Miller ZA, Mandelli ML, Rankin KP, Henry ML, Babiak MC, Frazier DT, Lobach 1V, Bettcher
BM, Wu TQ, Rabinovici GD, Graff-Radford NR, Miller BL, Gorno-Tempini ML. Handedness and
language learning disability differentially distribute in progressive aphasia variants. Brain. 2013;
136:3461-3473. [PubMed: 24056533]

Miller ZA, Hinkley LB, Herman A, Honma S, Findlay A, Block N, Ketelle R, Rabinovici G, Rosen
H, Nagarajan SS, Miller BL, Gorno-Tempini ML. Anomalous functional language lateralization in
semantic variant PPA. Neurology. 2015; 84:204-206. [PubMed: 25471393]

J Neurol. Author manuscript; available in PMC 2018 January 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Spinelli et al.

Page 11

Fig. 1.
a 1.5 Tesla structural MRI and b 18F-FDG-PET scan of JV obtained at 1-year follow-up
(2012). L left, Rright
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Fig. 2.
a 3.0 Tesla structural MRI obtained at 2-year follow-up (2013); b VBM results of GM

atrophy in JV versus healthy controls obtained at 2-year follow-up (2013). Color bar (blue to
cyan) represents fvalues (o < 0.001, uncorrected for multiple comparisons); and ¢ fMRI
results showing areas with increased BOL D signal during the covert naming task obtained at
2-year follow-up (2013). Color bar (redto yellow) represents fvalues (p < 0.01, uncorrected
for multiple comparisons)
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Fig. 3.

Voxel-wise results of 18F-FDG-PET scan obtained at 2-year follow-up (2013), showing
regions of significant (red'to yellow) hypometabolism in JV versus healthy controls (p <
0.05, Family-wise error-corrected for multiple comparisons at the voxel level)
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Healthy JV /2013 JV /2014
controls

Fig. 4.
Diffusion tensor tractography results at 2-year (2013) and 3-year (2104) follow-up visits.

The white matter tracts [superior longitudinal fasciculus (SLF), inferior longitudinal
fasciculus (ILF)], showing significant differences between the patient and healthy controls
are rendered as maps of mean diffusivity (MD). For healthy controls, probability maps are
shown including only voxels that were detected in at least 20 % of subjects. The color scale
represents the MD values ranging from lower (violet-blue) to higher values (yellow~red).
MD values are x1073 mm?2 71
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Table 1

Longitudinal neuropsychological data collected from our patient

2011 2012 2013 2014
MMSE (co 24) 29/30  29/30  25/30 15/30%
Language
Token test (co 26.5) 36 36 29.25 105%
Phonemic fluency (co 17) 28 - 31 10%
Semantic fluency (co 25) 39 - 42 13%
Aachener Aphasia Test
Spontaneous speech
Communicative behavior 5 4 3 2
Articulation and prosody 4 3 3 2
Automatic language 5 5 4 4
Semantics 4 4 4 4
Phonology 5 4 3 2
Syntax 5 5 4 1
Repetition (co 142) 149 144 qp* 61%*
Written language (co 83) 87 84 - -
Reading (L1) (co 28) - - 25% 15%
Writing (L3) (co 27) - - 20* 0%
Object naming (co 104) 120 120 115
Comprehension (co 108) 111 112 -
B.A.D.A. (errors)
Oral objects comprehension (co 58) - 10/60* 18/60 %
Visual objects comprehension (co 43) - 745% -
Pyramid and palm tree test (co 40.15) - 50 40.06
CAGI
Confrontation naming (co 41.49) 43/48 2/48*
Single-word comprehension (co 47.09) 48/48 46/48%
Verbal and spatial memory
Digit span forward (co 3.75) 6.5 6.5 6.1 45
Digit span backward (co 3) 3% 3% 3% <%
Memory prose (co 8) - - 9 -
Rey’s 15 item test
Immediate recall (co 28.53) 388 408 o53* -
Delayed recall (co 4.69) 7.7 8.7 37% -
Figure Rey Recall (co 9.47) - - 85” 3.05%
Visuospatial abilities
Figure Rey copy (co 28.88) - - 26.5% 1.25%
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2011 2012 2013 2014
Attention and executive functions
Attentive matrices (co 31) 41.25 5025 9g* 6.25%
Raven’s matrices (co 18) 208  q178* 265 -
TMT-A (co 93) - - 41 -
TMT-B (co 282) - - Interrupted -
Praxis
Buccofacial apraxia (co 13) - - 16/20 4/20~
Ideomotor apraxia (co 14)
Leftarm - - 020~
Right arm - - 6/20"

BADA Batteria per I’Analisi dei Deficit Afasici, co cut-off, MMSE Mini Mental State Examination, 7MT Trail Making Test

*
Pathologic scores relative to normative data (see Supplemental Material)
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