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Introduction

Primary Progressive Aphasia (PPA) is a group of rare neurodegenerative diseases a↵ecting language
abilities. Three main variants [Gorno-Tempini et al., 2011] have been identified: non-fluent PPA (nfv-
PPA) a↵ecting syntax and phonological encoding, logopenic PPA (lv-PPA) impairing word-finding and
verbal working memory, and semantic PPA (sv-PPA) characterized by an erosion of the system of word
meanings. Various neuroimaging studies have demonstrated distinct atrophy (T1 MRI), hypometabolic
(FDG PET) and white matter (WM) (di↵usion MRI) alterations in PPA variants [Galantucci et al., 2011;
Acosta-Cabronero et al., 2011; Ossenkoppele et al., 2015; Matias-Guiu et al., 2015; Mesulam et al., 2015;
Krishnan et al., 2017]. However, these studies either included a relatively small number of patients, or
were restricted to one PPA variant or to a single imaging modality. Therefore, the complementarity of
those imaging techniques in PPA has not been extensively assessed.

In this paper, we propose to combine structural MRI, di↵usion MRI and FDG PET imaging to
characterize the three subtypes of PPA in a large cohort of patients.



Methods

Participants were recruited from a French multicenter investigation on PPA (PHRC-CAPP). 101 subjects
(79 PPA, 41 sv-PPA, 26 lv-PPA, 12 nfv-PPA, 22 HC) had both T1 MRI and PET. 77 subjects (59
PPA, 32 sv-PPA, 19 lv-PPA, 6 nfv-PPA, 18 HC) had both T1 and di↵usion MRI. For T1 MRI, we used
cortical thickness (CT) analysis based on FreeSurfer. Di↵usion MRI was analyzed using a region-of-interest
approach, based on custom pipelines combining tools from FSL, ANTS and MRtrix. Specifically, we
analyzed the average Fractional Anisotropy (FA) and Mean Di↵usivity (MD) within each tract of the JHU
WM atlas [Mori et al., 2005]. These pipelines are available in the Clinica platform (http://clinica.run).
FDG PET data was analyzed using a voxel-based approach, using custom pipelines based on SPM. PET
were corrected for partial volume.

Statistical analysis was performed using general linear model with age and sex as covariates. Statistics
were corrected for multiple comparisons using random field theory for CT and PET, and Bonferroni
correction for di↵usion MRI.

Results

Results are shown in Fig. 1-2. Sv-PPA patients presented atrophy and hypometabolism in the anterior
temporal lobes (ATL) bilaterally and in the left posterior temporal lobe, where atrophy was slightly more
extensive than hypometabolism. Tracts connecting the ATL were altered bilaterally (uncinate fasciculus
(UNC) for FA/MD and inferior longitudinal fasciculus (ILF) for MD). Tracts connecting the posterior
temporal lobe were altered on the left side (inferior fronto occipital fasciculus (IFOF) and superior
longitudinal fasciculus (SLF) for FA). Finally, alterations were observed within the right anterior thalamic
radiation (ATR) for FA.

Lv-PPA patients exhibited atrophy and hypometabolism in the left temporo-parietal junction and
the left posterior temporal lobe, where hypometabolism was more extended than atrophy. Tracts passing
through these regions were altered, namely the IFOF (FA/MD), the ILF (MD) and the SLF (FA/MD).
Finally, the forceps major was altered (FA) together with the left and right ATR (MD).

Nfv-PPA patients presented hypometabolism in small regions of the left inferior frontal gyrus. Larger
alterations were found for CT, including the left premotor and left primary motor cortex. Di↵usion MRI
alterations were much less widespread than for other PPA variants, probably because of the smaller
sample size. Of note, the UNC was found altered (MD). More surprisingly, the right temporal part of the
SLF was also found altered (MD).

Conclusions

To the best of our knowledge, we present the largest study of all PPA variants using multimodal imaging
(T1, DWI, FDG PET). These results showed high concordance between atrophy and hypometabolism for
each PPA variant. WM alterations were more widespread including, but not limited to, tracts connecting
the atrophic/hypometabolic regions.
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