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The Thalamus: A Small but Precious Window on �-Related
Neurodegeneration?

Progressive supranuclear palsy (PSP) and corticobasal degen-

eration (CBD) are pathologically distinct causes of progres-

sive atypical parkinsonism, poorly responsive or not responsive to

levodopa.1 Both diseases are characterized by hyperphosphory-

lated � aggregates in the brain, accompanied by neuronal loss and

gliosis in a characteristic distribution.1 The large majority of pa-

tients with PSP present with Richardson syndrome, also known as

PSP syndrome,2 characterized by postural instability, leading to

backward falls within the first year of symptom onset; axial rigid-

ity; progressive vertical ophthalmoplegia; dementia; and person-

ality changes. CBD pathology can cause multiple different neuro-

logic syndromes, including corticobasal syndrome, PSP syndrome,

frontotemporal dementia, or primary progressive aphasia. Cortico-

basal syndrome includes a mixed movement disorder (eg, levodopa-

unresponsive rigidity associated with apraxia, dystonia, myoclonus,

and alien limb) and impaired cognition.3 An early and accurate di-

agnosis of tauopathies in vivo is becoming increasingly important

with the advent of clinical trials of drugs aimed at modifying the

underlying � pathology. However, outside specialized centers and

especially in the early stage of the diseases, differential diagnosis

among atypical parkinsonian syndromes and with Parkinson disease

(PD) is challenging because of the similarity of symptoms and lack of

preclinical markers of the disease.

The thalamus is a major conduit for the bidirectional flow of

neuronal signals between cortical and subcortical regions and

links different cortical regions via transthalamic pathways. It

comprises numerous nuclei, which receive a specific set of afferent

connections and project primarily within the confines of specific

cortical areas. Thalamic degeneration is known to occur in PSP

and CBD, though the topographic distribution of thalamic lesions

differs between the 2 pathologies.4-6 A recent [18F]2-(1-{6-[2-

[fluorine-18]fluoroethyl)(methyl)amino]-2-naphthyl}-ethylidene)-

malononitrile positron-emission tomography study showed the

presence of � fibrillar aggregates in the thalamus of patients with

PSP syndrome.7 Thalamic damage occurs also in patients with

PD; however, it is less severe and is likely to occur later in the

course of the disease compared with PSP and CBD.5,8 Thus, mea-

sures of thalamic involvement may be useful in the differential

diagnosis of these neurodegenerative conditions.

It is technically very difficult to assess accurately the thalamic

subnuclei in vivo by using imaging technology. Previous studies

of PD and atypical parkinsonisms demonstrated thalamic abnor-

malities by using region-of-interest or voxelwise approaches.9-13

MR imaging– based analysis of the shape of the subcortical struc-

tures provides useful pieces of information about the location and

pattern of structural abnormalities associated with these patho-

logic conditions. Using such an approach, several studies reported

regional thalamic damage in patients with schizophrenia, obses-

sive-compulsive disorders, Alzheimer disease, and Tourette syn-

drome.14-16 However, only a few MR imaging studies so far have

used this approach in patients with parkinsonian syndromes and

have focused their attention on the differences between disease

groups and healthy controls, and not among different patient

groups.17,18

Against this background, the preliminary study by Hess et al19

published in the present issue of the American Journal of Neuro-

radiology has investigated thalamic degeneration in a small sample

of patients with PSP syndrome, corticobasal syndrome, and PD by

using an approach that combines shape analysis and diffusion

tensor imaging. The aim of the study19 was to evaluate whether

the regional patterns of thalamic atrophy and microstructural

damage differ in patients with atypical parkinsonian syndromes

compared with those with idiopathic PD. By contrasting the vol-

umes of the thalamus among different patient groups, the authors

demonstrated that this structure undergoes more atrophy in pa-

tients with PSP syndrome and corticobasal syndrome than in

those with PD. Shape analysis also provided insight into the to-

pography of thalamic tissue loss, which was driven by a dimin-

ished size of the ventral anterior and ventral lateral portions of the

structure. The DTI-based analysis showed that mean apparent

diffusion coefficient values were higher in patients with PSP syn-

drome compared with those with PD and control groups, and

shape analysis revealed that microstructural abnormalities were

greater within the motor regions of the thalamus in both PSP

syndrome and corticobasal syndrome groups relative to PD and

controls.

Overall this article provides new evidence for thalamic damage

occurring in atypical parkinsonisms, highlighting the preferential
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involvement of lateral (motor) nuclei that are, instead, relatively

spared in patients with PD. The selective involvement of thalamic

motor nuclei and, as a consequence, of motor thalamocortical

circuits in PSP syndrome and corticobasal syndrome may be in-

terpreted as a regionally specific vulnerability to �-related neuro-

degeneration. Therefore, in the near future, structural and diffu-

sion tensor MR imaging is likely to provide useful markers to

distinguish patients with atypical parkinsonisms not only from

healthy individuals but also from patients with PD, which is the

actual clinical dilemma.

The study by Hess et al19 is hampered by a number of limita-

tions, as acknowledged by the authors. The small number of sub-

jects and the inclusion of cases not pathologically confirmed limit

the generalizability of their findings and transferability to clinical

practice. In addition, thalamic networks are involved in motor

behavior, but they are also related to emotional, motivational,

associative, and cognitive abilities. As a consequence, future stud-

ies should explore the relationship between regional thalamic

damage and cognitive and behavioral findings in subjects with

PSP syndrome and corticobasal syndrome.

Although the approach of this study requires further work to

assess its consistency and reproducibility, the results reported by

Hess et al19 provide a solid justification to use a combination of

shape analysis and structural and/or functional connectivity to

study the pattern of thalamic degeneration in larger populations

with pathologically proved PSP syndrome and corticobasal syn-

drome. Such studies could enable researchers to improve knowl-

edge on these pathologic processes and overhaul the way we ap-

proach drug discovery for these devastating conditions.
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