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Subregional Nigral Neurodegeneration in Parkinson's Disease Using Multisite Longitudinal MRI

Introduction:

Parkinson's disease (PD) is characterized by progressive loss of neuromelanin (NM)-containing dopaminergic neurons in substantia nigra pars compacta (SNc). Although NM-MRI technique has been useful in tracking nigral NM progression, changes over years using multiple scanners in multisite studies are not well known. We quantified nigral NM changes in the whole as well as the sensorimotor, associative and limbic subregions of the SN in a large multisite cohort of PD patients and healthy volunteers (HVs).

Methods:

PD patients and HVs were prospectively assessed for demographical, clinical and brain volumetric characteristics at baseline (V1) and after a 1-year follow-up (V2) as a part of MPI-R2* study (ClinicalTrials.gov: NCT02816645). They were scanned at 13 centers using 3T MRI obtained from different vendors (Philips, Siemens and General Electric). The MRI protocol included two T1-weighted acquisitions dedicated to spatial normalization and NM evaluation in SN. Whole SNc: Using MRtrix3 viewer (v3.0), the SNc was manually segmented twice by a rater blind to the clinical status of the participant (DICE=0.82). SNc volumes (Vol); corrected volume (Cvol=Vol/total intracranial volume) to normalize for the head size; normalized signal to noise ratio (NSI) and contrast to noise ratio (CNR) using a background region was obtained. Subregional SNc: NM images were aligned to an average brain template obtained using a balanced representation of HVs from our previous study. NSI was computed for each participant using an SNc mask subdivided into posterolateral sensorimotor, anteromedial associative and posteromedial limbic territories and a background region in the template space.

To investigate the scanner effect in HVs at V1, one-way ANOVA with scanner as a between-group effect was performed for whole SNc measures. Further, we used linear mixed-effects modeling (LMM) to investigate the changes in the groups, visits, SNc (whole and subregional) measurements, and interactions between them along with random effects of subjects nested within scanners. Based on the fitted LMM, significance of the main factors and interactions was tested using type II Wald Chi2 tests followed by pairwise comparisons with Tukey's tests in emmeans using FDR correction for multiple comparisons. Age and sex were included as covariates.

Results:
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Disorders of the Nervous System:

Neurodegenerative/ Late Life (eg. Parkinson's, Alzheimer's)

Lifespan Development:

Aging Modeling and Analysis Methods: