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Abstract

:

We investigated the association between the Magnetic Resonance Parkinsonism Index (MRPI) and REM sleep behavior disorder (RBD). We included 226 de novo PD patients (82 PD-RBD and 144 PD-noRBD) and 19 idiopathic RBD patients. Furthermore, 3T T1-weighted MR images were used for automated brainstem calculations. MRPI values were higher in the PD-RBD (p = 0.004) compared to PD-noRBD patients. Moreover, MRPI proved to be a significant predictor of REM Behavior Disorder Screening Questionnaire scores in PD (β = 0.195, p = 0.007) and iRBD patients (β = 0.582, p = 0.003). MRPI can be used as an imaging marker of RBD in patients with de novo PD and iRBD.
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1. Introduction


REM sleep behavior disorder (RBD) is characterized by loss of physiological muscle atonia and episodes of dream-enactment behaviors during REM sleep [1]. RBD is associated with repeated injuries to the self and the bedpartner and with a major quality of life (QoL) burden [2]. Idiopathic RBD (iRBD) is now recognized as the prodromal stage of α-synucleinopathies, including Parkinson’s disease, which is by far the strongest prodromal marker [3]. Patients with PD and comorbid RBD have worse nonmotor symptoms, subjective motor performance, and QoL compared to PD patients without RBD [4]. Although RBD’s pathophysiology has not been completely elucidated, lesions in the brainstem structures, such as midbrain, pons, and medulla,- have been associated with RBD in both animal [5,6] and human studies [7].



Over the past years, several MRI techniques have been proposed to investigate neurodegeneration associated with RBD. White matter diffusivity alterations using MRI have been localized in the midbrain tegmentum, rostral pons, pedunculopontine nucleus, and pontine reticular formation in patients with iRBD [8,9]. Recently, microstructural changes have also been found in the superior and medial cerebellar peduncles [10,11] and distressing dreams have been shown to strongly correlate with superior cerebellar peduncle volume [12]. Recently, the Magnetic Resonance Parkinsonism Index (MRPI), which integrates the pons and midbrain areas and the width of middle and superior cerebellar peduncles, has been proven to be a measure to capture the midbrain and superior cerebellar peduncles atrophy, therefore characterizing patients with progressive supranuclear palsy [13,14]. In the present study, we investigated whether the MRPI could represent a useful neuroimaging marker able to capture the morphometric changes of brainstem subregions associated with RBD in de novo patients with PD and subjects with iRBD.




2. Methods


2.1. Subjects


Data used in this article were obtained from the Parkinson Progression Marker Initiative (PPMI). The aims and methodology of the study have been published elsewhere and are available at https://www.ppmi-info.org/study-design/, accessed on 11 January 2021. Briefly, inclusion criteria for PD participants were the following: (1) aged > 30 years; (2) presence of two of the following: bradykinesia, rigidity, and resting tremor or an asymmetric resting tremor or asymmetric bradykinesia; (3) diagnosis made within the last 24 months; (4) PD drug naivety; and (5) dopamine transporter (DaT) deficit in the putamen on 123-I Ioflupane DaT imaging by central reading. Inclusion criteria for iRBD patients were: (1) aged ≥ 60 years and (2) confirmation of RBD by polysomnography (PSG) with central reading and/or clinical diagnosis of RBD by the site investigator, including existing PSG. The PPMI program was approved by the Institutional Review Board of each participating site. All participants to the PPMI gave their written informed consent to participate to the program.




2.2. Clinical Characteristics


Data extracted from the PPMI database included demographics, age at onset, disease duration, as well as clinical measures (such as Movement Disorder Society-Unified Parkinson’s Disease Rating Scale Part III (MDS-UPDRS-III) and Montreal Cognitive Assessment (MoCA)). The REM Behavior Disorder Screening Questionnaire (RBDSQ) was used to assess subjectively reported symptoms of RBD [15]. This 10-item structured questionnaire, which centers on the characteristics of dreams and dream-enactment behaviors, has been validated as a screening tool for RBD. A RBDSQ score of ≥ 5 demonstrated a sensitivity of 91% and a specificity of 77% [16]. PD patients with a RBDSQ score of ≥ 5 were classified as probable RBD (PD-RBD), while PD patients presenting a RBD score of < 5 were considered as without RBD (PD-noRBD). Furthermore, 123I-FP-CIT striatal binding ratios were available for PD subjects and were also extracted.




2.3. MRI Acquisition and Imaging Post-Processing


Data on non-contrast enhanced 3D volumetric T1-weighted brain 3 Tesla MRI scans were extracted. Details can be found at http://www.ppmi-info.org/wp-content/uploads/2010/07/Imaging-Manual.pdf, accessed on 11 January 2021. Brainstem regions involved in the MRPI (midbrain and pons area, middle and cerebellar peduncles width) calculation were automatically segmented on T1-weighted images using the automated approach described in previous studies [17]. Subsequently, automated segmentations were visually inspected and, when necessary, manual edits were performed to ensure proper measurement. Finally, MRPI values were computed by multiplying the ratio of the pons to midbrain area (P/M) by the ratio of the middle cerebellar peduncle to superior cerebellar peduncle width (MCP/SCP) [13,17].




2.4. Statistical Analyses


Between-group comparisons between PD-RBD and PD-noRBD subjects were performed by one-way ANCOVA or chi-squared test as appropriate. The associations between the RBDSQ score and MRI measures were explored using a multiple linear regression analysis with the RBDSQ as the dependent variable and MRI measures, age, sex, and disease duration as independent variables. The Benjamini–Hochberg False Discovery Rate (FDR) procedure was used to correct for multiple comparison. Statistical analysis was performed using Statistical Package for Social Sciences (SPSS 26.0) software (SPSS Inc., Chicago, IL, USA). A p-value of < 0.05 was considered statistically significant.





3. Results


A total of 82 PD patients were classified as PD-RBD while 144 were classified as PD-noRBD. Clinical data of the groups were compared and are illustrated in Table 1. There were no significant group differences in demographic characteristics (age and sex), motor burden (MDS-UPDRS), cognitive impairment (MoCA), and striatal binding ratio in the putamen and caudate (123I-FP-CIT). MRPI was higher in the PD-RBD group (p = 0.004) compared with the PD-noRBD group. The midbrain area was smaller in the PD-RBD group (p = 0.033) compared with the PD-noRBD group; however, there was no significant association after correction for multiple comparisons. No significant differences were found in the other morphometric measures. In the multiple linear regression model adjusted for age, sex, and disease duration, MRPI resulted a significant predictor of RBDSQ scores (β = 0.195, p = 0.007, Table 2). The midbrain area was not associated with RBDSQ score (β = −0.125, p = 0.089). No associations were found between other MRI measures and RBDSQ scores.



To substantiate our findings, we also explored the association between the RBDQS score and MRPI in the cohort of iRBD. The clinical characteristics of 19 iRBD patients are illustrated in Table 3. In the multiple linear regression model adjusted for age, sex, and RBD duration, MRPI was a significant predictor of RBDSQ scores (β = 0.582, p = 0.003, Figure 1). No other associations were found between MRI measures and RBDSQ scores.




4. Discussion


In this study, we found that PD patients with RBD had a higher MRPI than patients without RBD. Furthermore, MRPI values correlated with the RBDQS scores in both PD and iRBD patients. Overall, our findings show that combined MRI measures could be more helpful in disentangling the neurodegeneration pattern in RBD. Noteworthy, MRPI values were calculated automatically using an algorithm that can be easily implemented in clinical practice.



The precise network disrupted in RBD has not been entirely elucidated. However, evidence arising from animal and human studies has highlighted the involvement of neuronal structures localized to the brain areas of the dorsal midbrain and pontine tegmentum, the locus sub-coeruleus, and the medullary magnocellular reticular formation [18,19]. Previous neuroimaging studies in iRBD subjects have demonstrated microstructural alterations indexed by MRI diffusion parameters in brainstem regions [8,20]. Scherfler et al. localized significant decreases in fractional anisotropy in the tegmentum of the midbrain and rostral pons as well as increases in mean diffusivity within the pontine reticular formation overlapping with a cluster of decreased FA in the midbrain [8]. These findings were corroborated in a study on patients with PD and concomitant RBD, where RBD was associated with a prominent loss of volume in the ponto-mesencephalic tegmentum [21]. Interestingly, RBD has been recently linked to microstructural alteration in the cerebellar peduncles in patients with concomitant PD [10] and in iRBD [11]. In another study focusing on sleep disturbances, distressful dreams have been associated with white matter reduction in the superior cerebellar peduncle [12]. Although RBD was not specifically evaluated in that study, findings suggest that superior cerebellar peduncle may be involved in the genesis of RBD. Collectively, the changes observed through the brainstem so far indicate that RBD is implicated with a distributed structural and microstructural alterations, affecting multiple cell populations to differing degrees [21] and that a combined MRI measure could be more appropriate in unravelling abnormalities in an RBD structural brainstem network than single MRI measurements. Indeed, by adopting a combined MRI automatic measure that considers midbrain, pons areas, and width of superior peduncles, we found that MRPI values are able to discriminate between PD patients with and without RBD. Furthermore, MRPI correlates with RBDSQ, suggesting that an index combining several brainstem measures can be more useful in disentangling the network degeneration in RBD.



Some limitations should be recognized in this study. For instance, polysomnographic data were not available and could not be used to confirm the definitive diagnosis of RBD in the PD cohort. Second, the sample size of the iRBD cohort was relatively small. Third, although we found statistically different MRPI values between the groups, there is still a large overlap that does not allow to identify the presence of RBD at the individual level. Further studies with larger sample size are warranted to explore the associations between polysomnographic measures and MRPI.




5. Conclusions


In conclusion, automated MRPI, a combined brainstem measure, could represent a promising imaging marker of RBD in patients with de novo PD and iRBD.
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Figure 1. Association between MRPI and RBDSQ in subjects with idiopathic RBD. Scatter diagram illustrating the relationship between MRPI and RBDSQ in subjects with idiopathic RBD. MRPI, Magnetic resonance parkinsonism index; RBDSQ, REM Behavior Disorder Screening Questionnaire. 
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Table 1. Demographic and clinical differences in PD patients with and without RBD.
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	PD-noRBD 999888(n = 144)
	PD-RBD 999888(n = 82)
	p





	Age, years
	60.73 ± 8.97
	62.28 ± 9.76
	0.364



	Sex, male (%)
	59.7
	70.3
	0.098



	Disease Duration, months
	7.17 ± 7.40
	6.85 ± 6.68
	0.752



	MDS-UPDRS III
	21.22 ± 9.10
	22.18 ± 8.78
	0.544



	MoCA
	27.35 ± 2.19
	27.36 ± 2.08
	0.698



	Mean Putamen(123I-FP-CIT)
	0.81 ± 0.26
	0.83 ± 0.34
	0.549



	Mean Caudate(123I-FP-CIT)
	2.00 ± 0.54
	1.97 ± 0.62
	0.978



	Midbrain area
	140.72 ± 43.29
	127.79 ± 22.97
	0.033



	Pons area
	514.49 ± 58.32
	517.99 ± 76.45
	0.926



	MCP
	9.12 ± 0.84
	9.30 ± 0.83
	0.195



	SCP
	3.95 ± 0.43
	3.96 ± 0.46
	0.753



	Pons to midbrain ratio
	0.76 ± 1.22
	0.58 ± 1.08
	0.274



	MCP to SCP ratio
	2.33 ± 0.32
	2.37 ± 0.34
	0.253



	MRPI
	8.89 ± 2.05
	9.86 ± 2.20
	0.004







Data are presented as mean ± SD or percentage. Abbreviations: MDS-UPDRS, Movement Disorders Society-Unified Parkinson’s Disease Rating Scale; MoCA, Montreal Cognitive Assessment; MCP, width of middle cerebellar peduncle; SCP, width of superior cerebellar peduncle; MRPI, Magnetic Resonance Parkinsonism Index, (P/M) × (MCP/SCP). Values in bold are corrected for multiple comparisons (FDR, q < 0.05).
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Table 2. Coefficients of explanatory variables of RBD questionnaire scores in the multiple regression analysis in patient with PD.
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	Predictor
	Standardized Regression Coefficient
	t-Test
	p Value





	Age
	−0.070
	−0.981
	0.327



	Sex
	−0.116
	−1.758
	0.080



	Disease Duration
	0.003
	0.052
	0.959



	MRPI
	0.195
	2.736
	0.007







Abbreviations: MRPI, Magnetic Resonance Parkinsonism Index.
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Table 3. Demographic and clinical characteristics of subjects with idiopathic RBD.
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	iRBD 999888(n = 19)





	Age, years
	70.35 ± 6.31



	Sex, male (%)
	89.4



	RBD Duration, years
	3.09 ± 3.61



	MDS-UPDRS III
	5.47 ± 3.89



	MoCA
	25.37 ± 4.53



	Midbrain
	117.89 ± 19.54



	Pons
	509.00 ± 38.11



	MCP
	9.03 ± 0.58



	SCP
	3.65 ± 0.68



	M/P
	0.23 ± 0.24



	MCP/SCP
	2.55 ± 0.50



	MRPI
	8.91 ± 1.81







Data are presented as mean ± SD or percentage. Abbreviations: MDS-UPDRS, Movement Disorders Society Unified Parkinson’s Disease Rating Scale; MoCA, Montreal Cognitive Assessment; MCP, width of middle cerebellar peduncle; SCP, width of superior cerebellar peduncle; MRPI, Magnetic Resonance Parkinsonism Index, (P/M) × (MCP/SCP).
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