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Supplementary Table S1. Preoperative and postoperative clinical outcomes with paired change estimates
	Clinical measure
	Preoperative
mean ± SD
	Postoperative
mean ± SD
	Mean change
(95% CI)
	Median change
[Q1, Q3]
	Paired t
P
	Wilcoxon
P

	LEDD reduction (mg/day)
	670.13 ± 254.44
	388.43 ± 176.31
	281.70 (217.96, 345.43)
	293.75 [152.25, 400.00]
	<0.0001
	<0.0001

	UPDRS-III improvement (points)
	48.89 ± 13.56
	21.87 ± 8.90
	27.03 (22.82, 31.24)
	26.00 [17.00, 36.75]
	<0.0001
	<0.0001

	NMSS improvement (points)
	54.55 ± 18.58
	46.71 ± 20.17
	7.84 (-0.21, 15.90)
	6.00 [-2.00, 19.25]
	0.0560
	0.0715

	PDQ-39 improvement (points)
	58.08 ± 17.51
	47.08 ± 19.71
	11.00 (3.17, 18.83)
	11.50 [0.00, 27.00]
	0.0072
	0.0033

	MMSE change (points)
	27.24 ± 2.85
	27.37 ± 2.42
	0.13 (-0.55, 0.81)
	0.00 [-1.00, 0.75]
	0.6972
	0.6742

	HAMD improvement (points)
	13.55 ± 5.16
	10.21 ± 5.07
	3.34 (1.15, 5.53)
	3.00 [-0.75, 7.00]
	0.0037
	0.0071

	HAMA improvement (points)
	13.87 ± 4.24
	9.21 ± 4.01
	4.66 (2.72, 6.59)
	5.00 [2.00, 8.00]
	<0.0001
	0.0001

	PDSS improvement (points)
	110.00 ± 13.03
	120.74 ± 11.50
	10.74 (5.64, 15.84)
	10.00 [-0.75, 19.75]
	0.0001
	0.0003


Note. Change was calculated as preoperative minus postoperative for LEDD, UPDRS-III, NMSS, PDQ-39, HAMD, and HAMA, and as postoperative minus preoperative for MMSE and PDSS. Positive values indicate clinical improvement or LEDD reduction. P values are two-sided.


Supplementary Table S2. Longitudinal changes in glymphatic-related MRI markers
	MRI marker
	Preoperative
mean ± SD
	Postoperative
mean ± SD
	Mean change
(95% CI)
	Median change
[Q1, Q3]
	Paired t
P
	Wilcoxon
P
	Cohen’s dᶻ

	gBOLD-CSF coupling strength
	0.06 ± 0.19
	0.17 ± 0.20
	0.110 (0.021, 0.200)
	0.11 [-0.12, 0.33]
	0.0173
	0.0253
	0.40

	DTI-ALPS mean
	1.16 ± 0.23
	1.16 ± 0.26
	-0.005 (-0.114, 0.104)
	0.00 [-0.21, 0.11]
	0.9271
	0.7200
	-0.01

	PVS count
	74.63 ± 62.23; 52.00 [39.25, 76.50]
	62.71 ± 34.67; 47.50 [40.25, 78.00]
	-11.921 (-29.968, 6.126)
	3.00 [-18.75, 18.50]
	0.1889
	0.9699
	-0.22


Note. For gBOLD-CSF coupling, DTI-ALPS, and PVS count, change is postoperative minus preoperative. For PVS count, preoperative and postoperative cells additionally show median [Q1, Q3]. Cohen’s dᶻ is the mean paired change divided by the standard deviation of paired changes. Direction counts use the sign of the individual change. P values are two-sided.


Supplementary Table S3. Unadjusted associations between MRI changes and clinical improvement
	MRI change
	Clinical change
	Spearman ρ
	P
	FDR q

	gBOLD-CSF coupling strength
	LEDD reduction (mg/day)
	0.389
	0.0159
	0.0636

	gBOLD-CSF coupling strength
	UPDRS-III improvement (points)
	-0.112
	0.5019
	0.8030

	gBOLD-CSF coupling strength
	NMSS improvement (points)
	-0.079
	0.6356
	0.8475

	gBOLD-CSF coupling strength
	PDQ-39 improvement (points)
	-0.158
	0.3442
	0.6883

	gBOLD-CSF coupling strength
	MMSE change (points)
	-0.194
	0.2425
	0.6466

	gBOLD-CSF coupling strength
	HAMD improvement (points)
	0.000
	0.9990
	0.9990

	gBOLD-CSF coupling strength
	HAMA improvement (points)
	0.012
	0.9431
	0.9990

	gBOLD-CSF coupling strength
	PDSS improvement (points)
	0.531
	0.0006
	0.0048

	DTI-ALPS mean
	LEDD reduction (mg/day)
	0.174
	0.2968
	0.9085

	DTI-ALPS mean
	UPDRS-III improvement (points)
	-0.069
	0.6793
	0.9085

	DTI-ALPS mean
	NMSS improvement (points)
	0.053
	0.7525
	0.9085

	DTI-ALPS mean
	PDQ-39 improvement (points)
	-0.134
	0.4236
	0.9085

	DTI-ALPS mean
	MMSE change (points)
	0.109
	0.5156
	0.9085

	DTI-ALPS mean
	HAMD improvement (points)
	-0.003
	0.9870
	0.9870

	DTI-ALPS mean
	HAMA improvement (points)
	-0.178
	0.2845
	0.9085

	DTI-ALPS mean
	PDSS improvement (points)
	0.044
	0.7950
	0.9085

	PVS count
	LEDD reduction (mg/day)
	-0.015
	0.9301
	0.9560

	PVS count
	UPDRS-III improvement (points)
	-0.146
	0.3805
	0.9560

	PVS count
	NMSS improvement (points)
	0.284
	0.0835
	0.6683

	PVS count
	PDQ-39 improvement (points)
	0.009
	0.9560
	0.9560

	PVS count
	MMSE change (points)
	-0.081
	0.6289
	0.9560

	PVS count
	HAMD improvement (points)
	-0.120
	0.4719
	0.9560

	PVS count
	HAMA improvement (points)
	-0.031
	0.8519
	0.9560

	PVS count
	PDSS improvement (points)
	0.082
	0.6266
	0.9560


Note. All correlations use n=38. Positive clinical change denotes improvement or LEDD reduction; positive imaging change denotes an increase in the corresponding MRI measure. False discovery rate was controlled using the Benjamini–Hochberg procedure separately across the eight clinical outcomes for each MRI change. P values are two-sided.


Supplementary Table S4. Partial Spearman associations adjusted for age, sex, and disease duration
	MRI change
	Clinical change
	Partial ρ
	P
	FDR q

	gBOLD-CSF coupling strength
	LEDD reduction (mg/day)
	0.390
	0.0206
	0.0823

	gBOLD-CSF coupling strength
	UPDRS-III improvement (points)
	-0.096
	0.5826
	0.8281

	gBOLD-CSF coupling strength
	NMSS improvement (points)
	-0.087
	0.6210
	0.8281

	gBOLD-CSF coupling strength
	PDQ-39 improvement (points)
	-0.152
	0.3828
	0.7657

	gBOLD-CSF coupling strength
	MMSE change (points)
	-0.234
	0.1759
	0.4689

	gBOLD-CSF coupling strength
	HAMD improvement (points)
	0.009
	0.9607
	0.9607

	gBOLD-CSF coupling strength
	HAMA improvement (points)
	0.016
	0.9277
	0.9607

	gBOLD-CSF coupling strength
	PDSS improvement (points)
	0.560
	0.0005
	0.0038

	DTI-ALPS mean
	LEDD reduction (mg/day)
	0.292
	0.0888
	0.7100

	DTI-ALPS mean
	UPDRS-III improvement (points)
	-0.148
	0.3962
	0.8231

	DTI-ALPS mean
	NMSS improvement (points)
	0.125
	0.4755
	0.8231

	DTI-ALPS mean
	PDQ-39 improvement (points)
	-0.087
	0.6174
	0.8231

	DTI-ALPS mean
	MMSE change (points)
	0.158
	0.3632
	0.8231

	DTI-ALPS mean
	HAMD improvement (points)
	0.059
	0.7354
	0.8405

	DTI-ALPS mean
	HAMA improvement (points)
	-0.108
	0.5354
	0.8231

	DTI-ALPS mean
	PDSS improvement (points)
	0.032
	0.8565
	0.8565

	PVS count
	LEDD reduction (mg/day)
	-0.021
	0.9055
	0.9055

	PVS count
	UPDRS-III improvement (points)
	-0.156
	0.3706
	0.9055

	PVS count
	NMSS improvement (points)
	0.373
	0.0271
	0.2172

	PVS count
	PDQ-39 improvement (points)
	0.095
	0.5862
	0.9055

	PVS count
	MMSE change (points)
	-0.134
	0.4417
	0.9055

	PVS count
	HAMD improvement (points)
	-0.061
	0.7292
	0.9055

	PVS count
	HAMA improvement (points)
	0.043
	0.8061
	0.9055

	PVS count
	PDSS improvement (points)
	0.113
	0.5186
	0.9055


Note. All models use n=38 and adjust for age, sex, and disease duration. Partial Spearman coefficients were calculated by correlating residuals after rank-transforming the MRI measure, clinical measure, and covariates. FDR was controlled by the Benjamini–Hochberg procedure separately across the eight clinical outcomes for each MRI change. P values are two-sided.


Supplementary Table S5. Sensitivity partial Spearman associations additionally adjusted for LEDD reduction
	MRI change
	Clinical change
	Partial ρ
	P
	FDR q

	gBOLD-CSF coupling strength
	UPDRS-III improvement (points)
	-0.127
	0.4741
	0.7877

	gBOLD-CSF coupling strength
	NMSS improvement (points)
	-0.103
	0.5627
	0.7877

	gBOLD-CSF coupling strength
	PDQ-39 improvement (points)
	-0.124
	0.4863
	0.7877

	gBOLD-CSF coupling strength
	MMSE change (points)
	-0.208
	0.2383
	0.7877

	gBOLD-CSF coupling strength
	HAMD improvement (points)
	-0.029
	0.8727
	0.8727

	gBOLD-CSF coupling strength
	HAMA improvement (points)
	-0.056
	0.7522
	0.8727

	gBOLD-CSF coupling strength
	PDSS improvement (points)
	0.496
	0.0029
	0.0200

	DTI-ALPS mean
	UPDRS-III improvement (points)
	-0.171
	0.3332
	0.7972

	DTI-ALPS mean
	NMSS improvement (points)
	0.124
	0.4848
	0.8451

	DTI-ALPS mean
	PDQ-39 improvement (points)
	-0.061
	0.7308
	0.8451

	DTI-ALPS mean
	MMSE change (points)
	0.201
	0.2533
	0.7972

	DTI-ALPS mean
	HAMD improvement (points)
	0.035
	0.8451
	0.8451

	DTI-ALPS mean
	HAMA improvement (points)
	-0.168
	0.3417
	0.7972

	DTI-ALPS mean
	PDSS improvement (points)
	-0.072
	0.6870
	0.8451

	PVS count
	UPDRS-III improvement (points)
	-0.155
	0.3807
	0.7904

	PVS count
	NMSS improvement (points)
	0.374
	0.0293
	0.2054

	PVS count
	PDQ-39 improvement (points)
	0.094
	0.5982
	0.7904

	PVS count
	MMSE change (points)
	-0.138
	0.4378
	0.7904

	PVS count
	HAMD improvement (points)
	-0.059
	0.7401
	0.7904

	PVS count
	HAMA improvement (points)
	0.047
	0.7904
	0.7904

	PVS count
	PDSS improvement (points)
	0.127
	0.4746
	0.7904


Note. All models use n=38 and adjust for age, sex, disease duration, and LEDD reduction. LEDD reduction is not listed as an outcome because it is included as a covariate. Partial Spearman coefficients were calculated from residualized ranks. FDR was controlled by the Benjamini–Hochberg procedure separately across the seven remaining clinical outcomes for each MRI change. P values are two-sided.


Supplementary Table S6. Partial Spearman associations adjusted for age, sex, disease duration, and Hoehn and Yahr stage
	MRI change
	Clinical change
	Partial ρ
	P
	FDR q

	gBOLD-CSF coupling strength
	LEDD reduction (mg/day)
	0.390
	0.0228
	0.0911

	gBOLD-CSF coupling strength
	UPDRS-III improvement (points)
	-0.113
	0.5249
	0.8398

	gBOLD-CSF coupling strength
	NMSS improvement (points)
	-0.075
	0.6728
	0.8971

	gBOLD-CSF coupling strength
	PDQ-39 improvement (points)
	-0.149
	0.4019
	0.8038

	gBOLD-CSF coupling strength
	MMSE change (points)
	-0.229
	0.1925
	0.5132

	gBOLD-CSF coupling strength
	HAMD improvement (points)
	0.010
	0.9537
	0.9537

	gBOLD-CSF coupling strength
	HAMA improvement (points)
	0.022
	0.9036
	0.9537

	gBOLD-CSF coupling strength
	PDSS improvement (points)
	0.562
	0.0005
	0.0043

	DTI-ALPS mean
	LEDD reduction (mg/day)
	0.248
	0.1569
	0.6196

	DTI-ALPS mean
	UPDRS-III improvement (points)
	-0.205
	0.2453
	0.6196

	DTI-ALPS mean
	NMSS improvement (points)
	0.179
	0.3098
	0.6196

	DTI-ALPS mean
	PDQ-39 improvement (points)
	-0.074
	0.6759
	0.8101

	DTI-ALPS mean
	MMSE change (points)
	0.188
	0.2873
	0.6196

	DTI-ALPS mean
	HAMD improvement (points)
	0.066
	0.7089
	0.8101

	DTI-ALPS mean
	HAMA improvement (points)
	-0.092
	0.6063
	0.8101

	DTI-ALPS mean
	PDSS improvement (points)
	-0.018
	0.9212
	0.9212

	PVS count
	LEDD reduction (mg/day)
	0.094
	0.5951
	0.7729

	PVS count
	UPDRS-III improvement (points)
	-0.080
	0.6523
	0.7729

	PVS count
	NMSS improvement (points)
	0.321
	0.0639
	0.5112

	PVS count
	PDQ-39 improvement (points)
	0.074
	0.6763
	0.7729

	PVS count
	MMSE change (points)
	-0.192
	0.2772
	0.7392

	PVS count
	HAMD improvement (points)
	-0.076
	0.6680
	0.7729

	PVS count
	HAMA improvement (points)
	0.010
	0.9562
	0.9562

	PVS count
	PDSS improvement (points)
	0.220
	0.2111
	0.7392


Note. All models use n=38 from the current Integrated_38 worksheet and adjust for age, sex, disease duration, and Hoehn and Yahr stage. H&Y stage was treated as an ordinal covariate. Partial Spearman coefficients were calculated from residualized ranks. FDR was controlled by the Benjamini–Hochberg procedure separately across the eight clinical outcomes for each MRI change. P values are two-sided.

