

Supplementary Information

Title: Three-dimensional quantification using contrast-enhanced micro-CT reveals regional heterogeneity of microhemorrhagic burden after focal cerebral ischemia in mice

Authors: RongRong Yang1, Mika Takarada-Iemata1*, Hiroshi Ishii1, Minxin Wang1, Qiyan Fan1, 2, Tsuyoshi Hattori3, Osamu Hori1


[image: ]
Supplementary Figure S1. Regional assignment of segmented lesions using the Allen Mouse Brain Reference Atlas.
Representative coronal micro-CT sections matched to corresponding levels of the Allen Mouse Brain Reference Atlas (Allen Institute for Brain Science). Regional boundaries of the cortex (green) and caudate-putamen (CPu, blue) were determined from the relative positions and morphology of the corpus callosum, external capsule, lateral ventricle, and the olfactory limb of the anterior commissure.
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Supplementary Figure S2. Inter-observer reproducibility of infarct segmentation.
Infarct volume was independently measured by three observers in each of 13 animals at day 1 after tMCAO. Cases are ordered by the mean infarct volume across the three observers and labeled A-M. Vertical lines connect the minimum and maximum values recorded across observers for each animal. Inter-observer agreement was excellent, with an ICC(2,1) of 0.978 (95% CI, 0.94-0.99; two-way random effects model, absolute agreement, single measure). The mean inter-observer coefficient of variation was 6.91% (range, 2.01-16.14%).
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Supplementary Figure S3. Prussian blue staining of CT-defined hyperdense lesions.
(A) Representative micro-CT image and corresponding Prussian blue-stained sections from a mouse at day 7 after tMCAO. Red arrows indicate the CT-defined hyperdense lesion and the corresponding site in the histological section. Brownish deposits were visible at the corresponding site, but no clear Prussian blue-positive signal was detected. (B) Prussian blue staining of conventionally processed frozen brain sections from a mouse at day 7 after traumatic brain injury (TBI), showing Prussian blue-positive deposits as a positive staining control. Asterisk indicates lesion site. The tMCAO tissue in (A) had undergone PTA staining and micro-CT imaging before histological processing, whereas the TBI tissue in (B) had not. Scale bars: 1 mm in the micro-CT image; 500, 200, and 50 μm in the Prussian blue-stained images from low to high magnification, respectively. 


Supplementary Table S1. Group-specific accounting of animals used in the study.
	Experimental group
	Included in the analyses
	Deaths before the planned endpoint
	Excluded because of subarachnoid hemorrhage
	Animals used

	Naive
	5
	-
	-
	5

	WT, day 1 after tMCAO
	13
	0
	1
	14

	WT, day 3 after tMCAO
	17
	1
	1
	19

	WT, day 7 after tMCAO
	30
	5
	2
	37

	WT, day 14 after tMCAO
	18
	3
	0
	21

	Ndrg2KO, day 1 after tMCAO
	11
	0
	0
	11

	WT, 30-min occlusion (day 1)
	8
	0
	0
	8

	WT, 60-min occlusion (day 1)
	8
	1
	0
	9

	WT, 90-min occlusion (day 1)
	8
	3
	0
	11

	WT, 120-min occlusion (day 1)
	8
	6
	0
	14

	Total, mice undergoing tMCAO
	121
	19
	4
	144

	Total, all mice used
	126
	19
	4
	149


Values are numbers of mice. For each tMCAO group, the total number of animals used equals the number included in the final analyses plus deaths before the planned endpoint and exclusions due to subarachnoid hemorrhage.
Abbreviations: WT, wild-type; tMCAO, transient middle cerebral artery occlusion; Ndrg2KO, N-myc downstream-regulated gene 2 knockout.



Supplementary Table S2. Allocation of animals to analyses in each figure.
	Experimental group
	Figure 2
	Figure 3
	Figure 4 a

	WT, day 1 after tMCAO
	13 
	-
	6

	WT, day 3 after tMCAO
	17
	-
	8

	WT, day 7 after tMCAO
    Behavioral-testing subset of the WT day 7 group
	30

	30 (HT: 14/30)
17 (HT: 8/17) 
	14 
  8 b

	WT, day 14 after tMCAO
	18
	-
	-

	Ndrg2KO, day 1 after tMCAO
	11
	-
	-

	WT, 30-min occlusion (day 1)
	-
	8 (HT: 2/8)
	-

	WT, 60-min occlusion (day 1)
	-
	8 (HT: 4/8)
	-

	WT, 90-min occlusion (day 1)
	-
	8 (HT: 5/8)
	-

	WT, 120-min occlusion (day 1)
	-
	8 (HT: 6/8)
	-


Values are numbers of mice. 
a For Figure 4, all mice with hemorrhagic changes in the day 1, 3, and 7 tMCAO groups were included.
b For Figure 4E, the correlation with infarct volume included all HT-positive mice at day 7 (n = 14), whereas the correlation with neurological deficit score included the HT-positive behavioral-testing subset (n = 8).
Abbreviations: WT, wild-type; tMCAO, transient middle cerebral artery occlusion; Ndrg2KO, N-myc downstream-regulated gene 2 knockout; HT, hemorrhagic transformation.


	Supplementary Table S3. Statistical results and effect estimates for quantitative analyses.

	
	
	
	
	
	

	Figure
	Comparison
	Test
	df
	P
	Effect estimate

	Figure 2C — Infarct volume, % of total brain volume (n = 13, 17, 30, 18 for days 1, 3, 7, 14)

	2C
	Overall
	Welch's ANOVA
	3, 32.42
	<0.001
	ω² = 0.65

	
	Day 1 vs day 14
	Games-Howell
	14.89
	<0.001
	g = 2.14

	
	Day 3 vs day 14
	Games-Howell
	22.14
	<0.001
	g = 2.96

	
	Day 7 vs day 14
	Games-Howell
	45.67
	<0.001
	g = 2.75

	Figure 2C — Hemispheric volume difference, % (n = 13, 17, 30, 18)
	
	
	
	

	2C
	Overall
	Welch's ANOVA
	3, 32.17
	<0.001
	ω² = 0.74

	
	Day 1 vs day 14
	Games-Howell
	14.77
	<0.001
	g = 2.78

	
	Day 3 vs day 7
	Games-Howell
	23.41
	0.002
	g = 1.30

	
	Day 3 vs day 14
	Games-Howell
	20.93
	<0.001
	g = 3.69

	
	Day 7 vs day 14
	Games-Howell
	45.69
	<0.001
	g = 3.29

	Figure 2D — Correlation between infarct volume and hemispheric volume difference (n = 78)

	2D
	All time points pooled
	Spearman
	—
	<0.001
	r = 0.77

	Figure 2F — Hemispheric volume difference at day 1, WT vs Ndrg2KO (n = 13 and 11)

	2F
	Ndrg2KO vs WT
	Welch's unpaired t-test
	22.00
	0.006
	g = 1.20

	Figure 3B — Incidence of hemorrhagic transformation by occlusion duration (n = 8 per group)

	3B
	Trend across 30, 60, 90 and 120 min (2/8, 4/8, 5/8 and 6/8 with HT)
	Cochran–Armitage trend test
	1
	0.039
	OR = 2.03 (1.01, 4.09) per 30 min

	Figure 3C — Mice with versus without HT at day 7 (no HT, n = 16; HT, n = 14)

	3C
	Infarct volume
	Welch's unpaired t-test
	23.24
	0.252
	g = 0.42

	
	Hemispheric volume difference
	Welch's unpaired t-test
	24.35
	0.004
	g = 1.13

	Figure 3D — Behavioural testing (no HT, n = 9; HT, n = 8)
	
	
	
	

	3D
	Neurological deficit score, HT vs no HT, day 1
	Mann-Whitney U
	—
	1.000
	rrb = −0.01

	
	Neurological deficit score, HT vs no HT, day 7
	Mann-Whitney U
	—
	0.156
	rrb = 0.42

	
	Rotarod: group
	Two-way RM ANOVA
	1, 15
	<0.001
	ηp² = 0.78

	
	Rotarod: time
	Two-way RM ANOVA
	2, 30
	<0.001
	ηp² = 0.65

	
	Rotarod: group × time
	Two-way RM ANOVA
	2, 30
	<0.001
	ηp² = 0.43

	
	Rotarod: HT vs no HT, day 1
	Tukey's post hoc
	45
	<0.001
	MD = −42.9

	
	Rotarod: HT vs no HT, day 7
	Tukey's post hoc
	45
	<0.001
	MD = −56.2

	
	Grid-walk: group
	Two-way RM ANOVA
	1, 15
	0.043
	ηp² = 0.25

	
	Grid-walk: time
	Two-way RM ANOVA
	2, 30
	<0.001
	ηp² = 0.71

	
	Grid-walk: group × time
	Two-way RM ANOVA
	2, 30
	0.106
	ηp² = 0.14

	
	Grid-walk: HT vs no HT, day 1
	Tukey's post hoc
	45
	0.017
	MD = 6.9 pp

	
	Grid-walk: HT vs no HT, day 7
	Tukey's post hoc
	45
	0.035
	MD = 6.0 pp



Supplementary Table S3 (continued)

	Figure
	Comparison
	Test
	df
	P
	Effect estimate

	Figure 4B — Regional and temporal comparisons of microhemorrhage burden (n = 6, 8, 14 for days 1, 3, 7)

	Number
	CPu vs cortex, day 1
	Wilcoxon signed-rank
	—
	1.000
	rrb = −0.19

	
	CPu vs cortex, day 3
	Wilcoxon signed-rank
	—
	0.984
	rrb = 0.42

	
	CPu vs cortex, day 7
	Wilcoxon signed-rank
	—
	<0.001
	rrb = 1.00

	
	Cortex across time
	Kruskal-Wallis
	2
	0.017
	ε² = 0.30

	
	Cortex, day 1 vs day 7
	Dunn's
	—
	0.017
	r = 0.52

	
	CPu across time
	Kruskal-Wallis
	2
	0.865
	ε² = 0.01

	Volume
	CPu vs cortex, day 1
	Wilcoxon signed-rank
	—
	1.000
	rrb = −0.24

	
	CPu vs cortex, day 3
	Wilcoxon signed-rank
	—
	1.000
	rrb = 0.22

	
	CPu vs cortex, day 7
	Wilcoxon signed-rank
	—
	<0.001
	rrb = 1.00

	
	Cortex across time
	Kruskal-Wallis
	2
	0.025
	ε² = 0.27

	
	Cortex, day 1 vs day 7
	Dunn's
	—
	0.028
	r = 0.49

	
	CPu across time
	Kruskal-Wallis
	2
	0.857
	ε² = 0.01

	Figure 4D — Size-stratified microhemorrhage number, negative binomial GLMM (168 observations from 28 animals)

	All
	Day
	Wald χ² = 4.09
	2
	0.129
	—

	
	Region
	Wald χ² = 16.21
	1
	<0.001
	—

	
	Size 
	Wald χ² = 23.04
	2
	<0.001
	—

	
	Day × region
	Wald χ² = 28.05
	2
	<0.001
	—

	
	Day × size
	Wald χ² = 10.87
	4
	0.028
	—

	
	Region × size
	Wald χ² = 0.59
	2
	0.744
	—

	
	Day × region × size
	Wald χ² = 6.00
	4
	0.199
	—

	Small
	CPu vs cortex, day 7
	GLMM contrast
	—
	<0.001
	RR = 13.75 (4.58, 41.28)

	
	Cortex, day 7 vs day 1
	GLMM contrast
	—
	0.014
	RR = 0.07 (0.01, 0.33)

	
	Cortex, day 7 vs day 3
	GLMM contrast
	—
	0.007
	RR = 0.07 (0.02, 0.30)

	Medium
	CPu vs cortex, day 7
	GLMM contrast
	—
	<0.001
	RR = 11.55 (4.57, 29.17)

	
	Cortex, day 7 vs day 1
	GLMM contrast
	—
	0.018
	RR = 0.09 (0.02, 0.38)

	Large
	CPu vs cortex, day 7
	GLMM contrast
	—
	0.383
	RR = 2.71 (0.90, 8.16)

	Figure 4E — Correlations between CPu microhemorrhage number and injury measures (infarct volume, n = 14; neurological deficit score, n = 8)

	4E
	Infarct volume, day 7
	Spearman
	—
	0.038
	r = 0.57

	
	Neurological deficit score, day7
	Spearman
	—
	0.045
	r = 0.73

	
	
	
	
	
	

	Note: Adjusted P values are shown for multiple comparisons. For Figure 3B, P is from the Cochran–Armitage trend test; the OR and 95% CI were estimated by logistic regression per 30-min increase in occlusion duration. For Figure 4D, omnibus model tests and contrasts reported in the main text are shown, with 95% CIs for RRs. Holm correction was applied separately to the regional and temporal contrast families. g, Hedges’ g; ω², omega squared; ηp², partial eta squared; ε², epsilon squared; rrb, rank-biserial correlation; MD, mean difference; pp, percentage points; OR, odds ratio; RR, rate ratio; HT, hemorrhagic transformation; CPu, caudate putamen; RM, repeated measures.
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