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Supplementary Figure 1: NB injection and CEUS imaging setup: A mouse under anesthesia is positioned on a heated platform 
for CEUS imaging. NBs were administered through a tail vein injection using a butterfly catheter. (B)  Illustration of the Vevo 
2100 imaging system equipped with the MS250 transducer.  

 
 

 
 
Supplementary Figure 2: CEUS imaging TIC parameters following Cy5-NB injection in Sham and IRI kidneys. Representative 
CEUS images and TICs of kidney perfusion in sham and IRI groups following Cy5-NB injection. (A) Size distribution of Cy5 NBs 
with an average diameter of  348 ± 21 𝑛𝑛𝑛𝑛 and a total concentration of 3.99 ± 0.12 × 1011 𝑁𝑁𝑁𝑁/𝑚𝑚𝑚𝑚 measured with the 
Archimedes Metrology system.(B) Group-averaged TICs (mean ± SD). (C) ROI-averaged quantification of TIC parameters across 
all mice for each group. Error bars represent standard deviation. 



  



  

 



  

 
 

Supplementary Figure 3:  Spatial and statistical assessment of decorrelation time maps in IRI and sham kidneys. (A) Log-scale 
decorrelation time (DT) maps were generated for each remaining animal (i.e. excluding those presented in Figure 2) in the IRI 
(n=5) and sham (n=3) groups across six acquisitions (Ag 1–6). These maps visualize the spatial distribution of nonlinear contrast 
agent motion, with longer DTs reflecting reduced particle mobility typically associated with extravasation or interstitial retention. 
(B) Corresponding histograms display the pixel-wise distribution of decorrelation times for each acquisition for IRI (n=6) and 
sham (n=4). IRI kidneys consistently show broader distributions and longer DT tails, indicative of altered contrast kinetics and 
increased vascular permeability post-injury. Sham kidneys exhibit more compact distributions with faster DTs, reflecting primarily 
intravascular contrast behavior. 

 



  

 
 
 
 

 



  

 
 
 



  

 

 
Supplementary Figure 4: Parametric mapping and histogram analysis of CEUS-derived metrics in individual kidneys. (A) Pixel-
wise parametric maps of CEUS time-intensity curve (TIC) metrics—including time-to-peak (TTP), area under the curve (AUC), 
area under the rising curve (AUrC), area under the falling curve (AUfC), and peak intensity (PI)—for each remaining kidney in 
the IRI (n=5) and sham (n=3) groups. These maps illustrate the spatial distribution and heterogeneity of contrast kinetics within 
the kidney. (B) Histograms of the corresponding pixel-wise values from each parametric map are shown for individual animals IRI 
(n=6) and sham (n=4). Compared to sham, IRI kidneys exhibit greater variance in AUC, AUfC, and TTP, reflecting increased 
heterogeneity in perfusion and retention patterns following injury. Mean and variance are provided within each plot to facilitate 
comparison. 

 
 



  

 
Supplementary Figure 5: F4/80 immunohistochemical staining reveals no macrophage infiltration in both Sham and IRI 
kidneys. (A, B) Representative 4X and 10X magnification images of Sham kidney sections stained for F4/80, a marker of 
macrophages, showing an absence of F4/80-positive staining. (C, D) Corresponding images from IRI kidneys also show an 
absence of F4/80-positive cells, suggesting negligible macrophage presence at the 24-hour timepoint post-injury. Scale bars: (A, 
C) 500 µm; (B, D) 200 µm. 
 
 
 
 
 



  

 

 
 
Supplementary Figure 6: Robustness of Cy5 signal distribution analysis to vessel mask variation. (A) Example of Cy5 signal 
segmentation using a vessel mask threshold decreased by 20%. Top row shows the vessel mask, resulting intravascular Cy5 signal 
(via logical AND), and merged channels. Bottom row shows the inverted mask to extract the extravascular signal and the 
corresponding merged result. Violin plots summarize the Cy5 signal distribution inside and outside vessels for IRI and sham groups. 
(B) Corresponding analysis with the vessel mask threshold increased by 20%. Despite variations in vessel segmentation thresholds, 
the overall trend remains consistent: IRI kidneys show elevated extravascular Cy5 signal, suggestive of greater nanobubble 
extravasation and tissue retention. Scale bars = 30 μm. 

 
 
 



  

 
 

 

Supplementary Figure 7: Early phase Pearson Rank Correlations Between Imaging Metrics and Histological Markers of 
Kidney Inflammation. (A) Pearson rank correlation plots between early-phase (0–10 min) decorrelation time (DT) metrics, 
mean DT, DT variance, and percentage of pixels with DT > 10 s and histological indicators: extravasated Cy5-labeled 
nanobubble (NB) signal, neutrophil density (GR1⁺ cells/μm) and tubular injury score. (B) Correlations between CEUS-derived 
time-to-peak (TTP) and area under the falling curve (AUfC) metrics and the same histological markers.  

 


