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SECTION 1: MRI Protocol 

• Arterial spin labeling: 

Tissue blood flow was measured using a Pseudo-Continuous Arterial Spin Labeling (PCASL) 

sequence with a spin-echo echo planar imaging (SE- EPI) readout, following published 

consensus recommendations (1). 

The PCASL labeling plane was placed around 8 cm above the center of the kidney, 

perpendicular to the aorta. The labeling was implemented with a train of short Hann-shaped 

radiofrequency pulses each lasting 500 μs, with 1 ms intervals and a flip-angle of 24.6º, 

resulting in a B1 average of 1.6 μT. The total labeling duration was 1.6 s. PCASL was 

unbalanced with a labeling average gradient (Gave) strength of 0.5 mT/m and a 6:1 slice-

selective to average gradient ratio. Presaturation pulses selective to the imaging slices were 

applied at the beginning of the PCASL sequence to saturate the in-plane signal. 

Background suppression (BS) pulses were employed to suppress the background tissue signal 

for a range of T1s between 1000–2500 ms. BS was implemented using a selective inversion 

Frequency Offset Corrected Inversion (FOCI) pulse prior to labeling, followed by two 

nonselective FOCI pulses after the labeling. The postlabeling delay (PLD) was 1.2 s. An M0 

image (without presaturation, BS, or ASL labeling pulses) was acquired at the beginning of the 

ASL sequence, followed by 25 pairs of control-label images. The readout parameters were slice 

thickness = 5 mm (gap = 2.5 mm), acquisition matrix = 96 x 96, field of view (FOV) = 288 x 288 

mm2, repetition time (TR) = 5000 ms, echo time (TE) = 23 ms, GRAPPA factor 2, 6/8 partial 

Fourier, bandwidth (BW) = 1890 Hz/pixel, and phase oversampling = 25%. Fat-suppression 

pulses were employed before the excitation pulses for each slice.  

• Intravoxel incoherent motion 

Intravoxel Incoherent Motion (IVIM) was acquired with a single-shot EPI readout following 

renal diffusion consensus guidelines (2). To separate the contribution of flow from pure 

diffusion, 13 b-values ranging from 0 to 800 s/mm2 were used: 0, 5, 10, 20, 30, 50, 70, 100, 

200, 300, 400, 500, and 800 s/mm2. Eight low b-values were included to better characterize 

the fast signal decay. Monopolar gradients were applied in three orthogonal directions (three 

repetitions each) and acquisitions were subsequently averaged to minimize the effects of 

diffusion anisotropy. The readout parameters were slice thickness = 5 (gap = 2.5) mm, 

acquisition matrix = 128 x 128, FOV = 288 x 288 mm2, TR/TE = 5000/84 ms, GRAPPA factor = 2, 

BW = 1890 Hz/pixel, and phase oversampling = 25%. Fat-suppression (SPAIR) pulses were 

employed.  

• T1 mapping 

To measure the longitudinal relaxation time of kidney tissue, an inversion recovery sequence 

with an SE-EPI readout was employed, following published consensus recommendations (3). 

Fourteen inversion times (200, 300, 400, 500, 600, 700, 800, 900, 1000, 1200, 1400, 1600, 

1800, and 2000 ms) were used with a TR = 5 s. The readout parameters matched those for the 

PCASL-SE-EPI sequence.  
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SECTION 2:  Regions of interest in renal cortical and medullary areas 

Supplementary Figure 1 shows representative segmentations of renal cortical (in red) and 

medullary (in blue) regions in one representative patient with inferior graft for the two MRI 

exams. 

 

Supplementary Figure 1: Example of manually drawn regions of interest (ROIs) for cortex (in 
red) and medulla (in blue) in one representative patient with inferior graft function for the two 
MRI exams. Top row: ROIs drawn on the T1 maps have been overlaid on the M0 ASL image for 
the three slices. Bottom row: ROIs drawn on b=0 images have been overlaid on these images. 
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SECTION 3: Variable Selection Process 

Methods: 

A correlation analysis between MRI parameters (mean value of the two exams) was performed 

to detect highly correlated variables, excluding one of the parameters when correlations were 

stronger than 0.5. From the results of the correlation analysis, MRI parameters were selected 

to generate model 1. Then, a second model (model 2) was generated excluding variables D* 

and f due to poor reproducibility (within-subject coefficient of variation < 15%) according to 

the reproducibility results measured in previous work (4,5).  

Results: 

Supplementary Figure 2 shows the correlation matrix of MRI parameters, considering all 

patients, while Supplementary Figure 3 reports the value of Pearson’s correlation coefficients 

and their associated p-values. Cortical ADC correlated strongly with coefficient D (r = 0.87) and 

with f (r = 0.74) and ∆ADC correlated strongly with ∆D (r = 0.71), as expected. Considering 

these results, ADC and ∆ADC were excluded from the multivariate regression models. Thus, 

model 1 included RBF, D, ∆D, D*, f, T1 and ∆T1. Subsequently, f and D* were excluded from 

model 2 due to poor reproducibility. Thus, model 2 included RBF, D, ∆D, T1 and ∆T1.  

 

Supplementary Figure 2: Correlation matrix of MRI parameters (average value of exam 1 and 

2). Positive correlations are displayed in blue while negative correlations are in red. Color 

intensity and circle size are proportional to correlation coefficients. Significant correlations are 

marked with ‘*’. 
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As shown in Supplementary Figure 3, the correlation between ASL derived RBF and diffusion 

derived f parameters was significant with r = 0.40 and p = 0.0248. Both parameters although 

evaluated with different imaging techniques contribute information related to tissue 

perfusion. However, ASL offers a quantitative measurement of renal blood flow while f is 

associated with the fast molecular movement caused by incoherent flow in the 

microvasculature or renal tubules. 

 

 

Supplementary Figure 3: Matrix with Pearson’s correlations (top) and associated p-values 

(bottom) obtained from all MRI quantitative parameters measured in the cortex. Significant 

correlations are highlighted in green. 

 

 

SECTION 4: Delayed Graft Function 

We evaluated whether belonging to the "delayed graft function" group is related to belonging 

to the "inferior graft function" group or not, with Fisher's Exact Test for Count Data: 

 

a) Delayed Graft Function, criterion 1 
 

b) Delayed Graft Function, criterion 2 
 

 

 IGF SGF N 

DGF 3 1 4 

EGF 7 21 28 

 10 22 32 

 

 IGF SGF N 

DGF 5 5 10 

EGF 5 17 22 

 10 22 32 

 
p-value = 0.07925 

 

 
p-value = 0.2168 
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SECTION 5: 

Supplementary Table 1:  Demographic and Biopsy Data 
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