
Figure 2: Average values from renal functional MRI 
show significant differences  (*: P<0.05) between LN 
and NC cohorts in T1rho (both cortex and medulla) and 
ASL (medulla) MRI. Results from the test-retest 
experiments and left and right kidneys were averaged 
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Target audience: Radiologists and MRI scientists engaged in renal imaging and nephrologists 
Purpose: To evaluate the test-retest repeatability and the sensitivity of a multi-modality renal fMRI protocol including 
diffusion weighted imaging (DWI), blood oxygen level dependent (BOLD), T1rho MRI (1) and arterial spin labeling (ASL) 
(2) in a cohort of healthy subjects (NC) and lupus nephritis (LN) patients. Kidney diseases represent a major public health 
issue, which afflicts more than 10% of people, or more than 20 million, aged 20 years and older in the US. Lupus 
nephritis affects over half of all patients with systemic lupus erythematosus (SLE). Evaluating renal function in SLE 
patients is 
important 
because early 
detection and 
treatment of 
renal 
involvement 
can 
significantly 
improve 
outcome.  
Methods: 
The renal 
fMRI protocol 
included DWI, BOLD, pseudo-continuous ASL (pCASL) and T1rho sequences that are sensitive in assessing tissue micro-
structure, oxygen bioavailability, renal blood flow (RBF) and macromolecular composition (e.g. fibrosis) in the kidney, 
respectively. The MRI protocol was performed twice with repositioning on 10 LN patients (age=31.8±6.1yrs, 8 females) 
and 10 matched controls (age=29.4±5.0yrs, 8 females) on a 1.5 T scanner (Siemens Avanto). Navigator-gated and breath-
hold acquisitions followed by non-rigid image registration were used to control respiratory motion. Image quality was 
rated using a 1-4 Likert-type scale. MRI parameters were extracted using regions-of-interest (ROIs) on the cortex and 
medulla (apparent diffusion coefficient (ADC), T2*, T1rho and RBF). The repeatability of the 4 MRI modalities was 
evaluated with the intra-class correlation coefficient (ICC) and within-subject coefficient of variation (wsCV). An unpaired 
Student test evaluated the statistical difference of each MRI parameter between patients and volunteers. A multivariate 
analysis was performed as well as a logistic regression. All LN patients underwent renal biopsy within 1 yr before MRI 
with International Society of Nephrology/Renal Pathology Society (ISN/RPS) class 3 
to 5 LN. All LN and NC subjects had normal eGFR at the time of MRI. 
 Results: Average image quality was rated good to excellent for all 4 
sequences (2.5-3.4)(Fig. 1). The reproducibility of the 4 MRI 
modalities ranged from moderate to good (ICC=0.5-0.9, wsCV≤12%) 
with a few exceptions. In general, cortical measurements were 
more reproducible (higher ICC) than those in the medulla except for 
T1rho. In LN patients, T1rho was significantly increased in both cortex 
and medulla (Fig. 2) of both kidneys (p≤0.01), while RBF was 
significantly increased in the cortex and medulla of the right kidney 
(p≤0.05) in LN patients compared to controls (NC). BOLD and DWI 
did not show significant differences between patients and 
volunteers. Using a stepwise logistic regression algorithm yields only 
one variable, i.e. T1rho in the medulla in the model (p=0.002), which 
alone explained 95% of the classification variance. 
Conclusion: A reasonable degree of test-retest repeatability of a 
multi-modality renal fMRI protocol has been demonstrated in both 
healthy volunteers and lupus nephritis patients. Increased T1rho in 
LN patients is consistent with their pathological results showing a 
variable degree of renal fibrosis (ISN/RPS class 3 to 5), whereas increased RBF may reflect a compensatory mechanism. 
Results in the small patients’ population are encouraging, and the clinical utility of T1rho and ASL in the characterization 
of LN awaits further evaluation in larger clinical populations. 
References: (1) He X, et al. Magn. Reson. Med. 2013; (2) Robson PM, et al. Magn. Reson. Med. 2009;61(6):1374-87 . 

Figure 1: Functional MRI of the kidneys in a healthy subject (b) and a lupus nephritis patient (c). ROI were drawn 
on renal cortex and medulla (a) to analyze MRI parameters.
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