Assessment of Chronic Kidney Disease using Multi-Parametric MRI: Reproducibility, Correlation with Histology and Progression
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Progression of Chronic Kidney Disease (CKD) occurs as a result of a common pathway of mechanisms of inflammation and fibrosis that may be independent of the primary aetiology. Recent advances in Magnetic Resonance Imaging (MRI) allow assessment of structural and functional changes relevant to kidney disease progression. We performed a multiparametric MRI study to assess its reproducibility in patients with CKD and longitudinal changes to determine clinical utility in identifying the predominant mechanism of kidney damage. 

METHODS: 
47 participants were studied, 26 patients with CKD Stage 3-4 who had renal biopsies performed as part of routine clinical care, and 21 healthy volunteers (HVs) as a comparator group. Patients had two multiparametric renal MRI scans performed 7-14 days apart and a follow-up scan at 1 year. Biochemical and clinical parameters were collected at baseline and 1 year. Objective histological quantification was performed with sirius red staining to determine percentage interstitial fibrosis (IF) in each patient.
MRI scans were performed on a 3T Philips Ingenia scanner. Structural assessment included kidney volume, longitudinal relaxation time (T1) mapping and diffusion weighted imaging (DWI) to compute apparent diffusion coefficient (ADC) as markers of fibrosis and/or inflammation. Functional assessments included Arterial Spin Labelling (ASL) to measure renal perfusion, phase contrast MRI to measure renal artery blood flow and Blood Oxygenation Level Dependent (BOLD) imaging as a measure of renal oxygenation. Coefficient of variance (CV) was calculated for each MRI measure between the first two scan sessions.

RESULTS: 
CKD patients (mean age 57±15yrs, 20 male), mean baseline estimated Glomerular Filtration Rate (eGFR) was 39±13ml/minute/1.73m3 and mean urine Protein Creatinine Ratio (PCR) was 120±188mg/mmol. Biopsy results revealed ischaemic (n=7), interstitial (n=5) and glomerular disease (n=14). HVs had a mean age of 56±19yrs, eGFR>60mls/minute/1.73m3 and urine PCR <15mg/mmol.
CKD patients had higher cortical T1 values compared to HVs (CKD: 1554±96ms, HVs: 1416± 79ms, p< 0.001). No differences between Kidney volumes and  T2* were between CKD patients and HVs. Renal perfusion was lower in CKD patients (CKD: 114±29ml/100g/min, HVs 213±38ml/100g/min, p <0.0001). Reproducibility was excellent for all the MR measures; cortical and medullary T1 (CoV=1.8% and 2.7% respectively), T2*(CoV=2.6%), ADC (CoV=8.2%) and renal volume (CoV=3%) 
MRI parameters correlated with clinical measures: a significant negative correlation was found between renal cortex T1 and eGFR (r=-0.6, p=0.002) and positive correlation between T1 corticomedullary differentiation and perfusion with eGFR. Cortical T1 and corticomedullary differentiation were the variables that correlated most strongly with IF scores (r=-0.52, p=0.02 and r=-0.6, p=0.003 respectively).
To date 11 patients have completed their 1 Year follow-up scan; no significant change in eGFR was observed (34.5±16ml/minute/1.73m3; p=0.63) across the year. PCR significantly declined to 77±106mg/mmol (p=0.03), likely secondary to medical intervention.  Patients with a greater than 15% decline in eGFR had an increase in cortical T1 129±49ms at 1 Year compared to patients with less than 15% decline in eGFR who evidenced a decrease in cortical T1 by 20±10ms.

DISCUSSION: We have demonstrated that multiparametric MRI can differentiate between HVs and CKD patients, is reproducible and can be performed longitudinally. Cortical T1 values correlated with eGFR and IF scores and with clinical markers of CKD progression. Further longitudinal studies are required to assess how multiparametric MR can be used to assess renal prognosis and guide therapy.


