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Target Audience:  Neuro-oncologists, neuro-radiologists, neuro-surgeons, brain tumor imaging scientists.  
Purpose:  Relative cerebral blood volume (rCBV) estimates, derived from dynamic susceptibility contrast (DSC) MRI, have been increasingly used to evaluate the vascular properties of brain tumors.  The information provided by rCBV estimates has been used to assist clinicians in the identification of tumor grade, type, progression, aggressiveness, and treatment response.  Although the accuracy of several methods for rCBV estimation has been investigated (1), the repeatability of these methods has not, including a comparison between standardized (sRCBV) and normalized (nRCBV) rCBV approaches.  The goal of this study was to compare the repeatability across five commonly used post-processing methods in the estimation of standardized and normalized rCBV in patients with newly diagnosed GBM, prior to initiation of treatment.  

Methods:  Acquisition:  MRI was performed twice, within 8 days, for 38 subjects with newly diagnosed GBM.  Extreme motion artifact [1], poor contrast injection [2], and initiation of treatment [2] excluded 5 subjects from analysis. Data obtained included DSC-MRI and pre- and post-contrast enhancing T1-weighted images.  All data was acquired on a 3T system, using the same imaging protocol (DSC GRE-EPI: TE=31ms, TR=1.48sec, 0.1 mmol/kg preload, 0.1-0.2mmol/kg dose during DSC data collection).  Processing:  The standardized and normalized rCBV (sRCBV and nRCBV) estimates for all five methods were calculated from unmodified DSC data using software developed at the Medical College of Wisconsin (MCW).  A summary of these methods is shown in Table 1, and described in detail in (1).  Data was standardized or normalized for each visit separately, with standardization files created at MCW (3) or manually drawn NAWM ROIs, respectively.  
Analysis:  DSC, T1+C, and T1 weighted images were co-registered using 6 degrees of freedom and normalized mutual information cost function.  Enhancing tumor volume ROIs were determined, for each respective visit, using a semi-automated, threshold-detection algorithm incorporating standardized T1+C and T1 images (2).  Normal-appearing brain ROIs were also drawn for comparison.  Repeatability metrics were calculated for mean rCBV estimates within the tumor and normal brain ROIs separately.  These calculations are described in detail in (4).  

Results:  Repeatability metrics obtained for all rCBV analysis methods are shown in Table 2 for tumor ROIs, and sorted in order of greatest repeatability as determined by the repeatability coefficient (RC) for sRCBV and nRCBV separately.  Also contained in the table are the 95% CI ranges for RC, standard deviations including between-subject (bSD), within-subject (wSD), and total standard deviations (tSD), and the within-subject coefficient of variation (wCV).  The RC shows greatest consistency for methods 2 and 3 for both sRCBV and nRCBV.  In general, signal-based rCBV analysis methods were among the least repeatable, particularly for method 4.  The sRCBV shows greater consistency than nRCBV between visits (Fig 1), where wCV is also much less overall.  This was consistent in both normal brain and tumor.  In Fig 1, sRCBV and nRCBV are scaled differently, and thus the overall RC 95% CI cannot be accurately compared for the extent of range.  Figure 2 also provides a visual comparison of methods 1-5 for sRCBV and nRCBV estimates in approximately the same slice from the same subject, for each visit, where all images show the same respective scale for sRCBV or nRCBV across methods and visits.  In general, wCV was higher for nRCBV in normal brain and tumor, compared to sRCBV.  However, no significant differences were obtained in RC values in normal brain compared to tumor (sRCBV: p=0.35; nRCBV: p=0.11).  Interestingly, wCV was significantly higher in normal brain compared to tumor (p=0.008) for sRCBV, likely due to lower mean values in normal brain.  However, wCV was comparable in normal brain and tumor for nRCBV (p=0.75). 
Discussion:  Characterization of the repeatability of rCBV measures is important for determining when a change in these values is an accurate representation of tumor growth or response to treatment. These results show that there is a clear difference among the repeatability of various methods for estimating rCBV.  Consistent with previous reports (1), method 2, the leakage-corrected estimate of rCBV, demonstrates the best repeatability for both standardized and normalized values.  In general, standardization of rCBV maps decreases variability both within and across methods.  
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Figure 2: Visual comparison of rCBV estimation methods.

Figure 1: RC with 95% CI for sRCBV and nRCBV in tumor. 

Table 2: Repeatability metrics in tumor. 

Table 1: rCBV estimation methods (1). 

1154.Proc. Intl. Soc. Mag. Reson. Med. 21 (2013) 


