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Quantitative susceptibility mapping (QSM) is an MRI post-processing technique to estimate
local tissue magnetic susceptibility quantitatively. QSM is commonly derived from
gradient-recalled echo (GRE)-phase measurement through the deconvolution process. In
evaluating cerebral microbleeds (CMB), QSM has been shown to be more sensitive and specific
than susceptibility-weighted imaging (SWI). Still, QSM is rarely used in routine MR
examinations, owing to the relatively long acquisition time. Echo-planar imaging (EPI)
enables faster acquisition by acquiring multiple lines of imaging data after a single
radiofrequency excitation. QSM derived from 3D-EPI could be scanned as short as 2 minutes,
compared to 5 minutes for typical GRE QSM. This study investigated the accuracy, reliability
and CMB detection performance of 3D-EPI QSM, compared with GRE QSM through phantom,
healthy volunteer and patient studies.

A gadolinium phantom study was conducted on two 3-T MR scanners employing 3D-EPI,
single-TE, and multi-TE GRE sequences to assess QSM accuracy and interscanner
reproducibility. From April 2018 to October 2019, 40 healthy volunteers were scanned with the
three QSM sequences on one 3-T MR scanner to evaluate the QSM reliability. The linear
regression analyses, intraclass correlation coefficient (ICC) and Bland-Altman analyses were
performed between measured and theoretical susceptibilities in the phantom study and
between QSM sequences in the volunteer’s study. Thirty-eight patients with CMB who
underwent both 3D-EPI and GRE QSM scans were retrospectively included. Two radiologists,
blinded to image type and patient information, independently identified, counted and
anatomically categorized CMB using the Microbleed Anatomical Rating Scale. Cohen x
coefficients were calculated to determine the CMB detection agreement between QSM
sequences as well as the agreement between raters.

The gadolinium phantom study demonstrated excellent accuracy between measured and
theoretical susceptibilities of 3D-EPI QSM on both MR scanners (Skyra, Rz = 0.996, P<.001,
ICC = 0.997, mean difference -2 ppb (95% CI -45 to 40 ppb); Prisma, R? = 0.992, P<.001, ICC =
0.988, mean difference 15 ppb (95% CI -67 to 97 ppb) with a high inter-scanner consistency (R2
= 0.984, P<.001; ICC=0.988). A human study of 40 healthy volunteers (59 + 13 years, 25
women) showed excellent reliability with 3D-EPI QSM for both single-TE and multi-TE GRE
(R2=0.981, P<.001, ICC = 0.988; R2 = 0.983, P<.001, ICC = 0.990, respectively), supported by a
Bland-Altman mean difference of 4 ppb (95% CI -15 to 23 ppb) for single-TE GRE, and 3 ppb
(95% CI -15 to 20 ppb) for multi-TE GRE. Visual evaluation of CMB as depicted by 3D-EPI and
GRE QSM exhibited almost perfect intra-rater agreement for both raters (x = 0.923 and 0.942,
P<.001). The inter-rater agreement of 3D-EPI QSM visual assessment was slightly higher
than that of GRE-QSM (x = 0.844, P<.001; k = 0.819, P<.001, respectively).

These results indicated that QSM from 3D-EPI with a shorter acquisition time provided
excellent accuracy, reliability, and comparable detection performance to the GRE QSM in
patients with cerebral microbleeds, which may favor its clinical use.
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