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Target Audience

Scientists and clinicians who are interested in myocardial tissue characterization.

Purpose/Introduction

Quantitative myocardial T, mapping can characterize myocardial tissue composition in various cardiovascular diseases. The extracellular volume fraction (ECV) can be
calculated from pre and post-contrast T, maps and shows promise for the detection of diffuse myocardial fibrosis. Several techniques have been recently proposed for
myocardial T; mapping [1-4], which relies on different sampling scheme of the T, recovery curve. However, no comprehensive comparison has been performed across
these methods yet. In this study, we sought to analyze T, and ECV measurements in term of accuracy, precision and reproducibility from four T1 mapping sequences of
Modified Look-Locker Inversion Recovery (MOLLI)', Shortened MOLLI (ShMOLLI)?, Saturation recovery single-shot acquisition (SASHA)?, and SAturation Pulse
Prepared Heart rate independent Inversion-REcovery sequence (SAPPHIRE)".

Materials and Methods easureme A 3

All data were acquired on a 1.5 T Phillips scanner. Vial | SE | MOLLI ShMOL. SASHA SAPP. | MOLLI ShMOL. SASHA  SAPP.
Phantom experiment: Each T1 mapping sequence was acquired [ 268.1 2811 280.9 2748 278.4 12.9 12.8 6.7 10.3
10 times using a b-SSFP readout (TR/TE=3.1/15ms, [y 3274 393.1 323.1 335.8 336.5 42 42 8.4 9.1
FOV=360x337 mm’, voxel size=1.9x2.5 mm’, slice thickness=8 3 4253 4356 434.4 4297 4425 103 9.1 44 172
mm, SENSE factor=2, flip angle=35(MOLLI & ShMOLLD) / [ T 5600 | Se4a 5389 5900  socs | 47 202 77 76
70°(SASHA & SAPPHIRE)) in a phantom containing 14 vials |45 | 5043 | 59838 544.1 5927 6136 | 45 502 1.9 193
(NiCl, doped agarose) with different T, values. A 5-(3)-3 #6 705.4 679.1 566.7 730 725 26.3 1387 24.6 19.6
scheme was used for MOLLI. T; measurements were compared #7 821.3 821 809.5 814.4 847.4 13 12.4 7 26
to gold standard T, measurements obtained from spin echo (SE) #3 939.9 880.9 840.9 955.7 961.2 59.1 99.1 15.8 213
acquisitions (inversion times from 100ms to 3000ms). #9 9838 | 966.5 954 9703 1007.7 174 29.9 13.6 239
Healthy subject experiment: 8 healthy subjects (38+19y, 4 [0 | 1110.1 | 1036.4 1003.3 11202 11194 | 737 106.7 10.1 93
males) were recruited and scanned with the same four sequences. #11 1127 1066.4 1039.1 1132.4 1152.6 60.6 88 5.6 25.5
Pre-contrast imaging was initially performed twice and was | #12 | 1133 1087.1 1064.9 11313 11632 45.9 68.1 24 30.2
followed by two post-contrast imaging at 15 and 30 minutes | #13 | 1141.2 | 1054.6 10055  1137.1 11443 | 86.5 135.6 8.8 5.5
after contrast injection of 0.1 mmol/kg of Gd-BOPTA. #14 | 14651 | 1406 1401 1409.1  1487.4 | 592 64.2 56 223

Data Analysis: Ty maps were reconstructed offline using an in- rop1e 1. Measurement and accuracy obtained in phantom studies with the four T, mapping methods.
house platform. Conditional reconstruction was used for  pyeojen accuracy was achieved using SASHA and SAPPHIRE (SAPP.) for all studies T, ranges

ShMOLLIL  Accuracy, precision and reproducibility were 510 MOLLI and SAMOLLI (ShMOL.) showed lower accuracy for large T, values (> 1000ms).
analyzed using the phantom. Accuracy was measured as the

average (over the 10 repetitions) of the absolute difference

between spin echo values and average T, within an ROL Vial SE MOLLI ShMOL. SASHA SAPP. | MOLLI ShMOL. SASHA  SAPP.
Reproducibility was computed as the standard deviation (over #1 268.1 2.1 2.1 3.1 2.8 0.5 0.7 1.1 2.6
the 10 repetitions) of the average T, within an ROI. Precision #2 3274 2.6 2.4 4.6 4.5 1 0.5 1.9 1.8
was measured as the average (over the 10 repetitions) of the T, #3 425.3 2.8 22 4.2 4.3 0.7 0.4 2.1 1.3
standard deviation within an ROL #4 569.2 2.6 2 6.1 44 1.3 0.6 1.8 1.8
In-vivo data were analyzed by a blinded observer who manually #5 594.3 3.1 23 4.6 39 0.7 0.7 1.9 1.7
delineated both septum and blood pool in all T, maps. A single #6 705.4 3.8 21 9 8.1 1.2 0.4 4.1 2.6
ECV value was then generated for each pair of pre and post | #7 821.3 3.8 19.1 6.9 6.2 1.9 9.9 1.9 2.8
contrast maps. The absolute difference of T, means between the #8 939.9 4.2 S22 9.8 7.4 1.6 23 5 2.6
two sets of pre-contrast maps and the absolute difference of ECV | #9 983.8 3.7 3.7 6.4 1.7 2.9 3.4 3.7 6.1
measurements generated from the second pre-contrast T, and | #10 | 1110.1 5.5 6.5 154 12.3 3.3 3.3 4 6.1
each of the two post-contrast T; data were examined. #11 1127 4.8 6.7 14.7 8.8 3.1 32 4.2 39
Results #12 | 1133 5 6.7 12.5 8.5 2.8 4 2.6 42
. . . #13 1141.2 8 15.3 12.3 8 3.2 5.1 9.9 5.9
Tables 1 and 2 show the results obtained in phantom studies. All s | 13651 39 e A 5 i = B T

methods had similar accuracy for low T, values (<1000ms) while
SASHA and SAPPHIRE had higher accuracy than MOLLI and Table 2. Precision and reproducibility of T measurements obtained in phantom studies with the four

ShMOLLI for high T; values (>1000ms). Overall, SASHA and T, mapping methods. MOLLI and .Sh.MOLLI ( ShMOL ) provided. impro'ved precision compared to
. . SASHA and SAPPHIRE (SAPP.). Similar reproducibility was obtained with the four methods for low

SAPPHIRE were less precise and reproducible than MOLLI and T, ranges while MOLLI and ShMOLLI showed better reproducibility for higher T, ranges.

ShMOLLI SAPPHIRE had similar accuracy and reproducibility 1range: ) P § pranges.

than SASHA but higher precision for large T, values (>1000ms). | [l MOLLI [ shMOLLI [ SASHA [l SAPPHIRE |
SASHA and SAPPHIRE had lower reproducibility than MOLLI

and ShMOLLI for in-vivo pre-contrast T; mapping (Figure 1). g 1300 g 100 03§ — 003
ECV reproducibility is similar with all methods. - }I {E = 80 5 0.025
. ~ 1200 = 0.3

Conclusions - = }i w
Both SASHA and SAPPHIRE T, sequences yield consistent n < 60 3 0.25 % < 0.02
excellent accuracy, but with lower reproducibility and precision g 1100 I — w S 0.015
compare to MOLLI and ShMOLLI. Reproducibility of ECV &£ ) o 40 $ c

as s is similar with 2 ; S 1000 £ 0.2 P ®
measurements is similar with all methods. o } g 20 & 3 o 0.01
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