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Introduction: SMART Map (Saturation Method using Adaptive Recovery Times for cardiac T1 Mapping) is a new single-point T1 mapping
technique [1]. Unlike Look-Locker (LL) approaches, such as MOLLI [2], which yield an “apparent” T1 (or T1%*), SMART;Map directly measures
true T1. Because T1* is a function of imaging parameters, it is always shorter than T1, and correction methods are required to estimate the true T1.
This work compared the T1 accuracy of SMART;Map and MOLLI against IR spin-echo in phantom experiments under several imaging conditions.

Methods: Analogous to gold-standard spin-echo
methods for T1 measurement, SMARTMap uses a A

series of single-point saturation-recovery experiments, V o7s> Tgr, Wait pulses (W) are played out during portions of the cardiac
each consisting of a saturation pulse, a recovery time TS - %i'e:t::;sgza"to;Sg{igi"{pg;gigaﬁ’&t\t‘:ri‘;ﬂ;e)’sfguf iguer delay.
during which free T1 relaxation occurs, and a balanced TnsserA
SSFP readout (Fig. 1). Short TSs (< RR interval) are 7
acquired within a single heartbeat and are automatically b
and evenly distributed between the shortest user-selected TS and trigger delay (Fig. 1a). Longer TSs (up to 4xRR), which have not been accurately
quantified until now, are performed across multiple heartbeats using a novel adaptive recovery time method (Fig. 1b). Although MOLLI assumes a
constant heart rate for TIs that span several heartbeats, these long recovery times are in fact heart-rate-dependent. In order to accurately quantify long
TSs, SMART Map adapts the recovery time to changing heart rates by measuring all heartbeats in real time. For example, consider TS=2xRR with a
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Figure 1. SMART;Map pulse sequence. a. Imaging with TS < Tgg is
performed within one heartbeat. b. Imaging with TS > Ty is performed
across multiple heartbeats; thus, TS is heart-rate dependent. When
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nominal heart rate of 60 bpm. If the heart rate increases to 70 bpm on the second heartbeat,
SMART Map would correctly report TS=1857 ms rather than the nominal 2000 ms. This
feature makes SMART;Map insensitive to intra-scan heart rate variations. A phantom
composed of a range of Tls and T1/T2 ratios was scanned with single-shot MOLLI and
SMART Map (52 ky lines) on a GE MR450w scanner. Eight TIs were acquired in 14
heartbeats for MOLLI (2, 2, and 4 heartbeats per LL block), and 5 TSs in only 9 heartbeats
were acquired for SMART Map (1, 1, 1, 2, and 4 heartbeats after saturation). Recovery
times (TI, TS) ranged from 100 to 4000 ms. Data was fit to the equation A — B exp(-t/t) to
find the time constant T for MOLLI (T = T1*) and SMART;Map (t = T1). T1 was estimated
for MOLLI using the LL correction T1 = (B/A-1)T1* [2, 3]. Scans were repeated at
simulated heart rates of 60, 75, and 100 bpm and with different readout window durations
(Taeq) (205, 235, and 368 ms). T, was changed by adjusting the frequency-encoding
resolution (and thereby TR).

Results: Average T1 errors over all measurements were 0.9+3.4% for SMART;Map and
-4.8+13.3% for MOLLI (Fig. 2). Comparisons of SMART;Map with MOLLI for variations
in heart rate and T, are shown in Figure 3. In general, T1 was underestimated using
MOLLI, with the underestimation increasing with longer T, and higher heart rate.
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Figure 2. Percent error in measured T1 for all experiments from
SMART;Map and MOLLI compared with true T1 from IR spin-echo.
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SMART Map exhibited consistent accuracy, showing no dependence on T1, T, or heart rate.

Discussions: SMART;Map yielded more accurate T1 measurements than MOLLI under all conditions. As expected, T1* measured with MOLLI
underestimated true T1, while the corrected T1 yielded improved results at some T1s but not at others. The pattern of the MOLLI error as a function
of T1 in Figure 1 is similar to the results presented in [2], and the overall error of around -5% for clinical T1s is consistent with the general findings
in previous MOLLI studies [2,4,5]. The higher errors for MOLLI at lower T1s could be problematic for post-contrast-enhanced imaging, where T1s
are expected to be less than 500 ms. MOLLI also showed sensitivity to changes in heart rate and T,.,. These effects are all likely due to the LL

correction, the applicability of which has yet to be validated. In
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contrast, SMART;Map demonstrated consistently accurate 1400/ -?:LZT;;;:?IR Spin-Echo 14001 2;;?:,"09 via IR Spin-Echo
results that were independent of T1, heart rate, and T,.q. In an X Tacq=235ms 8 X 75bpm

in vivo companion to this study, four volunteers were scanned 1200 —1_Tacg=20oms 4 8 1200 100bpm !
using MOLLI and SMART Map, with average (N=12) S _ 8 x
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Conclusions: SMART Map offers several distinct advantages 400~ 400 H

over MOLLI: 1) As a saturation method, it is more efficient

than inversion recovery. 2) As a single-point acquisition, it is 200r 2 b
insensitive to imaging parameters and directly measures true T1 o ‘ ‘ a . L .
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times via cardiac cycle timing ensures the accuracy of long
recovery times, a point which has previously been overlooked
in cardiac imaging. As a result, SMART Map should be highly
robust to variable imaging conditions.
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Figure 3. T1 accuracy for SMART,;Map, uncorrected MOLLI, and corrected MOLLI as a function of
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