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Target audience. Physicists and physicians interested in robust and fast T,
relaxometry of the human brain.

Purpose. Variable flip angle (VFA) T, quantification using 3D radiofrequency (RF)
spoiled gradient echo (SPGR) imaging offers the acquisition of whole-brain T, maps
in clinically acceptable times. However, conventional VFA T, relaxometry is biased
by incomplete spoiling (i.e. residual T, dependency). A new postprocessing approach
is proposed to overcome this Tr-related bias.

Methods. The proposed method makes use of an analytical solution recently derived
for the steady-state signal of RF spoiled gradient echo sequences (1):

Skrpor = K- |- (1=E,)- D™ -sina- (1= A")
with E, :=exp(-TR/T;), D:=1-E cosa—0.5-(1-cosa)-(1+E)(A+ A+ (E, - cosa)‘A
and a proportionality factor K that incorporates the proton density, the coil sensitivity,
and T, relaxation. The parameter A is defined by a continued fraction expansion (cf.
Ref. (1)) and depends on the repetition time TR, the flip angle a, the RF phase
difference increment ¢ (the differences between the phases of consecutive RF pulses
are linearly incremented), and the relaxation times T, and T». Using a global estimate
for T> and a golden section search, T, can be quantified from the signal ratio of two RF
spoiled gradient echo images acquired at different flip angles but fixed TR and ¢. The
residual T,-related error in the T, calculation is estimated in simulations: |AT,| =
abs[(T1—T1cuc)/T1]1X100% (T: true T, relaxation time, T c,: calculated T, relaxation
time). The default measurement protocol used for 3D SPGR imaging of the human
brain at 3 T includes the parameters TR = 7.6 ms, oy = 4°, a, = 18°, and ¢ = 50°
(Siemens default @), cf. Ref (2). Correction of transmit field (B;) inhomogeneity is
obtained from an additional B; mapping scan using B1-TRAP (3).
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Results For certain values of ¢, the acquired RF spoiled steady-state signal amplitudes
deviate significantly from the case of ideal spoiling leading to high error peaks in the
VFA-based T, calculation (cf. Fig. 1). Using a global guess for T, (blue curves in Fig.
1) the sensitivity of the T, calculation to ¢ can considerably be reduced compared to
the conventional approach (black curves in Fig. 1). In particular, it is observed that the
error level of the plateaus is clearly lowered if a global T»-guess is used for both,
overestimation and underestimation of the true T, value (Figs. la and 1b,
respectively). Please note that a phase difference increment of 50° lies on a plateau and
is thus robust in the presence of hardware drifts or physiological instabilities (3).

The method proved to deliver reliable T, values for white and gray matter in good
agreement with IR reference measurements while conventional VFA T; mapping
substantially overestimated the IR T, values (cf. Fig. 2). The overestimation is
apparent in Figure 3 where the white matter T, histogram peak of conventional VFA
occurs at clearly higher T, values (around 1010 to 1040 ms, cf. Fig. 3c) compared to
IR (peak at 890 ms to 905 ms, cf. Fig. 3a). The bias from incomplete spoiling can
almost entirely be eliminated by using a global T, guess of 70 ms (Fig. 3b). This result
is confirmed by assessing T, for selected regions of interest in white and gray matter
(cf. Table 1). The new method demonstrated to be largely independent of the sequence
parameters. Additional measurements, one with a lengthened TR of 11.4 ms and one
using a phase increment of 115.4° (GE default) yielded the following T, values: (916 +
28) ms (WM,), (911 £ 35) ms (WMy), (889 £ 43) ms (WM3), (1267 £ 55) ms (GM,),
(1422 + 73) ms (GM,) and (899 % 33) ms (WM,), (902 £ 47) ms (WM,), (886 + 48)
ms (WM3), (1265 = 96) ms (GM,), (1402 £ 99) ms (GM»), respectively.

Discussion. T, quantification based on Eq. [1] allows to improve the accuracy of VFA
T, mapping in a universal way, i.e. largely independent of the protocol setting,
particularly if a good T, estimate is available as for human brain tissues. As for all
other T, quantification techniques based on RF-spoiled gradient echo imaging,
stability of the phase difference increment ¢ and a reliable B; mapping technique are
crucial to yield accurate results. In the clinical setting, VFA SPGR imaging is
frequently combined with VFA balanced steady-state free precession (bSSFP)
imaging. Quantifying T, as suggested here and combining the obtained T, with VFA
bSSFP to determine T, allows to entirely eliminate the T,-related bias in T; (and
correspondingly the T;-related bias in T,) in an iterative calculation.

Conclusion. Based on a global T, estimate, the accuracy of VFA T, relaxometry in the
human brain can substantially be improved compared to conventional approaches
which rely on the generally wrong assumption of ideal spoiling.

References. 1. Ganter C. Magn Reson Med 2006;55(1):98-107. 2. Preibisch C,

Deichmann R. Magn Reson Med 2009;61(1):125-135. 3. Ganter C et al. Magn Reson
Med 2013;70(6):1515-23.

3250.

80 80
— 60 — 60
T+ 40 o~ 40
= =
=1 <

20 I 20 |

l- il “Q‘u.‘.ll"¥‘~“.l.‘~ﬂ!.!‘.'r-,“.i
00 20 40 60 80 100 120 140 160 180

a @ [deg] @ [deg]

Figure 1: The error in VFA-based T, relaxometry plotted versus the nominal
RF phase difference increment ¢ for a fixed T; of 1000 ms but two different T,
values: 50 ms (a) and 100 ms (b). T, quantification assuming complete spoiling
(black) is compared to the new method using a global T> guess of 70 ms (blue).
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Figure 2: Representative T maps obtained at 3 T for a selected slice in the
human brain of a healthy volunteer with single-slice IR measurements for
reference (a) and 3D VFA SPGR imaging using the default protocol (b+c). VFA
T, calculation was performed using a global T estimate of 70 ms (b) and in the
conventional way assuming ideal spoiling (c). Mean T, values summarized in
Table 1 were computed across both hemispheres for regions of interest in white
matter (WM) and gray matter (GM) as defined in (a): for frontal white matter
(green, WM,), occipital white matter (yellow, WM,), corpus callosum (black,
WM3), putamen (orange, GM;), caudate nucleus head (red, GM>).
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Figure 3: Brain T, histograms of bin size 15 ms calculated for the T; maps
shown in Figure 2. The blue vertical line in (b) and (c) indicates the location of
the white matter T; histogram peak of the reference IR measurement displayed
in(a).

- IRSET, _ VFA T [ms]
Brain Tissue using assuming
[ms] T, estimate ideal spoiling
Frontal white matter (WM,) 913+£23 923+ 34 1002 £ 39
Occipital white matter (WM,) 885 +47 902 +43 1005 £ 54
Corpus callosum (WMj3) 865 £ 67 895 £43 1011 £ 60
Putamen (GM,) 1275£50 | 1309 £91 1502 £+ 108
Caudate nucleus head (GM,) 1424 £50 | 1432 +94 1632 £ 115

Table 1: Comparison of mean IR and VFA T, values obtained for the T, maps
shown in Figure 2 and the five selected regions of interest in white and gray
matter as defined in Figure 2a.



