IR TrueFI SP: Analytical expressionsfor calculation of T4, T, and spin density and investigation of off resonance influences
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Introduction The signal recovery during continuous TrueFISP imaging after spin inversion and initial o/2-preparation depends on both T, and T, [1]. In
this work, a complete set of analytical solutions is provided for the direct calculation of Ty, T, and spin density from the signal recovery curve which is
described by a three parameter monoexponential function. Furthermore, the influence of off resonance frequency effects is analyzed with numerical
simulations and the feasibility of the technique for fast acquisition of parameter maps of the human brain is demonstrated.

Theory The signal time course of an IR TrueFISP experiment may be Here, the inversion factor INV indicates the ratio between S, and the
described in good approximation by monoexponential behavior. For steady state signal Sqi. Using egs.2 and 3, INV can be expressed as
magnetization at or close to on-resonance which evolves along the o/2- — So _ sin(a/2) re Ty (L _ eg5
cone, the recovery curve is determined by an apparent relaxation time INV =1+ Ssist 1+ sino [(T + 1) (Tz 1) cos Oc] (ead)
(derived from [2] for TR<<T,,T,) Thus, INV only depends on the flip angle and on the ratio T./T,,
T =(Lcos?e +-Lsin?e)?t., eql approachl_ng INV=2 fc_)r the limit of a small flip angle. Together W|th_Eq.2,
1 (Tl 2T 2) (eql) the following expressions are obtained so that T; and T, can be directly
where o denotes the flip angle. After spin inversion and subsequent calculated from measured fit parameters T,* and INV:
o/2-preparation, the |n|t|SaI T_rul\e/lFliﬁqs‘lgnal value corresponds to 2 T1 — T;[COSZ % + (A ANV + B) sin? %] (e6)
o~ "o 2 — T'Tein? & . -1 2 g eq?
with the spin density Mo. The signal evolves towards a steady state T, =Ti[sin” 3+ (A-INV + B) " cos™ 5] (ea?)
signal Sgt Wwhich may be written (for TR<<Ty,T;) as with A = 2cos % (1-cos (x)—l (eq8)
_ Mg sina
St = FTTE D Sos (T (ea3)  and B =(1+2cos% +cosa)(coso—1) ™. (eq9)
Consequently, three parameters are needed for a complete description When relaxation effects between the inversion pulse and the imaging
of a corresponding exponential IR time course from Sg to Sgt, €.9. USing sequence is neglected, the relative spin density My, may be estimated
the fit function: directly from:
— TR i1
S(NTR) = S, [L - INV exp(- 2] (eq4) M, = S (INV —2)sin™ ¢ . (eq10)

Methods The accuracy of the approximate description given above as well as potential errors induced by off resonance at various flip angles were
analyzed by comparison to numerical simulations on the basis of the Bloch equations. The technique was employed in a volunteer brain study on a 1.5T
whole body scanner (Vision, Siemens Medical Solutions). A segmented IR TrueFISP imaging sequence was used (TR=6.46ms, 38 images, 21 phase
encoding steps (i.e. 136ms) per segment, 8mm slice, FOV 256mm, matrix 252x256). Thus, the recovery curve was sampled for more than 5s with a train
of 38 image segments. A sinc-shaped RF pulse was used, which had been optimized for a rectangular flip angle profile. With a delay of 5s before the
next inversion, the total scan time was 2:05min. T, T, and My maps were obtained by pixelwise fitting measured IR time courses to eq4 and direct
calculation according to eqs6-9.

Results The given analytical descriptions correspond to the results of the Bloch simulation very closely. In the in-vivo studies, reproducible results were
obtained. In Figl, representative parameter maps of a human brain are shown, acquired at a flip angle of 50°. For better visualization, the T, and T, map
color scales were truncated at 3500ms and 250ms, while the My map was normalized to 1 for the maximum value (in CSF). The parameter values
obtained in different compartments are given in table 1. The spin density of CSF is underestimated because of partial volume effects and incomplete
recovery during the 5s waiting delay. The values obtained for the other parameters are in close agreement with the literature [3-6]. In Fig2, expected
errors introduced by off resonance are plotted against the off resonance angle. For example at an off resonance angle of n/3, which corresponds to a
frequency offset of 26Hz for TR=6.46ms at 1.5T, the measured T, is about 5% too large while T, is underestimated by 20%.

T,/ ms T,/ ms Mo/ a.u.
White matter 719 + 33 736 0.81+0.03
Gray matter 1165 + 88.. 92 + 11 0.98 +0.07
CSF 3337111 2562123 1.00+0.07
Muscle 963+ 78 6012 0.79x0.05

Tablel: Measured parameter values

0 0 Discussion: It is possible to calculate T;, T, and My
parameter maps directly from the signal obtained via a
single IR TrueFISP measurement. Thus, it is also possible
to derive multiple synthetic images mimicking different
weighted contrasts of certain sequences, e.g. Ti- or T,-
weighted spin echo or FLAIR sequences. These computed
images originate from the same experiment and thus are
perfectly aligned. The accuracy of the technique is
diminsihed in the presence of off resonance frequencies, as
seen in Fig2. This may be a limitation for in-vivo applications
- S romon oo angl W resorsson angie ™2 23 in regions with poor B, homogeneity. However, in our
Fig2: Errors caused by off resonances at different flip angles experience, this has proved not to be a problem in our
studies on the human brain.
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Figl: Parameter maps of a volunteer brain
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