MRI evaluation of the relationship between R,, R,*, and tissue iron in the human basal ganglia
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Introduction: The use of structural MRI to assess brain iron has particular relevance if it can detect the iron changes that occur as a consequence
of neurodegenerative disorders. At present, MRI techniques to measure tissue iron are better established for liver than for brain. One particular
challenge for brain iron analysis is validation. MRI measurement of liver iron is directly validated with tissue iron content . For human brain,
validation of the relationship between MRI parameters and iron is highly dependent on prior post-mortem analyses. The heterogeneity of the
human brain, and the structural and chemical changes associated with neurodegenerative processes, lead to multiple sources of signal variation
besides iron. It is therefore important to understand the factors affecting the measurement, and to find methods to validate the relationship
between iron and relevant MRI parameters.

Methods: Post-mortem fresh-frozen tissues were dissected to obtain blocks of substantia nigra (SN), globus pallidus (GP), putamen (Pu), and
caudate nucleus (CN) from two healthy cases. Proton relaxation rate (R,) and R,* mapping of the blocks was performed at 9.4 T at 2 °C using a
Bruker MicWB40 probe. Subsequently, the blocks were cryosectioned in the imaging plane, to enable determination of spatial iron distribution
using synchrotron X-ray fluorescence (SXRF) mapping with 60 um in-plane resolution. To explore options for clinical determination of R, and
R,*, measurement of R, by various methods was performed at 1.5 T (Optima 360, GE) and 3.0 T (HDx, GE, and Achieva, Philips), and
measurement of R,* performed at 3.0 T (Achieva, Philips), for a group of 10 healthy male volunteers aged between 20 and 70 years old.

Results: In the 9.4 T post-mortem study, a clear linear dependence of R, [Fig. /] and R,* on iron concentration was observed for the SN, GP,
Pu, and CN tissues that were analyzed, in grey and white matter regions:

R, =(0.072 x [Fe]) + 20 (Eq. 1]
R,* = (0.340 x [Fe]) + 37 (Eq. 2] 60

(Fe is in pg / g of prior frozen unfixed tissue, and R,, Ry* are in s™'.) us ]

In the clinical measurements of R, and R,* at 3.0 T and 1.5 T, the
computed R, values were significantly shorter when four single echo spin
echo measurements (with Tg = 10, 27.5, 45, and 80 ms, Tz = 2500 ms) 30 %
were used instead of multi-spin multi-echo sequences to obtain R,. The R,
maps obtained at 1.5 T and 3.0 T were used to compute the field 15
dependent R, increase (FDRI) %, and were segmented in the axial plane to
determine the average R, and FDRI values throughout regions of the basal
ganglia including SN, Pu, and GP [Fig. 2]. 0 100
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Discussion: The post-mortem data provide direct evidence that the linear
relationship between R,, R,* and iron is preserved at a field of 9.4 T, and
the result for R, is consistent with the empirically obtained field-
dependent relationship determined by Vymazal et al *. The preliminary
clinical data support prior conclusions that single echo approaches give
more consistent values than standard multi spin multi echo sequences '.
The relationship between iron and R,, R,*, shown here to hold at 9.4 T for
the iron-rich regions in the basal ganglia, has scope to be utilized in
identifying brain iron accumulation in disease, especially given the recent
observation that Parkinson’s disease, Multiple System Atrophy, and
healthy controls may be differentiated post-mortem based on patterns of
brain iron dysregulation and accumulation *.
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Figure 1: R, versus tissue iron concentration for regions in the basal
ganglia (from two healthy cases, post mortem). Values are obtained
by directly matching R, maps with iron maps obtained by SXRF.
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