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OEF post processing techniques were demonstrated in a healthy population during
concious sedation (Goodwin et al 2014). Subsequent work focused on development of CBF measurement using
ASL MRI; necessary for developing a combined imaging approach to CMRO2 measurement. However, there were
several technical limitations. Initial efforts focused on ASL using 7T MRI, but it became apparent that
this approach was no longer available option with our current 7T system. Instead, collaborative work
commenced on development of 3T ASL with multi-banding and Look Locker readout. This involved 6 months in
the University of Manchester, UK. If successful, this technique would increase brain coverage allow CBF
arrival time measurement. A number of experiments were carried out to try and establish this method, in
collaboration with Philips engineers, and a number of technical challenges were discovered, which
ultimately were not resolved prior to the end of the Kakenhi period. This research is ongoing.
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Prior to commencing research on this project, a
method of Oxygen Extraction Fraction (OEF)
measurement based on susceptibility-weighted
imaging (SWI) had been developed, to
demonstrate changes in oxygen on a hemispheric
basis. Additionally, Arterial Spin Labelling
(ASL) had been developed and was an
established technique on lower magnetic field
scanners, for the measurement of blood flow, and
had also been used in conjunction with functional
MRI to measure changes in the cerebra
metabolic rate of oxygen (CMRO2).

The combination of SWI OEF maps and ASL
CBF maps had not been demonstrated as a means
for calculating CMRO2. And particularly as a
high field MRI technique, which offered potential
benefits in regard to signal to noise gains and
increased susceptibility effects.

To Combine SWI and ASL MRI to obtain OEF
and CBF measurement; the combination of which
can be used to obtain estimates of CMRO2,
which can be visualy mapped. Thereby
providing an dternative and  possibly
complimentary alternative to the gold standard
PET imaging method.

OEF mapping using SWI is based on
differences in measured phase due to differences
in susceptibility resulting from oxygenation level
in the brain (Figure 1).
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Change in magnetic susceptibility can be associated with

tissue oxygenation level, leading to variations in signal phase.

By obtaining phase and
magnitude images using SWI,
regions corresponding to altered
oxygenation can be mapped and
estimates of AOEF obtained [1].

Figure 1. Basic principle for obtaining OEF from
SWI.

The basic principle of CBF measurement using
ASL is the subtraction of images with
magnetically labeled arteria blood from those
with non-magnetically labeled arterial blood. The
resultant image represents the arterial blood only
without any static tissue. After repeating a
number of times, an average image representing
CBF can be obtained (Figure 2).
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Figure 2. Principle of CBF measurement using
ASL

Estimation of CMRO2 from these two image
protocolsis based on the relationship:
OEF = CMRO2/ CBF. Ca
where  Ca  represents  arterial  oxygen
concentration, which can be estimated during
scanning through end tidal monitoring. This is a
post processing step and is dependent on
successful acquisition of OEF and CBF maps.

Advancement in the methodology of regional
OEF vaues was developed and published,
demonstrating changes in OEF in response to
anesthesia (Figure 3).
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Figure 3. Implementation of VOI OEF
measurement protocol based on SWI images.

Using this technique, a number of brain regions
were uniquely identified as showing significant
reduction in OEF during conscious sedation with
midazolam and propofol (Figure 4).
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Figure 4. Average OEF changes of 17 separate
grey matter regions demonstrates change in OEF
a three time point; during, after 10 mins, and
after 30 mins of sedation recovery.

A key component of this project was the
development of CBF maps at with 7T ASL. The
development this protocol was limited due to
technological reasons. It was found that without
additional hardware capable of magnetically
labelling the inflowing blood, no useable CBF
maps could be obtained. As a result, a number of
experiments were carried out exploring the use of
anovel multi-banding technique with 3T MRI as
well as SWI. A number of issues were aso faced
with this technique related to the reconstruction
of images on the MRI system (Figure 5).
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Figure 5. Multi-banding ASL image — 3T

Essentially, multi-banding utilizes simultaneous
acquisition of multiple slices, which then need to
be reconstructed as separate slices. This process
was both computationally demanding and prone
to ringing artefacts, as seen in figure 3. As a
result, no useable CBF maps could be produced
at the time of completion of this research grant.
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