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Introduction

Recently, the possibility of directly imaging the uptake of hyperpolarized (HP) '*Xe gas in the
brain tissue of healthy normal subjects was demonstrated at the concentration achieved following
the inhalation of a moderate (1 L) gas dose in the lungs (1-3). Inhaled xenon crosses the alveolar-
capillary interface and is transported to the brain following the same pathway as oxygen. In this
report, we demonstrate the clinical feasibility of hyperpolarized (HP) '?Xe as an inhaled contrast

agent for imaging cerebral tissue perfusion and viability, in a subject with an established stroke.
Material and Methods

The 52 year old subject provided informed written consent. He had a stroke 2 years 3 months
before the current study and the intracranial arterial occlusion with collateralization was originally
diagnosed on catheter angiography that was performed for clinical purposes. The study was

conducted with the approval of UK Ethics committee.

1 L of '*Xe was hyperpolarized to ~35% polarization using a spin-exchange optical pumping
polarizer in less than 20 minutes (4). In vivo imaging was performed on a 1.5 T GE HDx MRI
scanner using an RF coil array and MRI methods as described in an earlier study (1). The imaging
parameters were; spoiled gradient echo pulse sequence; center frequency = 17660800 Hz (198
ppm downfield from the 129%e gas resonance); echo time (TE) = 1.7 ms; repetition time (TR) = 34
ms; flip angle (FA) = 12.5°; bandwidth (BW) = 4 kHz; field of view (FOV) =22 cm. One 50 mm
slice was acquired in an axial plane with the matrix size of 32 x 32, reconstructed to 80 x 80. Three
images were acquired during a single breath hold at 8, 16 and 24 seconds after the inhalation of

the xenon gas dose and were averaged.



For comparison with HP '*Xe images, routine 'H imaging was performed on a Philips Ingenia 3.0
T MRI scanner using a 32 channel 'H RF coil array from the same manufacturer. 'H imaging
sequences were; T2 weighted imaging (Multi-shot spin echo, TE = 80 ms, TR = 3 s, BW/Pixel =
217 Hz, slice thickness = 4 mm), pseudo-continuous Arterial Spin Labeling (Echo planar imaging,
matrix = 80 x 80, slice thickness = 7 mm, FA = 40°, TE = 15 ms, TR =4 s, labeling duration =
1650 ms, post label delay = 1525 ms) and Time of Flight vascular MR angiography (Gradient
Echo, TE = 3.5 ms, TR =23 ms, FA = 18°, BW/Pixel = 108 Hz). A map of cerebral blood flow
(CBF) was estimated using the recommended parameters (5,6). 7 contiguous ASL images from
the same anatomical location as the '*Xe brain image were summed to form an effective slice of

thickness of 49 mm, approximately the same as the HP '?*Xe brain image.
Results

The subject tolerated the xenon dose well and showed no marked change in SpO> as measured by
finger probe. The subject had had a stroke resulting from an occlusion of the left internal carotid
artery extending onto the origins of the anterior and middle cerebral arteries as shown in Figure 1.
The stroke involved the anterior watershed region of the left hemisphere as shown in Figure 2(a).
Previous X-ray catheter angiographic studies showed substantial collateralization of blood supply
to the normal appearing brain around the infarction. CBF maps (5,6) from pseudo-continuous ASL
(Figure 2(b)) indicate an increase in blood perfusion in the cortex of the left frontal and parietal
lobes and the adjacent white matter as shown in Figure 2(c). The MRI from '?’Xe dissolved in the
brain tissue is shown in Figure 2(d), which shows a much larger area of signal hypo-intensity,
when compared with the routine T> weighted imaging (Figure 2(a)), ASL (Figure 2(b)) and CBF

(Figure 2(c)).

Discussion



The MR signal of '?Xe from the brain is weighted towards the most prominent spectroscopic peak,
which is ?’Xe dissolved in the gray matter (1,2). Thus, imaging offers a method of imaging
cerebral gas-uptake from capillaries to tissue rather than microvascular perfusion alone (1). The
regions of signal hypo-intensity in the HP '?*Xe image (Figure 1(c)) indicate poor regional uptake
of xenon, possibly due to delayed hyper-perfusion, impaired capillary gas exchange and tissue

damage in the watershed region.

In contrast to xenon CT performed under steady-state breathing, where the concentration of xenon
in the brain tissue is at equilibrium and is proportional to regional CBF (7), in this study (Figure
2(c,d)) we observe a signal hypo-intensity in the '*Xe brain image that corresponds to a region of
higher CBF (calculated from ASL). The mechanism of '>’Xe image contrast is a combination of
capillary perfusion, gas-exchange, and T; relaxation and RF depolarization history of the dissolved

signal on route to the brain tissue which does not directly equate to the mechanism of ASL.

The weaker regional '*’Xe signal may be due to a combination of factors, firstly a shorter regional
mean transit time due to higher CBF may limit the diffusive transfer of xenon from the vasculature
to the tissue reducing the initial concentration observed within a 24 s breath-hold, secondly this
delayed blood supply to the infarcted region increases the residency time of HP '?°Xe in the blood
before being delivered to tissue, which reduces the magnetization due to T decay (8 s in blood (8);
15 s in grey matter (9)). Additionally, regional oxygenation may also contribute to contrast by
changing the T; of '?*Xe (8). Considering these factors, the lack of differentiation between hypo-
perfusion and hyper-perfusion can only currently be hypothesized, for example, acute stroke where
hypo-perfusion due to  thrombus is  followed by  hyper-perfusion  after
recanalization/collateralization. Nevertheless, the exact nature of these dynamic factors requires

further investigations, which is the scope of future work.



In conclusion, we have demonstrated the feasibility of performing HP '?°Xe brain MRI in a clinical
subject with an established cerebral pathology, thus introducing a technique which provides a
distinct contrast to established imaging methods for regional cerebral tissue perfusion and diffusive

gas uptake.
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Figure Legends:

Figure 1: Brain angiogram images. A frontal projection of (a) X-ray CT angiogram performed for
clinical purposes during the occurrence of stroke, 2 years 3 months before this study and (b) Time
of Flight MR angiogram performed on the same day as this study for reference. The arrow on both
images shows occlusion of the left internal carotid artery close to its bifurcation. Subject: Male

Aged 52 years with established stroke.

Figure 2: Brain MR images acquired in the same session from the subject: Male Aged 52 years
with established stroke. (a) Axial T, weighted image showing infarct in the centrum semiovale of
the left cerebral hemisphere (arrow). (b) An axial image from pseudo-continuous arterial spin
labelling (ASL) shows hyper-intensity in the cerebral cortex adjacent to infarction. (c) Map of
cerebral blood flow (CBF) estimated from ASL in (b) shows increased perfusion. A peak CBF
value of 110 ml / min / 100 g of tissue was observed as compared to the average value of 40 ml /
min / 100 g of tissue in the healthy region. (d) Hyperpolarized '*Xe brain image shows reduced
uptake in the brain tissue supplied by the left internal carotid artery. The '**Xe signal in the region
of hypo-intensity in Figure 2(d) was 60 % lower when compared to the average signal in the

healthy region.



