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MR Imaging in Moyamoya Disease*:
Utility of Partial Flip Angle T2-weighted Spin-Echo Imaging
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— Abstract —

In order to assess the utility of partial flip angle (PFA) spin-echo (SE) imaging in moyamoya disease, the authors
compared conventional long TR axial images (SE 2500/30,80/1) with and without flow compensation (FC) and PFA
SE axial images (1200-1300/30, 80/1-2) with a flip angle of 45° in 8 patients of angiographically- proven moyamoya
disease. In all 8 patients the multiple collateral vessels were demonstrated better as signal voids on both PFA SE
and conventional images without FC, whereas they were much less conspicuous on the conventional images with
FC. This is thought to be secondary to refocusing of the signal from the collateral vessels of slow flow by FC. The
flow artifacts frequently seen on conventional images without FC were reduced on PFA SE images with 2 excita-
tions. Total imaging time, contrast characteristics, and image quality of the PFA SE were comparable with those
of conventional images. In conclusion, PFA SE imaging proved to be useful in the evaluation of moyamoya disease,
demonstrating the collateral vessels better and reducing flow- related artifacts.
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were produced.
Introduction Many investigators have suggested that partial flip
angle (PFA) double-echo SE imaging has some advan-
MR diagnosis of moyamoya disease has relied on tages over conventional long TR SE imaging, in-

observation of the signal void collateral vessels in the cluding reduction of the imaging time and

basal ganglia as well as of the narrowing or occlu- suppression of flow artifacts (7-12). In this study, we
sion of the intracranial internal carotid artery (ICA) evaluated the utility of PFA SE imaging in moyamoya
(1-8). Vascular abnormalities are not always disease to determine if it can be used as an alternative
demonstrated on routine MR images, however (1-2). to conventional long TR SE imaging.

With implementation of flow-compensation (FC)

techniques, such as gradient moment nulling for Materials and Methods

routine brain imaging, some or all of the collateral

vessels have not been detected as a signal void on Eight patients with angiographically-proven
conventional long TR spin-echo (SE) images, often moyamoya disease were studied with MR imaging.
making a correct diagnosis of moyamoya disease dif- Five male and 3 female patients were 3 to 43 years

ficult. Without FC, the collateral vessels have been old (mean, 16.3 years). MR imaging was performed

much better depicted, but significant flow artifacts on a 2.0T superconducting unit (Spectro-2C000,
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Goldstar, Seoul, Korea) with multi-slice SE sequences
in all patients. T1-weighted images were obtained in
a sagittal plane in all patients, covering the middle
two-thirds of the brain from the right sylvian fissure
through the left one. Three kinds of proton density-
and T2-weighted images using dual echoes were ob-
tained in an axial plane in all patients; the conven-
tional long TR images with using FC, followed by
those without using FC, and PFA SE images without
FC within 2 days. The imaging parameter were
500-600/30/2 (TR/TE/number of excitation) for
T1-weighted images and 2500/30. 80/1 for conven-
tional proton-density- and T2-weighted images in all
patients, while they were 1200-1300/3, 80/1-2 with
a flip angle of 45° for PFA SE images (1 excitation
in 3 and 2 excitations in the remaining 5 patients).
The other imaging parameters were the same in each
sequence of all patients. The slice thickness was 5mm
with an interslice gap of 2mm. The acquisition matrix
varied from 180X256 to 256x256. The MR images of
cach patient were comparatively evaluated side by
side in terms of ability to demonstrate vascular nar-
rowing and collateral vessels. contrast for nermal
structures vs lesions. and absence or presence of

significant flow artifacts.

a

Results

Narrowing or occlusion of the intracranial ICAs
and proximal middle cerebral arteries (MCA), noted
in all patients, were equally well visualized on all 3
kinds of axial images. although a PFA SE image with
single excitation revealed poor image quality (Fig. 1).
The multiple signal void collateral vessels were well
visualized on the conventional long TR images
without FC and on the PFA SE images. but they were
much less conspicuous on the conventional long TR
images with FC in each of the 8 patients (Fig. 2.3.4).
In 6 patients the collateral vessels were not identified
in 1 or more areas on the images with FC. Most of
the collateral vessels appeared isointense, slightly hy-
pointense or rather hyperintense relative to the brain
parenchyma on the conventional long TR images
with FC (Fig. 2.3). unlike those seen as a signal void
on the images without FC and PFA SE images.

The contrast for normal structures vs lesions such
as ischemic infarct or hemorrhage appeared almost
identical among the 3 kinds of axial images in all pa-
tients (Fig. 3).

Significant flow artifacts were demonstrated in the

Fig. 1. Axial images of 3-year-old girl with moyamoya disease. The conventional images (2500/30/1) with (a) and
without flow compensation (b). and partial flip angle spin echo (PFA SE) image (1200/30/1) with flip angle of 45°
(¢) all demonstrate narrowing of both internal carotid arteries well (arrows) compared with the basilar artery (open
arrow). although PFA SE shows poorer image quality. due to lower SNR. Imaging time of ¢ is approximately half

a and b.
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temporal lobes, basal ganglia, and/or brain stem in
7 out of 8 patinets on the images without FC, even
though they did not prevent from making correct
diagnosis of moyamoya disease, while they were not
seen on the images with FC in any patient (Fig. 4).
On the PFA SE images, significant flow artifacts

were demonstrated only in the 3 patients, in whom
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the images were obtained with single excitation (Fig.
1).

Although the signal void of vascular abnormalities
and the contrast characteristics identical to conven-
tional images were preserved with the PFA SE im-
ages, regardless of the number of excitations, there

was a considerable sacrifice of image quality with

Fig. 2. Axial MR images of a 17-year-old male with moyamoya disease. Multiple signal void collateral vessels (ar-
rows) are well visualized on the conventional image (2500/30/1) without flow compensation (FC) (b) and partial flip
angle (PFA) spin echo (SE) image (1300/30/1) with flip angle of 45° (c), but not conspicuous on the conventional
image (SE 2500/30/1) with FC (a). The image quality of PFA SE image is poorer than the others, because of lower
SNR secondary to small flip angle and shorter imaging time.

a b c

Fig. 3. Conventional images (2500/30/1) with (a) and without using flow compensation (FC) (b) and partial flip angle
(PFA) SE images (1300/30/2) (c) of a 35-year-old woman with moyamoya disease. Multiple collateral vessels in the
basal ganglia (arrows in b, c) are well seen as signal void on the conventional images without using FC and PFA
SE images, whereas they are less conspicuous and appear isointense or hyperintense (open arrows in a) on the con-
ventional images with using FC, secondary to refocussing of the signals from slow flow. Note multiple ischemic in-
farcts of high intensity in the left basal ganglia and right occipital lobe (arrowheads) demonstrating almost identical
- contrast on all images of three kinds. The image quality of PFA SE image with two excitations is nearly comparable
with the conventional images.
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Fig. 4. T2-weighted axial images of a 15-year-old male with moyamoya disease. The conventional images (2500/80/1)
v.vith flow compensation (FC) (a) and partial flip angle spin echo images (1300/80/2) with 45° flip angle (c) reveal
little flow artifacts, whereas the conventional image (2500/80/1) without FC (b) shows significant flow artifacts

in temporal lobes and basal ganglia.

PFA SE imaging with single excitation due to low-
signal-to-noise ratio (SNR) (Fig. 1,2). However, the im-
age quality of the PFA SE images with 2 excitations,
which represents an imaging time almost identical
to conventional long TR imaging, was comparable
with that of conventional images, even though the
PFA SE images appeared slightly coarser (Fig. 3.4).

On the T1-weighted sagittal images, narrowing or
occlusion of the ICA and MCA could hardly be iden-
tified in all the patients. Signal void collateral vessels
were demonstrated in the basal ganglia, around the
and around ambient or

lateral ventricle,

quadrigeminal cisterns in only 5 patients.

Discussion

Moyamoya disease is a rare cerebrovascular dis-
ease of unknown etiology consisting of a progressive
nar rowing or occlusion of the supraclinoid portion of
the ICA and proximal portions of the anterior cerebral
artery and MCA in association with extensive paren-
chymal, transdural, and leptomeningeal collateral
vessels, most often reported from Japan (13, 14).
Because of its ability to demonstrate arterial blood
flow as a signal void, MR imaging is capable of detec-
ting abnormal vascularities, including narrowing of
the ICA and MCA, and collateral vessels that are sug-

gestive of moyamoya disease (1, 2).

Currently, FC software has been almost routine-
ly implemented in cranial MR imaging for reducing
flow artifacts. However, imaging with FC has some
draw backs, including suppression of the signal void
from slowly flowing blood such as cortical veins or
from CSF passing through an aqueduct (15, 16). On
the angiography of the present cases, many of the col-
lateral vessels proved to have a slow flow, persisting
up to the venous phase. Isointensity or hyperinten-
sity of the collateral vessels seen on the images with
FC in the present study is considered to be mainly
due to the signals refocused by FC. Increased intrav-
ascular signals can also be secondary to flow-related
enhancement, diastolic pseudogating, and even-echo
rephasing (5,15,16). But these are not believed to con-
tribute to the increased signals of the collateral
vessels on the images with FC, because both the first
and asymmetric second echo images without FC well
demonstrated the collateral vessels as a signal void
in the same patients. The present study indicated that
axial conventional long TR images without FC and
PFA SE images are better than conventional long TR
images with FC and sagittal T1-weighted images in
demonstrating vascular abnormalities.

PFA double-echo SE imaging with shorter TR and

a smaller flip angle has been reported to permit im-
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age contrast characteristics identical to those obtain-
ed with conventional SE imaging with long TR, as
well as reduction in imaging time and suppression
of flow artifacts at the expense of SNR (7-12). In the
PFA SE imaging of the present study, we used a TR
of 1200 to 1300 msec and a flip angle of 45° for reduc-
ing SNR sacrifice and obtaining enough slice
numbers for axial scanning in one acquisition. The
PFA SE images with single excitation obtained in 3
patients permitted a shorter imaging time (approx-
imately one-half of the conventional imaging) and
good demonstration of signal void collaterals but
revealed poor image quality due to low SNR, as we
expected. PFA SE imaging with 2 excitation
numbers, however, which represnets almost the
same imaging time as that of convention imaging,
demonstrated an image quality comparable with con-
ventional images. The advantage of PFA SE imaging
in the present study was that it was nearly identical
FC in

demonstrating the collateral vessels and the contrast

to conventional imaging without
characteristics, and if the 2-excitation is used, it is
comparable to conventional imaging with FC in im-
age quality and in reducing the flow artifacts,
although PFA SE images appeared slightly coarser
than conventional images.

The exact mechanism of suppression of the flow
artifacts in PFA SE imaging remains uncertain. Both
relatively short TR (compared with conventional long
TR imaging) and 2 excitations seem to contribute
mainly to the suppression of flow artifacts in PFA SE
imaging. The flow artifacts regarded as ‘‘noise’’ can
be suppressed with an increase of the excitation
number since SNR increases by the square root of the
excitation number (12). Our results suggest that
double-echo PFA SE imaging without flow-
compensating gradients may be useful as either a
primary or an auxiliary technique in patients
suspected of moyamoya disease.

T1-weighted sagittal images. of course. can
demonstrate the collateral vessels, but they have a
limitation in convering the whole brain and in
demonstrating ICA and MCA abnormalities, as in the
present series. An axial or coronal T1-weighted se-

quence may better visualize ICA and MCA abnor-
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malities and the collateral vessels with thin-slice
thickness, but the whole brain is not included in the
l-acquisition imaging. T1-weighted images (axial,
sagittal or coronal images) are necessary mainly for
the evaluation of possible hemorrhage of the subacute
stage.

In summary, the collateral vessels were much less
conspicuous with conventional long TR images with
FC, while the flow artifacts were frequently seen with
those without FC. PFA SE imaging (1200-1300/30,
80/2/45°) proved to demonstrate the collateral
vessels well and to reduce the flow artifacts, which
suggests that PFA SE imaging can be used as an
alternative to conventional long TR imaging in pa-

tients suspected of having moyamoya disease.
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