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Abstract

The diagnostic accuracy of three-dimensional constructive interference in steady state (CISS) magnetic
resonance (MR) imaging was evaluated for the assessment of idiopathic moyamoya disease. Six con-
secutive patients underwent MR angiography, CISS imaging, and digital subtraction angiography. MR
angiography and CISS imaging visualization of the steno-occlusive changes in the distal internal
carotid arteries and the development of moyamoya vessels in the basal cistern were compared to the
results obtained by digital subtraction angiography. MR angiography revealed the steno-occlusive
changes correctly in nine and overestimated the changes in three of 12 hemispheres examined. CISS im-
aging showed the steno-occlusive changes defined as decreased caliber of the internal carotid artery cor-
rectly in two, underestimated the changes in nine, and overestimated the changes in one of the 12
hemispheres. MR angiography detected moyamoya vessels correctly in five and underestimated the ves-
sels in seven of the 12 hemispheres. CISS imaging revealed the moyamoya vessels correctly in 10,
underestimated the vessels in one, and overestimated the vessels in one of the 12 hemispheres. CISS im-
aging can supplement MR angiography in the non-invasive diagnosis of moyamoya disease, especially
for the evaluation of moyamoya vessels.
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Introduction

Moyamoya disease is characterized by progressive
steno-occlusive changes within the terminal por-
tions of bilateral internal carotid arteries and by the
development of so-called `moyamoya' vessels at the
base of the brain.11,15) The clinical manifestation of
moyamoya disease is typically brain ischemia in
children and brain hemorrhage in adults.

The diagnosis of moyamoya disease is based upon
the clinical manifestation and angiographic find-
ings. Repeated angiographic studies are frequently
required to evaluate the chronological progression
of both steno-occlusive changes in the cerebral arte-
ries and the collateral blood flow. Conventional or
digital subtraction angiography is invasive and not
without risk, so should be avoided if other diagnos-
tic methods are available, especially in pediatric
patients. Magnetic resonance (MR) imaging has de-
veloped an increased importance in the diagnosis of
moyamoya disease due to its inherent non-invasive-

ness.1,5–7,9,12–14,16–18) Although MR angiography is
useful in the diagnosis of moyamoya disease, this
technology may overestimate the steno-occlusive
changes in the internal carotid arteries and
underestimate the development of moyamoya
vessels.9,13,16–18)

Three-dimensional constructive interference in
steady state (CISS) MR imaging, a steady-state free
precession sequence, provides high spatial resolu-
tion of the brain structure and high contrast between
the cerebrospinal fluid and extramedullary struc-
tures.2,3,8) The high spatial resolution of CISS images
may provide supplementary information to that ob-
tained with MR angiography concerning the steno-
occlusive changes in the cerebral arteries and
moyamoya vessels. This study evaluated the useful-
ness of CISS images for the diagnosis of moyamoya
disease.

Materials and Methods

Six consecutive patients (3 females and 3 males)
aged 8 to 67 years old (mean 28.3 years) underwent
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Table 1 Correlation between digital subtraction angiographical (DSA) and magnetic resonance (MR) an-
giographical evaluations of the terminal portions of the internal carotid arteries (ICAs)

ICA on
MR angiography

ICA on DSA

No stenosis Mild stenosis Marked stenosis Occlusion

No stenosis 0 0 0 0
Mild stenosis 0 0 0 0
Marked stenosis 0 2 3 0
Occlusion 0 1 0 6
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both digital subtraction angiography and MR
imaging examination. All patients had definite
moyamoya disease based on the clinical presenta-
tion and angiographic findings. The initial clinical
presentation was during childhood in four patients
and as adults in two patients. The initial clinical
symptom was ischemia in all six patients. Four
patients were preoperative or had not received sur-
gery, and two patients were postoperative.

The MR system was a 1.0-Tesla superconductive
system (Harmony; Siemens, Erlangen, Germany).
MR imaging parameters for MR angiography were
0.90 mm thickness, repetition time (TR) 39 msec,
echo time (TE) 10 msec, flip angle 259, voxel size
0.78× 0.39× 0.90 mm, and one excitation. MR im-
aging parameters for three-dimensional CISS images
were 0.86 mm thickness, TR 17 msec, TE 8.1 msec,
flip angle 709, voxel size 0.70× 0.70× 0.86 mm,
and one excitation. The gray scale of the CISS im-
ages was reversed to better visualize the fine struc-
tures in the cisterns.

MR angiography and CISS images, as well as digi-
tal subtraction angiography, were performed on all
six patients within a week. Maximum intensity
projection images were used to evaluate MR angio-
grams in all six patients, and the source images were
used in five patients. Steno-occlusive change of the
vessels on CISS images was defined as decreased
caliber of the vessels.

Visualization of both steno-occlusive changes
within the terminal portions of the intracranial in-
ternal carotid arteries and the moyamoya vessels in
the basal cisterns were evaluated in 12 cerebral
hemispheres based on the consenting view of two
observers (M.K. and M.N.). Digital subtraction an-
giography (1024× 1024 matrices) was used as a gold
standard for the other imaging modalities.

The following scoring system was applied for
visualization of the terminal portion of the internal
carotid arteries on MR angiograms and CISS im-
ages: 0＝ no stenosis or normal caliber of the vessel,
1＝ moderate stenosis or moderate decrease of the
vessel caliber (º70%), 2＝ marked stenosis or

marked decrease of the vessel caliber (À70%), and
3＝ occlusion or non-visualization of the vessel. The
scoring system for visualization of moyamoya
vessels was as follows: 0＝ no visualization, 1＝
minimal visualization, 2＝ moderate visualization,
and 3＝ marked visualization.

Results

MR angiography revealed steno-occlusive changes
in the terminal portion of the internal carotid arte-
ries correctly in nine and overestimated the changes
in three of the 12 hemispheres examined (Table 1,
Figs. 1C and 2C). The CISS images showed the
steno-occlusive changes correctly in two, underesti-
mated in nine, and overestimated the changes in one
of the 12 hemispheres (Table 2, Figs. 1D, 1E, and
2D–F). The CISS images disclosed angiographically
occluded internal carotid arteries in six hemispheres
as distinct structures in the basal cisterns, leading to
underestimation of occlusion of the internal carotid
arteries.

MR angiography detected moyamoya vessels in
the basal cisterns correctly in five and underesti-
mated in seven of the 12 hemispheres (Table 3,
Figs. 1C and 2C). The CISS images displayed the
moyamoya vessels correctly in 10, underestimated
the vessels in one, and overestimated the vessels in
one of the 12 hemispheres (Table 4, Figs. 1D, 1E,
and 2D–F).

Discussion

MR imaging may show moyamoya disease as any of
the following: a) infarction, hemorrhage, brain
atrophy, and ventricular dilation; b) absence of flow
void in the distal internal carotid artery and/or in the
proximal portion of the anterior and/or middle
cerebral arteries; and c) a fine flow void in the dilat-
ed perforating arteries in the base of the brain
(moyamoya vessels).1,5–7,9,14) In addition to these clas-
sic features, leptomeningeal contrast enhancement
in the cerebral cortices may be observed.10,12)



13

"

Fig. 1 A 30-year-old man who underwent bilateral
bypass surgery approximately 20 years ago after
suffering repeated transient ischemic attacks.
A: Right internal carotid angiogram (frontal
view) demonstrating mild stenosis of the distal
internal carotid artery and occlusion of the
middle cerebral artery. Moyamoya vessels are
moderately apparent. B: Left internal carotid
angiogram (frontal view) showing occlusion of
the distal internal carotid artery and moderate
moyamoya vessels. C: Magnetic resonance
(MR) angiogram revealing severe stenosis of the
right internal carotid artery and occlusion of the
left internal carotid artery. Moyamoya vessels
are minimally apparent bilaterally. D, E: Con-
structive interference in steady state MR images
demonstrating moderate stenosis (decrease of
the vessel caliber) of the right internal carotid
artery and severe stenosis of the left internal
carotid artery (arrow). Moyamoya vessels are
moderately apparent bilaterally (arrowheads).
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MR angiography can demonstrate the steno-
occlusive changes in the distal internal carotid arte-
ries and/or proximal anterior and/or middle cerebral
arteries, and moyamoya vessels at the base of
the brain.9,13,16,18) However, MR angiography may
overestimate the steno-occlusive changes in the dis-
tal internal carotid arteries due to phase dispersion
in the turbulent flow, and underestimate moyamoya
vessels due to low spatial resolution.9,13,16–18) Un-

derestimation of moyamoya vessels particularly oc-
curs in adults because moyamoya vessels in adults
are less apparent than in children.9,18)

MR angiography correctly detects the steno-
occlusive changes in the internal carotid arteries in
73–87.5% and overestimates these changes in
12.5–27% of hemispheres.9,13,16–18) In addition, MR
angiography demonstrates moyamoya vessels cor-
rectly in 65–76.9%, underestimates these vessels in
8.3–31%, and fails to detect them in 15.1–16.7%
of hemispheres.13,16–18) MR angiography showed
moyamoya vessels correctly in 92.3% of pediatric
cases. However, moyamoya vessels were only
shown correctly in 69.0%, and were not detected in
31.0% of hemispheres in adult cases.9)

CISS imaging is useful in the diagnosis of cerebel-
lopontine angle pathologies because of the high spa-
tial resolution, high contrast between soft tissue and
cerebrospinal fluid, and fewer motion artifacts
resulting from cerebrospinal fluid motion.2,3,8) CISS
images underestimated the steno-occlusive changes
defined as decreased caliber in the distal internal
carotid arteries in 75% of the hemispheres in our
series. This high rate of underestimation by CISS im-
aging may be due to the method of visualization of
the vascular structure. CISS imaging detected
moyamoya vessels more correctly than MR an-
giography (83.3% vs. 41.7%) in our series due to its
high sensitivity to the small vessels in the cisterns.
Although CISS imaging does not demonstrate the ac-
tual blood flow, we believe that there is sufficient
blood flow in the moyamoya vessels for CISS imag-
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Fig. 2 A 67-year-old woman who developed cerebral
infarction in the left frontal lobe 8 years ago.
She did not undergo bypass surgery. At the most
recent admission, she had developed hemor-
rhagic infarction in the right basal ganglia. A,
B: Right (A) and left (B) internal carotid angio-
grams (frontal views) revealing occlusion of
bilateral internal carotid arteries. Moyamoya
vessels are moderately apparent bilaterally. C:
Magnetic resonance (MR) angiogram demon-
strating occlusion of the bilateral internal
carotid arteries. Moyamoya vessels are moder-
ately apparent on the right side, but only
minimally apparent on the left. D–F: Construc-
tive interference in steady state MR images
demonstrating moderate stenoses (decrease of
the vessel caliber) of the bilateral internal
carotid arteries (arrows) and anterior and mid-
dle cerebral arteries (double arrow). Moyamoya
vessels are moderately apparent bilaterally
(arrowheads).
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ing to detect distinct structures. If the blood flow in
moyamoya vessels is reduced, CISS imaging may
fail to depict them because the moyamoya vessels
are compromised, as seen by digital subtraction an-
giography.

The noninvasive diagnosis of moyamoya disease
is impossible if MR angiography fails to demonstrate
moyamoya vessels, which occurs in approximately
15% of patients. Since most errors in diagnosis us-
ing MR angiography result from the underestima-
tion of moyamoya vessels,17) we believe that CISS
imaging may become important in the delineation of
moyamoya vessels. CISS imaging can detect
moyamoya vessels in the cisterns, but not intra-
parenchymal moyamoya vessels. Intraparenchymal
moyamoya vessels are usually observed in patients
with well-developed moyamoya vessels, especially
in pediatric moyamoya disease patients. Thus, CISS
imaging is most useful for detecting moderately de-
veloped moyamoya vessels in the cisterns, especially
in adults.

High-field (3.0 Tesla) T2-weighted MR imaging can
visualize the detailed anatomy of the brain, especial-
ly of the extraaxial structures, due to its high signal-
to-noise ratio and heavy T2 contrast. MR imaging
clearly reveals moyamoya vessels in the basal
cistern.4) However, high-field MR imaging technolo-
gy is considered investigative equipment and is not
cost-effective at present. The spatial resolution of
the CISS images was less than 0.9 mm in any or-
thogonal plane in the present series, which is one of
the highest spatial resolutions obtained using com-
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Table 2 Correlation between digital subtraction angiographical (DSA) and constructive interference in steady
state (CISS) imaging evaluations of the terminal portions of the internal carotid arteries (ICAs)

ICA on CISS images
ICA on DSA

No stenosis Mild stenosis Marked stenosis Occlusion

Normal caliber 0 0 0 0
Mild decrease of vessel caliber 0 2 3 0
Marked decrease of vessel caliber 0 1 0 6
Non-visualization of the vessel 0 0 0 0

Table 3 Correlation between digital subtraction angiographical (DSA) and magnetic resonance (MR) an-
giographical evaluations of moyamoya vessels

Moyamoya vessels
on MR angiography

Moyamoya vessels on DSA

Not visualized Minimally visualized Moderately visualized Markedly visualized

Not visualized 0 0 0 0
Minimally visualized 0 1 5 1
Moderately visualized 0 0 4 1
Markedly visualized 0 0 0 0

Table 4 Correlation between digital subtraction angiographical (DSA) and constructive interference in steady
state (CISS) imaging evaluations of moyamoya vessels

Moyamoya vessels
on CISS images

Moyamoya vessels on DSA

Not visualized Minimally visualized Moderately visualized Markedly visualized

Not visualized 0 0 0 0
Minimally visualized 0 1 0 0
Moderately visualized 0 0 8 1
Markedly visualized 0 0 1 1
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mercially available MR systems at 1.0 or 1.5 Tesla.
The present study indicates that CISS imaging

may have a supplementary role to MR angiography
in the diagnosis of moyamoya disease, especially for
the assessment of moyamoya vessels in the basal
cistern.
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Commentary on this paper appears on the next page.
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Commentary

The authors showed that moyamoya vessels are nice-
ly visualized by CISS in patients with moyamoya dis-
ease. Although moyamoya vessels can be detected
more frequently by CISS than by MRA, the detection
is limited within the basal cisterns and the whole im-
age of the moyamoya vessels cannot be obtained by
CISS. They also showed that MRA is more sensitive
for the detection of steno-occlusive changes than
CISS. Moyamoya disease is identified by the findings
of both steno-occlusive changes of the terminal por-
tion of the internal carotid artery and development of
moyamoya vessels. Thus, at present, we do not think
that this diagnostic imaging method can supplement
the conventional diagnostic procedures for
moyamoya disease, including MRA and MRI of the
brain. We hope that the authors will investigate this
interesting imaging technique for clinically more
valuable applications.

Ken-ichiro KIKUTA, M.D.
and Nobuo HASHIMOTO, M.D.
Department of Neurosurgery

Kyoto University School of Medicine
Kyoto, Japan

The authors evaluated the value of CISS imaging for
the diagnosis of moyamoya disease in 12 hemispheres
of 6 patients. They compared CISS imaging with 3D-
TOF MRA for the visualization of the steno-occlusive
changes in the distal carotid artery and the develop-
ment of moyamoya vessels in the basal cistern. The
results indicated that MRA is superior to CISS imag-
ing for the demonstration of the steno-occlusive

changes, but CISS imaging may have a supplementa-
ry role to MRA in the diagnosis of moyamoya disease,
especially for the assessment of moyamoya vessels.
These two methods are completely different for the
visualization of the vessels, because 3D-TOF MRA
demonstrates the flowing blood itself within the ves-
sels by the inflow effect, whereas CISS imaging
demonstrates the shape of the outside wall of the ves-
sels. So I agree with the conclusion of this paper, but it
seems to be a natural result.

Tadayuki MAEHARA, M.D.
Department of Radiology

Juntendo University School of Medicine
Tokyo, Japan

In this article, authors stressed the usefulness of CISS
(constructive interference in steady state) imaging for
the diagnosis of moyamoya disease without invasion.
MRA often overestimates intracranial steno-occlusive
lesions because the MRA image is constructed from
flow information. In contrast, CISS image is essential-
ly morphological, resulting in higher spatial resolu-
tion. However, the CISS image shows occluded ves-
sels if the vessels still have some outer caliber. We can
evaluate intracranial steno-occlusive lesions in detail
by the combination of usual MRA and CISS images.
Wall thickness can also be estimated. These methods
may be valuable, especially for the follow-up study of
moyamoya disease.

Izumi NAGATA, M.D.
Department of Cerebrovascular Surgery

National Cardiovascular Center
Suita, Osaka, Japan


