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Intracranial Vascular
Abnormalities: Value of MR Phase
Imaging to Distinguish Thrombus from
Flowing Blood

The interpretation of conventional spin-echo and gradient-echo MR images of intra-
cranial vascular lesions can be complex and ambiguous owing to variable effects on
image intensity caused by flowing blood or thrombus. MR phase images, obtained
simultaneously with conventional-magnitude images, are useful for evaluating proton
motion (i.e., blood flow), and therefore can simplify the diagnosis of the presence or
absence of thrombosis within a vascular structure or lesion. Fourteen patients with a
variety of intracranial vascular abnormalities (aneurysms, superior sagittal sinus throm-
bosis, neoplasms adjacent to venous sinuses, and vascular malformations) were eval-
uated with conventional MR and phase imaging for the presence of blood flow. The
phase images correlated with angiography in all cases. Phase imaging was not neces-
sarily better than conventional spin-echo imaging in all cases, but it simplified the
evaluation of thrombus vs blood flow in many. In three of five aneurysms, the phase
images were diagnostic for evaluating lumen patency whereas the conventional images
were ambiguous. Phase imaging was advantageous for detecting tumor invasion of the
venous sinus when venous blood was enhanced by gadopentetate dimeglumine. A
laminar flow phantom experiment determined the lower limits of sensitivity of phase
imaging to be 0.5 cm/sec in the slice-select and 2.5 cm/sec in the read gradient
directions.

Phase imaging is a simple, reliable technique that can distinguish thrombosis from
flowing blood within intracranial lesions. It is easily performed and adds no additional
time to the MR examination.

AJNR11:1133-1140, November/December 1990; AJR 156: February 1991

The MR imaging evaluation of vascular abnormalities of the brain is a potentially
complex subject because of separate phenomena that may occur simultaneously:
(1) the clotting of blood and (2) the alteration of regional blood velocity. Each of
these processes may individually exert profound and varied effects on MR image
intensity [1, 2]; therefore, when they occur simultaneously, ambiguous image
interpretation may result, particularly when using magnitude reconstructed images
derived from either spin-echo or gradient-echo sequences. MR phase images are
useful for revealing proton motion and are reconstructed from the same raw data
used to generate conventional-magnitude images [3]. In the context of intracranial
vascular abnormalities, phase imaging can simplify evaluation of the presence or
absence of flow. This is because phase images are insensitive to certain parameters
(e.g., relaxation times) that would normally dominate the intensity patterns on
magnitude images. Thus, relaxation time changes caused by blood clot degrada-
tion, for example, which can profoundly affect the intensity of magnitude images,
will exert little influence on spin-echo phase images. The simplicity of phase imaging
makes it an appealing method to augment the diagnosis of various cerebrovascular
abnormalities such as venous sinus thrombosis, aneurysms, or vascular malfor-
mations.
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Phase imaging has been used elsewhere in the body to
help ascertain the presence or absence of thrombus within
blood vessels [4-10]. This study was undertaken to evaiuate
its utility intracranially. Fourteen patients with various intracra-
nial vascular abnormalities were evaluated with conventional
MR imaging and phase imaging of the brain. In addition,
experiments were performed on a calibrated, constant-veloc-
ity laminar flow phantom to determine the threshold for reliable
discrimination of motion-induced phase changes under con-
ditions similar to those employed clinically.

Materials and Methods

MR examinations were performed in 14 patients on a 1.0-T super-
conducting system (Siemens Magnetom). Abnormalities in the 14
patients comprised one idiopathic superior sagittal sinus thrombosis,
five tumors adjacent to venous sinuses (three parasagittal meningio-
mas, one posterior fossa petrous meningioma, and one posterior
parafalcine metastatic prostatic adenocarcinoma), two middle cere-
bral artery aneurysms (one 1.5-cm aneurysm with a large hematoma
and one 5-cm giant aneurysm), two cavernous carotid aneurysms
(one of 1.25 cm and one of 2.5 cm with a large hematoma), one 1.3-
cm basilar tip aneurysm, two arteriovenous malformations, and one
venous angioma. Four of the five neoplasms and four of the five
aneurysms were surgically proved. The patients were 10-80 years
old.

All patients had T1-weighted scans, 700/17-20/1-2 (TR/TE/exci-
tations). Various imaging planes were used; many patients were
studied in more than one plane (12 coronal, nine axial, nine sagittal).
Slice thickness varied from 3 to 7 mm with 30% gaps between slices.
In eight patients T1-weighted images were repeated with gadopen-
tetate dimeglumine (0.1 mmol/kg IV). Proton-density T2-weighted
scans (3000/45, 90/1) with a slice thickness of 3-5 mm were obtained
in 12 patients, nine in the axial and three in the coronal planes. The
one patient with superior sagittal sinus thrombosis had, in addition to
the spin-echo study, a single-slice, 8-mm, coronal, gradient-echo
study, 20/11/20° (TR/TE/flip angle).

The MR phase image reconstructions were derived from T1-
weighted spin-echo data from all patients. The phase examinations
were evaluated retrospectively, with all studies present, by two
neuroradiologists for the presence or absence of blood flow within
the area of interest. The results were compared with the spin-echo
and gradient-echo magnitude images as well as with angiography
and, in one case, CT.

A flow phantom was constructed in order to determine thresholds
of sensitivity for reliable discrimination of slow flow from static tissue
on MR phase maps. The flow apparatus consisted of two parallel
tubes with inner diameters of 16 and 7 mm, respectively, which were
connected in series and immersed in a static water bath. Gravity-
driven steady flow was introduced through the tubes, and the flow
rate was monitored continuously by using a calibrated in-line ultra-
sonic flowmeter (Transonic Systems Inc., Ithaca, NY). The recirculat-
ing fluid was a paramagnetically doped aqueous solution of high-
molecular-weight dextran, having a viscosity and MR relaxation pa-
rameters similar to those of blood. The flow apparatus was placed
within the same 1.0-T magnet used for the clinical studies such that
the flow directions were parallel to the magnet bore. With an imaging
sequence and associated parameters similar to those used clinically
(700/20, 4-mm slice thickness), phase images were acquired in both
transverse and parallel planes at several discrete flow rates through
the flow tubes. Peak fluid velocities were calculated from the known
flow rates and tube diameters, using the assumption of fully devel-
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oped laminar flow. Using phase reconstructed images, thresholds of
phase sensitivity were empirically chosen as the lowest velocities at
which intraluminal phase variation was unambiguously present.

The MR signal is a vector quantity consisting of magnitude and
direction (phase). Standard MR images are reconstructed by using
only the magnitude information that is calculated for each pixel as
the modulus of the real and imaginary signal components. A phase
image is created by assigning directional values rather than magnitude
values to a gray scale. This, mathematically, involves calculation of
the arc tangent of the ratio of the imaginary to real signal elements
for each pixel. Stationary protons will produce no imaginary signal
component, and therefore the resulting phase angle will be zero for
sequences having properly balanced gradients. Spins moving in the
direction of a magnetic field gradient will experience a phase shift
proportional to their velocity. In phase-reconstructed images, absent
motion is represented by intermediate gray on the images, while
moving protons are assigned shades of white or black depending on
direction and velocity of motion [3, 7].

Results

The patient with superior sagittal sinus thrombosis was
imaged 15 days after the onset of symptoms (Fig. 1). The T1-
and T2-weighted images showed high signal intensity within
the superior sagittal sinus, torcular, and left transverse sinus.
This is consistent with thrombus containing extracellular met-
hemoglobin [2]. The gradient-echo coronal images showed
increased signal intensity within the superior sagittal sinus;
therefore, these images alone could be misinterpreted as
showing flow-related enhancement,” which could lead to a
false-negative diagnosis [11]. The phase images show an
intermediate shade of gray in the same vascular structures,
which is indicative of nonflowing blood and corroborates the
spin-echo diagnosis of thrombosis. Superior sagittal sinus
thrombosis was confirmed angiographically; therefore, the
increased signal seen on the gradient-echo image must have
been from the altered relaxivity associated with extracellular
methemoglobin.

Five patients had aneurysms ranging from 1.25 to 5.0 cm.
Four aneurysms demonstrated patent lumens, although one
was partially thrombosed. One aneurysm was totally throm-
bosed. All cases were confirmed angiographically.

The patient with a basilar tip aneurysm (Fig. 2) had an
unenhanced CT scan that showed a hyperdense mass; with
contrast material, the mass enhanced, suggesting an incom-
pletely thrombosed aneurysm. A T1-weighted axial MR image
showed a hypointense mass with an isointense left lateral
aspect corresponding to the enhancing portion of the CT
scan. The phase image demonstrated no motion, which cor-
related with a totally thrombosed aneurysm on angiography.
All studies were performed within 24 hr of one another.

A 1.25-cm cavernous carotid aneurysm (Fig. 3) demon-
strated isointensity on unenhanced T1-weighted images and
homogeneously enhanced with gadopentetate dimeglumine.
On T2-weighted images the mass was peripherally hyperin-
tense with a hypointense center. These spin-echo MR char-
acteristics were not diagnostic of an aneurysm and could be
seen with a neoplastic or inflammatory lesion. Phase imaging
demonstrated a white and black appearance to the area,
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Fig. 1.—Superior sagittal sinus thrombosis.

A, Midsagittal T1-weighted image shows high-
signal-intensity thrombus within superior sagittal
sinus and torcular (arrows).

B, Corresponding phase image. Gray through-
out extent of superior sagittal sinus and torcular
(straight black arrows) indicates nonflowing
blood. Note black appearance of internal cere-
bral veins (straight white arrow), white in vein of
Galen (curved black arrow), and mixed black and
white in straight sinus (curved white arrow), in-
dicating flowing blood.

C, Coronal phase image. Gray signifies non-
flowing blood in superior sagittal sinus (black
arrow), torcular, and left transverse sinus (white
arrows).

D, Coronal gradient-echo image (20/11/20°).
High signal intensity in superior sagittal sinus
(arrow) could be misinterpreted as patent sinus.

consistent with flowing blood within the lumen of an aneu-
rysm.

Phase imaging was found to be accurate and simplified the
evaluation of a patent lumen within a giant 5.0-cm middle
cerebral artery aneurysm with associated parenchymal hem-
orrhage (Fig. 4). T1-weighted images showed that the majority
of signal within the aneurysm was mixed hyper- and isoin-
tensity with a focal 1.5-cm area of marked hypointensity
situated superolaterally. On T2-weighted images the signal
characteristics of the aneurysm appeared as a mixture of
marked hypo- and hyperintensity. The focal, peripheral area
of hypointensity on T1-weighted images appeared hyperin-
tense. This peripheral area was clearly shown to be the patent
lumen within a mostly thrombosed aneurysm on phase im-
ages, and was corroborated by an angiogram.

The last two aneurysms were associated with large intra-
parenchymal hemorrhages. The lumens of the aneurysms
that were seen on phase images as positive for proton motion
appeared markedly hypointense (signal void) on both T1- and
T2-weighted images. The large associated hematomas were
essentially isointense on T1- and markedly hypointense on
T2-weighted images with surrounding hyperintense edema
on T2-weighted images. In these instances the spin-echo MR

MR PHASE IMAGING OF INTRACRANIAL ABNORMALITIES

characteristics were unambiguous and the phase images
provided no new information.

Five patients with neoplasms adjacent to dural venous
sinuses were imaged. The phase images were as sensitive
as unenhanced T1- or T2-weighted images for tumor occlu-
sion of the adjacent venous sinus in all five. Signal void was
seen in the patent portion of the venous sinus on unenhanced
magnitude reconstructed MR images. Three cases demon-
strated partial or total occlusion of the superior sagittal sinus,
one case demonstrated tumor invasion of the junction of the
vein of Galen with the straight sinus, and one case had no
invasion of the adjacent transverse and sigmoid sinus.

Four of the patients with neoplasms received gadopente-
tate dimeglumine. In one patient who had T1-weighted coro-
nal images only with enhancement, tumor invasion of the
superior sagittal sinus could not be completely excluded on
the routine MR images owing to the high signal intensity
within the sinus from IV gadopentetate dimeglumine (Fig. 5).
Sagittal sinus patency was established by phase imaging. In
the patient with a large parasagittal meningioma with exten-
sive invasion of the superior sagittal sinus and torcular, a
small signal void could be seen in a portion of the superior
sagittal sinus on the T1-weighted images without gadopen-



1136

tetate dimeglumine. This small area of patency was also seen
on phase imaging, but the signal void was obliterated on the
enhanced T1-weighted magnitude images. In the remaining
two patients, tumor occlusion of the superior sagittal sinus at
the level of the tumor could be accurately diagnosed on the
T1-weighted magnitude images with and without gadopen-
tetate dimeglumine as well as on the phase images. However,
posterior to the tumor on the enhanced T1-weighted images
there was contrast enhancement of the venous sinus; there-
fore, posterior tumor extension into the venous sinus could
not be excluded on the enhanced magnitude images alone.
The phase images as well as the unenhanced magnitude
images indicated flowing blood.

In the three patients with vascular malformations, signal
voids could be seen easily on the routine T1- or T2-weighted
images. The lesions were also seen easily on phase imaging
as the black or white appearance of flowing blood.

NADEL ET AL.
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Fig. 2.—Thrombosed basilar tip aneurysm.

A, Axial unenhanced CT scan. Hyperdense
mass is present in interpeduncular cistern (ar-
row).

B, Axial enhanced CT scan shows diffuse
enhancement, greater on left aspect (arrow),
suggesting patent lumen.

C, Axial T1-weighted MR image. Aneurysm is
hypointense relative to brain with isointense area
that corresponds to enhancing portion on CT.

D, Corresponding phase image shows no evi-
dence of blood flow in region of the aneurysm
(arrow), signifying total thrombosis.

E, Lateral subtraction arteriogram shows no
evidence of aneurysm.

Flow phantom.—For motion in the direction of the slice-
select gradient (transaxial images), the lower limit of flow
detection for either tube was found to be approximately 0.5
cm/sec for a 4-mm slice thickness. Conversely, the corre-
sponding limit for motion in the read gradient direction (sagittal
images) was determined to be 2.5 cm/sec. Hence, for the
particular imaging parameters used, blood moving at veloci-
ties below these limits would be indistinguishable from throm-
bus on phase images. In general, the limits of sensitivity of
phase imaging to slow proton motion are determined by the
gradient strengths and their precise timing characteristics,
and therefore are affected by the choice of imaging sequence
and its associated parameters. In these phantom data, for
example, the velocity sensitivity in the axial images was the
highest, because the slice-select gradient was operating at
its upper limit (6.0 mT/m). The strength of the read gradient,
however, was lower (1.88 mT/m).
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Fig. 3.—Right cavernous carotid aneurysm.

A, Coronal unenhanced T1-weighted MR im-
age shows isointense (relative to white matter)
bulging lesion in right cavernous sinus (arrow).

B, Coronal enhanced T1-weighted MR image
shows homogeneous enhancement of mass (ar-
row).

C, Coronal T2-weighted MR image. Mass is
hyperintense peripherally with hypointense cen-
ter.

D, Phase image corresponding to A. Black
and white appearance is diagnostic of flowing
blood (arrow) and, therefore, an aneurysm.

E, Anteroposterior subtraction arteriogram
confirms cavernous carotid aneurysm (arrow).

Discussion

Evaluation of intracranial vascular lesions often can be
confusing owing to the variable appearance of flowing and
nonflowing blood on MR imaging. Many variables influence
its appearance [1, 12, 13]. These include imaging sequence
parameters (TR, TE, number of echoes), field strength, and
whether motion-compensation techniques are used. The ve-
locity of flowing blood will influence its appearance on MR
images. A signal void may be produced by quickly flowing
blood, whereas slowly flowing blood may simulate thrombus
by appearing hyperintense. Even-echo rephasing and flow-
related enhancement phenomena may cause high signal as a
result of slow blood flow. Decreased signal may be seen
owing to odd-echo dephasing or turbulence. Additionally, a
blood clot or a thrombus will have varying appearances on
MR as it undergoes multiple stages of hemoglobin break-
down, which has been well described [2].

MR PHASE IMAGING OF INTRACRANIAL ABNORMALITIES
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MR phase imaging is well suited for the evaluation of blood
flow since it is sensitive predominantly to proton motion [3].
It has been advocated for use outside the CNS. Phase
imaging has been used successfully to study the aorta, vena
cava, and heart [4-8]. Erdman et al. [9] found a sensitivity of
90% and specificity of 100% in evaluating deep venous
thrombosis of the upper and lower extremities with MR phase
images in comparison with contrast venography. Vessels of
the thorax, abdomen, and pelvis were evaluated for occlusion
by Tavares et al. [10], who concluded that magnitude images
alone have a sensitivity of only 35% and a specificity of 90%
while magnitude and phase images combined yield a sensitiv-
ity of 85% and a specificity of 90%.

MR imaging has been advocated for the evaluation of
cerebral venous thrombosis with routine spin-echo sequences
[14-21], but this can be confusing owing to variable signal
intensities due to hemoglobin breakdown and flow effects on
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Fig. 4.—Partially thrombosed giant left middle cerebral artery aneurysm.

A, Axial T1-weighted MR image shows 5-cm mass of mixed hyper- and isointensity. Signal void is seen laterally (curved arrow). Hyperintense

parenchymal hemorrhage is noted posteriorly (straight arrow).

B, Axial T2-weighted MR image. Signal within aneurysm is of mixed hypo- and hyperintensity pattern. Area of signal void on T1-weighted image appears

hyperintense (arrow).

C, Coronal T1-weighted MR image shows signal void superiorly (arrow).

D and E, Phase images corresponding to A and C, respectively, simplify diagnosis of patent lumen (arrows) within partially thrombosed aneurysm.

F, Anteroposterior arteriogram shows lumen of aneurysm.

T1- and T2-weighted sequences. In our one patient with
idiopathic thrombosis of the superior sagittal sinus, the diag-
nosis could be established, with relative confidence, from the
routine spin-echo images, without the aid of phase images.
The high signal intensity seen on both T1- and T2-weighted
sequences was due to the presence of extracellular methe-
moglobin within the thrombus. However, there are potential
pitfalls of spin-echo imaging. Slowly flowing blood can appear
hyperintense owing to flow-related enhancement or even-
echo rephasing [12]. A thrombus that is imaged within 24 hr
may exhibit markedly decreased signal on T2-weighted se-
quences due to the presence of deoxyhemoglobin, and there-
fore be misinterpreted as signal void due to flowing blood in
a patent venous sinus. Therefore, we believe that phase
images are probably more reliable in this clinical situation.

Gradient-echo MR imaging has been advocated to evaluate
vascular lesions in the head and neck as well as the lower
extremities [11, 22-27]. High signal intensity within the blood
vessel is believed to be associated with flowing blood and
therefore a patent blood vessel. Daniels et al. [23, 24] advo-
cate its use for studying the cavernous sinus and jugular
foramen [23, 24]. Tumoral invasion of the superior sagittal
sinus has also been evaluated with gradient-echo MR imaging
[25]. Intracranial aneurysms were evaluated by Tsuruda et al.
[26] by using a cine MR technique.

Sixty-three patients with a variety of vascular intracranial
lesions were studied by Atlas et al. [27], who found a potential
pitfall of gradient-echo MR imaging in one patient with a
thrombosed aneurysm. This was also reported by Yousem et
al. [28] in four patients with arteriovenous malformations. A



Fig. 5.—Parafalcine metastatic adenocarci-
noma of prostate.

A, Coronal enhanced T1-weighted MR image.
Enhancing tumor is seen inferiorly (curved ar-
rows) with extension superiorly on either side of
falx. Hyperintensity within superior sagittal sinus
(straight arrow) could be due to tumor invasion
or normal enhancement of venous blood.

B, Corresponding phase image. Black and
white appearance of superior sagittal sinus (ar-
row) confirms patency.

similar problem occurred in our case of superior sagittal sinus
thrombosis. Specifically, if a blood clot contains substantial
extracellular methemoglobin, it will appear hyperintense on
gradient-echo images and therefore simulate flowing blood.
Such ambiguity compromises the specificity of this technique.

Phase imaging augmented the MR evaluation of cerebral
venous sinus thrombosis or occlusion. These six cases dem-
onstrated that phase imaging was sensitive to flowing or
nonflowing blood within the venous sinus. In the cases of
neoplasm, the phase images were no more sensitive than the
routine spin-echo images without IV gadopentetate dimeglu-
mine, which demonstrated flow void in the patent venous
sinus. Phase imaging was helpful for interpreting enhanced
T1-weighted images because it was otherwise difficult to
differentiate enhancing tumor within the sinus vs normal en-
hancement of the venous sinus.

Conventional spin-echo MR imaging has been advocated
for the study of intracranial aneurysms [29-35]. The appear-
ances of totally and partially thrombosed giant aneurysms
have been described; a signal void on T1- and T2-weighted
images indicates residual lumen patency. The signal intensity
of the thrombus within these aneurysms is markedly variable
depending on the interval between MR imaging and the onset
of thrombosis.

Cine low-flip-angle gradient-refocused imaging has been
described as a way of evaluating large aneurysms [26].
Regions of very high flow are accompanied by areas of signal
dropout due to turb.'=nce seen during systole. Thrombus
was diagnosed by the signal intensity remaining unchanged
during the cardiac cycle. A pitfall to this technique is that
methemoglobin, which may be a component of intraluminal
thrombus, appears as high signal intensity on cine MR and
may mimic flowing blood. This indeed happened in one case
and a small patent lumen within the aneurysm was missed. A
similar phenomenon has been reported when imaging an
aneurysm with gradient-recalled acquisition in the steady
state [27]. This pitfall might have been avoided if phase
imaging were employed.

Phase imaging was helpful in evaluating the five cases of
aneurysms in this series. The phase images correctly indi-
cated that a basilar tip aneurysm was totally thrombosed,
whereas the CT data suggested a patent lumen, evidenced
by contrast enhancement within the mass. Contrast enhance-
ment of thrombosed aneurysms has been reported [36]. The

aneurysm in our patient had been known to be present for 5
years. CT, MR, and angiography were performed within 24
hr of one another with CT being performed first. Although
unlikely, one might argue that the aneurysm thrombosed
within that 24-hr period.

The routine T1- and T2-weighted images of a nonthrom-
bosed cavernous carotid aneurysm did not exhibit signal
intensities typical of a patent aneurysm, and in fact mimicked
a neoplastic or possibly an inflammatory process. On the
basis of phase images, however, the diagnosis was simple
and agreed with angiography. In the case of the 5-cm giant
aneurysm, phase images again proved to be more helpful in
delineating the patent lumen than were the routine spin-echo
images. The patent lumen was markedly hypointense on T1-
and hyperintense on T2-weighted images. The lumen was
difficult to discern within the markedly inhomogeneous signal
intensities of the intraluminal thrombus. In the two patients
with aneurysms adjacent to large intraparenchymal hemato-
mas, signal void was seen on both T1- and T2-weighted
sequences, indicating the presence of a lumen and obviating
phase imaging.

Intracranial vascular malformations have been studied with
spin-echo and gradient-echo techniques [22, 27, 37, 38].
Gradient-echo techniques have multiple limitations. One is the
magnetic susceptibility-related artifact, which can be seen as
a result of hemosiderin in an adjacent chronic hemorrhage or
is produced by air/brain interfaces. The flow-related enhance-
ment phenomenon that is used to make the diagnosis of
flowing blood with gradient-echo imaging may be incomplete
or absent when slow flow is encountered parallel to the
imaging plane, such as in the case of a venous angioma or
with very slow flow within a cavernous hemangioma [22].
There is also the potential pitfall of high signal intensity within
a vascular malformation, caused by subacute thrombus after
occlusion, simulating flow-related enhancement [28].

The three cases of vascular malformations in this study
were not demonstrated any better with phase imaging than
with routine spin-echo imaging. Phase imaging, however, may
be helpful after embolic or surgical treatment or after treat-
ment of aneurysms to evaluate for patency of vessel lumens.

There are certain limitations associated with MR phase
imaging. These include volume averaging and extraneous
sources of motion such as that caused by the patient or
adjacent CSF pulsations. A potential problem would be a



phase shift of plus or minus 360°, which is indistinguishable
from a phase shift of 0° and therefore may be interpreted as
static blood flow. In practice, however, the parabolic velocity
profile typical of laminar vessel flow results in a range of fluid
velocities within the vessel lumen. In our experience, phase
aliasing effects have not seriously affected our ability to
differentiate thrombus from patent vessels.

From experiments performed on a calibrated, constant-
velocity laminar flow phantom, we determined the limit of
sensitivity of phase imaging to slow proton motion for the T1-
weighted imaging sequence used with our patients. The limit
of detection was found to be approximately 0.5 cm/sec for
peak motion in the image slice direction and 2.5 cm/sec for
motion along the image read gradient direction. Therefore,
blood moving at velocities below these limits may be indistin-
guishable from thrombus when using phase maps. Peak flow
velocity in the normal superior sagittal sinus has been deter-
mined to range from 20.1 to 45.5 cm/sec [39]. Tsuruda et al.
(personal communication) found an average velocity of 14.4
cm/sec with phase imaging.

In conclusion, we believe that phase imaging is a simple,
reliable technique that can distinguish thrombosis from flow-
ing blood within intracranial vascular lesions. Phase imaging
is based mainly on the presence or absence of proton motion
and therefore unambiguously allows the differentiation be-
tween flowing blood and thrombus. It is an easily performed
technique that adds no time to the MR evaluation, as it is
acquired simultaneously with the routine spin-echo sequence.
The complex variable spin-echo signal intensities associated
with blood flow and blood clot degradation are eliminated in
the phase image evaluation of vascular lumen patency.

Potential applications in the brain include evaluation of the
deep venous sinuses, aneurysms, vascular malformations,
and intracerebral arteries (i.e., internal carotid, vertebral, and
basilar) for thrombosis vs patency. This technique may be
particularly useful for the follow-up evaluation of therapeutic
occlusion of aneurysms or vascular malformations.
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