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Preliminary Experience Using Contrast-Enhanced MR
Angiography to Assess Vertebral Artery Structure for

the Follow-up of Suspected Dissection

Xavier Leclerc, Christian Lucas, Olivier Godefroy, Lionel Nicol, Aline Moretti, Didier Leys, and Jean Pierre Pruvo

BACKGROUND AND PURPOSE: Important advances have been made recently in MR an-
giography with the use of contrast medium injection, which has proved valuable for the imaging
of vertebral arteries (VAs) obtained during short scanning times. Our purpose was to assess
the feasability of contrast-enhanced fast 3D MR angiography for imaging VAs and to evaluate
the long-term follow-up of VA dissections.

METHODS: Sixteen consecutive patients with 18 angiographically documented VA dissec-
tions (seven occlusive dissections and 11 stenotic dissections, including two each with a pseu-
doaneurysm) were followed up using both contrast-enhanced 3D MR angiography and cervical
T1-weighted MR imaging at a median delay of 22 months. Ten patients underwent MR imaging
at the acute phase as well, and nine underwent early follow-up angiography at a median delay
of 3 months. MR angiographic findings were determined by consensus, focussing on image
quality, presence of residual stenosis, luminal irregularities, and occlusion.

RESULTS: Of the 32 VAs, a segment of the artery was not assessable on contrast-enhanced
MR angiography in each of four small VAs. A central signal void artifact of cervical arteries
was seen in one patient and motion artifacts were seen in two, but images could be interpreted.
A venous enhancement was detected in 10 of 16 examinations, but this did not prevent image
analysis. Ten of 11 stenotic dissections returned to normal, whereas one stenotic dissection
progressed to occlusion. Two pseudoaneurysms detected by initial angiography resolved spon-
taneously; one was revealed only by delayed MR angiography, and one was detected on an
early MR angiogram and proved resolved on a late MR angiogram. Of the seven initially
occluded VAs, five reopened, with a hairline residual lumen in each of three.

CONCLUSION: This preliminary experience showed that contrast-enhanced MR angiog-
raphy is a promising tool for imaging VAs; it allows the assessment of VA dissection changes
over time. Most lesions tended to heal spontaneously, but persisting occlusion or pseudoaneu-
rysm could be detected during the late course.

Cervical artery dissections are a frequent cause of
stroke in young adults (124). Mural hematoma
usually is located within the media or the subinti-
mal layer, leading to a ‘‘pseudo’’ enlargement of
the artery (2). In most institutions, anticoagulation
is used for 3 to 6 months at the acute phase to
prevent thromboembolic events (3). In vertebral ar-
tery (VA) dissections, a lumbar puncture often is
performed before treatment to exclude subarach-
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noid hemorrhage when the intradural portion of the
artery is involved (5, 6).

Conventional angiography still is considered the
standard of reference for the diagnosis of cervical
dissection (7). The most typical aspect is a long
and irregular stenosis associated with a pseudo-
aneurysm (4, 7, 8). Occlusive dissection is less spe-
cific because other causes of occlusion, such as
thromboembolism or atherosclerotic disease, can-
not be excluded by angiography (4, 9). The time
course of cervical dissections remains poorly doc-
umented. A majority of patients return to normal,
with improvement of luminal abnormalities (3, 4,
7). In cases of residual aneurysm, persisting severe
stenosis, or underlying arteriopathy in the late
course, long-term antiplatelet therapy usually is
used.

Despite interest in conventional angiography,
this technique carries a risk of complication (10)
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and does not enable assessment of the arterial wall.
The evaluation of VA dissection by using nonin-
vasive techniques remains difficult because of the
small size of VAs, their deep location, frequent an-
atomic variations, and surrounding structures
(11215). Previous studies have shown the useful-
ness of 3D time-of-flight MR angiography com-
bined with MR imaging for the diagnosis of dis-
section. This technique can reveal specific aspects
of dissection on axial T1-weighted images; ie, a
narrowed eccentric signal void (arterial lumen), a
surrounding semi-lunar high signal (mural hema-
toma), and an increased diameter of the artery (6,
16, 17). Nevertheless, the limited imaging volume,
the frequent flow-related artifacts, and the long
scanning time inherent to the technique constitute
the major drawbacks of this technique for imaging
the vertebrobasilar system (16218). Important ad-
vances have been made recently in MR angiog-
raphy by the use of contrast material injection
(19228). The major shortening of blood related to
the contrast material on T1-weighted images allows
high signal intensity in vascular structures requiring
large imaging volumes. Moreover, flow-related ar-
tifacts and in-plane saturation are minimized. This
technique has proved valuable for imaging carotid
arteries and VAs in a short scanning time (23226).
Nevertheless, accurate timing of contrast material
injection and specific acquisition of k-space are re-
quired to optimize the contrast of the image (20,
23, 29, 30).

The purpose of the present study was to evaluate
the effectiveness of a contrast-enhanced 3D MR
angiographic sequence for imaging VAs in their ex-
tracranial and intradural portions and to assess the
long-term course of VA dissections by using this
technique.

Methods

Patients

We attempted to assess the long-term course of VA dissec-
tion by using contrast-enhanced MR angiography in 25 con-
secutive patients admitted between October 1993 and August
1997 to the Lille Neurology Department for suspected dissec-
tion of the VA. All patients underwent a complete etiologic
workup during the acute phase, which included coagulation
tests, electrocardiography, Doppler sonography of the cervical
arteries, transesophageal echocardiography, and 24-hour con-
tinuous electrocardiographic monitoring. Diagnosis was based
on angiographic findings in association with MR imaging and
clinical features. Of the 25 patients, nine were excluded from
the present study for the following reasons: uncertain dissec-
tion (n 5 5), lost to follow-up (n 5 2), informed consent not
obtained (n 5 1), and pregnancy (n 5 1). The remaining 16
patients (nine men and seven women; median age, 44 years;
age range, 27254 years) were included in the present study
and underwent contrast-enhanced MR angiography between
September 1997 and May 1998 at a median delay of 22 months
(range, 4242 months) after the acute phase. Informed consent
was obtained from all patients for contrast MR angiographic
examinations. Two patients each had a dissection of both VAs,
and one had a dissection of one VA and both carotid arteries.
Patients received heparin at the acute phase for up to 2 weeks
and then an oral administration of anticoagulant medication for

3 months. In cases of residual arterial abnormalities shown on
delayed control images, long-term aspirin therapy was used.

Imaging during the Acute Phase

Conventional angiography was performed on a Integris
V3000 (Philips, Best, Netherlands) in all patients within 2
weeks after onset (median, 5 days; range, 2210 days). Arch
aortograms were obtained through a femoral approach, with
two oblique cervical views. When the VA seemed occluded,
cervical angiography was performed after contrast material in-
jection in the subclavian artery with the tip of the catheter
close to the origin of the VA. In the other cases, test injections
were made to assess the patency of proximal portions of the
VAs, and then selective vertebral angiograms were obtained.
Particular attention was paid to imaging the entire length of
the VAs from their origins to their intradural segments. Selec-
tive angiograms of both common carotid arteries with cervical
sagittal views were obtained as well. The contrast dose for the
entire study did not exceed 200 mL (Omnipaque 300, Ny-
comed, Princeton, NJ). Angiographic findings included at least
one of the following: 1) stenosis involving a long or short
segment (2 cm was considered to be a short stenosis), typically
irregular; 2) occlusion involving either the entire VA or only
one segment of the artery; and 3) pseudoaneurysm associated
with a narrowed arterial lumen. Location of dissection was
defined according to the usual anatomic classification (31). The
V1 to V3 segments correspond to the extracranial portion of
the VA (V1 from its origin to C6, V2 from C6 to C2, and V3
from C2 to the dura), and the V4 segment corresponds to the
intracranial portion of the VA from the dura to the basilar
artery.

MR imaging was performed at the acute phase in 10 patients
(12 dissected VAs) within 2 weeks (median, 7 days; range,
1215 days) after clinical onset and within 1 week (median, 3
days; range, 126 days) after angiography. Examinations were
performed on a 1.5-T superconductive unit (Magnetom Vision;
Siemens Medical Systems, Erlangen, Germany) with the use
of a head and neck coil. Spin-echo T1-weighted images were
obtained in the axial plane from the fifth cervical vertebra to
the posterior fossa, with the following parameters: 700/12/2
(TR/TE/excitations), 4-mm section thickness, 18224-cm field
of view, and 220 3 512 matrix. Fat saturation was used, and
a saturation band was placed superiorly and inferiorly to the
acquisition volume to suppress venous and arterial inflow sig-
nal. The diagnosis of dissection was based on a focal increase
diameter of the artery with a crescentic high-signal mural he-
matoma surrounding a signal void.

Follow-up Contrast-Enhanced 3D MR Angiography

All examinations were performed on a 1.5-T imaging system
with a 25-mT/m maximum gradient strength. A quadrature
phased-array head and neck coil was used. A transverse 2D
time-of-flight sequence from the aortic arch to the skull base
was used before the 3D MR angiography was performed to
guide the position of the 3D slab to include the entire length
of both VAs. The parameters were as follows: 27/17/1; 3-mm
section thickness, 508 flip angle, 25-cm field of view, and 128
3 256 matrix. Contrast 3D MR angiographic sequence was
performed in the coronal plane using a fast imaging and
steady-state free precession sequence, with the following pa-
rameters: 5/2, 1.5-mm section thickness, 25-cm field of view,
200 3 256 matrix, 358 flip angle, 44-second scan time. The
number of sections was 40, allowing an anteroposterior cov-
erage of 60 mm. A 100% zero-fill interpolation was performed
in the section direction, and fat saturation was used. A bolus
of 20 mL of gadolinium chelate (Gadodiamide Omniscan; Ny-
comed) was injected at a rate of 1 mL/s using an MR-com-
patible power injector (Spectris; Medrad, Pittsburgh, PA) and
a 20-gauge intravenous catheter inserted into the antecubital
vein. Injection was started at the beginning of the sequence.
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Initial and follow-up imaging in 16 patients with VA dissection (involving 18 arteries)

Follow-up

Case
(no.) Location

Acute Phase

Angiography MR Imaging

Angiography

Delay
(mo.) Findings

MR Angiography

Delay
(mo.) Findings

1
2
3
4
5

RVA: V2
LVA: V2
LVA: V3
RVA: V1–V4
RVA: V1–V4
LVA: V4

Long stenosis
Aneurysm
Long stenosis
Occlusion
Occlusion
Short stenosis

· · ·
· · ·

Mural hematoma
Mural hematoma
Mural hematoma
Mural hematoma

3
· · ·
4
4

· · ·

Long stenosis
· · ·

Normal
Occlusion

· · ·

42
23
26
21
4

Occlusion
Normal
Normal
Occlusion
Normal
Normal

6
7
8
9

LVA: V3
LVA: V4
LVA: V2
RVA: V3

Aneurysm
Occlusion
Short stenosis
Occlusion

Mural hematoma
· · ·
· · ·

Mural hematoma

3
· · ·
3
2

Irregularities
· · ·

Normal
Aneurysm

(Contrast)

24
24
21
6

Normal
Aneurysm
Normal
Normal

10
11

12
13

RVA: V3
RVA: V1–V4
LVA: V2
RVA: V1–V4
LVA: V3

Long stenosis
Occlusion
Long stenosis
Occlusion
Long stenosis

Mural hematoma
Mural hematoma
Mural hematoma
Mural hematoma
Mural hematoma

4
5

3
· · ·

Normal
Normal
Normal
Normal

· · ·

26
14

8
7

Normal
Normal
Normal
Normal
Normal

14
15
16

LVA: V4
LVA: V3–V4
LVA: V3–V4

Occlusion
Short stenosis
Long stenosis

Enlargement
· · ·
· · ·

· · ·
· · ·
4

· · ·
· · ·

Normal

26
8

29

Occlusion
Normal
Normal

Note.—RVA, right vertebral artery; LVA, left vertebral artery.

No test bolus was performed for determining the scan delay.
When no hypersignal was detected in the internal carotid artery
or when the signal in the jugular vein was higher than the
internal carotid artery signal, we performed a second sequence
5 to 10 minutes later using an additional 20-mL dose of gad-
olinium and a modified scan delay (10 seconds before the be-
ginning of the sequence in the case of low arterial contrast and
10 seconds later in the case of major venous enhancement).
The total dose ranged from 0.2 to 0.3 mmol/kg. The images
then were transferred to a workstation. Subvolumes were cre-
ated to isolate VAs and carotid arteries. Selective subvolumes
of VAs were created as well to analyze the entire length of the
arteries better. MR angiograms were generated in lateral rota-
tions by using a maximum intensity projection algorithm and
projections every 108 from 2908 to 1908 with 08 correspond-
ing to the frontal plane. Follow-up using conventional angi-
ography and MR imaging was performed as well in nine and
14 patients, respectively, at a median delay of 3 months (range,
325 months) and 23.5 months (range, 4242 months).

Image Analysis

Conventional angiograms and cervical T1-weighted spin-
echo MR images were reviewed by two trained radiologists
(X.L., A.M.) to determine the type of dissection and the level
of the involved vessels. Follow-up MR angiograms were in-
terpreted in a consensus manner simultaneously by both radi-
ologists, who were blinded to the results of previous exami-
nations. Image quality was judged according to number of
injections, image coverage, arterial signal, venous enhance-
ment, and presence of artifacts. Image coverage and arterial
signal were analyzed for each VA in the four arterial segments
(V1, V2, V3, and V4). The absence of segment visibility of
arteries was related to inadequate image coverage when the
lateral views showed segment exclusion from the 3D slab. The
arterial signal was judged for each arterial segment by com-
paring the signal between the enhanced arterial lumen and the
surrounding structures. It was graded as mild when only a
slight difference was detected and high when the signal within
the artery appeared bright with accurate delineation of artery

outlines. Venous enhancement was graded as 0 (complete iso-
lation of the arterial phase), 1 (mild venous enhancement), or
2 (venous enhancement similar to arterial enhancement). An
artery was judged nonassessable when it was excluded from
the image volume and in cases of mild arterial signal or grade
2 venous enhancement. Analysis of artifacts included motion
artifacts and flow-related artifacts. When the VA was judged
assessable, the arterial lumen for each segment was analyzed
to determine the presence of residual stenosis, pseudoaneu-
rysm, luminal irregularities, and occlusion.

Results

Acute Phase
Clinical presentation during the acute phase

mainly consisted of headache (n 5 10), usually lo-
cated in the occiput, and ipsilateral neck pain (n 5
11). Basilar ischemic symptoms were found in 13
cases. Wallenberg’s syndrome was present in two
patients. Headache was isolated in two patients,
and transient ischemic attack was the sole manifes-
tation of basilar ischemia in two patients.

Of the 16 patients, 18 VAs were found to be
dissected on initial angiograms obtained during the
acute phase (Table 1). The most common angio-
graphic abnormalities consisted of a short or long
stenosis, often irregular and tapered (n 5 11). The
stenosis involved the V2 segment in four cases, the
V3 in four, only the V4 in one, and both the V3
and V4 in two. In two dissected arteries, the ste-
nosis was associated with a pseudoaneurysm (one
saccular and one fusiform). A complete occlusion
of the VA from V1 to V4 was found in four cases,
whereas the occlusion involved only the V3 or V4
segments in three cases.
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FIG 1. A 48-year-old man with occipital
headaches, neck pain, and Wallen-
berg’s syndrome.

A, Selective angiogram of the left VA
shows typical aspect of stenotic dissec-
tion with a long stenosis (arrows) in-
volving the V3 and V4 segments of the
VA.

B, Early follow-up conventional angio-
gram, obtained at 4 months, shows a
normal left VA (arrow) with complete
resolution of luminal abnormalities.

C, Contrast-enhanced MR angio-
gram, obtained 29 months later, shows
normal appearance of the left VA
(arrow).

Of the 10 patients who underwent T1-weighted
axial imaging during the acute phase, a typical as-
pect of dissection was found in nine patients, in-
cluding a crescentic high signal (mural hematoma)
surrounding a signal void (residual arterial lumen).
For one patient with occlusion of the V4 segment,
an enlargement of the artery was shown at the site
of the dissection. In five VAs, the residual arterial
lumen was not seen at initial angiography whereas
T1-weighted images obtained after angiography
showed a narrowed signal void related to the re-
opening of the artery surrounded by a mural
hematoma.

Follow-up
No recurrence of stroke or transient ischemic at-

tack was found during the period of follow-up. A
complete resolution of symptoms was observed in
six patients, including three with initial symptoms
of basilar ischemia. Isolated residual headaches or
neck pains were found in five patients. In the re-
maining five patients, sequelae were present, in-
cluding hemianopia (n 5 1), ataxia (n 5 2), sev-
enth cranial nerve palsy (n 5 1), and
hemiparesthesia (n 5 1). No patient maintained a
disabling motor deficit.

Contrast-enhanced MR angiograms showed
complete isolation of the arterial phase in six pa-
tients, whereas the jugular veins were mildly en-
hanced in the remaining 10 patients. No grade 2
venous enhancement was observed. Nonetheless,
an additional sequence with a modified timing of
contrast injection was performed in two patients,
related to a major enhancement of the venous struc-
tures. Image coverage was appropriate for assessing
both VAs in their extracranial and intradural por-
tions. In four small VAs, the artery was judged
nonassessable in its initial portion (V1) attributable

to mild contrast enhancement. Arterial signal was
judged as high in the remaining cases. Motion ar-
tifacts were present in two patients but did not im-
pact interpretation of images. In one examination,
a central signal void was found throughout the ar-
terial lumen of cervical arteries, but this did not
prevent image analysis. Finally, in one patient, a
carotid artery overlapped the VA and obscured the
V3 segment of one VA.

The time course of the lesions showed normal-
ization of the arterial lumen in 10 of 11 stenotic
dissections (Fig 1). In one patient, a long stenosis
shown to involve the V2 segment by initial MR
angiography was shown to progress to occlusion by
delayed MR angiography. Reopening occurred in
five of seven arteries that were shown to have ini-
tial occlusion by conventional angiography (Fig 2).
Of the five reopened vessels, however, the diameter
of the VA was thin in each of three cases and had
a hairline appearance. In two cases of occlusive
dissections shown by initial angiography, the arter-
ies remained occluded at 21 and 26 months, re-
spectively, after the initial symptoms. The two
pseudoaneurysms detected by initial conventional
angiography resolved spontaneously (Fig 3). A re-
sidual pseudoaneurysm was detected by delayed
MR angiography performed at 24 months, whereas
the initial angiography showed a complete occlu-
sion of the V4 segment of the VA. In one patient
whose initial angiography showed an occlusion of
the V3 segment of the VA, early contrast-enhanced
MR angiography at 2 months showed a pseudo-
aneurysm whereas delayed contrast-enhanced MR
angiography at 6 months showed spontaneous res-
olution of luminal abnormalities (Fig 4).

Early follow-up angiography performed in nine
patients (10 dissected arteries) showed a complete
resolution of arterial abnormalities in seven arteries
and no change in two arteries. Residual irregulari-
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FIG 2. A 37-year-old man with neck pains and vertigo after minor cervical trauma.
A, T1-weighted axial MR image (obtained 1 day after B) at the C32C4 level, shows a typical aspect of dissection of the right VA,

including a crescentic high signal (arrow) of the mural hematoma surrounding a narrowed signal void (arrowhead) of the residual lumen.
B, Arch aortogram with oblique view. The left VA appears normal (arrow), whereas the right VA is not visible, suggesting its complete

occlusion. A selective angiogram of the right subclavian artery confirmed the diagnosis of VA occlusion.
C, Oblique view selective angiogram of the right VA, obtained at 3 months, shows recanalization of the artery (arrow) without residual

luminal irregularities.
D, Contrast-enhanced MR angiogram, obtained at 8 months, with selective subvolume MIP reconstruction of VAs, shows a normal

appearance of the right VA (arrow), consistent with findings revealed by conventional angiography.

FIG 3. A 45 year-old-woman with severe headaches.
A, Oblique-view selective conventional angiogram of the left

VA shows aneurysmal-type dissection, with a 3-mm-diameter
pseudoaneurysm (arrow) involving the V3 segment of the artery.

B, Oblique view MR angiogram shows good analysis of the
entire length of the left VA (arrows), with resolution of the
pseudoaneurysm.

ties of the arterial lumen were depicted at the site
of the dissection in the remaining artery, whereas
the initial angiography showed a pseudoaneurysm.
Follow-up MR imaging showed the disappearance
of the high signal mural hematoma for all patients

except one whose follow-up MR images showed a
persistent high signal mural hematoma 6 months
after the initial symptoms.

Discussion

Our preliminary experience showed that the en-
tire length of the VA could be assessed by contrast-
enhanced 3D MR angiography in most patients. In
the case of a small VA, however, contrast enhance-
ment of the image constituted the main limitation
for analyzing the proximal portion of the artery. By
using this technique, we found that most VA dis-
sections tended to heal spontaneously. This is in
agreement with angiographic studies previously re-
ported (7, 32).

The diagnosis of VA dissection often is evoked
clinically, but the clinical presentation is rarely spe-
cific. Predisposing factors and clinical symptoms
reported herein were similar to those previously re-
ported, with a history of relevant preexisting trau-
ma in 44% of the patients and occipital neck pain
in 75% (3, 4, 7). Clinical improvement has been
reported to be usual in most previous reports (3, 4,
7, 9), and this is consistent with our clinical find-
ings because resolution of symptoms was noticed
in most of the patients. Minor or moderate sequelae
were present in approximately one third of the pa-
tients (five patients), and none had severe residual
motor deficit.
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FIG 4. A 39-year-old man with neck pain and Wallenberg’s syndrome.
A, Arch aortogram shows a small left VA (arrow), whereas the right VA is not visible.
B, Contrast-enhanced MR angiogram, obtained at 2 months, shows complete recanalization of the right VA, with a fusiform pseudo-

aneurysm in its intradural segment (arrow).
C, Contrast-enhanced MR angiogram, obtained at 6 months, shows a normal aspect of the right VA (arrow), with a complete resolution

of the pseudoaneurysm.
D, T1-weighted MR image, obtained at 9 days, shows a typical aspect of dissection of the intradural segment of the right VA with a

crescentic high signal (arrow) surrounding a narrowed signal void (arrowhead).
E, T1-weighted axial MR image, obtained at 6 months, shows a spontaneous resolution of the mural hematoma of the right VA (arrow).

Diagnosis of dissection at the acute phase is
mainly based on angiographic findings, including
elongated or tapered stenosis and pseudoaneurysm,
whereas pathognomonic signs, such as double lu-
men or intimal flap, are rarely observed (7). In oc-
clusive dissections, diagnosis remains uncertain be-
cause images are less specific. This explains why
some authors excluded VA occlusions from their
studies when conventional angiography constituted
the sole technique for the diagnosis (4, 9). In this
regard, MR imaging constitutes a major comple-
mentary tool for detecting cervical dissection,
which appears typically on T1-weighted spin-echo
images as a crescentic wall thickening with a high
signal surrounding a narrowed signal void (6, 8, 16,
17). By the use of T1-weighted axial images in the

present study, a typical aspect of dissection was
found in five cases of occlusive dissection, even
when apparent occlusion of the residual lumen was
shown by conventional angiography. Despite the
interest in MR imaging for the diagnosis of dissec-
tion, limitations may be emphasized. Diagnosis
may be difficult during the first few days in the
case of a fresh hematoma with an intermediate sig-
nal (6, 17), but this situation never has been en-
countered in our experience. Images remain non-
specific when the high signal covers all the section
of the artery, leading to confusion between the mu-
ral hematoma and the thrombus in the true arterial
lumen (33). This was observed in one patient, but
the increased diameter of the artery at the level of
the occluded artery allowed diagnosis of dissection.
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This sign might constitute one of the best criteria
for the diagnosis, as previously suggested (16, 33).
Finally, VA dissections are more difficult to detect
than are internal carotid artery dissections because
of the length of the artery and the normal high
signal of the surrounding structures, which may
hinder the mural hematoma (17). Nonetheless, most
VA dissections involved the distal segments of the
VA and the use of a fat-suppression technique and
saturation bands minimize these drawbacks.

Follow-up gadolinium-enhanced 3D MR angi-
ography allowed accurate visualization of the entire
length of both VAs in most patients. To optimize
spatial resolution, our protocol included a scan time
slower than that used in previous reports assessing
the aorta and its major branches (19, 27, 28). We
decreased the field of view and increased the matrix
size to reduce the voxel size and added a zero-fill
interpolation in the section direction to reduce par-
tial-volume artifact (34). Despite these parameters,
the initial segment of the VAs was not assessable
in the case of a small artery and mild arterial con-
trast enhancement. This shortcoming will undoubt-
edly be overcome in the near future by using a
high-resolution MR angiographic sequence. We
currently are evaluating a new 3D MR angiograph-
ic acquisition technique, measuring fewer data in
the k-space, allowing the use of thinner partitions
and a 512 matrix without scanning time penalty.
Arterial signal was high in the other cases, provid-
ing accurate arterial lumen analysis despite a mild
venous enhancement observed in approximately
half of the patients. The frequent venous enhance-
ment observed in the present study, as compared
with that of a previous report (25), may be ex-
plained by the long scanning time and the blood-
brain barrier, which prevents the extraction of gad-
olinium from the intracerebral circulation (24).
This, however, did not constitute a limiting factor
for image analysis because multiple-view angles
enabled separation of the arteries from the venous
structures. Image contrast mainly is controlled by
the center of the k-space, which contains low spa-
tial frequencies, whereas the peripheral area con-
tains high spatial frequencies and controlled spatial
resolution (35). For optimal arterial contrast en-
hancement, it is important to time the start of in-
jection correctly with the start of angiographic se-
quence so that the peak of concentration coincides
with the acquisition of the mid portion of the k-
space. By using a 44-second scanning time in the
present study, the center of the k-space was ac-
quired in 22 seconds, and this corresponds to the
usual travel time from an antecubital vein to the
cervical arteries in most patients who do not have
cardiac dysfunction. Nonetheless, a second injec-
tion was required in each of two patients because
of the major venous enhancement. In one case, a
central signal void artifact was detected in carotid
arteries. This was probably related to an acquisition
of the central portion of the k-space before the peak
of intravascular enhancement with rapid change of

signal intensity along the phase-encoding direction,
as previously reported (36). Methods have been re-
ported to optimize the arterial signal. A test bolus
may be performed before MR angiography (37),
but this technique is time-consuming, can lead to a
residual venous enhancement, and requires a power
injector for better reproducibility. An MR angio-
graphic sequence may be triggered automatically
by a pulse sequence, which enables detection of the
arrival of contrast material (20) or may be manually
triggered by using a fluoroscopic 2D sequence
combined with an elliptical centric view order (30),
but these methods are not yet available. Finally,
multiple time frames may be acquired during the
passage of the contrast material (29), but imaging
coverage remains limited and not appropriate for
assessing VAs.

The time course of VA dissection on previous
angiographic studies showed complete resolution
of luminal abnormalities in approximately 70% of
the cases (4, 7, 32). The gadolinium-enhanced 3D
MR angiographic findings in our study are similar
because 10 of 11 arteries that were shown to be
stenosed, and four of seven arteries that were
shown to be occluded by initial angiography, re-
verted to a normal appearance. In one patient, how-
ever, stenosis progressed to occlusion, and this
seems to be uncommon in previously published
cases (4, 7, 9). No residual stenosis was observed,
but a hairline residual lumen of the previously oc-
cluded VA was observed in three reopened arteries.
This may be related to a preexisting hypoplasia of
the VA or to a change of arterial wall related to a
flow drop during a long period of time, as sug-
gested by Leclerc et al (38), who assessed the time
course of internal carotid dissections by the use of
CT angiography. The two pseudoaneurysms found
at initial angiography in our study were shown by
follow-up MR angiography to have resolved spon-
taneously. These results are similar to those previ-
ously reported on conventional angiography show-
ing frequent resolution or decrement in size in most
pseudoaneurysms (7, 37). In each of two cases,
however, we detected a pseudoaneurysm on follow-
up MR angiograms, whereas the initial angiogram
showed a complete occlusion of the distal segment
of the artery. To our knowledge, this unusual
course has never been reported, and might be ex-
plained by the initial expansion of the mural he-
matoma toward the adventitia after recanalization,
leading to an aneurysmal dilation of the dissected
arterial segment (7). These findings suggest that
gadolinium-enhanced 3D MR angiography is a
suitable technique for assessing the late course of
VA dissection and especially to evaluate pseudo-
aneurysms because of the absence of artifact. This
is of particular relevance for the management of
antiplatelet therapy (3, 9). Nonetheless, slight lu-
minal abnormalities may be not detected because
of the limited spatial resolution as compared with
conventional angiography. MR angiography could
be performed around the sixth month rather than
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during the first 3 months because discrepancies
may be observed between early and late control
angiography. Other noninvasive methods, such as
Doppler sonography or helical CT, could be inter-
esting but seem less appropriate because of the
deep location of the VA and the surrounding struc-
tures that prevent accurate analysis of vessels at the
skull base (12, 13, 39).

T1-weighted axial images showed resolution of
the high signal in 94% of the cases, and this sug-
gests that most mural hematomas resolved during
the first months after onset. In one patient with pre-
viously occlusive dissection, follow-up MR imag-
ing performed at 6 months showed a persistent
crescentic high signal whereas angiography showed
recanalization of the artery. These findings are in
agreement with those previously reported showing
nonspecific signal changes of the dissecting he-
matoma on repeated MR images (6, 17).

Conclusion
This feasability study showed that MR angiog-

raphy is a promising technique for imaging VAs;
it allows the acquisition of a large volume in a short
scan time without major artifact. Nevertheless, ac-
curate analysis of the initial portion of the VA re-
mains difficult in the case of a small artery and
mild arterial contrast enhancement because of the
limited spatial resolution. Moreover, contrast of im-
age may be suboptimal when the delay between
contrast material injection and data acquisition is
incorrectly estimated. By the use of this technique
in the present study, the time course of most VA
dissections is in agreement with those of previous
angiographic studies. A hairline residual lumen or
a pseudoaneurysm may appear, however, during the
late course of occlusive dissections. Further studies
using contrast-enhanced MR angiography with a
reduced voxel size are required to determine the
exact role of this technique for the management of
cervical artery dissections.
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