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Abstract
Background Contrast-enhanced magnetic resonance angiography (CE-MRA) has become a very popular imaging technique in
the evaluation of the extracranial vessels pathology, while it is not commonly used to rule out intracranial vascular pathology. On
the contrary, 3D time of flight MRA (TOF-MRA) has a solid role in the study of intracranial arterial vessels disease.
Materials andmethods One hundred and eight patients were consecutively included in the study. All patients were submitted to a
3 Tesla 3D CE-MRA imaging to rule out extracranial vessels pathology. A comparison was made with a 3D-TOF sequence
acquired at the same time in the assessment of intracranial vessels diseases such as steno-occlusion, dissection, and aneurysms.
Results With regard to steno-occlusive disease, Spearman’s rank correlation coefficient was of 0.56 for stenosis detection and of
0.57 for occlusive disease detection. The two techniques shared similar results in the evaluation of anterior circulation, while 3D-
TOF found higher grades of stenosis for posterior circulation.With regard to dissection, Spearman’s rank correlation coefficient was
of 0.7. 3D-TOF depicted more intramural hematoma (Spearman’s rank = 0.46), while CE-MRA showed more pseudo-aneurysms
(Spearman’s rank = 0.56). Both the technique equally evaluated the presence of intracranial aneurysms (Spearman’s rank = 1).
Conclusion CE-MRA can be considered a reliable tool to rule out intracranial pathology associated to supraortic steno-occlusive
disease, also allowing time reduction. In the suspicion of dissection a T1-weighted sequence has to be added to detect the
presence of a subacute vessel wall hematoma.

Keywords Magnetic resonance angiography . Contrast-enhanced magnetic resonance angiography . 3D-time of flight magnetic
resonance angiography . Intracranial vessels disease . Aneurysm . Arterial steno-occlusion . Arterial dissection

Introduction

Magnetic resonance angiography (MRA) plays a key role in
the accurate diagnosis of steno-occlusive disease and dissec-
tion of the cervical and intracranial arteries and in the detec-
tion of intracranial aneurysms: in the last decades, it has seen a
progressive increase in popularity and clinical applicability
[1]. Its major advantage over CT angiography (CTA) is to
be less invasive and complementary to MR study of the brain,
the real gold standard to diagnose acute or chronic vascular
brain pathologies.

Although digital subtraction angiography (DSA) has al-
ways been considered a diagnostic gold standard, there have
been many reports showing the diagnostic accuracy of CE-
MRA in the evaluation of carotid artery stenosis [2–4].
Coverage from the aortic arch up to the circle of Willis is the
major benefit of contrast-enhanced MR angiography (CE-
MRA) when compared with 3D time of flight (TOF-MRA),
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and its role in the evaluation of proximal high-grade stenosis
and occlusion has also been widely established [5, 6]. CE-
MRA has also been proven to have higher sensitivity and
specificity values for extracranial carotid artery stenosis at
both 1.5 T and 3 T than 3D-TOF-MRA, due to the latter
greater sensitivity to saturation effect [5, 7]. Moreover CE-
MRA allows a complete visualization of the vertebral arteries,
a major advantage not only over 3D-TOF-MRA but also on
US and CTA, and the latter impaired by vertebral bones.

There is still no consensus regarding the optimal method
for diagnosing dissection of extra-intracranial arteries with
MRA. CE-MRA currently represents the most popular choice
for the non-invasive imaging of arterial dissection [8]. 3D
TOF-MRA demonstrated excellent sensitivity (87–99%) in
the diagnosis of carotid dissection [9] when compared to
DSA, but this sensitivity turned out to be lower (60%) for
the detection of vertebral dissection [10].

Both CTA and CE-MRA allow to study the intracranial
circulation to rule out the presence of concomitant pathology,
as tandem stenosis or vascular malformations. The prevalence
of incidental aneurysms in imaging studies is of 0.5–2% [11],
and about 1% of patients with asymptomatic ICA stenosis
have an intracranial aneurysm [12], while the prevalence of
intracranial stenosis in patients with extracranial steno-
occlusive disease is unknown.

While CTA allows a complete high resolute coverage of
both extra- and intracranial arteries, CE-MRA is limited by its
coronal acquisition that may exclude part of the more distal
posterior circulation and its relative low spatial resolution
compared to TOF-MRA [13]. A reconstruction along the sag-
ittal axis is the only one provided most of the times, followed
by another common drawback of CE-MRA in the evaluation
of the intracranial circulation, that is the presence of possible
venous background in the absence of a correct timing. To
allow a better coverage of the intracranial circulation at a
higher spatial resolution, in our center a 3D-TOF-MRA acqui-
sition centered on the intracranial circulation is also added to
the standard CE-MRA acquisition, with multiple reconstruc-
tions and optimal background suppression.

The aim of this study was is to verify the correlation of CE-
MRA and 3D-TOF MRA in the detection of intracranial vas-
cular lesions. The presence of a good correlation between the
two techniques would allow to rely on CE-MRA also to depict
intracranial associated pathologies also shortening the acqui-
sition time

Materials and methods

Patients

This is retrospective study approved by our institutional re-
view board, and informed consent was waived. Patients were

enrolled on the suspicious of vascular abnormality on CTA or
Doppler ultrasounds, such as stenosis or dissection.

MR imaging

MR imaging was performed on a 3-T whole-body MR imag-
ing system (Philips Medical Systems, Best, Netherlands)
using a head and neck array coil. TheMRI protocol comprised
three axial HR images (T2-weighted [T2WI]; T1-weighted
[T1WI], FLAIR), diffusion weighted images, CE-MRA for
the evaluation of both extra and intracranial vessels. A 3D-
TOF MRA was also performed to assess intracranial
circulation.

CE-MRA

CE-MRA was performed in the coronal plane immediately
after 3D-TOF-MRA. Contrast material (Gadobutrol - 0.1
mmol/kg) was injected via the ante-cubital vein at a rate of
2.5 ml/s followed by a saline (0.9%) bolus of 20ml at 2.5 ml/s.
The 3D volume was acquired with the following imaging
parameters: TR, 4.3 ms; TE, 1.59 ms, field-of-view 320 ×
320 × 75, matrix size 456 × 456. Parallel image acquisition
using GRAPPA (Generalized Autocalibrating Partially
Parallel Acquisition) algorithm was applied with an accelera-
tion factor of 2. Voxel dimensions for reconstructions were
0.5 × 0.5 × 0.5 mm.

3D-TOF-MRA

The 3D volume was positioned in an axial orientation at the
level of the internal carotid artery with the following imaging
parameters: repetition time (TR) 23 ms, echo time (TE) 3.5
ms, field of view 200 × 200 × 94 mm; matrix size 500 × 399;
chunk thickness 18.9. Parallel image acquisition using
GRAPPA (Generalized Autocalibrating Partially Parallel
Acquisition) algorithmwas applied with an acceleration factor
of 2.8. Voxel dimensions for reconstructions were 0.298 ×
0.298 × 0.45 mm. Complete coverage included internal carot-
id and vertebral arteries from C1.

Imaging analysis

3D-TOF-MRA and CE-MRA were reviewed separately and
in random order by two independent neuroradiologists.

The presence and location of intracranial stenosis was qual-
itatively determined on axial and coronal view (from C1 to the
pericallosal artery). Percentage of stenosis was graded as:

& score of 1 ( ≤ 50%);
& score 2 (> 50% e < 70%);
& score 3 for occlusion ( ≥ 70%).
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Presence of carotid or vertebral dissection was determined
(from C1 to the intracranial tracts). Arterial dissection was
determined according to the presence of at least one of the
following MR findings:

& Mural hematoma;
& Dissecting pseudo-aneurysms;
& Stenosis.(suspected for dissection according to site and/or

shape).

The presence, location, shape, and maximum diameter of
intracranial aneurysms were assessed

Statistics

Stenosis grades determined by 3D-TOF and CE-MRA were
compared using the Spearman rank correlation coefficient.
The presence of dissection and the agreement between 3D-
TOF and CE-MRA in the assessment of mural hematoma,
dissecting aneurysms, and stenosis were made using
Spearman rank correlation coefficient. A p value ≤ 0.05 was
considered statistically significant. Cohen’s Kappa was used
to evaluate interrater reliability. The analysis was carried out
using IBM Statistic SPSS software, ver.20.

Results

A total number of 108 patients was enrolled in our study.
There were 43 female patients (mean age 53 years old, range
27–94 years old) and 65male patients (mean age 53 years old,
range 29–76 years old). Interrater agreement was very good
for both TOF MRA (κ = 0.9) and CE-MRA (κ = 0.85).

1. Assessment of intracranial stenosis

CE-MRA detected 38 stenosis: 42% of them were grade 1
(16/38), 42% of themwere grade 2 (16/38), 16% of themwere
grade 3 (6/38). 3D-TOF-MRA detected 55 stenosis: 40% of
them were grade 1 (22/55), 40% were grade 2 (22/55), and
20% were grade 3 (11/55). Table 1 shows the regional distri-
butions of stenosis for both the techniques. Spearman’s rank
correlation coefficient for stenosis detection was calculated to
be 0.56 (p = 0.01). Spearman’s rank correlation coefficient for
Grade 3 (occlusion) detection was calculated to be 0.57 (p =
0.01). ICA (internal carotid artery from C1) stenosis were all
the same identified by both CE-MRA and 3D-TOF-MR.
CMA (cerebral middle artery) stenosis were equally identified
by CE-MRA and 3D-TOF for grade 1 and grade 2; TOF-
MRA detected more grade 3 stenosis. CAA (cerebral anterior
artery) stenosis were all the same identified by CE-MRA and
3D-TOF, but a higher number of stenosis was ranked by CE-
MRA for grade 2 and by TOF-MRA for grade 3 respectively.
With regard to posterior circulation, 3D-TOF ranked a higher
number of severe stenosis compared to CE-MRA.

2. Evaluation of dissections

CE-MRA detected 22 findings consistent with dissection
(17/22 internal carotid arteries, 5/22 vertebral arteries). 3D-
TOF-MRA detected 37 findings consistent with dissections
(28/37 internal carotid arteries, 8/37 vertebral arteries, 1/37
basilar artery); they were all detected from C1 all along their
intra-cranial course. Spearman’s rank correlation coefficient
for the detection of dissection was calculated to be 0.7 (p =

Table 1 Regional distribution of
different grades of stenosis at both
CE-MRA and 3D-TOF-MRA

CE-MRA

Grade 1

(no)

3D-TOF-MRA

Grade 1

(no.)

CE-MRA

Grade 2

(no.)

3D-TOF MRA

Grade 2

(no.)

CE-MRA

Grade 3

(no.)

3D-TOF MRA

Grade 3

(no.)

ICA 5 5 2 2 2 2

CMA 6 4 3 5 / 3

CAA 0 1 3 2 / 1

CPA 0 3 0 2 / /

Vertebral A. 2 5 5 8 3 5

Basilar A. 3 4 3 3 1 /

Table 2 Distribution of dissections identified by the only or
concomitant three different specific MR findings: pseudo aneurysm,
stenosis, hematoma

CE-MRA
(no.)

3D-TOF-MRA
(no.)

Stenosis 9 12

Pseudo-aneurysm 9 7

Hematoma / 5

Stenosis and hematoma 2 7

Stenosis and pseudo aneurysm 2 3

Hematoma and pseudo aneurysm / 3
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0.01). Spearman’s rank correlation coefficients for the detec-
tion of intramural hematoma was of 0.45 (p = 0.036), for the
presence of pseudo aneurysm was of 0.56 (p = 0.006), and for
the presence of stenosis was of 0.42 (p = 0.049). Table 2
shows the distribution of the different MR findings that were
used to identify the presence of dissection at both techniques.

3. Detection of aneurysms

Both CE-MRA and 3D TOF-MRA detected the presence
of a total number of 6 aneurysms, of small and large sizes: two
of the right middle cerebral artery, one of the left anterior
communicating artery, three of the internal carotid artery.
They were all saccular aneurysms. All the aneurysms identi-
fied at CE-MRA were detected at 3D-TOF-MRA (100%).
Spearman’s rank correlation coefficient for aneurysms detec-
tion was calculated to be 1 (p = .001).

Discussion

CE-MRA is an established technique for the visualization of
the vessels of the supra-aortic vasculature, and has progres-
sively replaced 3D-TOF-MRA as the method of choice in the
clinical practice for the imaging of the extracranial carotid
circulation [14, 15]. CE-MRA has the ability to produce
higher quality images of the entire carotid and vertebro-
basilar circulations in a single acquisition and in a much
shorter acquisition time [16, 17]. Recent advances in gradient

subsystems provided superior temporal resolution by shorter
repetition time, thus resulting in greater anatomic coverage.
However, this excellent technique carries with itself some ear-
ly limitations, including a fundamental image-quality-related
metric of inadequate spatial resolution as well as undesirable
venous enhancement, related to mismatch timing of the MR
data acquisition to the arterial contrast bolus passage [18]. The
post-processing technique is fast and works extremely well
with CE-MRA, since vascular signal is typically much greater
than background signal, providing projection images that are
quite similar in appearance to conventional angiograms.
However, if not properly timed, this algorithm depicts veins
and arteries in the same acquisition.

3D TOF-MRA produces high-resolution images, especially
when 3D: the 3D acquisitions give high-spatial resolution isotro-
pic imaging and sufficient signal-to-noise ratio, allowing for bet-
ter visualization of the main arterial and small peripheral intra-
cranial vessels. One of the most known shortcomings of TOF is
the saturation of protons in vessels within the imaging section or
slab, especially for 3D-TOF, where flow lies within the plane of
imaging, limiting the maximum slab thickness of each acquisi-
tion, reducing the signal within vessels with consequent stenosis
overestimation [19]. Imaging acquisition times are also longer,
and motion artifacts may affect the entire exam, not only the
single slice [20]. However, the use of a 3-Tesla scan helps im-
prove image quality without an increase in scan time.

Our results showed that CE-MRA and 3D-TOF-MRA
have a good agreement in the detection of intracranial steno-
sis, especially for the intracranial carotid arteries. For the pos-
terior vertebral circulation, 3D-TOF MRA detected a higher

Fig. 1 Vertebral artery stenosis. a
CE-MRA image maximum in-
tensity projection (MIP) image
shows the presence of a
hypoplasic left vertebral artery,
while 3D-TOF (b) overestimates
it showing a complete occlusion
of the same vessel

Fig. 2 Middle cerebral artery
stenosis. a CE-MRA MIP shows
a regular right middle cerebral ar-
tery, while 3D-TOF MIP (b)
shows a severe stenosis of the
same artery
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number of vertebral stenosis compared to CE-MRA (Fig. 1).
This resulted particularly true when imaging vertebral artery
where 3D-TOFMRA estimatedmore sever grades of stenosis.
Previous studies investigated the difference between CE-
MRA and 3D TOF-MRA in the evaluation of intracranial
stenosis, the latter showing a tendency of stenosis overestima-
tions [7, 21, 22]. Evaluation of posterior circulation with
MRA imaging is of outmost importance as both ultrasound
and CTA can be invalidated by the presence of an inadequate
acoustic window or bone artifacts respectively. It is known
that accelerated flow through stenotic areas may lead to over-
estimate the degree of stenosis [19]. Studies at 3-Tesla imag-
ing for the external and proximal carotid arteries reported that
3D-TOF-MRAmight miss classify pseudo-occlusion as com-
plete occlusion (Fig. 2) [5, 7]. The disagreement showed be-
tween the two techniques could be explained by this tendency
towards overestimation of the 3D-TOF: the absence of a gold
standard such DSA to compare our results does not allow to
establish the correct evaluation of the degrees of stenosis, but
it seems reasonable to think in favor of more false positives
obtained by 3D-TOF. The results stress the importance of
acquiring CE-MRA in the suspicion of vertebral arteries ste-
nosis due to the great number of false positive occlusion at
3D-TOF MRA.

MRA represents a non-invasive and valuable approach in
the diagnosis and evaluation of spontaneous cerebral artery
dissection (CAD), and among all sequences contrast-
enhanced MRA in combination with fat-suppressed T1w im-
ages at 3-Tesla are the most widely used in the current clinical
scenario [8]. However, CE-MRA might underestimate the
presence of CAD due to the limited spatial resolution, adjacent
veins and the tortuous course of the arteries, and may under-
estimate the presence of intramural hematoma, due to the very
short repetition time used for first-pass CE-MRA (Figs. 3 and
4) [23]. On the other hand, 3D-TOF-MRA provides T1 con-
trast and angiographic information at the same time. It has
been proven to have a good sensitivity in the detection of
spontaneous CAD, with very good agreement in the detection
of stenosis, occlusions, and aneurysms compared to the stan-
dard MR protocol [13]. Our results supported these findings:
3D-TOF-MRA detected all the dissections identified by CE-
MRA, but, compared to the latter, it is able to depict a higher
rate of intramural hematoma, thus resulting in a more accurate
diagnosis of dissection. This resulted to be of particular rele-
vance in the absence of stenosis at CE-MRA. The rate of
stenosis associated to the presence of dissection detected by
the two techniques was different between the two techniques:
it may be referred to the already discussed overestimation of

Fig. 3 Vertebral artery dissection. a, b 3D-TOF source and MIP images
show the presence of intramural dissective hematoma at the level of the
left verterbral artery, resulting in a moderate stenosis (white arrow). cCE-

MRA MIP image shows the presence of a moderate stenosis at the level
of the left vertebral artery, without clearly depicting the intramural hema-
toma but only a moderate stenosis

Fig. 4 Vertebral artery dissection. (a, b) Axial 3D-TOF source and MIP
images show intramural hematoma in the presence of dissection at the
level of the right internal carotid artery. c 3D-TOF MIP images at 2-

month follow-up shows the persistence of intramural hematoma that is
not clearly detectable on the CE-MRA MIP image (d)
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arterial stenosis and occlusion related to the 3D-TOF tech-
nique, and this is consistent to what previously published
[13]. On the other hand, CE-MRA should be the technique
of choice in the follow-up of dissections, due to the more
accurate assessment of associated pseudo-aneurysm.

A good consensus was obtained for both the technique in
the assessment and evaluation of intracranial aneurysms. Even
though our sample was small, our results are in agreement
with the literature (Fig. 5). Anzalone et al. previously showed
that 3D-TOF-MRA and CE-MRA have both similar accuracy
in detecting intracranial aneurysms with a higher accuracy for
CE-MRA in larger aneurysms and coiled treated aneurysms.
[14].

Our study is a valid proof of the usefulness of CE-MRA not
only in the well-known evaluation of the supra-aortic vessels,
but also for the intracranial circulation at 3 T imaging. The
added benefit is also the chance to shorten the acquisition
time. Both radiologists and clinicians have to be aware of
the more comprehensive role of CE-MRA in excluding intra-
cranial disease while assessing extracranial pathology.

With regard to limitations, the assessment of intracranial
stenosis would have benefit of a comparison with DSA data as
it represents the ultimate gold-standard technique for the de-
tection and description of the grade of stenosis. However, data
from the literature have already separately established the ac-
curacy of both techniques. In relation to dissections, it is not
clear which is the ideal reference technique that shows both
vessels stenosis and wall hematoma. As for aneurysms, the
aim was to detect the presence, not to specifically evaluate
morphology and size description.

Conclusions

In conclusion, our study suggests that CE-MRA of the
supraortic vessels can depict the presence of possible associ-
ated intracranial aneurysms and stenosis of both anterior and
posterior circulation, allowing a consistence examination time

reduction. Nevertheless, in case of a suspicious of dissection
the acquisition of CE-MRA alonemay underestimate the pres-
ence of pathology, especially in the absence of vessel stenosis.
In this case, a 3D T1-weighted black-blood acquisition should
be added to rule out the presence of dissecting hematoma.
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