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Abstract: Our goal is to determine the behavior of the stent in the artery wall by resonance. To describe the presence or
absence of intra-stent stenosis using 3D TOF sequence of high resolution and fluoro-resonance and to create a protocol
using MRI to allow monitoring of the carotid stent. Currently in the study of intra-arterial devices (STENT) there are
sequences for observing such devices. However, it is possible to establish appropriate planning for the study of these
structures which also evaluate the inside of the stent and provide information which allows us to quantitatively measure
the presence or absence of intra stent stenosis or occlusion. The purpose of this research is to find whether the
angiographic sequences 3D TOF high resolution and fluoresonance can be useful to demonstrate the above
characteristics. Although the diagnosis of these diseases is based on clinical and ultrasound studies that until now have
proven effective, this imaging method will enable timely diagnosis help form; included as part of the study methodology
and monitoring, since even when the ultrasound is very efficient in the study and monitoring of these devices not without

the limitation of requiring highly skilled personnel for its performance and interpretation.
Keywords: Magnetic Resonance imaging, wallstent, carotid disease.

INTRODUCTION

Stent placement in the carotid artery (CAS) is a
therapeutic measure widely used currently for the
prevention of cerebrovascular events in patients with
symptomatic carotid stenosis or high grade stenosis. To
evaluate the effectiveness of treatment and reliable
detection of complications such as restenosis or
occlusion of the vessel it is required adequate imaging
follow.

Options include Doppler ultrasound, digital
subtraction angiography (DSA), the angio tomography
(CTA) and magnetic resonance angiography (MRA).
However, there are some limitations such as the use of
ionizing radiation in the DSA and CTA. Ultrasound is
operator-dependent  and can  offer limited
reproducibility. In comparison, the magnetic resonance
through angiography sequences offers the advantage of
being non-invasive and free of ionizing radiation which
is a promising option for imaging monitoring.
Nevertheless, stent-related artifacts condition a

constraint for use. Studies have been made previously to
improve the spatial resolution by using dye which
demonstrated intra-stent lumen at different field
strengths [1-9]. Despite these changes, artifacts related
stent give the impression of narrowing the light and the
signal is limited to visibility in the light attenuation of
the stent. Angiographic sequence time of flight (TOF) is
a type of sequence and widely used to represent the
intra and extra cranial vascular structures which do not
require the use of contrast agents. To date, there are no
clear guidelines for effective monitoring exams in
carotid stenting [10-13].

To help develop standard protocols for
monitoring image by this method, different modes
should be compared objectively regarding stent lumen,
signal attenuation in the stent and the artifice related
devices. Previous studies on the images of the stent
used MRA, CTA and DSA [14, 15]. To our knowledge,
there are only a few studies to date that systematically
analyze artifacts and visibility of the stent with three-
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dimensional  (3D-TOF) angiographic  sequences.
However, there are not researches showing the
superiority of wvolumetric sequences with direct
visualization of the step of medium contrast through the
stent, and the versatility and improvement of 3D-TOF
high resolution sequence as currently with MRI coils
and high field surface, powerful tools that have been
developed to reduce the time acquisition and improve
image quality [16-18]. This helps to overcome the
weaknesses that cause minimal angiographic sequences,
so that both sequences are a promising protocol study of
carotid stent using contrast medium or not. The purpose
of this study was to determine the effectiveness and
reliability of 3D-TOF high-resolution sequence and
sequences with fluoresonance in the representation of
the stent lumen and vessel characteristics.

METHODOLOGY:

A prospective, observational and descriptive
cases study was conducted from 1% March to 30" June
2013 which included a total of 5 patients attending a
checkup for monitoring carotid stent. These patients had
previous carotid disease prior the wallstent placement.
The age range was between 45-65 years old; (55 years
average age) which underwent MRI study for the
application of 3D TOF angiographic sequences and
high resolution and fluoresonance, prior informed
consent, normal creatinine values and willing to
participate in the study. All images obtained were
analyzed in an advanced workstation in three-

dimensionally and MIP raw device for analysis and
compared with ultrasound studies were performed the
same day as the MRI was performed obtaining
representative images of both methods. For the
systematization and analysis of the information a
database in Excel was created in which the caliber of
the lumen is included inside the stent and comparative
table regarding ultrasound measurements. Images are
compared.

RESULTS

A total of 5 patients with a history of
atherosclerotic disease with carotid stenosis were
studied and whose treatment was stenting (Wallstent)
with an age range between 45 - 65 years old; (55 years
old average age), all males in the period between March
to June 2013, which underwent ultrasound study as a
follow carotid device and PIC agreed to participate in
this protocol magnetic resonance application of
angiographic sequences with and without contrast.

Concentration table was performed (see annex
1) in relation to the findings in studies by ultrasound
and compared with magnetic resonance imaging studies
for both sequences. In our study, all patients were male,
the average age was 54.4 years, 60% of patients had the
stent in the right internal carotid artery, and 20% in the
left internal carotid artery and 20% had bilateral
localization. See figure 1.

LOCATION OF STENT

M LICA 20%
m RICA 60%
BILATERAL 20%

Fig 1: RICA: Right internal carotid artery. LICA: Left internal carotid artery. BILATERAL: RICA (right
internal carotid artery) + LICA (Left internal carotid artery).

In 100% of patients the stent was visualized in
the resonance angiographic sequences and in the 80%
the intra stent lumen was observed properly. In 3D TOF
sequence artifice into the stent was minimal in the 80%
of patients, while in the fluoresonance sequence in 80%

of patients there was no artifact inside the stent. On the
other hand, it was reported that there is a correlation
with both sonographic and resonance images regarding
the reduction of vessel size and location of the intra
stent hyperplasia. See figures 2 and 3.
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REDUCED CALIBER OF THE ARTERY (concordance both

sonographic and MRI)

= Upper Third 40%
= Middle Third 40%
Lower Third 20%

Fig 2: Reduced caliber of the artery 40% in the upper third, 40% in the middle third and 20% in the lower third

Location of Intra stent hyperplasia
(Sonographic and MRI)

20%

= Middle Third 40%
= Lower Third 40%

It is not visible 20%

Fig 3: Location of Intra stent hyperplasia Sonographic and MRI, Middle third and lower 40% each and 20%
hyperplasia site is not displayed or sonographic or MRI.

DISCUSSION

The 2 major types of artifacts related to the
stent are: Susceptibility and Radio frequency (RF).
Susceptibility related to artifacts is caused by the type
of material of the stent and the tissue around the stent.
The radio frequency is produced by the stent struts. The
degree of artifact and subsequent changes in the
visibility of the intra lumen stent depend on the type of
stent, its size and sequences used. However, the
influence of a complex geometry of the stent on the
artifact produced by it is difficult to predict.

The development of specific guidelines for
carotid stenting imaging follow may be a beneficial
approach to overcome this problem. To develop image

standard guidelines, different types of sequences MRA
are necessary to be compared with other imaging
modalities available. Monitoring for imaging, MRA has
the advantage of including visualizing the brain
parenchyma. The disadvantage of angio resonance
includes the relatively high cost as well as limited
availability. This study was conducted live so it has not
the limitations of in vitro studies in which the vessel
geometry and flow patterns differ from the live
conditions. MRI studies are very useful for visualizing
the intra-arterial devices (stent). The volumetric
sequences SPGR allowed us to define the environment
of the stent and planning’s of the study with high
definition stent. (See Figure 4).

Fig 4: SPGR sequence in coronal plane (a), sagittal (b) and axial (c) allowing the visualization of the stent and its
environment for planning simple and contrasted angiographic sequences.
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The 3D TOF sequences with the modification
to a high resolution with voxel dimensions 0.9 mm,

provided the characterization of the stent both
externally and internally. (See Figure 5)

Fig 5: sequence 3DTOF carotid sagittal plane (a), coronal (b) and axial in the upper third, middle third and lower
third (c),

Which shows reduction zone caliber in the
middle third, in the axial plane the portion is Central
stent with greater signal strength and sides of

endothelial hyperplasia with lesser intensity. The
fluoresonance sequence allowed us to display intra stent
lumen with minimal artifice (See figure 6).

Fig 6: Densitometric fluoro resonance sequence (a), coronal (b), sagittal (c) and axial planes of the upper third,
middle third and lower third of the stent.

Decreased lumen of the stent was observed at
the junction of the lower third with the middle third
secondary to the presence of calcified plaque associated
with endothelial hyperplasia. Briefly, the sequences
used in this study allowed us to characterize the stent
and flow visualization inside the same with minimal
artifact probably better definition than ultrasound.
However, complementary studies and lines of research
will be needed to compare these imaging methods.

CONCLUSION
MRI studies are very useful for visualizing the
intra- arterial (stent) devices leaving aside the myth that

was with respect to such devices. Although its
composition is stainless steel, in the studies, changes
were not observed in relation to movement or
displacement. Likewise, patients did not experience any
change in relation to temperature or pain reference at
the stent site at any time of the study. The volumetric
SPGR sequences allowed us to define the environment
of the stent and planning’s of the study with high
definition stent. The 3D TOF sequence is the most often
used for the characterization of the arterial structures.

However, as described in some publications
the artifice which condition this sequence in the
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presence of carotid device does not allow adequate
visualization of the interior of the stent. Nevertheless, to
make the modification of a conventional sequence of
high-resolution  0.9mm  voxel size  provides
characterization of the stent and allows the evaluation
of the inside stent very precisely. On the other hand,
fluoresonance sequence allows flow visualization inside
the stent with minimal artifact on the light device which
makes even more accurate characterization. So, the
sequences used allowed us to characterize the stent as
well as the inside it accurately probably more effective
than ultrasound. Although this will require a research to
compare methods used to follow up these devices.
Whereby, it appears to be a promising method for
monitoring the carotid stent.
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Annex 1:
Findings Patients/ Sex / Age
1/Male/65 years 2/Male/47 years 3/Male/59years 4/Male/45years 5/Male/56 years
Location of the Stent

us RICA LICA RICA-LICA RICA RICA
MRI RICA LICA RICA-LICA RICA RICA
MRI

Visualization of Stent

SPGR Sequence Yes Yes Yes Yes Yes

Visualization of Intra Stent

Lumen Yes Yes Yes Yes Not
3DTOF sequence
artifice intrastent Minimum Minimum Minimum Minimum Moderate

Fluororesonance sequence
artifice intra stent None None None None Moderate

Reduced caliber of the artery

us Middle Third Upper Third Middle Third Lower Third Upper Third
MRI Middle Third Upper Third Middle Third Lower Third Upper Third
Location

of Intra stent hyperplasia

us Middle Third Lower Third Middle/Lower  Lower Third Not displayed
MRI Middle Third Lower Third Middle/Lower  Lower Third Not displayed

Annex 1: Summary of stent findings (Wallstent) in MRI and Sonographic imaging (US)
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