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HIGHLIGHTS
e Vascular MRl is a flexible tool for imaging a wide range of vascular pathologies,
including visualization and grading of vascular stenosis and many other entities such
as aneurysmes, dissections, shunts, etc.

e There are a number of competing imaging modalities (MRI, Computed Tomography,
Ultrasound, etc.) with specific advantages and disadvantages for depicting these
vascular pathologic entities.

¢ Depending on the clinical question and underlying pathology, vascular MRI
protocols, choice of contrast agent (or non-contrast-enhanced MRA), and contrast
agent protocols have to be adapted and optimized.

TARGET AUDIENCE

Attendees who have an interest in vascular MRI exams of various clinical indications,
intending to broaden their knowledge in the correct use and technical implementation of
various vascular MRl tools in different vascular beds and for a number of underlying
pathologies.

OUTCOME/OBJECTIVES

At the end of this course, attendees will have an overview on a number of pathophysiological
vascular processes to be imaged by vascular MRI and will have an understanding of the
correct choice of vascular imaging modalities as well as the optimal MRI imaging protocol,
depending on the clinical problem or question.

BACKGROUND INFORMATION AND COMPETING MODALITIES

Imaging of the vasculature has evolved greatly in the past decades. In many instances, either
MR or CT has replaced x-ray angiography as the imaging modality of choice for vascular
imaging, due to their non-invasive application, the ease and comfort to the patients, and the
clinical versatility of these imaging methods. While MRI is more flexible in terms of adaptation
of the acquisition protocol (high-resolution MR angiography (MRA), time-resolved MRA,
phase-contrast MRI, vessel wall imaging, etc.), CT is a very fast and robust tool with a very
high spatial resolution (even better than that of MRA) and with new concepts, such as Dual-
Energy CT or low-kV scanning, potentially reducing the need for radiation dose and/or
contrast agent volume. Thus, both imaging modalities are competing in a number of vascular
imaging indications (1).

MAIN VASCULAR PATHOLOGIES

The vascular pathologies to be discussed in this course include a broad range of potential
clinical questions and problems. These pertain the depiction and exact grading of vascular
stenoses (e.g., in the carotid, renal, or peripheral arteries) (2), as well as the depiction of acute
and chronic, pre- and post-interventional pathologies of the aorta (i.e., aortic dissection, aortic
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aneurysms, etc.). In vascular stenoses, not only the area and diameter stenosis can be
measured, but also stenosis morphology (eccentric / concentric stenosis) or the vessel wall
composition might be assessed (3). In aortic dissections, detailed information on luminal
enhancement, organ perfusion and flow dynamics are essential (4). Also, abnormalities and
variations of normal blood flow will be touched, such as vascular shunts and coarctations.

CONTRAST AGENTS AND APPLICATION PROTOCOLS OF VASCULAR MRI

MRA has evolved rapidly since its introduction more than 20 years ago. Today, MRA is still
being considered as the problem solving vascular imaging modality, as it enables high-
resolution MR Angiography, time-resolved imaging to depict vascular flow dynamics including
4D Flow imaging, imaging of blood flow (phase-contrast MRI) and even the potential to image
the arterial wall in greater detalil, e.g., in the carotid arteries (5). In principal, MRA can be
applied to any vascular region. Typical problems such as blooming and beam hardening
artifacts encountered in CTA do not occur with MRA. Typical indications of MRA include
particularly renal MRA, MRA of the peripheral and supra-aortic vessels. Recently, the use of
non-contrast enhanced MRA further broadens the clinical use of MRA, e.g., in patients with
renal impairment (6,7).

CONCLUSION

With recent technical advances, comprehensive vascular MR imaging including sub-millimeter
spatial resolution and/or dynamic and flow imaging can be achieved in most vascular beds
throughout the body. As MR angiography is non-invasive and does not require ionizing
radiation for image acquisition, dedicated vascular applications including time-resolved
imaging studies, complex flow analyses, and large field-of-view (whole-body) MRA
applications are increasingly used in clinical routine.

REFERENCES

1. Anzidei M, Lucatelli P, Napoli A, Jens S, Saba L, Cartocci G, Sedati P, d'Adamo A, Catalano C.
CT angiography and magnetic resonance angiography findings after surgical and
interventional radiology treatment of peripheral arterial obstructive disease. Journal of
cardiovascular computed tomography 2015.

2. Kramer H, Nikolaou K, Sommer W, Reiser MF, Herrmann KA. Peripheral MR angiography.
Magnetic resonance imaging clinics of North America 2009;17(1):91-100.

3. Makowski MR, Botnar RM. MR imaging of the arterial vessel wall: molecular imaging from
bench to bedside. Radiology 2013;269(1):34-51.

4, Rengier F, Geisbusch P, Vosshenrich R, Muller-Eschner M, Karmonik C, Schoenhagen P, von

Tengg-Kobligk H, Partovi S. State-of-the-art aortic imaging: part | - fundamentals and
perspectives of CT and MRI. VASA Zeitschrift fur Gefasskrankheiten 2013;42(6):395-412.

5. Saam T, Raya JG, Cyran CC, Bochmann K, Meimarakis G, Dietrich O, Clevert DA, Frey U, Yuan
C, Hatsukami TS, Werf A, Reiser MF, Nikolaou K. High resolution carotid black-blood 3T MR
with parallel imaging and dedicated 4-channel surface coils. Journal of cardiovascular
magnetic resonance : official journal of the Society for Cardiovascular Magnetic Resonance
2009;11:41.

6. Kramer H, Runge VM, Morelli JN, Williams KD, Naul LG, Nikolaou K, Reiser MF, Wintersperger
BJ. Magnetic resonance angiography of the carotid arteries: comparison of unenhanced and
contrast enhanced techniques. European radiology 2011;21(8):1667-1676.

7. Edelman RR, Giri S, Murphy IG, Flanagan O, Speier P, Koktzoglou I. Ungated radial quiescent-
inflow single-shot (UnQISS) magnetic resonance angiography using optimized azimuthal
equidistant projections. Magnetic resonance in medicine : official journal of the Society of
Magnetic Resonance in Medicine / Society of Magnetic Resonance in Medicine
2014;72(6):1522-1529.

Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)



