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KEY POINTS

� Steady-state free precession (SSFP) sequences have become the preferred sequences for endo-
vascular interventional MR imaging.

� Passive tracking using negative contrast uses marker materials in device construction that cause
localized magnetic field inhomogeneities resulting in dephasing of adjacent proton spins and a local
signal void or susceptibility artifact on MR imaging without the use of active radiofrequency (RF)
components.

� Passive tracking can also be achieved with positive contrast using paramagnetic materials that
cause focal T1 shortening (bright spot), such as gadolinium, within the lumen or on the surface
of a catheter. Additional passive tracking methods include nonproton multispectral, and direct cur-
rent techniques.

� The main advantage of passive catheter tracking over active tracking is simplicity and absence of
radiofrequency (RF) heating, as no additional MR imaging scanner software, wires or electronics
are required for most passive tracking techniques.

� Because device coordinates are not registered with passive tracking methods and imaging plane is
not automatically updated, automatic visualization and correct imaging plane selection is difficult.
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INTRODUCTION

The use of MR imaging for guidance of endovas-
cular interventions has emerged as a feasible
alternative or adjunctive imaging modality to digital
subtraction angiography (DSA). MR imaging guid-
ance offers several potential advantages. The
absence of ionizing radiation during MR imaging
is particularly attractive, as there may be substan-
tial radiation exposures to both the patient and the
interventionalist during DSA.1,2 In addition,
although DSA is limited to luminal information,
MR imaging can also provide high-contrast visual-
ization of the vessel wall and adjacent soft tissues
with moderately high spatial resolution, allowing
for the identification of vulnerable atherosclerotic
plaques, the ability to monitor the effect of endo-
vascular therapy on adjacent tissues, and to
recognize possible complications, such as
vascular perforation, hemorrhage, and infarction,
all in real time. MR imaging also offers unrestricted
multiplanar imaging capabilities and the opportu-
nity to obtain physiologic and functional informa-
tion such as flow velocity, 4D flow imaging and
computational fluid dynamics, temperature, diffu-
sion, and perfusion.
Concurrent advances in the design of real-time

MR fluoroscopy and MR angiography pulse se-
quences and the development of MR safe and
compatible endovascular devices have facilitated
progress from in vitro and animal feasibility studies
of MR guidance for endovascular interventions to
their translation into clinical care. This review high-
lights state-of-the-art imaging techniques and
hardware used for passive tracking of devices in
endovascular interventional MR imaging.

THE VASCULAR INTERVENTIONAL MR
IMAGING SUITE

The use of MR imaging guidance for endovascular
intervention requires balancing multiple trade-offs
involving image quality, spatial and temporal reso-
lution, patient accessibility, field of view, and cost.
Higher-field-strength cylindrical bore scanners are
capable of better image quality; however, they
require small diameter bores compared with
open MR imaging scanners and therefore limit pa-
tient accessibility. At present, open bore MR imag-
ing scanners do not provide adequate field
strength, gradient strength, or field uniformity for
endovascular intervention.3 Clamshell and dou-
ble-doughnut–shaped bores were initially intro-
duced to improve patient accessibility during
intraoperative MR imaging. Fortunately, arterial
access at the groin for most endovascular proce-
dures permits longer distances (40–80 cm)

between the interventionist standing at the open-
ing of the magnet bore and the target tissue of in-
terest in the head, neck, chest, or abdomen,
making commonly available cylindrical (or closed)
bore clinical MR scanners suitable. Cylindrical
bore magnets with shorter bore lengths (125 cm
instead of 160 cm) and/or with larger bore diame-
ters (70 cm instead of 60 cm) have been devel-
oped, allowing easier patient access and are
commercially available. Most research sites now
have hybrid systems consisting of a short-bore cy-
lindrical MR imaging and DSA unit connected by a
single floating table, also known as XMR systems
(Fig. 1, Video 1). This system allows for use of
either imaging modality for different parts of a pro-
cedure and permits the use of DSA backup in case
of difficulties during MR guidance.

REAL-TIME MR IMAGING AND MR
ANGIOGRAPHY TECHNIQUES FOR
ENDOVASCULAR INTERVENTIONAL MR
IMAGING

Image acquisition during MR-guided endovascu-
lar procedures must be rapid enough to allow the
interventionist to visualize changes within the
patient as devices are externally manipulated in
real time. Several pulse sequence approaches to
achieve higher-temporal-resolution MR imaging
for MR-guided interventions, also known as real-
time MR imaging or MR fluoroscopy, have been
explored. Higher temporal resolution usually
comes at the expense of spatial resolution. Never-
theless, MR fluoroscopy sequences used today
allow sufficient spatial and temporal resolution to
track endovascular devices. Because each pulse
sequence offers unique contrast characteristics,
the ideal sequence depends on the properties of
the device being tracked and the passive tracking
method being used for device tracking (see pas-
sive tracking section), the contrast properties of
the tissue of interest, and the need for intravas-
cular contrast. Commonly used MR fluoroscopy
sequences are summarized in Table 1.
SSFP sequences have become the preferred

sequences for endovascular interventional MR im-
aging. SSFP provides excellent bright blood
contrast and visualization of devices using passive
tracking because of the high temporal resolution
(short repetition time [TR]), high signal-to-noise
ratio (SNR), and greater sensitivity to magnetic
field inhomogeneities4–13 (Fig. 2).
T2-weighted turbo spin echo, rapid acquisition

with relaxation enhancement (RARE, HASTE)
sequences, may also be used for verification of
device location because of the flexibility in image
contrast and fast acquisition of the pulse
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