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Toward MRI-Guided Coronary Catheterization:
Visualization of Guiding Catheters, Guidewires,
and Anatomy in Real Time
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The success of x-ray fluoroscopy-guided coronary cathe-
terization depends in part on the ability to obtain simul-
taneous and real-time visualization of the guidewire, guid-
ing catheter, and anatomy of the chest. The hypothesis
explored in this paper is that magnetic resonance imaging
(MRI) could provide this ability. This hypothesis was
tested with loopless antennas used as the guidewire and a
guiding catheter and two surface coils, each connected to
four different receiver channels of a GE 1.5-T CV/I MRI
scanner. Experiments were conducted on six healthy dogs.
Intravascular antennas were inserted in the right carotid
artery and maneuvered in the aorta while running a fast
gradient-echo sequence (TR/TE 5/1.3 msec, flip angle 7°).
Real-time projection images of the chest anatomy, to-
gether with the guidewire and guiding catheter, were ob-
tained. Positioning of the MRI guiding catheter either in
the descending aorta, ascending aorta, or heart was
achieved easily. This study represents a step toward MRI-
guided coronary catheterization. J. Magn. Reson. Imag-
ing 2000;12:590–594. © 2000 Wiley-Liss, Inc.
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WITH THE CURRENT availability of rapid imaging se-
quences on MR scanners, several investigators initiated
the development of vascular interventions using MRI
(1–9). MRI has no ionizing radiation and has the advan-
tage of providing information about the vessel lumen for
vascular interventions and about the arterial wall for
the assessment of atherosclerotic plaque stability (10–
14). Among the techniques necessary to perform MRI-
guided vascular interventions is the use of a guidewire
that can be visualized on MR images. Several technical
options have been reported to visualize the guidewire,
including the development of the loopless antenna. The

loopless antenna is a coaxial cable with an extended
inner conductor. Since the electronic circuits are
placed at the proximal end of the coaxial cable (and
therefore outside the vessel), the loopless antenna can
be constructed in very small sizes and used as a guide-
wire. It has been shown that the antenna is sensitive
along its entire length, which makes it visible in a sim-
ple projection image (4).

To date, reports in the literature have detailed exper-
iments in which the loopless antenna was used as a
guidewire for vascular procedures and tracked on a
previously acquired roadmap angiography image
(7,15). Such methods are, however, inadequate for cor-
onary catheterization because of the movement of the
heart, the necessity of frequent and rapid updates of the
roadmap during the procedure, and the difficulty of
accurately superimposing three-dimensional (3D) road-
map images with 2D projection images of the guidewire.
To solve these limitations, a hypothesis was explored in
this paper, specifically, that MRI guidewires and guid-
ing catheters, based on the loopless antenna design,
can be used, together with surface coils, for simulta-
neous real-time acquisition of images of the guidewire,
guiding catheter, and the background anatomy.

MATERIALS AND METHODS

Scanner Setup

All experiments were performed on a GE 1.5 T CV/I MR
scanner (General Electric Medical Systems, Milwaukee,
WI). For real-time visualization of the reconstructed
images, the advanced development workstation (ADW)
provided by GE was used. This workstation has a BIT3
bus connection to the scanner and gives direct access
to raw and reconstruction image data (Fig. 1). The
graphical user interface of Cardtool (the real-time image
display software provided by GE) was redesigned to
enable flexible contrast adjustment, static/dynamic
roadmap display, and zoom.

The scanner was operated by a person outside the
room while communication between the interventional
radiologist and the operator was carried out by inter-
com. Because a short-bore magnet was used, the oper-
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ator was able to reach and manipulate the catheter and
guidewire while observing the operation on an in-room
screen.

MRI Guidewire and Guiding Catheter

To ensure that MRI guidewires would have mechanical
properties compatible with coronary interventions, a
Nitinol-based loopless antenna was developed, which
has flexibility and maneuverability very similar to that
of standard guidewires (Fig. 2). These MRI guidewires
were constructed based on the design of the loopless
antenna (2,16). Both the inner conductor and the shield
were composed of Nitinol. In this study, 0.032-inch MRI
guidewires (Surgi-Vision, Columbia, MD) were used. To
build a conventional guiding catheter that can be visu-
alized with MRI, a Nitinol loopless antenna (Surgi-
Vision) was attached to the wall of a Bentson 1 guiding
catheter (internal diameter 0.035 inches; Angiodynam-
ics, Queensbury, NY). A thin and flexible extended cop-
per wire (0.008 inches) was attached approximately 3
mm after the junction between the shield and the ex-
tended inner wire to the extended inner wire and
wrapped around the distal part of the guiding catheter
to maintain the natural flexibility of the guiding cathe-

ter. This extended copper wire was coiled with an increas-
ing pitch toward the tip of the guiding catheter. (Fig. 3).

Animal Experiments

For all experiments, animals were treated according to
the principles of Laboratory Animal Care of the National
Society for Medical Research and the “ Guide for the
Care and Use of Laboratory Animals” (NIH Publication
no. 80-23, revised 1985). The experimental protocol
was approved by the Animal Care and Use Committee
at our institution and by the Institutional Review Board
at the Johns Hopkins University.

Simultaneous Tracking of Two Loopless Antennas

Preliminary experiments were performed using one
loopless antenna as the guidewire and a second loop-
less antenna as the guiding catheter, each connected to
its own tuning and matching circuit and two different
receiver channels of the scanner. A multicoil receiver
system was created to enable individual use of four
different receiver channels of a phased-array receiver
system. Experiments were performed in a healthy dog.
A 9-F introducer sheath (Meditech/Boston Scientific,
Boston, MA) was placed through a right carotid artery
cutdown. A gadolinium-enhanced 3D angiography
roadmap image of the thoracic aorta was acquired with
the following parameters: TR/TE 5/1.3 msec; flip angle
30°; slab thickness 20 mm; number of views 20; band-
width 62.5; matrix 256 3 128; field of view (FOV) 30 3
15 cm. Contrast was negated to obtain artificially a
black blood angiography image of the aorta. The 3D
angiography image was then saved as a roadmap and
displayed on the image display interface as the back-
ground image.

The MRI guiding catheter was inserted in the right
carotid artery and tracked in the descending aorta with
a multiphase fast gradient-echo sequence with no slice
selection and the following parameters: TR/TE 5/1.3
msec; flip angle 7°; bandwidth 62.5; matrix 256 3 128;
FOV 30 3 15 cm; and acquisition time per image 320
msec. Tracking images of the MRI guiding catheter were
reconstructed in real time and superimposed instanta-

Figure 2. A 0.033-inch MR imaging guidewire (Surgi-Vision)
with a matching-tuning decoupling circuit (black box).

Figure 1. Setup in the scanner room (SR) and console room
(CR). A 5 interventionalist, MR 5 MR scanner, C 5 scanner
console, B 5 bit3 bus connection, A 5 ADW (advanced devel-
opment workstation), and M 5 in-room monitor placed in front
of the radiologist. The scanner is operated outside the room,
and the interventionalist can observe the real-time images on
the in-room monitor. ADW and in-room monitor show identi-
cal information.
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neously on the roadmap image for navigation in the
vessel. Subsequently, we inserted the imaging guide-
wire inside the active catheter.

Simultaneous Tracking of Two Loopless Antennas and
Acquisition of Background Anatomy

Rather than using two different sequences for acquisi-
tion of the roadmap and tracking of the MRI guiding
catheter and guidewire, experiments were designed to
evaluate whether a single sequence could provide suf-
ficient anatomic information and tracking information
to acquire information simultaneously about the anat-
omy and position of the loopless antenna.

Feasibility experiments were performed on five healthy
pigs. A 9-F introducer sheath (Meditech/Boston Scien-
tific) was placed through a right carotid artery cutdown.
Heparin (100 IU/kg) was then given. Surface coils were
placed symmetrically on the sides of the thorax and
connected to the two remaining receiver channels of the
multicoil receiver system (Fig. 4). Scanning was per-
formed with a non-slice-selective multiphase gradient-
echo sequence (TR/TE 5/1.3 msec, flip angle 10°,
256 3 128 matrix, rectangular FOV 40 3 20 cm, update
time 320 msec). A fast gradient-echo sequence was cho-
sen to provide rapid image acquisition for tracking of
the MRI guidewire and guiding catheter (4). Tracking of
the guidewire and catheter in the aorta was considered
“convenient” if the distal portion of both intravascular
devices (on 5 cm) and their surrounding anatomy were
always and clearly visible during the procedure.

RESULTS

Tracking of Two Loopless Antennas

When the MRI guidewire and guiding catheter were
used simultaneously for reception of the MR signal,
both could be visualized in a single projection image
(Fig. 5). Despite the insertion in the lumen of the cath-
eter of the active guidewire, signal from both antennas
was always clearly visible. With real-time reconstruc-
tion of the catheters on the preacquired roadmap im-
age, simultaneous tracking of the MRI guidewire and
guiding catheter in the aorta was performed. The use of
a negated angiography background image was helpful
to visualize both intravascular antennas clearly.

Simultaneous Tracking of Two Loopless Antennas
and Acquisition of a Roadmap

Projection images of the guidewire, the MRI guiding
catheter, and surrounding organs were obtained with a
frame rate of 3 images per second (Fig. 6). The heart
(bright), the lungs (dark), and the abdomen (bright)
were easily differentiated, similar to what is seen with
x-ray fluoroscopy of the thorax during cardiac and cor-

Figure 3. a: Photograph of a 5-F guiding catheter (Bentson 1,
Angiodynamics). b: Drawing of the equivalent MRI guiding
catheter showing the conventional guiding catheter (GC), the
shield of the loopless antenna (S), the extended inner conduc-
tor (IC), and the flexible copper wire (CW) attached to the
extended inner conductor and wrapped around the the distal
part of the guiding catheter with an increasing pitch toward
the tip of the guiding catheter.

Figure 4. Setup for experiments performed with the four-
channel technique. The animal is placed in the scanner in a
supine position with the two surface coils placed around the
thorax. Catheters and surface coils are connected to the scan-
ner with a four-channel entry box (1). Each catheter has its
own tuning and matching box (2).
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onary interventions. In all dogs, tracking of the MRI
guidewire and guiding catheter relative to the sur-
rounding anatomy was convenient and possible with
different projections. Switching from one projection to
another was fast and easily accomplished. Placement of
the MRI guiding catheter in either the descending aorta,
ascending aorta, or heart was possible.

DISCUSSION

Strategies for interventional MRI in the coronary arter-
ies are considerably different from those for other ar-
teries. First, coronary arteries are tortuous, with com-
plex trajectories. Thus, projection or thick slice
techniques are needed to visualize the entire length of
guidewires and catheters when they are placed in tor-
tuous vessels such as the coronary arteries. Second,
coronary vessels are small in size and display a very
narrow lumen when obstructed by atherosclerotic
plaques. It is thus necessary to use small, flexible, and
nontraumatic guidewires to navigate in these vessels.

This article shows that the use of Nitinol loopless
antennas for the guidewire and guiding catheter and
the use of multiple receiver channels can provide this
necessary information and provide it on projection im-
ages. Although no coronary catheterization was per-
formed in these experiments, the tools necessary for the

placement of the guiding catheter in the ascending
aorta and coronary artery have been developed. During
our experiments, three factors precluded selective cath-
eterization of the coronary arteries:

1. The spatial and temporal resolution were not suf-
ficient to enable, on projection images, visualiza-
tion of the small jump of the MRI guiding catheter
into the coronary artery that usually indicates a
successful coronary catheterization.

2. It was not possible, as with x-ray fluoroscopy, to
visualize the vessels after injection of contrast me-
dia in the MRI guiding catheter. Under x-ray, small
injections of contrast media into the guiding cath-
eter during the catheterization procedure help to
localize and catheterize a coronary artery and help
to confirm a coronary artery catheterization. With
MRI, although we have recently developed a 2D
real-time projection angiography technique that
uses the same sequence that we used in this paper
for visualization of the catheters and guidewires
(17), the necessary flip angle switch from 10° to
90° precluded immediate feedback to the interven-
tionalist about the location of the coronary artery
and the eventual success of the catheterization,
making the coronary catheterization difficult. With
a 10° flip angle, nonsaturated spins around the

Figure 5. Simultaneous use of an active guidewire and active guiding catheter in the descending aorta of a dog. The guiding
catheter was connected to the first receiver channel and the guidewire, and the guidewire was connected to the second receiver
channel. For demonstration purposes we pushed the guidewire while keeping the guiding catheter in its position. a: Static 3D
gadolinium-enhanced angiography roadmap of the aorta after contrast inversion, to which were added real-time reconstructed
images of the MRI guiding catheter used in a receive-only mode. b: Top row: successive images of the active guiding catheter,
which does not move during the acquisition. Signal is always visible despite the insertion in the lumen of the catheter of the
active guidewire. Lower row: successive images of the active guidewire initially in the lumen of the guiding catheter (first three
images) and, subsequently, the inner conductor distal portion of the guidewire extended into the aorta (last three images). The
guidewire is visible during its entire insertion. Imaging parameters: no slice selection, fast gradient-echo sequence, TR/TE 5/1.3
msec; flip angle 7°; matrix 256 3 128; rectangular FOV 30 3 15 cm; update time 320 msec.
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MRI guiding catheter make the catheter visible but
not the injection of gadolinium. With a 90° flip angle,
all the tissues around the MRI guiding catheter are
saturated, which precludes visualization of the MRI
guiding catheter, whereas diluted gadolinium, with
a short T1 relaxation time, can be visualized.

3. The use of a Bentson 1 MRI guiding catheter for
catheterization of a dog coronary artery was a lim-
itation in our experiment. In human interventions,
guiding catheters are preshaped for easy catheter-
ization of the coronary arteries. In dogs, coronary
arteries are situated in different anatomic loca-
tions compared with their locations in humans,
which makes the catheterization of coronary arter-
ies with nonspecific guiding catheters more difficult.

Thus, although no coronary catheterization was per-
formed during these experiments, the use of multiple
receiver channels, multiple intravascular loopless an-
tennas, and surface coils shows that such catheteriza-
tion will soon be possible. In addition, these results
show that interventions in the left auricular and ven-
tricular cavities are already possible, as the heart is
perfectly displayed on projection images.

CONCLUSIONS

This study shows that the use of multiple loopless an-
tennas, together with multiple surface coils, can pro-
vide real-time visualization, in an MRI environment, of
a guidewire and guiding catheter, as well as the heart
and lungs. This type of visualization is necessary for
coronary catheterization and interventions. With the
future availability of open MRI or ultra-short-bore mag-
nets and improvements in real-time reconstruction and
display systems, we believe that it will be possible in the
near future to perform a complete evaluation and treat-
ment of coronary vessels in an MRI environment.
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Figure 6. Projection image of the chest of a pig, showing si-
multaneous real-time display of the lungs (white asterisk),
heart (black asterisk), MRI guidewire (inserted in the left main
coronary artery; white arrowheads), and active guiding cathe-
ter (colored in green). Imaging parameters: no slice selection;
fast gradient-echo sequence; TR/TE 5/1.3 msec; flip angle 7°;
matrix 256 3 128; rectangular FOV 40 3 20 cm; update time
320 msec.
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