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Influence of Blood-Pool
Contrast Media on MR
Imaging and Flow
Measurements in the Presence
of Pulmonary Arterial Stents
in Swine!

PURPOSE: To compare the effects of various stents on magnetic resonance (MR)
imaging flow volume measurements and to determine the value of a blood-pool MR
imaging contrast medium in assessment of vascular stents.

MATERIALS AND METHODS: In 11 pigs, six nitinol stents (Memotherm), four
platinum stents (NuMed), and one elgiloy stent (Wallstent) were placed in the main
pulmonary artery under x-ray fluoroscopic guidance. MR imaging was performed 3
months after stent placement before and after injection of NC100150 contrast
medium. Blood flow volumes were assessed with velocity-encoded cine MR imaging
through and next to the stent. The signal-to-noise ratio and width of susceptibility
artifacts of the stents also were determined. Measurements were analyzed with the
paired Student t test and Bland-Altman test, where appropriate.

RESULTS: Blood flow volumes measured through the nitinol and platinum stents
disclosed no significant difference between velocity-encoded cine MR imaging
measurements through and next to the stent. On cine MR images, small suscepti-
bility artifacts were observed around the nitinol and platinum stents. Signal-to-noise
ratio in the stent lumen was reduced in nitinol and platinum stents when compared
with that next to the stent. The elgiloy stent produced severe susceptibility artifacts,
making measurement of flow volumes impossible. NC100150 injection caused no
significant effect on flow volume measurements. It improved the signal-to-noise
ratio of the pulmonary arterial lumen outside and, to a lesser extent, inside the stent.

CONCLUSION: Assessment of morphology and flow volumes through nitinol and
platinum stents is feasible with MR imaging. Blood-pool contrast media provide
persistent signal enhancement in the pulmonary artery and, to a lesser extent, in the
lumina of nitinol and platinum stents.

© RSNA, 2002

Endovascular stents have been used increasingly during the past decades for treatment of
patients with vascular obstruction, dissection, or aneurysm (1-4). During this period,
magnetic resonance (MR) angiography and velocity-encoded cine (VEC) MR imaging have
become established techniques for noninvasive assessment of the cardiovascular system
(5-8). However, application of contrast material-enhanced and VEC MR imaging for
assessment of stent patency and flow through stents has been limited.

Susceptibility artifacts at the stent wall and radio-frequency (RF) shielding effects inside
the stent lumen can be misinterpreted as stent obstruction or occlusion (9-13). Moreover,
quantitative assessment of blood flow through endovascular stents by using VEC MR
imaging is considered to be problematic because of phase offset phenomena associated
with magnetic susceptibility. Investigators in an in vitro study (14) to determine the
accuracy of VEC MR imaging measurements in the presence of a stainless steel coronary
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stent demonstrated significant decrease
in flow velocity when it was measured
near the stent. Several recent studies
(15,16) have focused on characterization
of the effect of a variety of stents at MR
imaging and contrast-enhanced MR an-
giography. In these studies, readable MR
images were obtained for some MR imag-
ing-compatible stent materials and de-
signs in conjunction with optimal se-
quence parameters such as short echo
times and high flip angles.

Moreover, administration of extracel-
lular gadolinium chelates was reported to
improve MR imaging signal intensity in-
side the stent lumen (17). On the other
hand, the value of blood-pool (intravas-
cular) contrast agents in MR imaging of
stents has not, to our knowledge, been
evaluated. Blood-pool contrast agents al-
low prolonged delineation of central and
peripheral vasculature and can provide
greater signal-to-noise ratio (SNR) than
can extracellular gadolinium chelates
(18,19). Tello et al (20) demonstrated in
eight patients the ability of first-pass ga-
dopentetate dimeglumine in depicting
the patency of stents placed in renal and
iliac arteries.

The current study was designed to de-
termine the effect of three stent types on
VEC MR imaging and fast segmented
cine MR imaging in an in vivo animal
model. The potential beneficial effect of a
blood-pool contrast medium also was
evaluated. Specific aims were (a) to deter-
mine the accuracy of quantitative flow
volume measurements through various
types of endovascular stents, (b) to com-
pare the effect of magnetic susceptibility
and RF shielding on MR imaging in vivo,
and (c) to evaluate effects of blood-pool
contrast media on quantitative flow vol-
ume measurements, magnetic suscepti-
bility, and RF shielding effects by using
steady-state distribution of the contrast
media.

MATERIALS AND METHODS

Stent Characteristics

Stents evaluated were six nitinol (Memo-
therm; Angiomed, Germany), four plati-
num (NuMed, New York, NY), and one
elgiloy (Wallstent; Schneider, Béulach,
Switzerland) stent. NuMed stents consist
of welded platinum wires, yielding a di-
mensionless susceptibility of 279 X 107°.
This stent was balloon expanded to a di-
ameter of 18 mm and a length of 17 mm.
Memotherm stents consist of a laser-cut
metal alloy composed of 50% titanium
and 50% nickel (nitinol), yielding a sus-
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ceptibility of =7 X 107¢ to —11 x 107¢.
This self-expanding stent is 18 mm in
diameter and 25 mm long when fully
expanded. The Wallstent is fabricated
from a woven cobalt alloy (elgiloy), yield-
ing a susceptibility of approximately
250 x 1073. The stent is self-expanding
and has a diameter of 15 mm and a
length of 20 mm when fully expanded.

Blood-Pool MR Imaging Contrast
Medium (NC100150 Injection)

This blood-pool contrast agent (Clari-
scan; Nycomed Amersham, Oslo, Nor-
way) is composed of single crystals with
diameters of 4-7 nm and is stabilized
with a carbohydrate polyethylene glycol.
The iron oxide particles (particle concen-
tration, 0.5%-1.0% weight/volume) were
suspended in an isotonic glucose solu-
tion. The final diameter of the NC100150
injection is approximately 20 nm. The
longitudinal relaxation rate of the agent
is approximately 20 mmol/L/sec, and the
transverse relaxation rate is 35 mmol/L/
sec at 37°C and 0.5 T. Injection of
NC100150 reduces blood T1 to less than
100 msec. Iron oxide particles are consid-
ered blood-pool agents, since their
plasma half-life is 90 minutes in humans.
In clinical trials now being conducted in
the United States and Europe, ultrasmall
superparamagnetic iron oxide, or USPIO,
particles have been well tolerated in hu-
mans (21,22). USPIO particles repre-
sented by NC100150 injection have been
successfully used for MR angiography of
peripheral and pulmonary vessels and for
three-dimensional cardiac cine MR imag-
ing (23-26). The agent was obtained as a
septum-sealed vial containing 10 mg iron
per milliliter.

Study Design

All procedures were performed in ac-
cordance with the National Institute of
Health guidelines for care and use of lab-
oratory animals and with approval of the
committee of animal research of the Uni-
versity of California, San Francisco. In 11
female farm pigs (mean body weight,
14.1 kg = 1.5; Pork Power Farms, Turleck,
Calif), endovascular stents were placed in
the main pulmonary artery by using a
transcatheter technique under x-ray flu-
oroscopic guidance (T.K.,, K.G., D.T,
P.M.). Cine angiography was performed
to verify the stent position. Postcatheter-
ization treatment included oral adminis-
tration of 250 mg/kg per day cephalospo-
rin (Suprax; Wyeth-Ayerst, Philadelphia,

Pa) over 1 week and 80 mg per day aspi-
rin over the entire study.

The animals were studied with MR im-
aging 3 months after stent implantation.
At this time, the weight of the animals
had increased to 33 kg = 2.3. Imaging
was performed before and after intrave-
nous injection of 0.05 mmol iron per ki-
logram NC100150. For all procedures,
the animals were intramuscularly in-
jected with a mixture of 0.025 mg/kg
telazol (Telazol; Wildlife Pharmaceuti-
cals, Fort Collins, Colo), ketamine hydro-
chloride (Ketaset; Fort Dodge Laborato-
ries, Fort Dodge, Iowa), and xylazine
hydrochloride (Anased; Lloyd Laborato-
ries, Shenandoah, lowa) for induction of
and 2% isoflurane (Isoflo; Abbott Labora-
tories, North Chicago, Ill) inhalation for
maintenance of general anesthesia. After
completion of the MR imaging study, the
animals were euthanized with 200 mg/kg
intravenously administered sodium pen-
tobarbital (Nembutal Sodium Solution;
Abbott Laboratories). The heart was ex-
cised to evaluate the position and mor-
phology of the stent and pulmonary ar-
tery. Stent placement was successtul in all
11 animals. The stents were well toler-
ated, without complications or migra-
tion, over the 3-month period.

MR Imaging

Flow volume measurements.—MR imag-
ing was performed by using a 1.5-T im-
ager (Signa 5; GE Medical Systems, Mil-
waukee, Wis) with a standard body coil.
All MR images were acquired with elec-
trocardiographic gating. The positions of
the main pulmonary artery and stent
were identified with a set of scout images
in sagittal and transverse planes.

VEC MR imaging sequence.—This MR
imaging sequence was used to quantify
pulmonary blood flow volumes through
and next to the stent (27-29). All VEC
MR imaging measurements were made in
a double oblique plane perpendicular to
the dominant flow direction in the main
pulmonary artery. The distance between
any visible stent artifact and the site of
VEC MR imaging measurements next to
the stent was chosen to be greater than
10 mm. Measurement errors due to the
stent artifact were not expected at this
distance. The effect of surgery on flow
volume measurements has been ad-
dressed in control animals in our previ-
ous publication (30).

For VEC MR imaging measurements
next to the stent, velocity maps were ob-
tained by manually tracing the main pul-
monary artery cross-sectional area on the
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magnitude images and then applying it
to the phase images (T.K., M.S.). For VEC
MR imaging measurements through the
stent, the contour of the stent was traced
on both VEC magnitude images and VEC
phase images, since the phase images
showed less susceptibility artifact. Flow
volume measurements of both methods
for tracing the contour area were com-
pared. There was a 1.0% = 3.6 difference
between the two methods, and these
measurements were not significantly dif-
ferent. However, definition of the stent
wall was found to be more unequivocal
on VEC phase images; therefore, it was
used in the calculation of flow volume
measurements.

Flow volumes were calculated by mul-
tiplying cross-sectional area and spatial
average flow velocity within the contour.
Instantaneous flow volumes were summed
to obtain the total flow volume per cardiac
cycle. The following acquisition parame-
ters were used for VEC MR imaging: repe-
tition time msec/echo time msec, 25/7;
section thickness, 5 mm; flip angle, 30°%
receiver bandwidth, 31.25 kHz; field of
view, 24 X 24 cm; matrix, 256 X 192; num-
ber of signals acquired, two; velocity-en-
coding gradient, 200 cm/sec. The average
acquisition time was 3.19 minutes.

Cine MR imaging sequence.—This se-
quence was used to determine right ven-
tricular stroke volumes (31-33). End-sys-
tolic and end-diastolic volume images
were measured by manually tracing the
area of the endocardial surfaces (T.K.,
M.S.). Ventricular chamber volumes were
computed as the sum of right ventricular
volumes of all short axis view sections
containing right ventricular chambers.
The area of each section was multiplied
by section thickness to determine the
volume of each level. Stroke volume was
calculated as the difference between end-
diastolic and end-systolic volumes. The
following imaging parameters were used
for cine MR imaging: 8/3; section thick-
ness, 10 mm; spacing, 0; flip angle, 20°%;
receiver bandwidth, 31.25 kHz; field of
view, 24 X 24 cm; matrix, 256 X 128;
number of phases, 16; acquisition time,
4.17 minutes. Seven to ten sections were
acquired to encompass the entire right
ventricle.

Magnetic susceptibility and RF shield-
ing.—The effects of susceptibility and RF
shielding were analyzed quantitatively
on VEC MR images acquired perpendicu-
lar to and on cine MR images acquired
parallel to the long axis of the stent. All
VEC and cine MR imaging was performed
through the center portion of the stent.
Susceptibility artifacts at the stent wall
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were measured as the number of pixels
yielding total signal void. The degree of
RF shielding was determined by compar-
ing the MR imaging signal intensity mea-
sured in the center portion of the stent
lumen with measurements obtained in
the center of the pulmonary artery next
to the stent (>10 mm) (T.K., M.S.).

In general, the surface area of the ex-
amined vessel (without stents) is traced
on magnitude images from VEC MR im-
aging. In this study, however, we mea-
sured flow volumes through endovascu-
lar stents. It is well known that metallic
stents produce different degrees of arti-
facts on MR images. We found that on
magnitude images artifacts were rela-
tively large and superimposing the vessel
wall. This made unequivocal delineation
of the wall difficult. On phase images,
stent artifacts were relatively smaller
than on magnitude images. Therefore,
unequivocal delineation of the vessel
wall was relatively easier. In the current
study, we compared the two methods of
tracing the vessel wall (once on the mag-
nitude and once on the phase images).
We found that the difference in flow vol-
ume measurements was 1.0% * 3.6 (P =
not significant; paired Student t test) be-
tween the two methods of tracing in the
nitinol and platinum stents.

The rationales for examining the sus-
ceptibility and RF shielding effects of
each stent on flow were: (@) The differ-
ences in the alloy of these stents cause
different degrees of shielding effects, and
(b) the magnitude of susceptibility arti-
fact g is dependent on the material prop-
erties of the stent.

Influence of blood-pool contrast medium
on cine and VEC MR imaging.—To assess
the effects of blood-pool contrast media
on cine and VEC MR images during
steady-state distribution, measurements
of pulmonary flow volumes, SNR, and
artifact width were repeated after intrave-
nous injection of 0.05 mmol iron per ki-
logram NC100150 (M.S., T.K.). All mea-
surements were completed within 30
minutes after administration of the con-
trast agent.

Statistical Analysis

Data are presented as mean * SD. The
unpaired Student t test and analysis of
variance were used to determine differ-
ences between animals with different
stents. The paired Student t test was ap-
plied for comparison of measurements
within the same animal. A P value of less
than .05 was considered to indicate a
significant difference. Linear regression

analysis with calculation of SDs was used
to determine correlation between pulmo-
nary flow volume measurements assessed
with VEC MR imaging through and next
to the stent. In addition, the Bland-Alt-
man test was performed to determine
agreement between pulmonary flow vol-
umes as measured with VEC MR imaging
through and next to the stent and with
cine MR imaging.

RESULTS

At autopsy, partial endothelialization
without significant intimal hyperplasia
was noted at the stent wall.

Effects of Various Stents on Flow
Volume Measurements

The elgiloy stent (Wallstent) caused
susceptibility artifacts at the implanta-
tion site that prohibited visualization of
underlying structures (Fig 1). Therefore,
measurement of pulmonary blood flow
in or next to this stent was not possible
due to susceptibility artifacts.

Measurement of pulmonary flow vol-
umes within nitinol (Memotherm) and
platinum (NuMed) stents showed no sig-
nificant differences between VEC MR im-
aging measurements through and next to
the stents (Table 1). As compared with
flow volume measurements next to the
stents, flow volumes through the nitinol
stents were underestimated by 8% =+ 8
(P = not significant, paired Student ¢ test)
and by 2% = 7 (P = not significant,
paired Student t test) when measured
through the platinum stents. Correlation
coefficients between VEC MR imaging
measurements through and next to the
stents were excellent for both the nitinol
and platinum stents (r = 0.96, P < .05
and r = 0.93, P < .05). Excellent agree-
ment was found between VEC MR imag-
ing measurements next to and through
the nitinol and platinum stents with the
Bland-Altman test.

As compared with right ventricular
stroke volume measurements obtained
with cine MR imaging (2,547 mL *+ 290),
VEC MR imaging flow volumes (2,417
mL * 419) were underestimated by 5% *+
6 (P = not significant, paired Student t
test) when measured through the nitinol
stents. As compared with right ventricu-
lar stroke volume measurements ob-
tained with cine MR imaging (2,381
mL *= 354), VEC MR imaging flow vol-
umes (2,294 mL *= 348) were underesti-
mated by 4% = 5 (P = not significant,
paired Student f test) when measured
through the platinum stents. Excellent
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Figure 1.
Memotherm nitinol stent (left), NuMed platinum stent (center), and elgiloy Wallstent (right) 3 months after stent placement
in main pulmonary artery. Susceptibility artifacts (arrow) were less pronounced with nitinol and platinum stents and were
severe with Wallstents, which caused severe image distortion due to the artifacts.

agreement was found between pulmo-
nary flow volumes measured with VEC
MR imaging and right ventricular stroke
volumes measured with cine MR imaging
for nitinol and platinum stents by using
the Bland-Altman test.

Appearance of Various Stents at MR
Imaging

Image analysis for the elgiloy stent was
not feasible due to severe susceptibility
artifacts extending from the stent wall
over the entire lumen and beyond the
border of the stent on VEC and cine MR
images. In the nitinol and platinum
stents, circular margins were well defined
on VEC phase images (Fig 2). In the niti-
nol stents, a ring of artifact 1 pixel + 0.4
wide was noted. For the platinum stents,
the artifact width was 1.1 pixels = 0.8. In
contrast, VEC magnitude images showed
greater susceptibility artifacts extending
over 3.9 pixels = 0.8 in the nitinol stent
and 4.1 pixels = 0.6 in the platinum
stent. The artifacts on the magnitude im-
ages prevented accurate identification of
the contour and dimensions of the stent.

On cine MR images, susceptibility arti-
facts of the nitinol and platinum stents
did not cause major image distortion (Fig
1). The artifact width was 2.8 pixels = 0.4
for the nitinol stent and 3.2 pixels = 0.5
for the platinum stent. This relatively
small artifact size allowed good delinea-
tion of the pulmonary artery, definition
of the stent position in the vessel (Fig 3),
and definition of the stent lumen. SNR
measured inside the stent lumen was sig-
nificantly (P < .01) reduced for both the
nitinol and platinum stents when com-
pared with measurements obtained next
to the stent (Table 2). Reduction of SNR
inside the stent lumen was 55% = 8
(from 8.5% = 2.2 to 3.8% = 0.4) for the
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Cine MR images (8/3; flip angle, 20°; section thickness, 10 mm) acquired through longitudinal midportion of

TABLE 1

Flow Volume Measurements

Effect of Different Stent Types and NC100150 Injection on VEC MR Imaging

Stent Type and Contrast Medium

Mean Flow Volume (mL/min)

Through Stent Next to Stent

Nitinol (Memotherm)
No contrast medium
NC100150

Platinum (NuMed)

No contrast medium
NC100150

Elgiloy (Wallstent)

No contrast medium
NC100150

2,417 + 219 2,619 + 368
2,276 + 210 2,554 + 104
2,294 + 248 2,351 + 234
2,123 +177 2,530 + 287
Not available 2,213 + 202
Not available 2,144 + 319

Figure 2. VEC MR imaging phase images
(25/7; flip angle, 30°; section thickness, 5 mm)
acquired during midsystole through Memo-
therm nitinol (left) and NuMed platinum
(right) stents. Circular margin of the stents is
well defined. The stents produced very small
artifacts not exceeding a width of 2 pixels (ar-
row). Flow phenomena are visible over the en-
tire stent lumina.

nitinol stent and 42% = 10 (from 4.3% =+
3.2t0 5.4% = 0.6) for the platinum stent.

Influence of NC100150 Injection on
MR Imaging Flow Volume and MR
Imaging

Injection of NC100150 increased the
MR imaging signal intensity of the blood

Figure 3. Cine MR image (8/3;
flip angle, 20° section thickness,
10 mm) acquired through wall of

platinum stent clearly depicts
stent morphology (arrow), includ-
ing structures of wire mesh and
surrounding tissue.

pool outside and inside the nitinol and
platinum stents (Table 2, Fig 4). SNR
measured in the pulmonary artery out-
side the stents was increased by 76% * 7
(P < .01) with NC100150 injection. How-
ever, the contrast media increased SNR
slightly but significantly (P < .05) inside
the stent lumen. The increase was 17% =

Kuehne et al



TABLE 2

MR Images

Effect of NC100150 Injection on Appearance of Endovascular Stents on Cine

Susceptibility
Artifact Width

SNR

NC100150

Stent Type and Contrast Medium (pixels) Inside Stent Next to Stent
Nitinol (Memotherm)
No contrast medium 28 +04 3.8 0.4 8.5+22
NC100150 29 *0.6 4.6 0.5 38.3 £3.9
Platinum (NuMed)
No contrast medium 3.2+0.5 54=*0.6 9.3*+3.2
NC100150 3.1 £0.6 6.9 £ 1.1 359 *+4.2
Elgiloy (Wallstent)
No contrast medium >10.0 Not available 9.1 +0.8

Not available

Not available Not available

Figure 4. VEC MR magnitude image (25/7; flip angle, 30°; section

thickness, 5 mm) acquired through midportion of nitinol stent (ar-
row) in pulmonary position during midsystole before (left) and 20
minutes after (right) administration of 0.05 mmol iron per kilogram
blood-pool MR imaging contrast medium NC100150. Contrast me-
dium enhanced SNR in cardiac chambers, ascending aorta, and pul-
monary vasculature and to a lesser extent in stent lumen.

9 in the nitinol stent and 23% * 9 in the
platinum stent. Absolute SNR data are
shown in Table 2. The signs of suscepti-
bility artifacts of the stent were not influ-
enced by injection of NC100150 (Table 2).

The MR imaging contrast agent did not
cause any significant effect on flow vol-
ume measurements or cardiac output.
Differences between flow volume mea-
surements without and with NC100150
injection ranged from 5% *= 9 to 7% = 8
when measured through the stent and
from 2% = 8 to 7% = 11 when measured
next to the stent (Table 1).

DISCUSSION

Results of the current study imply that
MR imaging is an effective and noninva-
sive method to quantify blood flow
through endovascular platinum and niti-
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nol stents and to assess stent morphol-
ogy. Because of the ability to provide
quantitative flow information and im-
ages with high soft-tissue contrast in any
orientation, MR imaging seems well
suited to monitor stent patency and de-
tect hemodynamically significant steno-
sis in patients with stents in peripheral
and central vascular positions.

The accuracy of MR imaging to quan-
tify vascular blood flow has been vali-
dated in several studies (27-29). How-
ever, the question of whether flow
measurements are feasible after stent
placement has not, to our knowledge,
been answered. Because magnetic suscep-
tibility results in intravoxel spin dephas-
ing, phase-contrast sequences used for
blood flow measurements may be espe-
cially prone to phase offset errors. One
specific aim of this study was to evaluate

the effect of different stent types on VEC
MR imaging measurements in situ. Re-
sults of the current study show that flow
volume measurements are reasonably ac-
curate when obtained inside stents with
relatively low magnetic susceptibility and
large surface areas. On the other hand, flow
measurements obtained through stents
with high magnetic susceptibility, such as
elgiloy stents, were not feasible. These find-
ings imply that phase errors caused by lo-
cal field inhomogeneities around nitinol
and platinum stents are limited to areas
adjacent to the stent wall and do not
significantly affect flow measurements
through stents with large diameters. In fur-
ther research, pulse sequences with short
echo times or refocusing pulses should be
investigated to reduce intravoxel spin
dephasing and thus to minimize errors in
quantitative flow measurements. By using
such pulse sequences, noninvasive MR im-
aging evaluation of stent patency in small
vessels such as the coronary arteries might
become feasible.

One major problem in MR imaging of
endovascular stents is susceptibility arti-
facts (34,35). Susceptibility artifacts cause
phase and frequency offset phenomena
leading to image distortion at the stent
wall. The extent of the artifact depends
on several factors including but not lim-
ited to material properties, gradient field
strength, orientation of the stent toward
the main magnetic field, and imaging pa-
rameters such as echo time and receiver
bandwidth. In the current study, MR im-
aging of elgiloy stents (Wallstents), which
are fabricated from a strongly magnetic
alloy, showed severe susceptibility arti-
facts, which prevented appropriate defi-
nition of stent wall and lumen patency.
In contrast, magnetic susceptibility val-
ues of nitinol (Memotherm) and plati-
num (NuMed) stents are relatively close
to those of human tissue. In the current
study, both stent types yielded very sim-
ilar sizes of susceptibility artifacts. On
cine MR images, artifact size was rela-
tively small and allowed precise defini-
tion of stent morphology and position in
the pulmonary artery. On images ob-
tained through the walls of nitinol and
platinum stents, the structure of the wire
mesh was distinguishable from surround-
ing tissue. This suggests the possibility
that stent obstruction by tissue prolifera-
tion might be directly visualized on MR
images when using appropriate imaging
sequences and stent designs.

Differences in artifact sizes of stents on
cine and VEC MR magnitude images are
presumably due to differences in the
echo times of the two MR imaging se-
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quences (3 and 7 msec, respectively). On
VEC phase images, signs of artifacts were
even less pronounced than on cine MR
images, although longer echo times were
used. A possible explanation is that ve-
locity maps compensate for spin fre-
quency offset phenomena, which are
caused by local field inhomogeneities
due to susceptibility.

Another problem in MR imaging of en-
dovascular stents is the RF (B;-field)
shielding effect (36). RF pulses induce
electrical eddy currents in closed loops of
the stent mesh and thus magnetic flux.
The main component of the magnetic
flux opposes the originating RF field.
Consequently, flip-angle excitation in-
side the stent lumen is reduced, leading
to poor SNR. The amount of shielding
depends mainly on the design of the
stent mesh, stent geometry (eg, length),
orientation of the stent toward the RF
pulse direction, and sequence parameters
such as flip angle. Stents designed with
few or no conducting closed loops would
avoid electrical flow of eddy currents
(37).

In the current study, differences in SNR
were found when measured inside the
lumina of platinum and nitinol stents.
One obvious difference between the niti-
nol and platinum stents was length (17
and 25 mm, respectively). Penetration of
RF pulses through the open cross-sec-
tional ends of a stent may be one impor-
tant source for improving intraluminal
SNR. Thus, short stents may benefit from
this mechanism more than long stents.

There were three reasons for using the
blood-pool MR imaging contrast me-
dium: (a) to determine the effect of this
blood-pool agent on flow volume mea-
surement, (b) to improve contrast be-
tween blood in the left ventricular cham-
ber and in myocardium on cine MR
images, and (c) to visualize the patency of
the stents after deployment. In the cur-
rent study, injection of NC100150 im-
proved image quality in the stent lumen
slightly but significantly. However, this
contrast agent clearly enhanced the con-
trast between the endovascular stent,
vascular blood pool, and surrounding tis-
sue. Lack of substantial enhancement of
the stent lumen after shortening of blood
T1 is most likely related to the RF shield-
ing effects produced by all of the stents
used in the current study. NC100150 in-
jection enabled persistent and excellent
delineation of central pulmonary vascu-
lature for at least 30 minutes. In addition,
the contrast media did not have any sig-
nificant effects on VEC MR imaging flow
volume measurements.
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Bolus administration of the extracellu-
lar MR imaging contrast medium gado-
pentetate dimeglumine has been previ-
ously used to assess the patency of
endovascular stents placed in the renal
and iliac arteries in patients (20). In the
current study, in contrast with previous
first-pass studies (20), NC100150 injec-
tion was used to detect patency of the
pulmonary artery by using the steady-
state distribution approach of the con-
trast medium. An advantage of this ap-
proach is that MR imaging can be
performed in a wide time window (ap-
proximately 30 minutes) after injection.
It was anticipated that the contrast me-
dium would have no effect on cardiac
output.

Authors of recently published reports
(38—42) have documented the feasibility
of MR imaging not only to detect vascu-
lar obstruction but also to guide angio-
plasty and endovascular stent placement
for their treatment. High and persistent
contrast between the vascular blood pool
and endovascular devices, as achieved
with NC100150 injection, might be of
importance for visualizing stent patency
and when using interventional MR imag-
ing techniques for treatment of vascular
obstruction or after deployment of endo-
vascular stents. VEC MR imaging flow
measurements before and after stent
placement could then be used for docu-
mentation of the effectiveness of the pro-
cedure and for noninvasive follow up.

Practical application: Appropriate im-
aging sequences and stent types are cru-
cial factors for noninvasive assessment of
endovascular stents with MR imaging.
Quantitative blood flow measurements
with VEC MR imaging and use of blood-
pool MR imaging contrast media are
promising methods for accurate assess-
ment of stent morphology and patency.
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