
Lukas C. van Dijk, MD
Jacqueline van Holten, MD
Bastiaan P. van Dijk, BSc
Niels A. A. Matheijssen, PhD
Peter M. T. Pattynama, MD

Index terms:
Magnetic resonance (MR), artifact,

9p.129412, 9p.129422

Magnetic resonance (MR), vascular
studies, 9p.129412, 9p.12942

Stents and prostheses, 9p.1268

Radiology 2001; 219:284–287

1 From the Department of Radiology,
Erasmus University Medical Center Rot-
terdam, “Dijkzigt,” Dr Molewaterplein
40, 3015 GD Rotterdam, the Nether-
lands (L.C.v.D., J.v.H., N.A.A.M., P.M.T.P.),
and Elephant Dental, Hoorn, the Neth-
erlands (B.P.v.D.). Received March 7,
2000; revision requested April 26; revi-
sion received August 1; accepted Sep-
tember 6. Address correspondence to
L.C.v.D. (e-mail: lcvandijk@rond.azr.nl).

B.P.v.D. is a research and develop-
ment employer for Elephant Dental.
2 9p. Vascular system, location unspeci-
fied
© RSNA, 2001

Author contributions:
Guarantors of integrity of entire study,
L.C.v.D., P.M.T.P.; study concepts, all
authors; study design, L.C.v.D., J.v.H.,
N.A.A.M.; literature research, L.C.v.D.,
J.v.H.; experimental studies, L.C.v.D.,
J.v.H., B.P.v.D., N.A.A.M.; data acquisi-
tion, L.C.v.D., J.v.H.; data analysis, all
authors; manuscript preparation, L.C.v.D.,
J.v.H.; manuscript editing, B.P.v.D.,
N.A.A.M., P.M.T.P.; manuscript review,
N.A.A.M., P.M.T.P; manuscript final ver-
sion approval, all authors.

A Precious Metal Alloy
for Construction of MR
Imaging–compatible Balloon-
expandable Vascular Stents1

The authors developed ABI alloy,
which mechanically resembles stain-
less steel 316. The main elements of
ABI alloy are palladium and silver.
Magnetic resonance (MR) images
and radiographs of ABI alloy and
stainless steel 316 stent models and
of nitinol, tantalum, and Elgiloy stents
were compared. ABI alloy showed
the least MR imaging artifacts and
was more radiopaque than stainless
steel 316. ABI alloy has the potential
to replace stainless steel 316 for con-
struction of balloon-expandable MR
imaging–compatible stents.

Magnetic resonance (MR) angiography is
gaining importance as a vascular imaging
modality (1) and has the potential to re-
place digital subtraction angiography for
the detection of recurrent stenosis after
stent placement in peripheral and coro-
nary arteries. Metal stents implanted in
the body, especially those made of stain-
less steel 316, cause major MR imaging
artifacts, which are known as black-hole
artifacts (2). Therefore, MR angiography
provides no information about vessel
segments that have stents or vessel areas
that are close to the metal stent. Almost
all stents placed in the coronary system
and about half of those placed in the
peripheral system are balloon-expand-
able devices made of stainless steel 316.
Thus, to improve the reliability of MR
imaging after balloon-expandable stent
placement, a stent material with better
MR imaging compatibility than stainless
steel 316 is needed.

The MR imaging compatibility of a
metal alloy depends on the type and
quantity of elements used. Iron-contain-
ing alloys in particular and, to a lesser
extent, alloys that contain cobalt, nickel,

or chromium are known to cause MR im-
aging artifacts (3) and therefore degrade
the MR imaging characteristics of vascu-
lar stents. We developed ABI alloy, a
metal alloy composed of precious metal
elements. The purpose of this initial
study was to test the MR imaging com-
patibility of stents made of ABI alloy, es-
pecially as compared with those made of
stainless steel 316. Because it is known
that some MR compatibility is achieved
with the use of other metal alloys, such as
nitinol (4–6) and tantalum (7), we also
compared the MR imaging of ABI alloy
with that of commercially available
stents made of nitinol, tantalum, and El-
giloy (Elgiloy, Elgin, Ill).

Materials and Methods

ABI alloy is an iron- and nickel-free
precious metal alloy. The two main ele-
ments of this alloy are palladium and
silver. The mechanical properties of ABI
alloy have been tested by using industrial
examinations. The elasticity was 1.1 3
105 N/mm2; the elongation, 30%; and
the hardness, 220 Hv (International Stan-
dards Organization no. 6892). These val-
ues are in the same range as those for
stainless steel 316. The biocompatibility
of this precious metal alloy group has
been proved in industrial tests conducted
by North American Science Associates,
including tests for genotoxicity, cytotox-
icity, local effects after implantation, irri-
tation and sensitization, and hemolysis
(International Standards Organization
nos. 10993-3, 10993-5, 10993-6, 10993-10,
and MG074-100, respectively; North
American Science Associates, Northwood,
Ohio).

We performed three MR imaging ex-
aminations. In the first examination, a
self-made stent model made of stainless
steel 316 was compared with an identical
stent model made of ABI alloy. Both
models were composed of two 0.4-mm-
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thick wires made into a helix—one clock-
wise and the other counterclockwise. The
two wires were bound together by using
silk at each wire crossing to form a basic
expanded stent model with a length of
40 mm, diameter of 8 mm, and 12 loops.

In the second examination, we com-
pared the self-made ABI alloy stent model
with the following commercially avail-
able devices: Memotherm nitinol stent
(Bard Interventional Products, Billerica,
Mass), Strecker tantalum stent (Boston
Scientific/Vascular, Watertown, Mass), and
Wallstent elgiloy stent (Schneider, Min-
neapolis, Minn), all of which have a di-
ameter of 8 mm.

In the third examination, the ABI alloy
stent model was compared with the niti-
nol stent by using a three-dimensional
volume gradient sequence, because it is
known that nitinol stents have the best
MR imaging compatibility.

The MR imaging experiments were car-
ried out with a 1.5-T magnet (ACS-NT;
Philips Medical Systems, Best, the Neth-
erlands) and a surface coil. In the first two
examinations, images were obtained with
a gradient-echo technique (10.0/6.2 [rep-
etition time msec/echo time msec], 30°
flip angle, 205 3 256 matrix, 2-mm sec-
tion thickness). In the third examina-
tion, a three-dimensional gradient-echo
technique was used (27.0/7.3, 30° flip an-
gle, 512 3 512 matrix, 0.8-mm section
thickness). The devices were placed in
plastic tubing that was taped to the bot-
tom of a plastic container. The tube and
the container were filled with a copper
sulfate in water solution (1 g/L).

The presence and degree of artifacts on
the resulting MR images were quantified
according to the method of Teitelbaum
et al (8): no artifact, mild artifact, mod-
erate artifact, severe black-hole artifact,
and severe black-hole artifact with marked
image distortion (Table). A mild artifact
was judged to be smaller than the device
causing the artifact (8). A moderate arti-
fact was approximately the same size as
the device. A severe black-hole artifact was
larger than the device. Distortion was de-

fined as bending, warping, or obliteration
of the image contours normally observed.

The virtual lumen reduction caused by
the MR artifacts was estimated, in steps of
10%, after measuring the luminal diam-
eter of the stents and of the tubes sur-
rounding the stents on the MR images
(Figs 1, 2).

In addition to MR imaging, we used a
differential method to determine the ra-
diopacity of stainless steel 316 and ABI
alloy (9). Simultaneously to imaging the
stent models, a radiograph of an alumi-
num wedge was obtained at 60 kV and
with 25-mm aluminum filtering. A com-
parison was made on the radiograph be-
tween the optical density (ie, blackening)
produced by the wedge and the points of
interest of the two stent models. The alu-
minum thickness values of the wedge,
which produced the same optical density
as the stent models on the radiograph,
were read. The optical densities of the
stent model materials were expressed in
millimeters of aluminum equivalent.

Results

The measurements of the MR imaging
artifacts caused by the different materials

Semiquantitative Description
of Stent Artifacts

Device Artifact

Test 1
Self-made ABI-alloy stent

model, 0.4 mm-wire 1
Self-made stainless-steel

stent model, 0.4-mm
wire 1111

Test 2
Elgiloy stent 111
Nitinol stent 11
Tantalum stent 11
Self-made ABI-alloy stent

model, 0.4-mm wire 1

Note. —1 5 mild artifact, 11 5 moderate
artifact, 111 5 severe black-hole artifact,
1111 5 severe black-hole artifact with
marked image distortion.

Figure 1. Transverse gradient-echo MR image (10.0/6.2) of stainless
steel 316 (left) and ABI alloy (right) stent models. Right: The stent
struts (gray area), stent lumen (white area), and plastic tube (black
outer circle with gap at the top, which corresponds to a hole that
allows air bubbles to escape) can be differentiated. The stainless steel
stent, stent lumen, and plastic tube surrounding the stent cannot be
differentiated.

Figure 2. Coronal gradient-echo MR image (10.0/6.2) of, from top
to bottom, the Elgiloy, nitinol, and tantalum stents and the ABI alloy
stent model. The plastic tubes in which the stents are mounted show
no signal intensity. The artifacts of the stents within the tubes caused
a virtual lumen reduction in the Elgiloy (30%), nitinol (20%), and
tantalum (20%) stents. The struts of the ABI alloy stent model are
visible as black dots.
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are summarized in the Table. In test 1,
the stainless steel 316 model caused severe
black-hole artifacts with marked distor-
tion of the MR images. The ABI alloy
model caused mild artifacts that were
smaller than the stent model device (Fig 1).

In test 2, the Elgiloy stent caused a
severe black-hole artifact, the nitinol and
tantalum stents caused moderate artifacts,
and the ABI alloy stent model caused a
mild artifact (Fig 2).

In test 3, the ABI alloy stent model
caused fewer artifacts than did the niti-
nol stent (Fig 3). On the MR images of the
ABI alloy stent model, delineation of the
plastic tube from the stent material was
possible, but this was not the case with
the nitinol stent. Both the nitinol stent
and the ABI alloy stent model caused
some signal intensity decrease within the
lumen.

The virtual lumen reduction caused by
the MR artifacts was 0% (lumen, 10 mm;
tube, 10 mm) for the ABI alloy model,
100% (lumen, 0 mm; tube, 10 mm) for
the stainless steel 316 model, 20% (lu-
men, 8 mm; tube, 10 mm) for the nitinol
stent, 20% (lumen, 8 mm; tube, 10 mm)
for the tantalum stent, and 30% (lumen,
8 mm; tube, 11 mm) for the Elgiloy stent
(Figs 1, 2).

With use of the differential method to
determine the radiopacity of both metal
alloys, stainless steel 316 was equal to a
5.4-mm aluminum equivalent (60.5 mm)
and ABI alloy was equal to a 12.8-mm
aluminum equivalent (60.5 mm). ABI al-
loy was therefore approximately 2.4 times
more radiopaque than stainless steel 316
(Fig 4).

Discussion

The results of this in vitro study show
that ABI alloy causes substantially fewer
artifacts at MR imaging than does stain-
less steel 316.

Balloon-expandable stents are preferred
for the coronary arteries by almost all
interventional cardiologists and for sev-
eral peripheral vessels by many interven-
tional radiologists because of their accu-
racy and ease of placement compared
with those of self-expandable stents.
Stainless steel 316 has the mechanical
properties necessary for construction of
balloon-expandable stents—that is, plas-
tic deformability to allow crimping on a
low-profile balloon and expansion to the
vessel diameter, combined with good
hoop strength at full expansion and re-
sistance to breakage. Because the me-
chanical properties of ABI alloy are simi-
lar to those of stainless steel 316, our

main goal was to compare this material
with the standard materials used to con-
struct balloon-expandable stents.

Artifacts in stents on MR images are
dependent on the material and design of
the stents. In the first test, we used self-
made stent models with an identical de-
sign, which allowed a comparison of the
(isolated) effect of the different materials.
In the second test, the stent materials
and stent designs were different. There-
fore, the different MR artifacts observed with
the ABI alloy stent model and the nitinol,
tantalum, and Elgiloy stents were caused
by a combination of material and design
influences. Because stent design is dictated
by many factors, including the mechani-
cal properties of the material and patent
issues, to our knowledge clinically tested
stents of identical design but different
material are not yet available for in vitro
and in vivo comparisons of MR artifacts.

MR artifacts are dependent on the MR
sequence. In the described experiments,
we used gradient-echo sequences with
relatively long echo times to exaggerate
the artifact sizes, because longer echo
times are associated with larger artifacts.
Modern MR systems allow fast imaging
sequences for MR angiography and coro-
nary MR angiography with shorter repe-
tition and echo times. It is reasonable to
assume that the severity of artifacts will
be reduced if these sequences are used,
but the differences between the materials
will still exist.

MR evaluation of the stent lumen is, to
some extent, possible with nitinol and
tantalum stents (5,10), but only stenoses
of 50% or more can be correctly assessed,
because smaller stenoses are overesti-
mated owing to the artifacts (11). The
ABI alloy stent model allowed clear delin-
eation of the stent from the plastic tube

Figure 4. Radiograph (60 kV, 25-mm aluminum filtering) of the aluminum wedge (bottom) and
the ABI alloy (left) and stainless steel 316 (right) stent models. ABI alloy was approximately 2.4
times more radiopaque than stainless steel 316.

Figure 3. Sagittal gradient-echo MR image (27.0/7.3) of the ABI alloy stent model (top) and the
nitinol stent (bottom). The plastic tubes show no signal intensity. The ABI alloy stent model
shows no virtual lumen reduction; the stent material can be recognized by the black dots. The
nitinol stent caused moderate artifacts that resulted in a virtual lumen reduction on the image.
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surrounding the stent. This suggests that
with ABI alloy stents, not only MR imag-
ing evaluation of stent patency but also
MR analysis of the vessel wall surround-
ing the stent is possible. The ability to
image close to the stent material could
mean that MR angiographic evaluation
of even mild within-stent recurrent ste-
nosis is possible after ABI alloy stent
placement. In the lumina of both the ABI
alloy stent model and nitinol stent, some
MR signal intensity decrease was notice-
able, probably owing to the Faraday cage
effect.

The radiograph showed that the ra-
diopacity of ABI alloy is approximately
2.4 times higher than that of stainless
steel 316. This implies that fluoroscopic
imaging for positioning of stents made of
ABI alloy should be at least as good as
that for positioning of stents made of
stainless steel 316 when stents of identi-
cal design are compared. In conclusion,
initial examination results showed that

ABI alloy causes fewer artifacts at MR im-
aging than does stainless steel 316.
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