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Metallic Stents: Evaluation of MR
Imaging Safety

Frank G. Shellock1
Vincent J. Shellock

OBJECTIVE. The objective of our investigation was to evaluate safety during MR imag-

ing (i.e., magnetic field interactions, heating, and artifacts) for metallic stents.

MATERIALS AND METHODS. Different types of metallic stents were tested for mag-

netic field interactions, heating, and artifacts using a I .5-T MR system. Magnetic field-related

translational attraction and torque were assessed using previously described techniques. Heat-

ing was evaluated using an infrared thermometer to record temperatures immediately before

and after performing MR imaging using a whole-body-averaged specific absorption rate of I .3

Wfkg. Artifacts were assessed by placing the stents inside a fluid-filled phantom and perform-

ing MR imaging using fast spoiled gradient-echo and TI-weighted spin-echo pulse sequences.

RESULTS. For the 10 different stents evaluated, we found no magnetic field interactions,

the highest temperature change was �+0.3#{176}C, and the artifacts involved signal voids that

would not create diagnostic problems as long as the area of interest was not positioned exactly

where a particular stent was located.

CONCLUSION. The findings of the safety tests indicated that the 10 different metallic

stents would be safe for patients undergoing MR imaging procedures using MR systems with

static magnetic fields of 1.5 T or less.

Received January 22, 1999; accepted after revision

March 1, 1999.

Supported by Schneider Inc., Minneapolis, MN.

1Both authors: Department of Radiology, School of
Medicine, University of Southern California, Los Angeles,
CA 90036. Address correspondence to F. 6. Shellock, 7511
McConnell Ave., Los Angeles, CA 90045.

AJR 1999;173:543-547

0361-803X/99/1733-543

© American Roentgen Ray Society

S tents are tubular scaffolding de-

vices, typically made from metal,

that can be used to create or main-

tam an opening in a tubular structure within the

body that has narrowed or has become blocked

because of injury or disease. Stents have been

used to treat conditions that affect the esopha-

gus, bronchus, trachea, bile duct, urethra, ure-

ter, and virtually every blood vessel [1-15].

Possible safety issues exist for a patient with a

metallic stent undergoing an MR imaging proce-

dure, including movement or dislodgement of

the stent by magnetic field interactions, heating

ofthe stent by RF power deposition, and artifacts

associated with the stent that can adversely affect

the diagnostic quality of the MR imaging exami-

nation [7-18]. In general, metallic stents tend to

be safe for patients undergoing MR imaging pro-

cedures because the stents are made from non-

ferromagnetic materials [7-17]. Metallic stents

made from weakly ferromagnetic materials are

considered to be safe for patients in the MR im-

aging environment after 6-8 weeks, permitting

time for tissue ingrowth and granulation to pro-

vide in vivo retention of these devices [7-17].

Because of the growing use of stents, many of

which have been developed recently for new

clinical applications, there is a need to assess the

safety aspects of these metallic implants in the

MR imaging environment. Therefore, this inves-

tigation was conducted to evaluate magnetic field

interactions, heating, and artifacts for 10 different

metallic stetrs designed for a variety of uses.

Materials and Methods

Stents

Ten different metallic stents were assessed for

safety during MR imaging precedures(Table I). Thrse

stents were selected for evaluation because they repre-

sent different types that have been developed for use in

a variety of tubular-shaped anatomic sites such as the
coronary artery (e.g., Magic Wallstent [Schneider.
Minneapolis, MN]), iliac artety (e.g., Iliac Wallstent

Endoprosthesis [Schneider]). bronchus (e.g., Tracheo-

bronchial Wallstent Endoprosthesis lSchneiderl), and

esophagus (e.g., Wallstent Esophageal II Endoprosthe-
sis [Schneider]). Notably, the aforementioned stent.s
may be used for one or more of the indicated clinical
applications. The stent.s ranged in dimensions as fol-

lows: lumen diameter, 3.5-28.0 mm: length, 25.0-

130.0 mm; wire diameter, 0.07-0.24 mm; and mass,
0.04-6.l94g(Fig. 1 andTable I).

Assessment of Magnetic Field Interactions

Tests for magnetic field interactions were per-
formed on three randomly selected “finished” versions
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Note-All stents had a d flection angle of and no torque; a stents were manu,actured
aElgiloy (Elgiloy Specialty Metals, Elgin, IL) is an alloy of cobalt, chromium, nickel, iron, and molybdenum.

bpermalume and corethane were used for the covering of the stent
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(i.e., prototypes were not used for this evaluation) of
the sterns, with the exception of the Corvita Endolumi-
nal Graft (Schneider), of which only one was evalu-
ated. Magnetic field-related translational attraction

was assessed for each stent using a previously de-
scribed procedure known as the deflection angle test

[7, 10, 19-22]. This test was conducted using a

shielded l.5-T MR system (General Electric Medical

Systems, Milwaukee, WI) [20-22]. Each stent was

suspended by a 30-cm-long piece of thread that was at-
tached to the estimated center of the device. The thread
was then attached to a plastic protractor so that the an-

gle of deflection from the vertical could be measured.

The accuracy of this measuring device is ±0.5#{176}Cbased

on the ability to read the protractor in the MR system

[19-22]. The proper alignment of the protractor was
maintained in the 1.5-T MR system with the aid of ax-
ial, coronal, and sagittal positioning lights.

The deflection angle test was conducted at the posi-

tion in the shielded I.5-T MR system where the spatial
gradient of the magnetic field was previously deter-
mined to be at a maximum (35 cm inside the bore of

the MR magnet) to determine the magnetic field at-

traction with regard to a worst-case condition [19-23].
The highest spatial gradient for this MR system is

450 G/cm. Deflection angles for the stents were mea-
sured three times and averaged. The deflection force
(F), which was measured in dynes, was calculated with

the following formula: F = mg x tan 0, where m is the

mass of the material; g, the gravitational acceleration

(980 cm/sec2); tan, tangent; and 0, the deflection angle

from the vertical in degrees [7,10,20-22].
To determine the presence of magnetic field-in-

duced torque, interaction with the static magnetic field
was evaluated by placing each stent on a flat, smooth

plastic material with intervals of 1 mm etched on the

bottom [21, 22, 24]. This procedure was conducted to

obtain a qualitative assessment of torque [21, 22, 24].
The stent was placed on the test apparatus perpendicu-

lar to the static magnetic field. The test apparatus with

the stent was then positioned in the center of the MR

system, where the effect oftorque force from the 1.5-T

static magnetic field is known to be greatest [7, 10, 21,

22, 24]. The stent was dii�ectIy observed forany type of

possible movement with respect to alignment or rota-
tion to the magnetic field. The observation process was
facilitated by having one ofthe investigators inside the

bore of the magnet during the test procedure. The test

apparatus with the stent was then removed from the

bore of the magnet, and the stent was moved 45#{176}rela-
live to its previous position, reinserted into the center
of the magnet, and again observed for alignment or ro-
tation. This process was repeated to encompass a full
360#{176}rotation ofpositions foreach stent [21, 22, 24].

Assessment of Heating

A previously described experimental protocol was

used to assess MR imaging-related heating of the

stents [21, 24-27]. MR imaging was performed using

a relatively high level ofRF energy with each stent in-

dividually positioned in a plastic phantom filled with
physiologic saline. For the heating experiments, MR

imaging was conducted using a l.5-T, 64-MHz MR
system with the body coil being used to send and re-

ceive RF energy. With the intent of depositing an cx-

cessive amount of RE energy during MR imaging, a
TI-weighted spin-echo sequence was used with the

following selected parameters: imaging time, 30 mm;

axial plane; TRTFE, 134125; field of view, 48 cm; ma-
trix size, 256 x 128; section thickness, 20 mm; number

ofexcitations, 54; number ofechoes, four, phasing di-

rection, anteropostenor, and transmitter gain, 200 [24,
25]. The whole-body-averaged specific absorption

rate was 1.3 W/kg, which is a level of exposure to RE
energy exceeding that which is typically used for MR

imaging in the clinical setting.

A plastic phantom (length, 55 cm; width, 39 cm;
height, 25 cm) was filled with 45 1of physiologic sa-
line solution to provide a highly conductive medium

to surround the stent and to “load” the MR system

[24]. An acrylic frame (length, 50 cm; width, 1 cm;
height, 20cm) was used to position each stent parallel
in the phantom, which was then parallel to the bore of
the magnet of the MR system. The stent was fixed to

Fig. 1.-Photographs of metallic
stents evaluated for safety during MR
imaging. All stents were manufac-
tured by Schneider, Minneapolis, MN.
A. Names of stents shown in photo-
graph from top to bottom: Wallstent
Endoprosthesis (or Magic Wallstent),
Iliac Wallstent Endoprosthesis, Iliac
Wallstent Endoprosthesis, Iliac Wall-
stent Endoprosthesis, Tracheobron-
chial Wallstent Endoprosthesis, and
Tracheobronchial Wallstent Endo-
prosthesis.
B, Names of stents shown in photo-
graph from top to bottom: Wallstent
Esophageal II Endoprosthesis, Wall-
stent Endoprosthesis with permalume
covering, Corvita Endoluminal Graft,
and Iliac Wallgraft Endoprosthesis.
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adng of Stents During

neapolis, MN. ST #{176}change in temperature.

Jummary of Measurements of Artifacts Seen During MR Imaging
of Metallic Stents

L -
Note-All stents were manufactured by Schneider, Minneapolis, MN.

MR Imaging of Metallic Stents
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the acrylic frame using small strips of porous adhe-

sive tape (Micropore tape; 3M, Minneapolis, MN).

The acrylic frame allowed the stent to be immersed in
the physiologic saline and to be placed close to the in-
side of the fluid-filled phantom (within 3 inches [7.6

cm] from the edge), thus permitting the stent to be
placed close (within 4 inches [10.2 cm])to the bore of

the magnet. This position (i.e., at the periphery as op-

posed to the center of the MR system) is the one that

is known to have the greater RE heating effect during

MR imaging [24]. Because this testing apparatus

does not include blood flow, this test further repre-
sents an extreme condition for RE heating [24, 25].

A noncontact, infrared thermometer (Medi-Therm;

Everest Inteocience, Tustin, CA) was used to scan the
surface temperatures of each stent [20, 21, 25-271.

This infrared thermometer has an accuracy and resolu-

tion of +0.1#{176}C.The infrared thermometer was set to
measure a spot of 2.0 mm in diameter, each stent was

scanned (i.e., using the Medi-Therm to move over the
entire stent to determine the temperatures at multiple
�tions, including at what might be considered
“sharp” points) to determine the highest Surface tem-

perature [20, 21, 26, 27]. The highest Surface tempera-

tore of each stent was determined immediately before

and within 5-10 sec after the completion ofMR imag-
ing [20, 21, 26, 27]. Because the infrared thermometer
is used to assess the surface temperatures of the sterns

and the measurements are obtained immediately be-
fore and after exposure to excessive RE energy (i.e.,
the surface of the device is scanned, as previously de-
scribed), this method is capable ofevaluating tempera-

tore changes in a precise and sensitive manner. This

technique of heating assessment for implants exposed
to excessive RE energy during MR imaging has been

previously reported [20, 21, 26, 27].
The room temperature and the temperature of the

boreoftheMR system were 215#{176}Cand 22.0#{176}C,respec-
tively. The fan ofthe MR system was not on during MR

imaging. After obtaining baseline surface temperatures

for the stent, MR imaging was perfonned for 30 mm.
Immediately after MR imaging, the Surface tempera-

tures of the stent were measured. The highest tempera-
tore recorded before MR imaging was compared with

that obtained immediately after MR imaging; the

change in temperature is discussed in the Resu1ts�

Assessment ofArti facts

Artifacts associated with the presence of each type

ofstent were assessed by performing MR imaging of

the stent placed inside a plastic phantom filled with
distilled water. MR imaging was conducted using a
send-receive head coil and the following imaging
pulse sequences: fast spoiled gradient-recalled echo
in the steady state pulse sequence (50/4; flip angle,
30#{176};matrix size, 256 x 128; section thickness, 3 mm;

field of view, 14 cm; number of excitations, four,
bandwidth, 16 kHz) and Tl-weighted spin-echo
pulse sequence (300120; matrix size, 256 x 128; sec-

tion thickness, 3 mm; field of view, 14cm; number of
excitations, 1.5; bandwidth, 16 kHz).

These pulse sequences are commonly used

ones that are clinically applied for MR imaging. In
addition, the fast spoiled gradient-recalled echo

pulse sequence is a partial-flip angle technique
that tends to have a great degree of artifact associ-
ated with it when MR imaging is performed on a
metallic implant [7-1 1. 20, 21, 24].

The imaging planes were oriented perpendicular
and parallel relative to the maximum short axis and

maximum long axis of each stent. The frequency-en-

coding directions were parallel to the planes of imag-
ing for the pulse sequences that were used. Artifacts

that result from other positions of the imaging plane

relative to the stent or with regard to the particular on-
entation of the stent to the main magnetic field of the
MR system may be slightly more orless than those oh-

served under the specific experimental conditions used
in the previously indicated test for artifact assessment
Nevertheless, the MR imaging technique used to as-
sess artifacts is the same as that used in previously per-

formed studies forother metallic implants [20, 21, 24].

For this reason, this technique was selected to assess

the sterns in this evaluation because it facilitates com-

parison with previously evaluated implants.
The software provided with the MR system was

used to perform planimetry (accuracy and resolu-
tion, ±10%) to obtain a cross-sectional area mea-
surement of the artifact size for each stent with

regard to the dimensions for each pulse sequence

and for each imaging plane [21, 24]. All imaging
display parameters (e.g., window and level set-
tings, magnification) were carefully selected and
used in a consistent manner to facilitate valid de-
terminations of artifact sizes.

Results

None of the 10 different metallic stents dis-

played any magnetic field interactions during

exposure to the l.5-T MR system, as indicated

by deflection angles of 0#{176}for all sterns (deflec-

tion forces were also zero) and the lack of any

positional changes when the sterns were placed

in the center of the MR system (Table 1).

For the assessment of heating associated with

MR imaging performed using a relatively high

level of RF energy, the highest temperature

changes recorded from the surface of the stents

ranged from +0.1#{176}Cto +0.3#{176}C(Table 2). Table 3

provides a summary of the artifacts for the stents
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Fig. 2.-Metallic stents (Schneider, Minneapolis, MN) were placed in fluid-filled phantom to assess artifacts. Sagittal MR images were obtained using fast spoiled gradient-
echo pulse sequence (TR/TE. 50/4; flip angle. 300; section thickness, 3 mm; field of view, 14cm).
A, Wallstent Endoprosthesis (or Magic Wallstent).
B, Tracheobronchial Wallstent Endoprosthesis.

with respect to the cross-sectional area measure-

ments for the two different pulse sequences and

imaging planes used for MR imaging. In gen-

cml, the cross-sectional areas ofthe artifacts (i.e.,

the signal voids) were larger for the fast spoiled

gradient-recalled echo pulse sequence and

smaller for the Ti-weighted spin-echo pulse se-

quence for a given stent. Artifacts for the stunts

generally showed a signal void relative to the

size and shape ofthe stunt as well as to the pulse

sequence used for MR imaging (Fig. 2).

Discussion

Magnetic Field Interactions

The two different tests conducted to assess

magnetic field interactions (i.e., with respect to

translational attraction and torque) for the stunts

indicated that these devices were unaffected dur-

ing exposure to the l.5-T MR system. These

findings are consistent with those of other re-

ports in which the lack ofmagnetic field interac-

tions for metallic implants made from Elgiloy

(an alloy of cobalt, chromium, nickel, iron, and

molybdenum [Eligiloy Specialty Metals, Elgin,

IL]), platinum-nickel alloy, or tantalum is de-

scnbed [7, 8, 10, 16, 17]. Therefore, there would

be no risk to a patient undergoing an MR imag-

ing procedure at 1.5 T or less with respect to

movement or dislodgement of any of the 10 dif-

ferent metallic stunts evaluated in this study.

Heating Effects

There was no substantial heating detected for

any stunt in association with performing MR

imaging using a relatively high level of expo-

sure to RF energy (i.e., the highest temperature

change recorded was +0.3#{176}C).The temperature

changes were well within physiologically ac-

ceptable levels and would not present a hazard

to biologic tissues [17,28, 29]. In general, a me-

tallic implant that has relatively small dimen-

sions or is made from a relatively low mass of

metallic material is not considered to present a

risk to a patient undergoing an MR imaging

procedure [16, 17, 20, 21, 26-30]. Notably, a

substantial heat-related injury using MR imag-

ing in a patient with a small metallic implant has

never, to our knowledge, been reported [16, 17].

Artifacts

Magnetic susceptibility-related artifacts

seen with metallic implants primarily result

from disruption of the static and gradient

magnetic fields and are directly proportional

to the magnetic permeability of the specific

materials used to make the devices [7-17, 20,

21 , 24]. Eddy currents produced by RF fields

during MR imaging may also contribute to

the artifacts seen with metallic stents and are

primarily dependent on the shape and resis-

tance of the metals that are present [7-101.

Elgiloy is commonly used to make a variety

of implants, including aneurysm clips, vena

cava filters, and stents [7, 17, 18, 22]. Previous

studies have reported that this material pro-

duced mild artifacts on MR images compared

with other materials used for implants such as

304 and 3l6L stainless steel, MP35N, and van-

ous types ofa.lloys [7, 17, 18, 22, 27]. Likewise,

the other materials used to make these sterns

(i.e., platinum-nickel alloy and tantalum) were

reported to produce relatively minor artifacts [7,

9-Il, 17, 18, 22, 27].

According to the cx vivo characterization of

artifacts for the steats in this study, the fast

spoiled gradient-recalled echo pulse sequence

produced larger artifacts than the Tl-weighted

spin-echo pulse sequence. The pulse se-

quence-dependent effects on artifact size for

metallic implants are well-known phenomena

and are caused by the particular physical as-

pects of the pulse sequence technique [7-17,

20, 21]. The relative size of the artifact for a

given stent for a given pulse sequence is de-

pendent on a variety of variables including the

amount of metal used to make the stent, the

magnetic susceptibility of the metals that were

used to make the stent, the shape and distribu-

tion of the metals, as well as other factors. In

general, the artifacts for the stents that were as-

sessed in this study should not greatly affect

the diagnostic use of MR imaging, as long as

the area of interest is not positioned exactly

where the stent is located.

Our evaluation did not assess artifacts for

stents that would be present in association with

pulse sequences typically used for MR angiog-

raphy procedures, as has been done in previous

studies [9-1 1, 14]. The primary reason for this

omission is that several stents that we evalu-

ated were not intended for intravascular use,

and the cx vivo characterization of flow-related

artifacts requires technically complicated pro-

cedures not within the scope of this study.

However, the evaluation of artifacts under

flow-related conditions would be of obvious

interest for the stents used for endovascular ap-

plications, in consideration of the various clini-

cal uses of MR angiography.

In conclusion, cx vivo experiments conducted

to assess magnetic field interactions, heating,

and artifacts for 10 different stunts indicated that

MR procedures can be performed safely in pa-

tients using MR systems of 1 .5 T or less.
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