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Original Research

Long-Term Safety of Cardiac Magnetic Resonance
Imaging Performed in the First Few Days After
Bare-Metal Stent Implantation

Mushabbar A. Syed, MD,*-* Karen Carlson, RN,®> Mandy Murphy, RN,
W. Patricia Ingkanisorn, MD,! Kenneth L. Rhoads, MD,* and Andrew E. Arai, MD'*

Purpose: To investigate the long-term safety of cardiac
magnetic resonance imaging (CMR) performed one to seven
days after coronary artery stent (bare metal) implantation.

Materials and Methods: We analyzed 119 consecutive pa-
tients with acute myocardial infarction (MI) who underwent
emergency coronary stent implantation with a bare-metal
stent. CMR using a 1.5T scanner was performed on 51
patients (42.9%) at a mean of 2.7 + 3.1 days after stent
implantation (CMR+ group), and the remaining 68 patients
(67.1%) served as controls (CMR- group). The patients were
followed up to six months for major adverse cardiac events.

Results: The average stent size was 3.3 = 0.5 X 18.4 = 6.7
mm, and 86% of the stents were made of 316L stainless
steel. There were no significant differences between the
CMR+ and CMR- groups in terms of infarct features, an-
giographic findings, or stent characteristics. Over a mean
follow-up of 4.4 * 2.1 months, 12 patients (10.1%) had 16
events (13.4%). Two patients had adverse events after early
MRI scan (4.3%), a rate that is lower than the event rate in
the patients who did not undergo MRI (16%, P = 0.04), and
one of the two events was clearly not MRI related.

Conclusion: CMR on a 1.5T scanner can be safely per-
formed within one to seven days after coronary bare-metal
stent implantation and is not associated with an increased
risk of adverse clinical cardiac outcomes. In the light of
accumulating data, the guidelines by stent manufacturers
should be revised.
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PERCUTANEOUS CORONARY INTERVENTION (PCI)
using stent implantation is routinely used in the man-
agement of patients with coronary artery disease. Ac-
cording to the 2001 ACC/AHA report (1), more than
500,000 PCI procedures are performed yearly in the
United States, and it has been estimated that more
than 1 million procedures are performed annually
worldwide. In 2001, about 18 million magnetic reso-
nance imaging (MRI) scans were performed in the
United States. Cardiovascular magnetic resonance im-
aging (CMR) is a relatively new technology. However,
CMR is increasingly being used for the clinical assess-
ment of coronary artery disease patients, some of whom
may have undergone coronary artery stent implanta-
tion. Additionally, noncardiovascular MRI is sometimes
urgently needed for such patients based on clinical
indications.

MRI has some theoretical risks for patients with cor-
onary artery stents. The ferromagnetic force in the MRI
environment may exert a pull on the stent, leading to
stent displacement. Additionally, the radiofrequency
(RF) waves used to excite the tissue for imaging may
lead to heating of the stent. Both of these factors may
predispose a patient to a risk of stent thrombosis or
in-stent restenosis causing death, myocardial infarc-
tion (MI), or acute coronary syndrome. Based on these
theoretical considerations, stent manufacturers
(Guidant Corp., http://www.guidant.com; Medtronic,
http://www.medtronic.com) have recommended wait-
ing for at least eight weeks after implantation until the
stent is completely endothelialized before performing
an MRI scan. Despite these theoretical concerns, in
vitro and animal studies (2-5) have demonstrated that
the currently available stents show no or minimal fer-
romagneticity, heating, or stent migration. However,
there are limited clinical data on the safety of MRI
within eight weeks of stent implantation (6-38).

In patients with acute ST-segment elevation MI
(STEMI) who had undergone emergency coronary artery
stent implantation with a bare-metal or noncoated
stent, we investigated the long-term safety of CMR per-
formed within one week after the stent procedure. Pa-
tients with STEMI and coronary stents are potentially at
higher risk for MRI-related complications due to the
thrombotic milieu in the early postinfarction period;
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however, a preliminary study by Kramer et al (8) dem-
onstrated the safety of performing MRI in this setting.
We hypothesized that patients with recent coronary-
artery bare-metal stents could safely undergo MRI pro-
cedures. Since CMR utilizes higher gradient strength
and RF excitation compared to some noncardiac MRI
studies, we envisioned that the demonstrable safety of
CMR in high-risk STEMI patients with bare-metal
stents would be applicable to a lower-risk patient pop-
ulation undergoing noncardiac MRI.

MATERIALS AND METHODS
Patients

We analyzed all patients with acute STEMI who pre-
sented between August 2002 and February 2004 to a
community hospital emergency room and underwent
primary coronary intervention (PCI) with bare-metal
stent implantation. Patients were only enrolled if they
had chest pain of less than 12-hour duration associ-
ated with ST-segment elevation on electrocardiogram.
Patients were excluded if they were too unstable to
undergo CMR or had any of the standard MRI contra-
indications (e.g., pacemaker, defibrillator, intracranial
aneurysm clips, or severe claustrophobia). Patients
who underwent CMR more than one week after PCI
were also excluded from the analysis based on the
study design.

CMR

CMR was performed on a 1.5T MR scanner (Signa CV/{,
GE Medical Systems, Milwaukee, WI, USA; maximum
gradient = 40 mT/m, slew rate = 180 mT/m/s, oper-
ating in research mode) using a four-element cardiac
phased-array coil. All patients underwent ECG-gated
cine CMR, a first-pass perfusion study, and delayed
enhancement for imaging of MI. Cine CMR images were
acquired using a steady-state free precession (SSFP)
technique in multiple parallel short-axis planes, with
8-mm-thick slices separated by 3-mm gaps, as well as
in two-, three-, and four-chamber long-axis views (12
views per segment, matrix = 192 X 160, typical field of
view (FOV) = 28-36 cm, breath-hold = 12-15 seconds,
receiver bandwidth = +125 kHz, TR/TE/flip = 3.5 ms/
1.3 ms/45°). First-pass perfusion imaging in the short-
axis plane (basal, mid, and apical left ventricle (LV)) was
performed after injection of 0.1 mmol/kg of gadolinium
diethyltriaminepentaacetic acid (Gd-DTPA, Magnevist,
Berlex) using a segmented echo-planar sequence (slice
thickness = 8 mm, TR = 6.1 ms, TE = 1.4 ms, matrix =
128 X 96). MI imaging was performed by delayed en-
hancement technique using an inversion-recovery fast
gradient-echo sequence triggered every other heartbeat
approximately 10-15 minutes after another intrave-
nous injection of 0.1 mmol/kg Gd-DTPA (total dose =
0.2 mmol/kg). Imaging was performed at end-expira-
tion and lasted about 12 heartbeats (16 views per seg-
ment, matrix = 256 X 128, 8-mm slice thickness with
3-mm gap, TR/TE/{lip = 6.5ms/3.2ms/20°). The same
slices were acquired for both functional imaging and
delayed enhancement in order to match wall-motion
abnormality and infarct location.
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Follow-Up

Patients were contacted for follow-up at 30 days and at
six months after the CMR examination regarding the
occurrence of death from any cause, MI, acute coronary
syndrome requiring hospitalization, congestive heart
failure, and coronary angiography performed for clini-
cal indications.

Statistics

Data are presented as the mean * SD. Patients who
underwent CMR (CMR+) were compared with patients
who did not undergo CMR (CMR-) by means of Stu-
dent’s t-test. The cutoff for statistical significance was
P < 0.05.

RESULTS

A total of 119 consecutive patients with STEMI who
satisfied the inclusion criteria for the study were ana-
lyzed. Of these, 51 patients (42.9%) underwent CMR at
a mean of 2.7 + 3.1 days after coronary stent implan-
tation (the CMR+ group). The remaining 68 patients
(57.1%) who did not undergo CMR served as controls
for comparison (the CMR- group). CMR was performed
as part of a research study and was offered to all STEMI
patients. However, the patient recruitment was based
on referral from the attending physicians and the ab-
sence of MRI contraindications. All patients tolerated
the CMR study well without any complications during
the scan.

The baseline characteristics of the study patients are
outlined in Table 1. The mean age of the patients was
66.0 = 13.5 years, and two-thirds of the patients were
male. Patients who underwent CMR were younger
(63.1 = 12.9 years vs. 68.1 = 13.6 years, P = 0.04) and
mostly men (84.3% vs. 66.2%, P = 0.03), compared to
patients who did not undergo CMR. The incidence of
major risk factors and a history of coronary artery dis-
ease was similar in both groups.

The majority of the MIs were inferior in location, fol-
lowed by anterior and lateral locations (Table 2). The
median peak troponin-I was 48.6 ng/ml (normal
range = <0.4 ng/ml), and the peak MB fraction of
Creatine Kinase (CK-MB) was 108.0 mg/ml (normal
range = <2.37 mg/ml). Infarct location, peak tropo-
nin-I, and CK-MB levels did not significantly differ be-
tween the CMR+ and CMR- groups.

The coronary angiography and PCI findings are sum-
marized in Table 3. Consistent with infarct location,
coronary angiography revealed the right coronary ar-
tery (RCA) to be the most common culprit vessel, fol-
lowed by the left anterior descending and circumflex
arteries. The majority of patients had single-vessel dis-
ease. Only bare-metal stents were used, the average
stent size was 3.3 = 0.5 X 18.4 = 6.7 mm, and the
Penta stent (Guidant Corp., USA) was the most com-
monly used stent. The stent type used in seven patients
was not recorded. There was no significant difference
between the CMR+ and CMR- groups in terms of the
culprit vessel involved, use of stents, or stent size. The
Zeta stent (Guidant Corp., USA) was used more com-
monly in the CMR+ group than in CMR- group (43.1%
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Table 1
Baseline Characteristics
Variable NA(‘IOI/O) CNM(EZ; (/;VN(IJ,Z ) P-value
Number 119 51 (42.9) 68 (57.1)
Age 66.0 = 13.5 63.1 = 12.9 68.1 = 13.6 0.04
Male 88 (73.9) 43 (84.3) 45 (66.2) 0.03
Prior history
Hypertension 8 (57.1) 29 (56.9) 39 (57.4) 0.96
Diabetes mellitus 9 (24.4) 14 (27.5) 15 (22.1) 0.50
Smoking 9 (41.2) 19 (37.3) 30 (44.1) 0.46
Hyperlipidemia 56 (47.1) 24 (47.1) 32 (47.1) 1.00
Prior Ml 10 (8.4) 4 (7.8) 6 (8.8) 0.85
Prior PCI 6 (13.4) 6(11.8) 10 (14.7) 0.64
Prior CABG 4 (3.4) 0 (0) 4 (5.9) 0.08

MI = myocardial infarction, PCl = percutaneous coronary intervention, CABG = coronary artery bypass graft surgery.

vs. 17.6%, P = 0.002). Other stent types (Pixel, Tetra,
Ultra, Vision, and Tristar, all from Guidant Corp.) were
more commonly used in the CMR- group compared to
CMR+ group (15.7% vs. 35.3%, P = 0.02). Despite the
difference in stent types, the majority of the stents
(85.7%) were made of 316L stainless steel. The excep-
tion was the Vision stent (10.1%), which is made of a
cobalt-chromium alloy.

Follow-up was completed for 107 patients (89.9%),
with an average follow-up duration of 4.4 = 2.1 months
(Table 4). Four patients in the CMR+ group and eight
patients in the CMR- group were lost to follow-up. A
total of 12 patients (11.2%) had 15 outcome events
(14.0%). The total number of events (6.4% vs. 21.7%,
P = 0.03) and the number of patients with events (4.3%
vs. 16.9%, P = 0.02) was higher in the CMR- group. One
patient in the CMR+ group died, and two in the CMR-
group died.

The person from the CMR+ group who died was a
79-year-old male who had been admitted with acute
anterior STEMI. Coronary angiography showed the left
anterior descending artery as the culprit vessel, and
triple-vessel disease. He underwent complex interven-
tion with stent implantation to the left anterior de-
scending artery and balloon angioplasty to the diagonal
artery. CMR was performed two days after stent im-
plantation (Fig. 1) and showed a septal rupture causing
a ventricular septal defect. The patient also developed
acute renal failure. He was considered to be a poor
surgical candidate and was managed medically. He ex-
perienced a sudden cardiac arrest two days later and
could not be resuscitated. Prior to the cardiac arrest the
patient did not report any chest pain, and no ST seg-
ment elevation were noted on the monitor. The family

declined a request for autopsy. This death was catego-
rized as unrelated to the CMR scan.

The second patient in the CMR+ group who experi-
enced an adverse event was a 60-year-old male with
acute inferior MI who underwent emergency cardiac
catheterization that demonstrated proximal RCA 100%
occlusion and proximal left circumflex artery with 90%
stenosis with thrombus. Stenting to the proximal and
distal RCAs, and balloon angioplasty of the left circum-
flex artery were performed. He underwent repeat car-
diac catheterization three months later for a positive
stress test and was found to have in-stent restenosis of
the proximal RCA with a patent distal RCA stent and
circumflex artery. Another stent was placed in the prox-
imal RCA without complications. It is possible that this
in-stent restenosis event was related to the CMR scan,
but this leads to an event rate that is as good or better
than the reported 10-20% in-stent restenosis incidence
after bare-metal stent implantation.

DISCUSSION

This study indicates that performing MRI scans on pa-
tients one to seven days after acute STEMI and bare-
metal stent implantation may be safe and is associated
with a very low risk of future adverse cardiac events. In
this study the patients who underwent CMR were
slightly younger, predominantly male, and less likely to
have undergone coronary bypass surgery compared to
the control subjects; however, there were no significant
differences in relation to other cardiac risk factors, lo-
cation, and size of infarction, and culprit coronary ar-
tery. The higher event rate in the CMR- group is a
reflection of referral bias, as more sick or unstable pa-

Table 2
Infarct Characteristics
Variable All, N (%) CMR +, N (%) CMR —, N (%) P-value
Infarct location
Inferior 66 (55.5) 27 (52.9) 39 (57.4) 0.64
Anterior 48 (40.3) 19 (37.3) 29 (42.6) 0.56
Lateral 6 (5.0) 5(9.8) 1(1.5) 0.04
Peak troponin (ng/mL),median (range) 48.6 (0.62-286.2) 44.0 (1.04-286.2) 58.5 (0.62-251.6) 0.80
Peak CK-MB (mg/mL), median (range) 108.0 (1.4-706.7) 96.4 (4.87-706.7) 111.5 (1.4-585.0) 0.71
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Table 3
Percutaneous Coronary Intervention
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All

CMR-

Variable N (%) N (%) N (%) P-value
Stent site
Left anterior descending 43 (36.1) 22 (43.1) 21 (30.9) 0.17
Left circumflex 13(10.9) 6(11.8) 7 (10.3) 0.80
Right coronary 57 (47.9) 20 (39.2) 37 (54.4) 0.06
Two vessels 6 (5.0) 3(5.9) 3(4.4) 0.72
Stent characteristics
Diameter (mm) 3.3x05 3.3x05 32*05 0.37
Length (mm) 184 = 6.7 176 =52 189+ 7.7 0.30
Type—Zeta 34 (28.6) 22 (43.1) 12 (17.6) 0.002
Penta 46 (38.7) 19 (37.3) 27 (39.7) 0.79
Other stent types 32 (26.9) 8(15.7) 24 (35.3) 0.02
316L stainless steel 102 (85.7) 46 (90.2) 56 (82.4) 0.17

tients after STEMI were not referred for CMR. The CMR
sequences for cine, perfusion, and viability used in this
study represent the current practice of scanning these
patients. Importantly, SSFP cine MRI is a method that
pushes the scanner gradients and RF deposition to FDA
limits, and thus is a good test case for problems that
might arise due to the scan. The presence of recently
implanted coronary artery stents was not associated
with any increased incidence of adverse clinical events
compared to the control group.

Clinical studies that performed MRI in patients with
coronary stents are summarized in Table 5. Gerber et al
(6) reported a case series of 111 patients with coronary
artery stents who underwent MRI scans. The mean time
interval from stent placement to MRI was 21 = 17 days
(range = 0-54 days), and only 15 patients underwent
MRI within two days of stent placement. All of these
scans were noncardiac MRI studies, which often use
lower gradient strength or RF power than CMR. The
adverse cardiac event rate was low (5%), including four
noncardiac deaths and three repeat PCI procedures.
Schroeder et al (7) studied 23 patients with acute MI
who underwent CMR a median of 166 days (range =
1-501 days) after stent implantation, and compared
their outcomes with those of an age- and gender-
matched control group (N = 24). They did not find any
evidence of an MRI-related risk of stent-restenosis or
other cardiovascular complications.

In a preliminary study, Kramer and colleagues (8)
studied 13 patients, in comparison with a control group
of 17 patients, who underwent CMR on day 3 = 1 after
stent implantation for acute MI. Only one patient devel-
oped in-stent restenosis after CMR with a mean fol-
low-up of 7 = 2 months, compared to three cases of
in-stent restenosis in the control group.

Our results are in agreement with the above-cited
studies, even though we used a higher-risk population.
Our study included only patients with acute STEMI
who were treated with primary bare-metal stent im-
plantation and underwent CMR 24 hours to 7 days after
the procedure. This patient population might be ex-
pected to be at high risk of cardiac complications due to
the thrombotic milieu associated with recent acute MI.
However, no increased risk of events associated with
CMR was seen. We believe that these safety findings
can be extrapolated to lower-risk situations, such as
cardiac or noncardiac MRI scanning in patients with
chronic coronary artery disease and recent bare-metal
stent implantation.

Coronary-artery bare-metal stents are made of differ-
ent materials, including 316L stainless steel (the most
common material), nickel-titanium, tantalum, and co-
balt-chromium L605. In our study the majority of cor-
onary stents used (85.7%) were made of 316L stainless
steel. The new-generation stents show no or weak fer-
romagnetic properties, and our data suggest that wait-

Table 4
Outcome Events
Variable NA(LI/O ) l\/\/I/F(“!/S II:I/II;L) P-value

Follow-up duration (months) 44 +21 47 2.0 4.4 + 2.1 0.19
Total patients with events 12 (11.2) 2(4.3) 0(16.6) 0.04
Total events 15 (14.0) 2 (4.3) 13 (21.7) 0.03
Death 3(2.8) 1(2.1)2 2(3.3) 0.73
Reinfarction 2(1.8) 0 (0) 2(3.3) 0.21
Acute coronary syndrome 6 (5.3) 0(0) 6 (10.0) 0.03
Heart failure 1(0.9) 0 (0) 1(1.7) 0.37
Stent thrombosis 1(0.9) 0 (0) 1(1.7) 0.37
In-stent restenosis 2(1.8) 1(2.1) 1(1.7) 0.87

2The one death in the MRI + group was considered not related to the MRI scan as it occurred in the patient with a ventricular septal rupture
after myocardial infarction which was already present at the time of the examination.
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Figure 1. The one patient in the CMR+ group who died had a post MI ventricular septal rupture at the time of the MRI and thus
was categorized as a non-MRI-related death. Four systolic images are provided: SSFP cine MRI (upper left), delayed enhancement
(upper right), magnitude image from velocity-encoded acquisition (lower left), and y-velocity-encoded image (lower right). All images
are in the four- or five-chamber view. The y-velocity-encoding direction lines up with flow in the vertical direction of the image, and
the white/black arrows indicate the direction of flow. The green arrows point to the transmural MI with some area of microvascular
obstruction. The red arrow on the image at lower left points to turbulence through the interventricular septum. The red arrow at lower
right points to a white patch that was interpreted as blood flow with a primary vector that is directed more toward the apex of the heart.
The black jet in the right ventricle corresponds to redirection of the ventricular septal defect (VSD) jet toward the tricuspid annulus.
There is a smaller black patch in the LV cavity near the VSD that we interpret as blood flow from the apex toward the VSD. The
transition from black to white near the VSD goes through a gray area, which represents a primary vector that is mostly perpendicular
to the velocity-encoding direction. The other black patch (asterisk) represents blood flow in the LV outflow tract.

ing for the stents to endothelialize is unnecessary. We
believe that a stent that is fully expanded in the vessel
wall is unlikely to be displaced during an MRI scan
performed at 1.5T.

We followed patients clinically for adverse cardiac
events, and could not exclude subclinical stent
thrombosis or in-stent restenosis, since angiographic
follow-up was not mandated. CMR was performed on
a 1.5T scanner and therefore the safety data cannot
be extrapolated to higher-field-strength MRI systems.
The safety of higher-field-strength imaging (=3T) in
patients with coronary-artery stents is not known at
present. The RF energy deposition increases substan-
tially between 1.5T and 3T scanners, so safety studies
will need to be performed at higher field strengths as

Limitations

Referral bias likely contributed to some of the differ-
ences between the CMR+ and CMR- groups. The pa-
tient recruitment was based on referral from the at-
tending physicians and the absence of MRI
contraindications. We performed CMR 24 hours after

the stent implantation to avoid moving patients out of
the coronary intensive care unit unnecessarily, and
to allow some time for hemodynamic and symptom-
atic stabilization immediately after the infarction and
stent implantation. The safety of MRI within 24 hours
of stent implantation has not been formally studied.

well.

We did not include the recently introduced drug-
eluting stents in our study. The two commercially
available drug-eluting stents—Cypher (Cordis/John-
son & Johnson, USA) and Taxus (Boston Scientific,
USA)—are both made of 316L stainless steel and thus
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Table 5
Summary of MRI Safety Studies
Patient Patient Mean time Events Events
Authors numbers type Study type MRI type to MRI Follow-up CMR: CMR—
Gerber et al 111 CAD Case series Head and neck 39%, 21 +17 30 days 5% N/A
(8) spine 21%, days
abdomen/pelvis
14%, extremities
10%, chest 9%,
combined 7%
Schroeder 47 AMI Case (N = 23) Cardiac 166 days 21.3 £ 4.5 months 34.8% 37.5%
et al (9) Control (N =
24)
Kramer et 30 AMI Case (N = 13) Cardiac 3 + 1 day 7 = 2 months 77%  29.4%
al (10) Control (N =
17)
Present 119 AMI Case (N = 51) Cardiac 2.7 + 3.1 4.4 + 2.1 months 4.3% 21.7%
study Control (N = days
68)

CAD = coronary artery disease, AMI = acute myocardial infarction.

are similar to bare-metal stents. One concern is the
potential effect of heating the drug-eluting stents,
which could alter the activity or timing of delivery of
the drug to the endothelium. However, Strohm et al
(4) found no evidence of significant stent heating dur-
ing MRI on a 1.5T scanner. The FDA recently ap-
proved both drug-eluting stents for MRI scanning
soon after implantation. It now appears that it is also
safe to perform an MRI scan shortly after implanta-
tion of bare-metal coronary stents.

In conclusion, our study suggests that CMRon a 1.5T
scanner can be safely performed in stable patients one
to seven days after primary PCI with coronary-artery
bare-metal stent implantation, and is not associated
with an increased risk of adverse clinical cardiac out-
comes. Our data and those from other studies do not
support delaying an MRI study for six to eight weeks
after bare-metal stent implantation.

REFERENCES

1. ACC/AHA guidelines for percutaneous coronary intervention (revi-
sion of the 1993 PTCA guidelines)—executive summary. A report of

the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines (Committee to Revise the 1993
Guidelines for Percutaneous Transluminal Coronary Angioplasty).
Circulation 2001;103:3019-3041.

. Hug J, Nagel E, Bornstedt A, Schackenburg B, Oswald H, Fleck E.

Coronary arterial stents: safety and artifacts during MR imaging.
Radiology 2000;216:781-787.

. Scott NA, Pettigrew RI. Absence of movement of coronary stents after

placement in a magnetic resonance imaging field. Am J Cardiol
1994:73:900-901.

. Strohm O, Kivelitz D, Gross W, et al. Safety of implantable coronary

stents during 1H-magnetic resonance imaging at 1.0 and 1.5 T.
J Cardiovasc Magn Reson 1999;1:239-45.

. Friedrich MG, Strohm O, Kivelitz D, et al. Behaviour of implantable

coronary stents during magnetic resonance imaging. Int J Cardio-
vasc Intervent 1999;2:217-222.

. Gerber TC, Fasseas P, Lennon RJ, et al. Clinical safety of magnetic

resonance imaging early after coronary artery stent placement. J Am
Coll Cardiol 2003;42:1295-1298.

. Schroeder AP, Houlind K, Pedersen EM, Thuesen L, Nielson TT,

Egeblad H. Magnetic resonance imaging seems safe in patients with
intracoronary stents. J Cardiovasc Magn Reson 2000;2:43-49.

. Kramer CM, Rogers Jr WJ, Pakstis DL. Absence of adverse outcomes

after magnetic resonance imaging early after stent placement for
acute MI: a preliminary study. J Cardiovasc Magn Reson 2000;2:
257-261.



