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Fractures de Stents   

Lim et al.Radiology 2008

*Prévalence = 3.3%

*Meilleure Sensibilité Scanner  (36% non vues en Coro)

*Type de stent, Localisation CD, Longueur, Overlapping

*Resténose = 33%; Thrombose; Faux anévrysme

a tube potential of 120 kV. The tube
current was individually modulated by
using the standard deviation of CT
numbers (attenuation values) ob-
tained at precontrast scanning at the
level of the left atrium (18). An auto-
matic triggering system was used,
with triggering occurring at the iden-
tification of 140–160-HU attenuation
at the aortic root after the injection of
60–80 mL (scaled to body weight) of
nonionic contrast material (iohexol,
Omnipaque; GE Healthcare, Milwau-
kee, Wis) at a rate of 4.5 mL/sec and
then 30 mL of normal saline solution.

Three 0.5-mm-thick axial source
images were reconstructed at 0.3-mm
intervals and with the data acquisition
windows centered at 70%, 75%, and
80% of the R-R interval by using stan-
dard and stent kernels. If necessary,
additional phase reconstructions were
obtained. After the automatic phase-
selection software (PhaseXact; Toshiba
Medical Systems) became available in
September 2007, those phases that in-
volved the least motion were automati-
cally selected. One to three data sets
with the fewest motion artifacts were
downloaded onto a three-dimensional
workstation (Rapidia; Infinitt, Seoul,
Korea) for reformation of two 0.5- and
5.0-mm-thick orthogonal curved multi-
planar reconstruction (MPR) images
and a varying number of 1.0-mm-thick
perpendicular images.

All images were retrospectively in-
terpreted by two radiologists (G.H.,
S.Y.K., each with 2.5 years experi-
ence in cardiac CT) in consensus: SF
was diagnosed when complete separa-
tion, misalignment, or partial separa-
tion of the stent struts was observed.
Morphologic deformities such as focal
depression (collapse) were not consid-
ered to be fractures in our series, al-
though the adverse effects of these
anomalies may be similar to those of
fractures. Disagreements regarding
findings were considered to indicate
absence of fracture. Lumen patency
was categorized as less than 50% nar-
rowing, greater than or equal to 50%
narrowing, or occlusion. The stent
length was measured only if fracture
was suspected in multiple stents in the

same artery. Observed stent charac-
teristics were compared with informa-
tion obtained from medical records,
including the length of time the stent
was in place. For assessment of SF, all
motion artifacts were assigned to one
of two categories: critical or noncriti-
cal.

Conventional Coronary Angiography and
Fluoroscopy
All conventional coronary angiography
examinations were performed accord-
ing to the standard guidelines at our
institution. Initial image interpretations
were made by the cardiologists (includ-
ing S.U.K.) who performed the angio-
graphic examinations. In those cases in
which a patient’s conventional angio-
gram was considered negative for frac-
ture despite the CT diagnosis being pos-
itive for fracture, retrospective reviews

of the CT images displayed on the sec-
ond monitor of the dual-monitor display
system were conducted by using the
fracture criteria used for coronary CT
angiography. If the diagnosis of SF was
negative or equivocal at conventional
angiography, fluoroscopic examination
was performed at the request of the
referring cardiologist(s). The mean in-
terval between coronary CT angiogra-
phy and follow-up conventional coro-
nary angiography or fluoroscopy was
25.1 days (range, 11–85 days).

Phantom Study
In the phantom study, three stents
were used: Cypher (2.5 ! 33 mm with
seven-link struts), Taxus (3.0 ! 16
mm), and Endeavor (2.75 ! 12 mm)
devices. The stents were prepared in
the following conditions: (a) full ex-
pansion with a balloon (Fig 2a);

Figure 1

Figure 1: Flowchart of patient study. One patient (patient 2) with two fractured stents in the RCA (one
missed and one detected at conventional coronary angiography [CCA]) is counted as one patient in total num-
ber of patients (!). CTCA " CT coronary angiography.
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S tent fracture (SF) has been sug-
gested as one of the leading risk
factors of thrombosis and in-stent

restenosis (ISR) in patients who have
intracoronary drug-eluting stent im-
plants. Recent reports suggest that the
prevalence of fracture ranges between
1.9% and 2.6% (1–3). SF has been diag-
nosed and the lumen has been evaluated
mainly by using conventional coronary
angiography or fluoroscopy and in se-
lected cases by using intravascular ul-
trasonography (US) (1–10).

Sixty-four-section coronary com-
puted tomographic (CT) angiography
has proved to be highly accurate in the
detection of coronary artery stenosis
(11,12) owing to a combination of un-
precedented image acquisition speed
and high spatial resolution. More re-
cently, 64-section CT has been reported
to show promising results for evaluation
of the luminal patency of implanted cor-
onary stents (13,14). In-stent luminal
evaluation with four- or 16-section CT,
on the other hand, has been considered
to have limited value (15,16). To our
knowledge, however, the reliability of
multidetector CT in depicting fractures
in implanted stents has been described
in only one case report (17). Our pur-
pose was to evaluate 64-section multi-
detector coronary CT angiography for
the depiction of coronary SF in patients
and in vitro.

Materials and Methods

Patients and Stent Characteristics
Among 3631 consecutive patients who
underwent coronary CT angiography
between September 2005 and Novem-
ber 2007, those with coronary stent
implantation cited in their CT reports

were identified from the hospital data-
base. Thus, the data of 371 patients
(mean age, 62.9 years ! 10.3 [stan-
dard deviation])—268 men (mean
age, 60.9 years ! 10.8) and 103
women (mean age, 66.6 years !
7.6)—were evaluated. There was no
significant difference in age between
the male and female patients. Medical
records were reviewed for stent char-
acteristics, including number, type, lo-
cation, length, diameter, presence of
overlapping stent placement, and
presence of SF.

The stent type was identified in 488
stents but not in 57; however, none of
the 57 stents was fractured. Twenty-
four stent types were identified. Of the
488 devices, 341 were drug-eluting
stents: 169 Cypher (Cordis, Miami,
Fla), 144 Taxus (Boston Scientific,
Natick, Mass), and 28 Endeavor
(Medtronic Vascular, Santa Rosa, Calif)
devices. One hundred forty-seven de-
vices were bare-metal stents, including
two AVE S670 (Medtronic Vascular) de-
vices. The average diameter and length
of the stents were 3.1 and 22.9 mm,
respectively. The average duration of
stent implantation was 532.9 days. The
locations of the 545 stents in the 371
patients were as follows: left anterior
descending artery (n " 271), right cor-
onary artery (RCA, n " 164), left cir-
cumflex artery (n " 108), and ramus
(n " 2). In 58 arteries, 117 overlapping
stents were present.

Seven patients with ISR-associated
SF and one patient with persistent ste-
nosis of the RCA underwent follow-up
angiography. Retrospective review of
coronary CT angiograms after the com-
pletion of conventional coronary angiog-
raphy revealed SF in the patient with

persistent stenosis of the RCA. In two
patients, including the one with persis-
tent stenosis of the RCA, SF could not
be verified with conventional coronary
angiography, and fluoroscopy was per-
formed to verify the presence of SF
(Fig 1). In six cases, in which associated
ISR was not suspected and conventional
coronary angiography revealed no other
indications, SF was verified with fluo-
roscopy.

Coronary CT Angiography
The preparation of patients included
the administration of a 50–75-mg oral
dose of atenolol (Tenormin; Hyundai
Pharm, Seoul, Korea) 1 hour before
CT (#65 beats per minute) and a
0.3-mg sublingual dose of nitroglyc-
erin immediately before the examina-
tion. Patients with uncontrollable ar-
rhythmia or tachycardia (#80 beats
per minute) and those whose cooper-
ation was poor were excluded. After
prospective precontrast CT scanning,
retrospective electrocardiographically
gated spiral contrast material– en-
hanced scanning was performed by us-
ing a 64-detector scanner (Aquillion
64; Toshiba Medical Systems, Tokyo,
Japan) and the following parameters:
a section thickness of 0.5 mm, a pitch
of 0.225–0.240, a rotation time of 0.4
second, a field of view of 180 cm, and
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Advances in Knowledge

! Coronary CT angiography is
more sensitive than conventional
coronary angiography for the
detection of coronary stent frac-
ture (SF).

! Among drug-eluted stents, there
is a higher prevalence of SF than
has been previously reported.

Implications for Patient Care

! Coronary CT angiography can be
used as a primary tool for detect-
ing coronary SF.

! In patients with high predisposing
factors for SF (Cypher type, right
coronary artery, and overlapping
placement), follow-up coronary
CT angiography may be consid-
ered.
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and one [0.9%] of 108 left circumflex
arteries, P ! .01), and overlapping
placement (11 [9.4%] of 117 stents with
overlapping placement vs seven [1.6%]
of 428 stents without overlapping place-
ment, P ! .01). The correlation was
even higher when overlapping Cypher
stents were placed in the RCA (five
[56%] of nine stents, P ! .01) (Figs 3, E2
[http://radiology.rsnajnls.org/cgi/content
/full/249/3/810/DC1]).

Phantom Study
Strut design and interstrut distance.—
The Cypher stents showed discrete al-
ternating transverse bands of two dif-
ferent attenuations. The sinusoidal cell
struts were of higher attenuation than
were the neighboring seven-link struts
with a corkscrew appearance; alternat-
ing attenuations were less apparent in
the Taxus and Endeavor devices be-
cause of the complex design (Taxus) or
the absence (Endeavor) of link struts
(Fig 2). The short-axis-view, 1.0-mm-
thick MPR images obtained at the level
of the link struts depicted these struts as
seven discrete dots in the Cypher
stents, but this was less apparent in the
Taxus and Endeavor devices. Maximal
bending of the Cypher stent occurred at
96°, with a 2.3-mm gap between the
centers of the neighboring cell struts.
Maximal bending of the Taxus stent oc-
curred at 124°, with a 1.2-mm gap.
Maximal bending of the Endeavor stent
occurred at 125°, with a 2.2-mm gap.
The Taxus device (Fig 2d, left) has a
complex diamond-shaped structure of
cell and link struts. The Endeavor stent
has cell struts similar to those of the
Cypher device, with the exception that
at just one or two connecting points,
link struts are not used. Fractures in-
volving different numbers of link struts
were well demonstrated.

Fracture detection.—All four frac-
tures created in the Cypher device
in vitro were diagnosed with both fluo-
roscopy and CT angiography. However,
all four fractures were revealed on only
one fluoroscopic projection image but
on four MPR images obtained at coro-
nary CT angiography. Thus, 10 MPR
images revealed a total of 31 fractures,
while 10 fluoroscopic images obtained

at different angles revealed 18 fractures
(Fig E1b, http://radiology.rsnajnls.org
/cgi/content/full/249/3/810/DC1). Three
of the four fractures created in the
Taxus stent were diagnosed with confi-

dence at both CT angiography and fluo-
roscopy; neither modality depicted all
four fractures. Ten MPR images ob-
tained at CT revealed 26 fractures,
while 10 fluoroscopic images obtained

Figure 4

Figure 4: Images obtained in 65-year-old man with two fractured Taxus stents and RCA occlusion.
(a) Curved reformatted 0.5-mm-thick (left) and 5.0-mm-thick (right) MPRs obtained at coronary CT angiogra-
phy along the long axis of the RCA show a fracture (solid arrows) in each 2.75 " 32-mm stent (stents A and B)
and a third fracture in the proximal part of the distal stent (dotted arrows), about which the readers could not
agree. The overlapping area (dotted lines) shows higher attenuation (confirmed by measurement of the length
of each stent). The fracture lines are sharply defined despite the minimal separations. The maximal gap along
the outer curve of the bent segment was 1.2 mm in the Taxus stents. A third Taxus stent (3.0 " 23.0 mm) is
seen in the proximal segment. MPRc # curved MPR. (b) Conventional coronary angiograms. Left image
shows one certain fracture (1, solid arrow) and a questionable third fracture (?, dashed arrow). Right image
shows two fractures (1, 2, arrows). Insert shows complete occlusion proximal to the fracture site that suggests
proximal propagation of the thrombus. The overlapping area (dotted lines) is not as clearly defined on these
images as it is in a. The questionable third fracture is suspected but not counted as a fracture because of inter-
observer disagreement regarding the angiographic findings.
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complex diamond-shaped structure of
cell and link struts. The Endeavor stent
has cell struts similar to those of the
Cypher device, with the exception that
at just one or two connecting points,
link struts are not used. Fractures in-
volving different numbers of link struts
were well demonstrated.

Fracture detection.—All four frac-
tures created in the Cypher device
in vitro were diagnosed with both fluo-
roscopy and CT angiography. However,
all four fractures were revealed on only
one fluoroscopic projection image but
on four MPR images obtained at coro-
nary CT angiography. Thus, 10 MPR
images revealed a total of 31 fractures,
while 10 fluoroscopic images obtained

at different angles revealed 18 fractures
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/cgi/content/full/249/3/810/DC1). Three
of the four fractures created in the
Taxus stent were diagnosed with confi-

dence at both CT angiography and fluo-
roscopy; neither modality depicted all
four fractures. Ten MPR images ob-
tained at CT revealed 26 fractures,
while 10 fluoroscopic images obtained
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Figure 4: Images obtained in 65-year-old man with two fractured Taxus stents and RCA occlusion.
(a) Curved reformatted 0.5-mm-thick (left) and 5.0-mm-thick (right) MPRs obtained at coronary CT angiogra-
phy along the long axis of the RCA show a fracture (solid arrows) in each 2.75 " 32-mm stent (stents A and B)
and a third fracture in the proximal part of the distal stent (dotted arrows), about which the readers could not
agree. The overlapping area (dotted lines) shows higher attenuation (confirmed by measurement of the length
of each stent). The fracture lines are sharply defined despite the minimal separations. The maximal gap along
the outer curve of the bent segment was 1.2 mm in the Taxus stents. A third Taxus stent (3.0 " 23.0 mm) is
seen in the proximal segment. MPRc # curved MPR. (b) Conventional coronary angiograms. Left image
shows one certain fracture (1, solid arrow) and a questionable third fracture (?, dashed arrow). Right image
shows two fractures (1, 2, arrows). Insert shows complete occlusion proximal to the fracture site that suggests
proximal propagation of the thrombus. The overlapping area (dotted lines) is not as clearly defined on these
images as it is in a. The questionable third fracture is suspected but not counted as a fracture because of inter-
observer disagreement regarding the angiographic findings.
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mm). Two Cypher stents (3.0 u 28 mm) were deployed to the distal stenotic
lesions, 1 Cypher stent (3.0 u 18 mm) to the middle lesion, and 1 Cypher stent
(3.5 u 23 mm) to the proximal lesion. The proximal stent was dilated with a high-
pressure 4.0-mm balloon. During the entire session, a total of 5 SESs (2 of the
3.5-mm and 3 of the 3.0-mm types) were deployed to the RCA, resulting in a
good and immediate angiographic result (Figure 1C).
Follow-up CAG: The patient remained asymptomatic after the PCI sessions. A
follow-up CAG was performed 8 months after SES deployment. RCA angiogra-
phy showed a stent strut deficit in the middle portion of 3 of the SESs; late frac-
ture of the stents was indicated. The most distal stent appeared to be intact. Each
of the 3 stents was observed to be fractured in its mid portion - the point of sharp
vessel curvature and maximal movement. Intravascular ultrasound confirmed
disruption of the strut at every part corresponding to the fracture site, and some
degree of intimal hyperplasia was observed at the gap between the fractured struts
(Figure 2). A subsequent multislice coronary CT (MSCT) performed after con-
firming the stent fracture demonstrated that 4 of the 5 stents were fractured in the

Figure 2. Images of intravascular ultrasonography of right coronary artery 8 months after PCI (A-D) in the middle panel. A:
an image at the fracture site in the most proximal stent showing the disruption of strut. B: an image in the proximally second
stent. C: an image in the proximally third stent. D: an image in the distally second stent. The images correspond to the stent
fracture sites shown in the right coronary arteriography (Upper). Sketches corresponding to the IVUS images are shown in the
lower panel. Each image reveals the disruption of the stent and the development of intimal hyperplasia where the stent strut
was absent. 

MULTIPLE STENT FRACTURES 771Vol 48
No 6

middle and that each fractured part corresponded with the sharp point of the cur-
vature (Figure 3).

DISCUSSION

An increasing number of stent fractures have been reported in the era of
DESs. The incidence of stent fracture after SES implantation is reported to be
2.6%.4) Although the mechanism underlying these stent fractures has not been
completely elucidated, several possible explanations have been suggested. Metal
overlap and vessel movement during cardiac contraction may induce a mechani-
cal force against the implanted stent, thereby causing fracture.5,7) Stent expansion
due to postdilatation with a larger, high-pressure balloon is believed to be a factor
as well.7,8) We speculate that metal fatigue at the hinge point in the sharp curvature
of the stent plays the most important role in the development of this phenomenon.
In the case presented here, the implantation of multiple and overlapping stents
restricted the flexibility and increased the local rigidity of the stents, maximizing

Figure 3. Curved multiplanar reconstruction image of RCA in multislice computed tomogra-
phy at 8 months after PCI. A complete strut fracture was found at the middle of the 4 sirolimus-
eluting stents, with the exception of the distal one. Arrows indicate the sites of stent fracture.
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Very Late Sirolimus-Eluting Stent Thrombosis Due to  
Stent Fracture and Late-Acquired Incomplete  

Stent Apposition Detected on Multislice  
Computed Tomography

Tsuyoshi Ito, MD; Mitsuyasu Terashima, MD; Hideaki Kaneda, MD;  
Kenya Nasu, MD; Yoshihisa Kinoshita, MD; Maoto Habara, MD;  

Etsuo Tsuchikane, MD; Takahiko Suzuki, MD

Figure.  (A) Baseline coronary an-
giography (CAG) demonstrating a 
significant stenosis in the left ante-
rior descending coronary artery. (B) 
Post-procedural CAG with 2 over-
lapped sirolimus-eluting stents (prox-
imal, 3.5 23 mm; distal, 3.0 18 mm). 
(C) Post-procedural intravascular 
ultrasound at the site of arrow in (B) 
showing good expansion and ap-
position of the stent. (D) Multi-planar 
reconstruction image and (E) cross-
sectional image 5 years after the 
procedure showing the late-acquired 
incomplete stent apposition (arrow-
heads). (F) 3-D stent image show-
ing complete separation of stent 
strut (arrow) and (G) cross-section-
al image without stent strut, indicat-
ing stent fracture. (H) CAG 5 years 
after the procedure demonstrating 
total occlusion at the proximal seg-
ment of the stents. (I) Intravascular 
ultrasound at the site of the arrow in 
(H; identical to cross-section in C) 
showing positive vessel remodeling, 
absence of stent strut, indicating 
stent fracture, and low-intensity mass 
in the lumen suggesting thrombus. 
(J) Optical coherence tomography 
at the site of arrow in (H) demon-
strating a high-backscattering mass 
with signal attenuation, protruding 
into the lumen, implying red throm-
bus.
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Figure 2. MicroCT and Histology Findings in the LM and LCX

(A) MicroCT 3-dimensional reconstruction of the left main (LM) and left circumflex (LCX) coronary artery stents with a magnified image of the fractured segment
to the right. The red dots highlight fracture points, with the dotted lines indicating the original connection. The calcified plaque is colored yellow, and residual
intraluminal contrast is red. (B) Corresponding histological cross sections of LM/LCX stents demonstrating focal restenosis at the area of fracture. LAD ! left
anterior descending coronary artery.
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Figure 3. MicroCT and Histology Findings in the RCA

(A) Micro-computed tomography (microCT) 3-dimensional reconstruction of the right coronary artery (RCA) stent with a magnified image of the fractured seg-
ment to the right. The red dots highlight fracture points, with the dotted line indicating the original connection. The calcified plaque is colored yellow, and
residual intraluminal contrast is red. (B) Corresponding histological cross sections of the RCA stent demonstrating focal restenosis at the area of fracture, with
inflammation and fibrin accumulation at areas of polymer displacement.
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