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ABSTRACT

Several cases of stent strut fractures (SSFs) have recently been reported following drug-eluting stent (DES) im-
plantation Although SSF is a rare complication, it has been suggested to be a cause of restenosis. To date, a num-
ber of cases of stent fracture have been associated with sirolimus-eluting stents and they occurred from 2 days to
about 2 years after the initial procedure. We report here on a case of paclitaxel-eluting stent fracture at the time of
stent placement in a calcified coronary lesion. (Korean Circ J 2008;38:387-389)

KEY WORDS: Stent, fracture; Drug-eluting stents.

Introduction

Treatment of de novo coronary artery lesions with
drug-eluting stent (DES) has led to a marked reduction
in the restenosis rates. However, restenosis post-DES
implantation continues to be a challenge, and particu-
larly in the setting of diabetes, multiple stent use and
small-vessel disease.” Stent strut fractures (SSF) have
been identified during follow-up angiographic and in-
travascular ultrasound (IVUS) examinations and this
appears to be a predictor of restenosis after DES im-
plantation. Although all the reported SSFs were detected
within a few days to several months after stent implan-
tation,” no SSF has been thus far reported during the
initial procedure. We report here on a case of SSF that
occurred during the index procedure in a calcified cor-
onary lesion.

Case

A 74-year-old man was admitted with angina pectoris
and he had suffered from typical chest pain for the
previous 1 month. The initial electrocardiogram (ECG)
exhibited left ventricular hypertrophy and no ischemic
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changes. Among the known cardiovascular risk factors,
the patient had a 7-year history of hypertension and he
was a current smoker. Transthoracic echocardiography
showed an ejection fraction of 65% and no regional wall
motion abnormalities. The coronary angiogram revealed
triple-vessel coronary artery disease, including significant
stenosis of the mid left anterior descending (LAD), left
circumflex (LCX), and right coronary (RCA) arteries (Fig.
1). The patient underwent percutaneous coronary inter-
vention (PCI) of the mid RCA with employing a trans-
radial approach. With the support of a 6F RB guiding
catheter (Radiobrachia; Cordis, Miami Lakes, FL, USA),
a Runthrough NS guidewire (Terumo, Tokyo, Japan) was
easily placed into the distal RCA. After predilation with
a 2.5% 20 mm Sprinter balloon (Medtronic, Minnea-
polis, MN, U.S.A), an IVUS (Atlantis SR Pro 40 MHz;
Boston Scientific, Natick, MA, U.S.A) was performed to
evaluate the geometry and characteristics of the plaque at
the target lesion. There was a significant plaque burden
with eccentric intraluminal calcium deposits [calcium
degree: 96°, minimal lumen area (MLA) 1.73 mm?, pla-
que burden: 86%]. Based on these IVUS findings, a 4.0
%20 mm Paclitaxel-Eluting Stent (PES; Taxus Express
2, Boston Scientific, Natick, MA, U.S.A) was implanted
at the mid RCA with using 14 atmospheres (atm) of
pressure. Residual stenosis was seen in the middle of the
RCA during coronary angiogram, and the subsequent
IVUS examination showed stent underexpansion as well
as asymmetric stent expansion due to the eccentric calci-
fied lesion. During pullback of the IVUS catheter, few
or no stent struts were observed on the cross-sectional
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images at the transional zone where the eccentric calci-
fied lesion with the adjacent minimal atherosclerotic pla-
que was located. To improve the stent underexpansion,
an adjunctive 4.0 X 12 mm Quantum Maverick balloon
(Boston Scientific, Maple Grove, MN, U.S.A) was infla-
ted using 14 atm of pressure; after which, the final [VUS
revealed that the gap of the SSF at the transional zone
was wider than that following the post-stent [VUS exam-
ination, with an increase of the minimal stent area from
6.25 to 7.10 mm? (Fig. 2). Although the SSF occurred at
the proximal stented segment, the coronary angiogram
continued to show thrombolysis in myocardial infarc-
tion (TIMI) 3 flow with minimal residual stenosis. There
was no procedure-related complication during the hos-
pital stay. The patient was discharged with a prescription
for indefinite triple antiplatelet therapy (aspirin 100
mg, clopidogrel 75 mg and cilostazol 200 mg). During
9 months of clinical follow-up, there were no adverse

Fig. 1. Initial angiogram of the right coronary artery (RCA) before
the procedure. Severe stenosis was observed in the mid portion
of the RCA.

cardiac events and the follow-up coronary angiogram
showed TIMI 3 flow with minimal stenosis. There was
no evidence of restenosis at the site of the SSF in the

mid RCA (Fig. 3).
Discussion

Stent strut fracture is defined as interruption and/or
an uncovered stent strut area by performing quantitative
coronary angiography (QCA) and there are none or
fewer visible stent struts on the cross-sectional view by
performing IVUS within the stented segments.” A re-
cent report has suggested 3 patterns of SSF based on
the QCA findings: disruption, avulsion and displace-
ment.” The incidence of SSF has been reported to be
1% to 3% of all DES implantation cases.””” Although
SSF is a rare complication in the DES era, this phenome-
non may be clinically important because of its potential

Fig. 3. Follow-up angiogram after 9 months post index procedure.
Angiogram showed TIMI 3 flow with minimal stenosis within stented
segments.

Fig. 2. Intravascular ultrasound image of the stent fracture site. Post-Stenting with (A) 4.0 20 mm. Paclitaxel-Eluting Stent Angiogram
after stenting. Residual stenosis was seen in the middle of the RCA. (B) IVUS finding at proximal stent edge site. (C) Absence of stent
strut in cross-sectional images at the transitional zone between eccentrically calcified lesion and mild atherosclerotic plaque lesion. (D)
IVUS finding at the eccentrically calcified site. (E) Longitudinal view.



association with clinical DES failure, including reste-
nosis or target-lesion revascularization.”” Interestingly,
most of the reported SSFs have occurred in patients
who were treated with sirolimus-eluting stents (SESs),””
while thus far there has been only one reported case of
SSF with restenosis 6-months after the procedure in a
patient treated with PES,® This difference might be
explained by the different cell designs between the SES
and the PES” or simply by the different frequency of
using these stents, among other reasons.

The PES has an open-cell design while the SES con-

sists of a closed-cell design with a stainless steel platform.

The open-cell design is expected to increase flexibility
and deliverability and enhance side-branch access by
staggering the cross-linking elements, thereby allowing
better conformability on angulated anatomy; however,
the external side of angled lesions can be excessively
opened. On the other hand, the closed-cell design with
links connecting the cell is expected to be associated with
more uniform drug delivery throughout the entire target
lesion area and to have a lesser tendency for plaque pro-
lapse.'”” However, the connecting links are weaker than
the main cell frame and they might be more easily frac-
tured if the stent receives excessive stress such as occurs
in highly tortuous anatomy or due to the vigorous bend-
ing by the beating heart. The relevance of the closed or
open stent cell design on the likelihood of stent fracture
remains to be determined.

Although the timing of SSFs remains unknown, re-
cent studies have shown that SSFs mainly occur several
months after the index procedure.”” However, Kang
et al” reported a case of SSF that occurred within 2 days
after SES implantation. In our case, the SSF occurred
at the time of stent implantation for the treatment of a
calcified lesion, suggesting that SSFs can occur during
stent implantation as well as during long-term follow-up.

Several studies have demonstrated that SSFs are more
likely to occur in longer stents, at the overlapping sites
of stents, in the RCA or in saphenous vein grafts, in
very tortuous or highly moving vessel, in calcified lesion
and at the inflated site with using a larger balloon or
high pressure.””'”" These circumstances are associated
with excessive mechanical forces during cardiac contrac-
tion or with procedures that result in SSFs after DES
implantation. Despite the relatively short lesion length
in the case described in our report, an eccentric calcified
lesion with adjacent minimal plaque in the middle angu-
lated portion of the RCA may render a DES susceptible
to SSF following implantation. Furthermore, severe stent
underexpansion was observed at the calcified lesion (a
minimal stent area) during the IVUS examination fol-
lowing DES implantation. Performing adjunctive balloon
inflation with high pressure may have produced an une-
ven distribution of radial force between the minimal
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stent area and the adjacent well-expanded stent area,
and this provoked the SSF in our case. Therefore, one
could speculate that a biodegradable DES or DES with
a more flexible stent platform might overcome this phe-
nomenon after DES implantation.

The therapeutic strategy for in-stent restenosis that’s
driven by SSF is not well established. Generally, a PCI
procedure is not recommended for a minimal amount
of neointimal hyperplasia (NIH) that is without clinical
symptomatology; however, a significant amount of NIH
accompanied by clinical symptomatology is likely to be
treated with either the same kind of DES used for the
index procedure or with another kind of DES. Other
treatment modalities for the case of focal restenosis with-
in the DES area include plain old-style balloon angio-
plasty or stenting with a bare-metal stent. No further
intervention was performed in this case because the 9-
month follow-up coronary angiogram showed minimal
lumen narrowing at the suspected SSF site and the pati-
ent remained symptom-free.
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