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Abstract

A 72-year-old man with a heavily calcified coronary lesion underwent
percutaneous coronary intervention (PCI) using a third-generation
drug-eluting stent (DES) with thin stent struts. Two months after the
PCI, in-stent restenosis due to stent recoil (SR) occurred. An intravas-
cular ultrasound (IVUS) revealed deformed stent struts and heavily
calcified coronary plaque. The SR probably occurred due to persistent
vessel compression as a result of heavily calcified coronary plaque.
We should consider using a DES with thick stent struts rather than a
third-generation DES with thin stent struts in patients with a heavily
calcified coronary lesion.
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Introduction

Percutaneous coronary intervention (PCI) using drug-eluting
stents (DESs) is a standard treatment for coronary artery dis-
ease. New-generation DESs incorporate a durable and flexible
structure, biocompatible polymers and optimized drugs to re-
duce adverse cardiovascular events such as in-stent resteno-
sis (ISR) and late stent thrombosis. Recently, third-generation
DESs, which have thin stent struts and are based on biode-
gradable polymer technology, are developed to provide poly-
mer-free surroundings and to reduce both vascular injury and
persistent inflammatory stimulation at the stented segment.
Although third-generation DESs have been reported to give
an excellent clinical outcome [1], thin stent struts could reduce
their radial strength and lead to an increased risk of stent de-
formation. An abnormal late-acquired stent axial deformation,
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so-called stent recoil (SR), is rarely observed after coronary
stent implantation [2, 3]. We describe a case of ISR due to SR
after third-generation DES implantation.

Case Report

A 72-year-old man who had a history of diabetes mellitus, hy-
pertension and dyslipidemia was referred to our hospital due to
worsening effort angina. Electrocardiogram (ECG) and chest
X-ray were normal, and cardiac enzymes including high-sensi-
tivity troponin I were not significantly increased. Coronary an-
giogram (CAG) showed moderate-severe stenosis in the proxi-
mal-mid portion of the left anterior descending coronary artery
(LAD) (Fig. 1a). PCI under intravascular ultrasound (IVUS)
guidance was attempted; however, the IVUS catheter (Terumo
Corp. Tokyo, Japan) did not pass the target lesion. Therefore,
rotational atherectomy (RA) using a 1.5-mm burr (Boston Sci-
entific Corp., MA, USA) was performed (Fig. 1b). After RA,
pre-dilation with a 2.5/15 mm non-compliant balloon at 20
atm was performed (Fig. 1c), and a 2.5/38 mm Synergy stent
(Boston Scientific Corp., MA, USA), a third-generation DES,
was implanted in the target lesion. After post-dilation using the
2.5/15 mm non-compliant balloon at high pressure (22 atm),
optimal angiographic and IVUS results were obtained (Figs.
1d and 2a, b).

Two months later, he was admitted again due to the re-
currence of chest pain. Although the ECG and biochemical
analysis were normal, CAG showed focal ISR in the mid por-
tion of the LAD (Fig. 3a). IVUS revealed deformed stent struts
without obvious separation of the structure and heavily calci-
fied plaque with a minimum lumen area of 1.9 mm? (Fig. 2c,
d). The cause of ISR was considered to be focal SR, which
probably occurred due to persistent vessel compression as a
result of heavily calcified coronary plaque. We decided to ab-
late using RA to eliminate the heavily calcified plaque as much
as possible together with the deformed stent struts. RA was
performed cautiously using 1.75- and 2.0-mm burrs (Fig. 3b)
according to a stepped burr approach reported previously [4].
After RA and high-pressure dilatation (22 atm) using a 2.5/15
mm non-compliant balloon (Fig. 3c), CAG showed an opti-
mal result (Fig. 3d). IVUS showed that part of the stent struts
had disappeared by RA and adequate lesion expansion was
obtained without placement of an additional stent (Fig. 2e¢, f).
Complications such as no reflow/slow flow phenomenon or an
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Figure 1. CAG images of the first PCI. (a) Coronary stenosis in the proximal-mid portion of LAD with a severe focal stenosis (ar-
row). (b) RAwith a 1.5-mm burr. (c) Pre-dilation with a 2.5-mm non-compliant balloon. (d) After DES implantation. CAG: coronary
angiogram; PCI: percutaneous coronary intervention; LAD: left anterior descending coronary artery; RA: rotational atherectomy;

DES: drug-eluting stent.

increase in cardiac enzymes were not found after PCI.

However, focal recurrent ISR occurred 2 months later.
Therefore, a 2.5/8 mm Nobori stent (Terumo Corp., Tokyo, Ja-
pan), which is a second-generation DES that has thicker stent
struts than a Synergy stent, was deployed followed by high-
pressure (22 atm) post-dilation with a 2.5/15 mm non-compli-
ant balloon. Furthermore, a third ISR occurred 2 months later,
and IVUS again detected focal SR at the ISR site. Therefore,
an additional 2.5/8 mm Nobori stent implantation and post-di-
lation with a 2.5/12 mm non-compliant balloon at 24 atm was
conducted. Finally, two layers of DES with thick stent struts
were implanted at the ISR site, and follow-up CAG did not
document ISR after the final PCI (Fig. 3e).

Discussion

So-called SR, an abnormal late-acquired stent axial deforma-
tion, rarely occurs after coronary stent implantation. A recent
study using IVUS reported that the incidence of focal SR af-
ter bare-metal stent or first-generation DES implantation was
1.8% [3]. In a more recent study, the incidence of SR was 1.2%
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in patients who received first- or second-generation DES im-
plantation [2]. Although the incidence of SR after coronary
stent placement is low, if it does occur, SR often leads to ISR
[5]. To our knowledge, this is the first case report of ISR caused
by focal SR after third-generation DES implantation. Focal SR
is defined as a more than 20% decrease in the minimum stent
area as assessed by IVUS [3], and the IVUS finding of focal
SR in this case obviously met this criterion (Fig. 2c¢, d).

The RA procedure in the first PCI for the heavily calcified
lesion was appropriately performed according to a previous re-
port [6]; a 1.5 mm burr of RA was used and the burr-to-artery
ratio was 0.6 (Fig. 1b). As shown in Fig. 2a, b, the IVUS im-
ages immediately after the first PCI showed optimal stent ex-
pansion. Despite the appropriate procedure and optimal result,
early ISR due to focal SR occurred 2 months after the first PCI
(Figs. 2¢c, d and 3a).

Thin stent struts can minimize vascular injury and subse-
quent neo-intimal hyperplasia [7], and stent deliverability to
a target lesion could be improved by reducing the stent strut
thickness [8]. Therefore, the struts of the third-generation DES
Synergy stent are thinner (74-um thick) than those of previous-
generation stents including second-generation DES (more than

www.jocmr.org 535



Stent Recoil After DES Implantation

J Clin Med Res. 2017;9(6):534-538

E /;"/

MSA 3.3 mm?

A{u, oy ! - -' k'\.
-7 2 P> | odd

Figure 2. Transversal (a, c and e) and longitudinal (b, d and f) IVUS images of this case: (a, b) immediately after the first PCI;
(c, d) the deformed stent struts (arrows) and heavily calcified coronary plaque at the ISR site with an MSA of 1.9 mm?Z; (e, f) well-
expanded ISR site and disappearance of part of the stent struts. IVUS: intravascular ultrasound; PCI: percutaneous coronary

intervention; ISR: in-stent restenosis; MSA: minimum stent area.

80-um thick) to improve clinical outcomes after PCI. In fact,
the Synergy stent promoted faster stent-strut neo-intimal cov-
erage and reduced the incidence of neo-atherosclerosis com-
pared to a second-generation DES in an atherosclerotic rabbit
model [9], and has been associated with an excellent clinical
outcome [1]. However, thin stent struts may reduce its radial
strength and increase the incidence of SR [8]. Ohya et al re-
ported that calcified plaque at the PCI site was an independent
predictor of SR [2]. Heavily calcified coronary plaque could
persistently compress stent struts and cause metal fatigue,
and may increase the risk of SR. Therefore, a third-generation
DES with thin stent struts may not be suitable for the treat-
ment of heavily calcified coronary lesions, and a DES with
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thicker stent struts and stronger radial force probably should
have been used in this case.

In the second PCI, we eliminated part of the heavily calci-
fied plaque and the deformed stent struts using RA with a 2.0-
mm burr, and dilated the ISR site using a non-compliant bal-
loon with high pressure (Fig. 3b, ¢). As a result, optimal lumen
expansion was obtained (Figs. 2e, f and Fig. 3d) without the
need for additional stent implantation as previously reported
[10]. However, recurrent ISR occurred. Therefore, we implant-
ed another DES Nobori stent with thicker stent struts (125-um
thick). Finally, two layers of Nobori stents were implanted in
the ISR site, and follow-up CAG demonstrated a satisfactory
result (Fig. 3e). Williams et al reported that double-stenting
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Figure 3. CAG images at 2 months after the first PCI and at follow-up after the final PCI: (a) focal ISR in the mid portion of the
LAD (arrow); (b) RA with a 2.0-mm burr; (c) high-pressure dilation with a 2.5-mm non-compliant balloon; (d) immediately after the
second PCI; (e) at follow-up after the final PCl. CAG: coronary angiogram; PCI: percutaneous coronary intervention; ISR: in-stent
restenosis; LAD: left anterior descending coronary artery; RA: rotational atherectomy.

can significantly improve the angiographic outcome of acute
stent recoil [11]. Despite aggressive RA using a 2.0-mm burr
(burr-to-artery ratio 0.8) and high-pressure non-compliant bal-
loon dilation in the second PCI (Fig. 3b, c), focal SR and ISR
occurred again in this case. Double-stenting using a second-
generation DES with thick stent struts may be an effective
strategy in patients with ISR due to SR and a severely calcified
coronary lesion, as in this case.

We experienced a rare case of ISR due to focal SR after
third-generation DES implantation. In patients with a heav-
ily calcified coronary lesion, we should consider using a DES
with thick stent struts rather than a third-generation DES with
thin stent struts.
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