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SUMMARY

A 60-year-old man was admitted to our hospital due to acute ST-segment elevation myocardial infarction. He had a
history of self-expanding stent implantation in the proximal left anterior descending artery due to stable angina pectoris
7 years earlier. Emergent coronary angiography on admission showed occlusion in the distal portion of the previously
stented segment, in which observation by optical coherence tomography revealed the existence of a remarkable prolifera-
tion of lipid-laden neointimal tissues with rupture and thrombus. This suggests that very late stent thrombosis in a self-
expanding stent may occur through the process of atheromatous formation. (Int Heart J 2012; 53: 202-204)
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as a rare, but potentially life-threatening complication

after drug-eluting stent (DES) implantation. Recently,
VLST after bare-metal stent (BMS) implantation that was dif-
ferent to that observed after DES implantation has also been
reported.” VLST after self-expanding stent implantation has
not been reported to the best of our knowledge. Herein we re-
port a case of acute myocardial infarction due to VLST which
occurred at 7 years after implantation of a self-expanding stent,
evaluated by optical coherence tomography (OCT).

Very late stent thrombosis (VLST) has been recognized

CASE REPORT

A 60-year-old man was admitted to our hospital with
acute ST-segment elevation myocardial infarction. He had un-
dergone implantation with a self-expanding BMS (Radius
4.0x31 mm, Boston Scientific, Natick, MA, USA) in the prox-
imal left anterior descending artery due to stable angina pec-
toris 7 years previously at another hospital. He was discharged
on aspirin (100 mg once daily) and ticlopidine (100 mg twice
daily). Follow-up coronary angiography (CAG) at 12 months
after the procedure confirmed the absence of in-stent resteno-
sis. Thereafter, he was maintained on antiplatelet therapy with
aspirin (100 mg once daily). Follow-up coronary computed to-
mography (CT) at 6 months before the current admission re-
vealed moderate local proliferation of neointima with low CT
attenuation at the distal portion of the stent (Figure 1), but he
had no clinical symptoms. His coronary risk factors were cur-
rent smoking and hypertension which had been controlled well
with amlodipine 5 mg once daily.

Emergency CAG upon admission revealed thrombotic
occlusion in the distal portion of the previously stented seg-

ment (Figure 2A). The occlusion site was easily crossed using
a floppy guidewire (Runthrough NS; Terumo, Tokyo). Throm-
bolysis in myocardial infarction (TIMI) flow grade 2 was ob-
tained by thrombus aspiration using Export XT catheter
(Medtronic, Minneapolis, MN, USA), but 99% stenosis with
haziness persisted in the distal portion of the previously stented
segment (Figure 2B). Angiographically, the vessel size was
significantly larger in the proximal than distal site of the stent-
ed segment.

Subsequently, OCT was performed to evaluate this lesion
by an occlusion method. It revealed remarkable proliferation
of lipid-laden neointimal tissues, which was observed as a dif-
fusely bordered, signal-poor region with overlying a signal-
rich band, in the distal portion of the stent (Figures 2D-2F).
Ruptured lipid-laden neointima and a massive thrombus pro-
truding into the lumen were also identified (Figures 2E and
2F). The proximal to mid portion of the stent contained less
neointimal tissue (Figure 2C). Stent malapposition and uncov-
ered stent struts were not identified. Stent area measured by
OCT was significantly smaller in the distal (13.6 mm?) than in
the proximal portion (19.3 mm?).

The lesion was treated by implantation of a further BMS
(Liberte 3.0x28 mm; Boston Scientific, Natick, MA, USA)
overlapped with the distal portion of the previously implanted
stent. The overlapped site was redilated with a 4.0x15 mm
noncompliant balloon at 18 atm, achieving TIMI flow grade 3.
Thereafter, the patient was maintained on 100 mg aspirin once
daily and 75 mg clopidogrel once daily, and a statin (10 mg
atorvastatin once daily). He remains symptom-free at 12
months.

From the ' Department of Cardiovascular Medicine, Nagasaki University Graduate School of Biomedical Sciences, Nagasaki, Japan.
Address for correspondence: Satoshi Ikeda, MD, Department of Cardiovascular Medicine, Nagasaki University Graduate School of Biomedical Sciences, 1-7-1

Sakamoto, Nagasaki, Nagasaki 852-8501, Japan.
Received for publication January 4, 2012.
Revised and accepted March 16, 2012.



Vol 53

No3 VLST AFTER SELF-EXPANDING STENT 203

Figure 1. Coronary CT angiography. A: Previously implanted self-ex-
panding stent is located in the proximal LAD (yellow line). B, C: Cross-
sectional and stretched curved planar reconstructed CT images of stented
segment. Focal neointimal proliferation with low CT attenuation (star and
white arrowhead) is evident at distal portion of stent. CT indicates com-
puted tomography and LAD, left anterior descending artery.

DiscussION

We have presented a case of VLST at 7 years after self-
expanding BMS implantation that developed to acute myocar-
dial infarction. CAG showed acute occlusion in the previously
stented segment where the rupture of lipid-laden neointima
and thrombosis was observed by OCT.

According to the Academic Research Consortium defini-
tion, we diagnosed the present case as definite VLST, which
requires the presence of an acute coronary syndrome with ang-
iographic or autopsy evidence of thrombus or occlusion, and
onset from > 360 days after stent implantation.” VLST is relat-
ed to a high incidence of acute myocardial infarction and mor-
tality.” Although more common after DES implantation, recent
evidence suggests VLST also occurs after BMS implantation.”
It is generally thought that lack of stent strut coverage and late
malapposition may be responsible for VLST after DES im-
plantation. However, the mechanism of this late catastrophic
complication, especially for BMS, is not fully understood.

Neointimal proliferation within BMS generally reaches
its peak around 6 months after implantation. Once the stent is
covered with neointima, the stented target lesion remains clini-
cally stable. However, recent studies have suggested that the
formation and progression of a neoatheroma could occur over
a previously healed intrastent. Hasegawa, et al conducted a
histopathological analysis using in-stent restenotic tissue re-
trieved by directional coronary atherectomy, and reported
atheromatous degeneration of the neointima followed by
plaque rupture occurring up to 5 years after BMS implanta-
tion.” Nakazawa, ef al in an autopsy analysis reported that ne-
oatherosclerosis and unstable lesions characterized as thin-cap
fibroatheromas or plaque rupture inside BMS were observed
after 6 years following implantation.” Furthermore, recent
OCT studies also showed that atherosclerotic changes and con-
sequent plaque vulnerability occurred in the previously stented
segments, and its rupture could cause acute coronary syn-
drome.”® Their findings suggest that the formation and pro-
gression of a neoatheroma over a previously healed intrastent
intima may be one possible mechanism for VLST. In the
present case, OCT revealed that rupture of lipid-laden neointi-
ma that had formed within 7 years after stent implantation
caused stent thrombosis. Of note, coronary CT at 6 months be-
fore the current admission revealed moderate local prolifera-
tion of neointima at the distal portion of the stent. Neointima

Figure 2. CAG images before (A) and after (B) thrombus aspiration at
current admission. Yellow line indicates stented segment. LAD was oc-
cluded in distal portion of stent (yellow arrowhead). (C-F) OCT images
in the stented segment. Remarkable proliferation of lipid-laden neointima
(asterisk), ruptured neointima (red arrow), and thrombus (yellow arrow)
were found in distal portion of stent. Less neointima is evident in proximal
portion of stent (C). CAG indicates coronary angiography; OCT, optical
coherence tomography; and LAD, left anterior descending artery.

inside the stent can become a substrate for an atherogenic
process, which may lead to a very late cardiovascular event
even a long time after implantation.

A notable finding in the present patient was the localiza-
tion of atherosclerotic and vulnerable changes in neointima at
the distal portion of the self-expanding BMS. Self-expanding
stents have the potential advantages of less barotrauma to the
vessel wall because of a reduced need for high pressure dila-
tion, differential expansion (to conform to tortuous, tapered or
distended segments of the vessel wall), and increased flexibili-
ty.” The self-expanding nature of the Radius stent, together
with the long-term shape memory of the nitinol alloy, main-
tains an outside radial force on the vessel wall until it reaches
its final diameter. The Radius stent might have originally been
selected for this patient because of the large difference in the
diameter of the left anterior descending artery between the
proximal and distal sites of the target lesion. However, expan-
sion of a self-expanding stent can dent the media and the vessel
becomes progressively damaged.'” Such chronic and continuous
deep vessel wall injury may increase subsequent neointimal pro-
liferation.'” At the tapered vessel as in the present patient,
chronic damage to the vessel wall from a self-expanding stent
might be more severe at the distal site than at the proximal site,
because the extent to which a self-expanding stent expands is
dependent on the proximal reference diameter. Such differen-
tial chronic damage might explain the focal atherosclerotic and
vulnerable changes in the neointima at the distal portion of the
stent in our patient. In addition, some animal studies indicated
that gradual stent expansion may prolong neointimal prolifera-
tion to a variable degree even beyond the earlier peak at one to
three months in the balloon-expandable stent."” This prolonged
neointimal proliferation may be associated with the very late
event at 7 years after stent implantation in the present case.

Strict control of coronary risk factors is also necessary to
prevent the formation of neoatheroma inside the stent. In this
case, we instructed the patient to cease smoking and intro-
duced statin therapy due to the low-density lipoprotein choles-
terol level of 116 mg/dL. Even if the patient remains clinically



204

KOGA, ET AL

stable, long-term and careful systemic medical therapy will be
needed.
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