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Advantages of drug-eluting stents (DES) for coronary artery dis-
ases are widely accepted because of their significant reduction of
estenosis and of target lesion revascularization compared to bare-
etal stents (BMS) [1]. However, in-stent thrombosis (IST), a rare

ut unpredictable and tragic event, has been reported after DES
mplantation. IST often leads to a catastrophic outcome and overall
rognosis from IST is poor: 10–30% of patients with IST will die [2].
o difference between DES and BMS  is seen for the incidence of
arly IST (<30 days) or late IST (30 days to 1 year); however, sig-
ificantly higher rates of very late IST (>1 year) are seen with DES
3]. Data from several registries have indicated that the risk of very
ate IST persists at an annual rate of 0.36–0.6% per year to at least 5
ears after DES implantation [4,5]. The current on-label indications
or DES are limited to simple lesions and off-label indications repre-
ent a higher risk population with complex morphology. Thus, the
isk of IST is higher for the patients treated with DES for off-label
ndications compared with on-label indications.

The pathogenesis of IST is probably multi-factorial and numer-
us factors have been implicated in increasing the risk of an
ST event [6]. Precipitants of IST include patient factors, such
s acute coronary syndrome lesion, diabetes mellitus, renal dys-
unction, low left ventricular output, and early cessation of dual
nti-platelet therapy (DAPT). Lesion characteristics, such as severe
alcified lesion, bifurcation lesion, and chronic total occlusion may
ontribute the pathogenesis of IST. Procedural factors, such as
ncomplete stent apposition, stent deployment over the lipid rich
ecrotic core, multiple stent implantation, long target lesion, and
tent undersizing have been also shown to be important in the
evelopment of IST.

Histological  observation indicates that foreign body reaction
gainst DES is clearly different from the corresponding lesions
ccurring after BMS  implantation. In our experience of autopsy
ases, first-generation DES suppresses the early immune response
f the treated artery compared to BMS  [7]. Furthermore, delayed

rterial healing processes, such as incomplete endothelial cell
overing, lack of intimal thickening, and persistent fibrin depo-
ition have been identified after DES implantation (Fig. 1). These
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phenomena may  play an important role in IST development. In
preclinical experiments at 28 days after treatment with DES, the
delayed arterial healing compared to BMS  was overlooked. Rapid
endothelial covering after DES deployment in animal models con-
trasts with the delayed healing processes after DES implantation in
human coronary arteries. Furthermore, the influence of advanced
atherosclerotic lesion on the healing processes after DES implan-
tation should be taken into account. Plaque components, such
as lipids, inflammatory cells, necrotic debris, extracellular matrix,
and thrombus, may  influence drug release, retention, absorption,
and distribution. In fact, DES implantation after acute myocardial
infarction results in apparently delayed vascular healing, compared
to DES treatment in patients with stable angina.

One of our autopsy cases has shown the complete stent strut
coverage with re-endothelialization after 6 months of sirolimus-
eluting stent (SES) implantation (Fig. 2). In contrast, a previously
reported case at 15 months after SES deployment has shown min-
imal coverage of the struts by fibrin with rare endothelial cells. In
addition, incomplete strut coverage is demonstrated by coronary
angioscopy persisting as late as 24 months after SES implantation
[8]. This discrepancy indicates that the response to DES deployment
in human coronary artery is heterogeneous. There is no doubt that
DES resulted in delayed arterial healing compared to BMS, whereas
it appears difficult to evaluate the chronologic evolution of changes
after DES implantation. The local responses to DES deployment may
be affected by a variety of factors, such as stent length, apposition of
struts, anatomical location, histological features of the underneath
plaque, blood flow speed and turbulence, and immune reactivity of
each individual. Therefore, the optimal duration of DAPT after DES
implantation remains controversial. Whereas we need to keep it in
mind that discontinuation of DAPT at less than 1 year after stent
implantation is one of the most significant independent predictors
of IST along with poor compliance, surgery, bleeding complications,
and allergy to clopidogrel [9].

An analysis of the lesions in 32 autopsy cases shows a mean
55.8 ± 26.5% of struts with re-endothelialization after a mean DES
implantation of 223 ± 253 days; in contrast to DES, 36 BMS  lesions
showed 89.9 ± 20.9% strut re-endothelialization at 299 ± 360 days
[6]. Studies using optical coherency tomography (OCT) have shown
that the rate of uncovered stent struts is lower in the second gener-
ation of zotarolimus-eluting stent, when compared with SES [10].
A comparative study of stents with biodegradable polymer versus
stents with durable polymer using OCT images indicates signifi-

cantly higher rate of stent coverage with biodegradable polymer
stent [11]. This result suggests that not only eluting drug itself, but
also polymer may  participate in the endothelial cell coverage over
stent struts.
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Fig. 1. Local reactions against sirolimus-eluting stent at 2 months after implanta-
tion.  Stent struts apparently exposed to the blood flow and fibrin deposits on the
luminal surface between the stent struts. Few inflammatory cells except several for-
eign body giant cells infiltrate near stent struts. No endothelial cell coverage over
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tent struts is apparent (hematoxylin–eosin, 200×).

The ability to induce hypersensitivity reactions through the
resence of a polymer deserves additional consideration. Perma-
ent polymer facilitates drug release and remains after complete
rug elution. Histopathological studies have shown that the poly-
ers induce localized vascular inflammation, hypereosinophilia,

hrombogenic reactions, and apoptosis of smooth muscle cells
12]. The Cypher SES (Cordis, Bridgewater, NJ, USA) is coated in a
urable polymer, which has been shown to induce hypersensitiv-

ty in human. The Taxus paclitaxel-eluting stent (Boston Scientific,
atick, MA,  USA) also has a durable polymer that has been shown

o be associated with positive remodeling. These device concerns
eed to be improved for the development of next generation DES.
he possibility of IST according to a permanent polymer led to the
evelopment of second-generation DESs with biocompatible and

iodegradable polymers. These new polymers have been shown to
ave a greater degree of re-endothelialization compared to first-
eneration DESs.

ig. 2. Complete stent strut coverage with re-endothelialization after 6 months
f  sirolimus-eluting stent implantation. Minimal but sufficient intimal thickening
ompletely covers the stent struts. A few lymphocytes infiltrate around stent struts
ithout destructive reaction to the vessel wall (hematoxylin–eosin, 100×).
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Sonoda et al. [13] have demonstrated intravascular ultrasound
(IVUS) images and histopathology of a very late IST case. They
have observed late-acquired stent malapposition with positive
remodeling at the level of SES implantation by IVUS imaging. Histol-
ogy indicates fibrin thrombi formation at the level of malapposed
stent struts. Inflammatory cell infiltration is prominent around
stent struts and arterial wall has shown the destructive reaction.
They have shown that multinucleated giant cells, B-lymphocytes,
plasma cells, and eosinophils were identified around the stent
struts. These pathological alterations are similar to the previously
reported hypersensitivity induced IST cases. In spite of the mas-
sive inflammatory reaction against DES struts, the lack of clinical
evidence of hypersensitivity vasculitis, such as hypereosinophilia,
high serum IgE value, and elevated high sensitive C-reactive protein
level is noteworthy. Furthermore, we  need to learn from this patient
that marked positive remodeling and stent malapposition by vas-
cular imaging may  represent a massive inflammatory reaction with
vessel wall destruction: lesion with extremely high thrombogenic
potential.

Observation of alterations occurring after DES implantation by
imaging techniques, such as IVUS, OCT, and coronary angioscopy,
may furnish important information on the conditions of DES-
treated vessels. In order to achieve more accurate diagnosis in vivo,
comparative data between vascular imaging and histopathology
findings is required to improve interpretation of imaging. Further-
more, our understanding of IST pathogenesis should be facilitated
by the knowledge of pathological alterations present in coronary
arteries treated with DES devices. From this viewpoint, accumula-
tion of information concerning histopathology at the level of the
DES implanted artery is imperative.

References

[1] Stone GW,  Moses JW,  Ellis SG, Schofer J, Dawkins KD, Morice MC,  Colombo A,
Schampaert E, Grube E, Kirtane AJ, Cutlip DE, Fahy M,  Pocock SJ, Mehran R, Leon
MB.  Safety and efficacy of sirolimus- and paclitaxel-eluting coronary stents. N
Engl J Med  2007;356:998–1008.

[2] Serruys PW,  Daemen J. Are drug-eluting stents associated with a higher
rate of late thrombosis than bare metal stents? Late stent thrombosis: a
nuisance in both bare metal and drug-eluting stents. Circulation 2007;115:
1433–9.

[3]  Spaulding C, Daemen J, Boersma E, Cutlip DE, Serruys PW.  A pooled analysis of
data comparing sirolimus-eluting stents with bare-metal stents. N Engl J Med
2007;356:989–97.

[4]  Daemen J, Wenaweser P, Tsuchida K, Abrecht L, Vaina S, Morger C, Kukreja
N, Jüni P, Sianos G, Hellige G, van Domburg RT, Hess OM,  Boersma E,
Meier B, Windecker S, et al. Early and late coronary stent thrombosis
of sirolimus-eluting and paclitaxel-eluting stents in routine clinical prac-
tice: data from a large two-institutional cohort study. Lancet 2007;369:
667–78.

[5] Wenaweser P, Daemen J, Zwahlen M,  van Domburg R, Juni P, Vaina S, Hellige G,
Tsuchida K, Morger C, Boersma E, Kukreja N, Meier B, Serruys PW,  Windecker
S. Incidence and correlates of drug-eluting stent thrombosis in routine clini-
cal practice 4-year results from a large 2-institutional cohort study. J Am Coll
Cardiol 2008;52:1134–40.

[6] Joner M,  Finn AV, Farb A, Mont EK, Kolodgie FD, Ladich E, Kutys R, Sko-
rija K, Gold HK, Virmani R. Pathology of drug-eluting stents in humans:
delayed healing and late thrombotic risk. J Am Coll Cardiol 2006;48:
193–202.

[7]  Hao H, Ishibashi-Ueda H, Tsujimoto M,  Ueda Y, Shite J, Gabbiani G, Fujii K,
Hirota S. Drug-eluting stent: importance of clinic–pathological correlations.
Circ J 2011;75:1548–58.

[8] Awata M, Kotani J, Uematsu M,  Morozumi T, Watanabe T, Onishi T, Iida O,
Sera F, Nanto S, Hori M,  Nagata S. Serial angioscopic evidence of incomplete
neointimal coverage after sirolimus-eluting stent implantation: comparison
with bare-metal stents. Circulation 2007;116:910–6.

[9] Airoldi F, Colombo A, Morici N, Latib A, Cosgrave J, Buellesfeld L, Bonizzoni E,
Carlino M,  Gerckens U, Godino C, Melzi G, Michev I, Montorfano M,  Sangiorgi
GM, Qasim A, et al. Incidence and predictors of drug-eluting stent thrombo-
sis during and after discontinuation of thienopyridine treatment. Circulation
2007;116:745–54.
10]  Guagliumi G, Musumeci G, Sirbu V, Bezerra HG, Suzuki N, Fiocca L, Matiashvili A,
Lortkipanidze N, Trivisonno A, Valsecchi O, Biondi-Zoccai G, Costa MA, ODESSA
Trial Investigators. Optical coherence tomography assessment of in vivo vas-
cular response after implantation of overlapping bare-metal and drug-eluting
stents. JACC Cardiovasc Interv 2010;3:531–9.



e ology C

[

[

[

∗ Tel.: +81 798 45 6667; fax: +81 798 45 6671.
160 Editorial / Journal of Cardi

11] Barlis P, Regar E, Serruys PW,  Dimopoulos K, van der Giessen WJ,  van Geuns
RJ, Ferrante G, Wandel S, Windecker S, van Es GA, Eerdmans P, Jüni P, di
Mario C. An optical coherence tomography study of a biodegradable vs. durable
polymer-coated limus-eluting stent: a LEADERS trial sub-study. Eur Heart J
2010;31:165–76.

12]  Virmani R, Guagliumi G, Farb A, Musumeci G, Grieco N, Motta T, Mihalcsik L,
Tespili M,  Valsecchi O, Kolodgie FD. Localized hypersensitivity and late coro-
nary thrombosis secondary to a sirolimus-eluting stent: should we be cautious?

Circulation 2004;109:701–5.

13] Sonoda S, Okazaki M,  Iwataki M,  Kashiyama K, Muraoka Y, Kamezaki F, Tsuda
Y, Shimajiri K, Inoue K, Otsuji Y. Intravascular ultrasound and histopathological
observations in a patient with very late sirolimus-eluting stent thrombosis. J
Cardiol Case 2012;6:e126–9.
ases 6 (2012) e158–e160

Hiroyuki Hao (MD, PhD, FJCC) ∗

Department of Surgical Pathology, Hyogo College of
Medicine, 1-1 Mukogawa-cho, Nishinomiya, Hyogo

663-8501, Japan
E-mail address: haohiro@hyo-med.ac.jp

20  July 2012

mailto:haohiro@hyo-med.ac.jp

