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Abstract: Problem statement: Stent thrombosis, which may occur even one yeaer aftent
implantation, is a drawback of Drug-Eluting StefBES). Among the variety of causes of stent
thrombosis after DES implantation, coronary end@he&ysfunction manifested or exaggerated by
DES implantation should not be overlooked. Thisigevarticle summarizes previous reports on
coronary endothelial dysfunction after DES implainota and/or coronary spasm and discusses the
mechanism, clinical implications and prognosishaligh novel stents that do not impair endothelial
function will most likely be developed in the ndature, millions of patients have already undergone
implantation of a first or second generation DESnclusion/Recommendations: Some studies have
reported that a drug improves the impairment ofoéimelial function. On the other hand, no direct
relationships between spasm and stent thrombdsisRES implantation have been reported. A larger
study is warranted to clarify the clinical signéditce of this important clinical issue.
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INTRODUCTION reaction to the polymers, strut fractures, late
malapposition and the development of
Endothelial cells produce many vaso-activeneoatherosclerosis within stents with plaque ruptur
substances that maintain vascular homeostasis arfiirtane and Stone, 2011; Nakazaweh al., 2011).
normal vasomotor tone. Nitric oxide is a key factorDelayed endothelialization in the coronary vesaétisr
generated by endothelial cells and which mainlyDES deployment has been closely related to several
determines basal vascular smooth muscle tone angfjverse events, the most severe of which is thrembu
opposes the action of potent endothelium-derivedormation. Accordingly, this finding could partigll

contracting factors such as angiotensin Il andeypain the increased late thrombotic events oleserv
endothelinl (Yanagisawat al., 1988). Endothelial | itk the first generation DES.

dysfunction can lead to a variety of pathophysi@og
processes, such as vasospasm, vasoconstrictiofent thrombosis after drug-eluting stent
thrombus  formation and abnormal vascularimplantation versus baremetal stent: Stent
proliferation. In many circumstances, reducedthrombosis after Bare-Metal Stent (BMS) deployment
increased atherogenesis, as well as cardiovasgslar 5ng very rarely may occur later. In contrast, stent

(Schachingeret al., 2000). Whether DES-induced {homposis after DES implantation can occur years
endothelial dysfunction produces a similar riskn®  afieryard, with an annual incidence of 0.2-0.6% in
known (Muhlenstein, 2008). patients with non complex coronary artery disease
(Weisz et al., 2009) and 0.4-0.6% in unrestricted cases

Ca(ljjsels_ of tster;t ththrorkl)ﬂbo_ss: The lg}ecthanlfms d(Wenaweselet al., 2008). Thus, stent thrombosis rates
underlying sten rombosis are multifactonial and;, . aaqa within the original stent and are highéh w

include patient-related factors, procedural factorsDES than BMS, with the differences emerging

(including stent choice) and post procedural factor - s : .
: . . " predominantly beyond the first year after implantat
(including type and duration of antiplatelet therap (Stoneet al., 2007).

From the standpoint of stent technology, potential

mechanisms of late stent thrombosis after DrugHidut Endothelial dysfunction as a potential cause of stent

Stent (DES) implantation include delayed or absenthrombosis: Coronary vasoconstriction or spasm would

endothelialization of the stent struts, result in a reduction of coronary blood flow and

hypersensitivity/inflammatory ~ and/or  thrombotic deterioration of non-laminar flow within the stemte
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vessel, which may be associated with an increase iimplantation aggravates endothelial vasomotor
inflammation and thrombosis (Hamasaki and Tei, 2011 dysfunction in the infarct-related coronary artery
patients with anteroseptal acute myocardial infanct
Endothelial  dysfunction after coronary stent (Obataet al., 2007). They evaluated in both resistance
implantation: Summary of the reported data onand epicardial coronary arteries by measuring the
coronary endothelial dysfunction manifested aftents diameter and blood flow in response to ACh infusion
implantation is shown in this chapter. Generaltyjsi  (Obataet al., 2007).
known that DES as well as BMS can provoke and/or or

exaggerate endothelial dysfunction after implaaotati Paclitaxel-eluting stent (PES, Taxus™, Boston

however, its degree may differ among stent typeslll S . . .
but 2 reports, an Acetyicholine (ACH) provocatiastt S entific, Natick, M assachusetts): Togni et al. (2007)

was adopted to evaluate coronary endotheliaftudied coronary endothelial dysfunction after PES
dysfunction. | suspect the doses or concentratéACh  implantation using similar supine bicycle exercise
infused may be partially related to the differeicéhe ~ methods in 15 patients with PES deployment
degree of endothelial dysfunction in the followifafa. comparing 12 patients with BMS as a control grosp a
in a study of SES cases (Togatial., 2005). PES was
associated with exercise-induced vasoconstrictiché
persistent (proximal and distal) region suggesting
endothelial dysfunction (-1316% and -18+4%,
respectively; p<0.005 Vs corresponding segments of
controls). The degree of vasoconstriction was quite
similar to those of SES patients (-12+4 and -15+6%;

Srolimus-duting stent (SES, Cypher™, Cordis p<0.0_01, Vs. Correqunding segments of con'grols)
Corp., Miami Lakes, Florida): Recently, concern has (Togni et al., 2005). In this study, the follow-up period
been raised that SES may be associated with ayaried between 2-12 months after PES implantation.
increased rate of stent thrombosis owing to delayed They observed a time-dependent improvement in
absent endothelialization (Jeremiast al., 2004; Vvascular function in the pre-stent lesion. Skinal.
Virmani et al., 2004). In this context, Togrét al. (2007) also showed that SES or PES implantatiofdcou
(2005) examined coronary endothelial dysfunction bybe associated with the similar pattern of endogheli
evaluating the coronary vasomotor response to eeerc dysfunction identified predominantly in the longst@il

six months after SES implantation using biplaneportion of the treated vessels compared with BM& T
quantitative coronary angiography for the firsteinm  degree of vasoconstriction was around 25% (vessel
2005. Maekawat al. (2006) reported a case of recentdiameter change in comparison of the baseline ter af
anterior myocardial infarction without a history of intracoronary ACh infusion) in both distal and éistal
coronary spasm. A severe vasoconstrictive responsgsgments for both SES and PES groups (Shial.,
was produced by a small dose of intracoronary ACtpog7). This report is different from previous orias
infusion, indicating severe end_othellgl _dysfunctlmn that far distal segment (10-20 mm distal to thentste
the SES at 6 months after stenting. Similar resuliee  jigta| edge) were also evaluated and a similaretegf

reported by Hofmat al. (2006) in a small study using o, goihelial dysfunction was observed. Ketral. (2008)
ACh '”fUS'OU- They evaluated vasoconstriction O'"."y reported similar results in a slightly larger study
segments _d|_stal to the_ DES and did not Cla”fy.'fcomparing coronary vasoconstriction of SES and PES
vasoconstriction had existed before SES implantatio . .
was not clarified (Hofmat al., 2006). Maekawat al with that of BMS. The percent change in vessel di@m

Ny : . at segments 5mm distal to the stent in The LefeAot

(2006) and Fuket al. (2007) confirmed the feature of a i : :
Descending coronary artery (LAD) was slightly highe

case report (Maekawa al., 2006) in a study with 21 . P
patients treated with SES and12 patients treated wi than those of previous reports (-72.9+11.6% in SES,

BMS. In contrast to vasodilation in BMS patientset /1.8+15.7 in PES Vs -7.91+20.4 in BMS) (Kiena.,
response to ACh in SES patients showed2008) by ACh infusion. The endothelial dysfunction
vasoconstriction in the peri-stent area (proximati a the distal segments appears to be more signiftbantin
distal segments to the implanted stents). They alsée€ proximal segments after DES implantation.
evaluated the vasoconstrictive response to AChrbefo Furthermore, the findings of Shaal. (2007) and Iteet
SES implantation in a subgroup and found endotheliaal. (2001) suggested that the long distal portionlctou
dysfunction did not exist. It was reported that SESshow endothelial dysfunction.
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Bare-metal stent: Spasm may occur around the stent
struts even after BMS implantation (Fu&eal., 2007;
Tanabeet al., 2002). Enhanced endothelial dysfunction
following BMS implantation has been reported
(Caramoriet al., 1999; Beusekonet al., 1998). The
results are slightly different between reports.
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Biolimus A9-eluting stents (BES, Nobori™, Terumo, endothelium-dependent vasodilation. Their study
Tokyo, Japan): Delayed healing in association with an revealed that SES and PES showed vasoconstriction,
increased risk of late and very late stent throrisbasd  while on the other hand, ZES and BES had
paradoxical coronary vasoconstriction at coronarwasodilatory responses that were similar to BMS
segments adjacent to the stent may be attributable (Hamiloset al., 2008b).

delayed endothelial healing and/or endothelial

dysfunction caused by eluting-drug, polymer-inducedSecond generation bioresorbable everolimus-eluting
inflammation, or hypersensitivity reaction. New DES Vascular scaffold (ABSORB BVS (Rev.1.1. Abbott
have been developed with different stent designggsd ~ Vaseular, Santa Clara, California): Potential and/or
and polymers. BES is a second-generation DES th&n90ing stent modification to reduce stent thrordos
carries a bioresorbable polymer (polylactic acidyf have included improving _the biocompatibility of the
which A9, an analogue of sirolimus, is eluted. Hami  Stént and polymer, using bioabsorbable polymersoand
et al. (2008a) studied 19 patients with a BES and 18!Sing stent su_rface m_odlflcanons to stimulate uésc
patients with an SES at 9 months after stengndothelialization. Bioresorbable vascular scaffold

implantation. Endothelium dependent and independeriPudeket al., 2011; Serruyst al., 2011) will play a
coronary vasomotion were tested proximally andM&or role in a certain subset of coronary lesionthe
distally to the stent as well as at a referencensey ~ N€ar future, because bare-metal stents, which iconta
during atrial pacing at increasing heart rates.ti@f  €luting drug or polymer have been reported to cause
patients with BES, only 2 showed vasoconstrictionchronic inflammation sev_eral_years after implamtati
while 17 showed vasodilation. In contrast, of the(lnoueet al., 2004), resulting in very late ISR or stent
patients with an SES, 9 showed vasoconstrictiodewhi thrombosis. In a recent study by Serrggsl. (2011)

6 showed vasodilation. This result may be explaimed Pharmacological vasomotion by methylergonovine (N
the different drug release kinetics, design, or:13_) showed some degree of vasoconstriction in 12
characteristics of polymer used in the stent systerR@tients. ACH (N = 24) showed vasodilation of the

(Hamiloset al., 2008a). BES seem to improve coronaryScaffolded segment in 8, 1 had unchanged lumen
endothelial dysfunction compared with first genierat dimension and 10 patients showed vasoconstrictfon o

DES. the scaffolding segments (5 excluded) (Serretyal.,
2011). These findings suggest that full coverage by
Zotarolimus-eluting stents  (ZES, Endeavor™ endothelial cells and complete return of functional

M edtronic Vascular, Inc., Santa Rosa, California): A capacity of these cells is not yet achieved in the
prospective, randomized, 6-month comparison of thénajority of the patients who underwent second
coronary vasomotor response associated with a zggeneration ABSORB BVS at 12 months. Vasomotion
versus SES was performed by Kieh al. (2009) to  Was asse_ssed by measuring changes in mean lumen
investigate the potential superiority of ZES innterof ~ diameter in the scaffolding segments and in thens-m
uniform and rapid healing of the endothelium in 50Proximal and 5-mm distal adjacent segments.

patients. Vasoconstriction in response to ACh ia th

peristent region was less pronounced in the ZE8mro Mechanism of coronary endothelial dysfunction at
than in the SES group at 6-month follow-up (% distal segments. Approximately 80% of the sirolimus
diameter change from baseline: -71.1+15.6 in SES Vsis released within 30 days of implantation.

38.5+24.4 in ZES, -7.99146.42 in BMS at a maximal It is, therefore, unlikely that the drug can affec
dose of ACh in the distal segment), which suggdsis  vasomotion in the distal segment by diffusion frima
endothelial function associated with ZES can beemor bloodstream later after implantation. However, we
preserved than with SES (Kimet al., 2009). The cannot exclude the possibility that the drug magche
majority (approximate|y 95%) of zotarorimus is the vessel Wa” dir_ectly distal to a (_jrug-elutingrﬁ, for
released from the stent by 14 days (Kandzari amhLe €xample by diffusion through the tissue and throtingh
2006). This rapid evolution kinetics of ZES mayueel  Vasa vasorum (Hofmat al., 2006) thus, recovery of

the local toxicity to the endothelium leading teeth €ndothelial function in the distal portion may be
possibility of low risk of late stent thrombosis d€layed due to the effects of these drugs (ehil.,
(Gershlicket al., 2007) 2007). Inouect al. (2007) revealed that CD34-positive

bone marrow-derived stem cells were mobilized after
. ] . BMS implantation but strongly suppressed after SES
Comparison of first generation and second  jmplantation in the human stent model. The inhditi
generation DES: Hamilos et al. (2008b) evaluated of these cellular responses by DES may lead to the
the influence of BMS and four types of DES oncoronary  endothelial  dysfunction. ~ Coronary
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vasoconstricting responses to serotonin (10 and 10@cluded all patients at our hospital who underwent
ng/kg intracoronary administration) were signifidgnt coronary angiography at follow-up after DES
enhanced at the PES site compared with the BMS sitgeployment (Cypher and Taxus stents) between July
in a porcine model (45+4% Vs. 30+3%, p<0.01; n = 122007 and March 2009 (ltet al., 2011). We performed
each) and were abolished by hydroxyfasudil (90 anin ACh provocation test for diagnosing coronary
300 pg/kg intracoronary administration), a selectiveyasospasm in three vessels, excluding patients with
Rho-kinase inhibitor (Shirotet al., 2009). This study gjgnificant stenosis. ACh provocation test was fasi
was performed in normal juvenile pigs without i,"g5 494 (36/55) of the coronary arteries and ird9d
preexisting atherosclerotic coronary lesions. Thight 30,42 of the patients with drug-eluting stentbefie
et T, e Sepancy e, s o iference i e posiive ae beveeres

Y ¥Vlth and without symptoms. A total of 65.0% (13/20)

segment) and another previous clinical study tha ymptomatic patients also showed positive reslits
showed coronary hyperconstricting responses even : ; " ; .
y e g P patients with positive results in the ACh provooati

the distal segments of DES implanted arteries (&hir . .
|test, vasoconstriction at segments distal to thetsvas

et al.,, 2009). They also revealed that paclitaxe ) . .
significantly enhanced Rho-kinase expression ang*a@ggerated compared with corresponding segments in

activity in human coronary artery smooth muscldscel Non-stented vessels (0.46+0.27 Vs 0.31£0.20, p =
as a baseline molecular mechanism (Shiretoal.,  0-008). Vessels with positive results had a lorgnist
2009). Most of the previous studies did not mentionength compared with those with negative results
coronary vasospasms, which can be the strongeé8l.6+13.6 mm Vs 24.2+11.2 mm, p = 0.049). We
manifestation of coronary endothelial dysfunctioh o concluded that the coronary vasoconstriction was
the entire coronary bed. On the other hand, coyonarexaggerated at distal segments in DES-implanted
vasospastic angina has ethnic characteristics asd hvessels compared to non-stented vessel segments and
higher frequencies in Asian countries than in Caigga  stent length was longer in the ACh provocation test
countries (Pristipin@t al., 2000; Beltramet al., 1999).  positive group. In a few reports from Asian cousri

In fact, in a couple of reports from Asian courgrithe  the arterial response to ACh appeared to be strong,
coronary  endothelial  dysfunction after  DES indicating the possibility of coronary vasospasmug,

implantation may have been more severe than that ije examined the frequency of provoking spasm in the

States (Fukeet al., 2007; Maekawat al., 2006; Itoet  \550c0onstriction by QCA. The peri-stent
al., 2011). Thus, an intrinsic vasospastic propeiyhin  \4qqconstriction was stronger in the distal segrtie
be exaggerated by the effect of DES implantation of, yhe proximal segment. No case had spasm lochlize

DES-induced hyperconstriction that predominantlyin the peri-stent segment. In almost all casemngtr

occurs in individuals who are a priori predisposed peri-stent vasoconstriction was associated with
abnormal vasomotion after DES implantation even if

the patients with obvious positive results in anbAC spasm in the fqr Q'Stal bed. Obath al. (2007)
provocation test were excluded before entry. Ther eported on the |nc!dence Of. stent-edge spasm after
are-metal stent implantation. The spasm was

might be a relationship between delayed or abse . o : ; .
healing (endothelialization) of stent struts angProvoked in 19.2% of the patients with vasospastic

endothelial dysfunction in the distal segment te th @ngina 6.4+2.0 months after stent implantation. If
stents. Fujii et al. (2011) showed the correlation Moderate stent-edge spasm was included, stent-edge
between percentage of covered stent struts an@Pasm occurred in 38.4% of these patients. Even in
endothelial dysfunction in patients who underweBSZ patients without vasospastic angina, the rate was
implantation. However, we should wait to draw any30.4%. In our study, the pattern of spasm after DES
definite conclusions because the mechanism ofmplantation was different to that in bare-metal
coronary dysfunction has not been clarified. stents. This might be due to the pathogenesis df AC
induced spasm after DES implantation.
Angiographic and clinical features of coronary
endothelial dysfunction after DES implantation in Srategies to improve coronary dysfunction in
real world patients. Most studies evaluated coronary patients who  successfully underwent DES
vasomotion in the peri-stent coronary segment for o implantation: In the study by Kitaharet al. (2011) the
lesion with one drug-eluting stent. The angiographi beneficial effect of pioglitazone on coronary
and clinical characteristics of real-world patiemtgh  dysfunction was observed in the segment distahéo t
coronary spasm following DES implantation have notSES but not to the segment proximal to the SES.
been well documented. We performed a study thaSirolimus from the SES moves with blood flow. Thus,
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endothelial dysfunction might be more pronounced irresults in ACh provocation test. The frequency of
segments distal to the SES than proximity to th& SE angina was not different between patients with tiwesi
(Kitaharaet al., 2011). Calcium channel blockers may and negative results in the ACh provocation tef2q4

be wuseful in patients with coronary endothelialVs 0/12, p = 0.308). The incidence of cardiac event
dysfunction detected at follow-up coronary angipgsa  was relatively low and not different between paten
as in coronary spastic angina. It has been reptinegd4  with positive and negative results in ACh provoaati
major calcium channel blockers generally suppreSAV test. The symptoms of angina observed in 4 patients
attacks and benidipine was found to have a morenight have been related to the coronary spasm that
pronounced inhibitory effect on cardiovascular ésen  occurred after DES implantation. Thus, a largedgts

a meta-analysis with a total of 1,997 vasospastign@ warranted to clarify the clinical significance dfig
patients (Nishigakét al., 2010). important clinical issue.
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