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59.1 Introduction

One of the most serious complications of percuta-
neous coronary intervention (PCI) is stent throm-
bosis (ST). It can be difficult, or even impossible, to
detect ST in routine clinical practice early on, ide-
ally before it induces an acute coronary syndrome
presentation with permanent ST-segment eleva-
tion myocardial infarction (STEMI) or less fre-
quently with non-ST-segment elevation myocardial
infarction (NSTEMI) [1]. ST also represents an
important cause of sudden cardiac death [2].
Pathological mechanisms leading to ST are multi-
factorial. In this chapter, we review ST definitions,
incidences, and predictive factors, and then focus
on the diagnosis and management of ST.

59.2 Nomenclature and Definitions

In 2007, The Academic Research Consortium
(ARC) proposed the following consensus classifi-
cation of ST [3] (» Box 59.1):

Box 59.1 Definite, Probable, and Possible

Stent Thrombosis [3]
= Definite stent thrombosis
== Angiographic confirmation of stent
thrombosis
== The presence of a thrombus that
originates in the stent or in the
segment 5 mm proximal or distal to
the stent and presence of at least one
of the following criteria within a 48-h
time window:
== Acute onset of ischemic symptoms
at rest
== New ischemic ECG changes that
suggest acute ischemia
== Typical rise and fall in cardiac
biomarkers (refer to definition of
spontaneous Ml)
== Nonocclusive thrombus
== |ntracoronary thrombus is defined
as a (spheric, ovoid, or irregular)
noncalcified filling defect or
lucency surrounded by contrast
material (on three sides or within a
coronary stenosis) seen in multiple
projections, or persistence of
contrast material within the
lumen, or a visible embolization of
intraluminal material downstream

== Occlusive thrombus
==TIMI 0 or TIMI 1 intrastent or
proximal to a stent up to the
most adjacent proximal side
branch or main branch (if
originates from the side branch)
== Pathological confirmation of stent
thrombosis
== Evidence of recent thrombus within
the stent determined at autopsy or
via examination of tissue retrieved
following thrombectomy
== Probable stent thrombosis
= Clinical definition of probable stent
thrombosis is considered to have
occurred after intracoronary stenting in
the following cases:
== Any unexplained death within the
first 30 days
= |rrespective of the time after the
index procedure, any Ml that is
related to documented acute
ischemia in the territory of the
implanted stent without angiographic
confirmation of stent thrombosis and
in the absence of any other obvious
cause
== Possible stent thrombosis
= (linical definition of possible stent
thrombosis is considered to have
occurred with any unexplained death
from 30 days after intracoronary
stenting until end of trial follow-up

Definite: Angiographic confirmation of the
presence of a thrombus that originates in the
stent or in the segment 5 mm proximal or
distal to the stent, and presence of myocardial
ischemia criteria or confirmation of stent
thrombosis at autopsy.

Probable: Considered to have occurred after
intracoronary stenting in case of any
unexplained death within the first 30 days
or any myocardial infarction that is related
to documented acute ischemia in the
territory of the implanted stent without
angiographic confirmation of stent throm-
bosis and in the absence of any other
obvious cause.

Possible: Considered to have occurred with
any unexplained death from 30 days after
intracoronary stenting until the end of trial
follow-up.
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Depending on the time of the occurrence, stent
thrombosis has been categorized into the follow-
ing four types:

Acute: 0 to 24 h after stent implantation
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Subacute: >24 h to 30 days after stent implan-
tation

Late: >30 days to 1 year after stent implantation
Very late: >1 year after stent implantation

Days after

Acute  Subacute Late

Y
Early

59.3 Epidemiology

Over the past several decades, a large body of data
on ST has accumulated. Generally, «definite and
probable stent thrombosis» has been classified as
ST in the literature.
The rate of early ST for bare-metal stents
(BMSs) ranged between 10% and 15% before
the era of dual antiplatelet therapy (DAPT)
with aspirin and ticlopidin. Following
introduction of DAPT, the incidence of early
ST has dropped to less than 1% [4]. The most
recent data on early, late, and very late ST
suggest rates of 2.1% at 1 month and 2.4% at
1 year in the BVS EXAMINATION study [5];
at 3 years, this rate increases to 2.6% [6].
As far as drug-eluting stents (DESs) are
concerned, first-generation DESs must be
differentiated from second-generation DESs.
First-generation DESs, designed to reduce
the restenosis rate of BMSs, have been
associated with higher ST rates than BMSs,
largely due to late and very late ST probably
caused by failed re-endothelialization of the
struts, positive arterial remodeling, and early
neoatherosclerosis. This issue was a main
topic of the 2006 European Society Congress
«Black Sunday» at which Camenzind et al.
presented data documenting the excess risk
of mortality associated with use of first-
generation DESs. One of the positive results
of this debate was the agreement to standard-
ize the definition of the diagnostic criteria of
ST, which were subsequently formulated and
published by the ARC [3]. Currently, the ST

Very Late stent implantation

rate for first-generation DES stents is
estimated at 2.2% [7] at 3 years. For second-
generation DESs, the estimated ST rates are
0.3% at 1 month and 1.4% at 1 year in the
BVS EXAMINATION study [5], and 1.7% at
3 years [6].

The availability of DESs with a biocompatible
polymer or biodegradable polymer coating
has been associated with significantly lower
ST incidence compared with first-generation
DESs [8]. According to the most recent data,
it appears that the lowest ST rates are
associated with implantation of the latest
generation of DESs such as the platinum-
chromium everolimus-eluting stent (PtCr-
EES), the hybrid sirolimus-eluting stent
(H-SES), and the cobalt-chromium everoli-
mus-eluting stent (CoCr-EES) [9].

As far as bioresorbable stents (BVSs) are
concerned, current studies suggest ST rates of
1.8% at 1 month, 2.3% at 6 month, and 3.0%
at 1 year. Thus, ST rates for BVSs appear to be
higher than those for the latest DESs [9]. To
date, no long-term data regarding the ST of
bioresorbable stents have been published.

59.4 Predictors and Mechanisms

Numerous risks factors for ST have been identi-
fied and can be classified according to (1) the
patient’s characteristics, (2) the characteristics of
the treated lesion, (3) the characteristics of the
procedure, (4) the characteristics of the type of
stent, and (5) the characteristics of the antiplatelet
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therapy. Overlap between these various classes of
risk factors can occur.

malapposition [19, 20], and uncovered struts

Patient-related risk factors
Numerous biological and clinical parameters
can induce an excess risk of ST caused by
increased thrombogenicity. Hence, for
example, diabetes [10, 11] and renal failure
[2] are associated with higher rates of late ST.
The initial clinical context of the stent
implantation is also important; hence, acute
coronary syndrome (ACS) is associated with
a higher ST rates [10, 11] and excess mortal-
ity. In this context, independent risk factors
include no-reflow, reduced left ventricular
ejection fraction, neoplasia, anemia, and a
stent diameter smaller than 3 mm (2, 12]. In
addition, individual resistance to antiplatelet
therapies [13], mainly to clopidogrel, has
been also correlated with increased ST rates.
Treated lesion-related risk factors
Predictive factors for ST reported in the
literature include a long target lesion [14]
and, specifically for BVSs, a small diameter of
the target vessel (<2.5 mm), possibly associ-
ated with underexpansion of the BVS [15].
Furthermore, type C complex lesions
according to the American College of
Cardiology/American Heart Association
(ACC/AHA) classification, ostium lesions
[10], lesions involving a bifurcation [2, 10],
and coronary artery vein graft lesions [14]
have also been associated with increased ST
rates [14]. Excess risk of ST has also been
reported in patients with ACS [14], possibly
as a result of secondary thrombus resolution,
coronary artery wall remodeling, and
potentially primary malapposition [16].
According to the expert’s consensus [17],
malapposition is present when the axial
distance between the strut’s surface and the
luminal surface is greater than the strut thick-
ness.
Procedure-related risk factors
Technical risk factors for ST include the
length of the implanted stent [11] and a
suboptimal angiographic result characterized
by final low minimal lumen diameter (MLD).
For late and very late ST, endocoronary
imaging studies such as intravascular
ultrasound (IVUS) and optical coherence
tomography (OCT) revealed higher ST rates
in cases of stent underexpansion [18],

[20]. In cases of early ST, endocoronary
imaging also incriminated malapposition
[21], stent underexpansion [21], and edge
dissection [22]. In addition, an excess risk of
ST has been reported in segments with stent
overlap [1].

Risk factors related to the type of stent
Follow-up after stenting has related ST to
healing failure of the coronary wall, especially
in cases with late and very late ST. Indeed,
any of the stent features can become a
potential source of impaired healing and,
consequently, of ST. For example, thicker
struts have been correlated with healing
failure, as assessed by OCT [7], and with
increased ST rates [23].

As far as the polymer used is concerned
(durable, biodegradable, or absence of
polymer), recent data show the superiority of
the latest generation of durable polymers
compared with biodegradable polymers
(although the latter remain superior to the
first generation of durable polymers) [8].
Hence, second-generation DESs such as the
CoCr-EES have demonstrated a decrease in
ST rates compared with BMSs [24], even in
patients with STEMI [25].

Stent fractures have also been shown to
increase ST rates [9].

Risk factors related to antiplatelet therapies:
DAPT plays a major role in the incidence of
ST. Premature discontinuation of antiplatelet
therapy is the strongest predictive factor for
ST [2, 11, 15, 26]. The duration of antiplatelet
therapy after stent implantation is controver-
sial and remains a matter of scientific debate.
Some studies, such as the DAPT study (12
versus 30 months of antiplatelet therapy),
showed a decrease in ST rates at the cost of an
increase in moderate to severe bleeding
complications [27]. Unlike the DAPT study,
other studies did not show any excess of ST
rates, despite the discontinuation of DAPT
after 30 days [26]. Currently, American [28]
and European guidelines [29] recommend a
duration of DAPT of 1 month after BMS
implantation and 6 months after DES
implantation in stable ischemic heart disease.
In patients with ACS treated with BMS or
DES implantation, DAPT should be given for
at least 12 months [28, 29].
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The pharmacology of the platelet anti-
aggregating molecule used is also important.
Hence, the new P2Y , receptor blockers have
shown a reduction in ST compared with
clopidogrel (TRITON-TIMI 38 study for pra-
sugrel [30] and PLATO for ticagrelor [31]).
This difference can be partly explained by the
concept of resistance to clopidogrel, which
can occur in up to 44% of cases and results in
a triple risk of ST [32]. Nevertheless, several
cases of prasugrel resistance have been also
reported [33].

Risk factors for ST differ depending on whether
early or late ST is being considered. Hence, stent
undersizing, uncovered dissections, nonoptimal
flow at the end of the procedure, presence of a
stable intermediate lesion proximally or distally to
the culprit lesion, presence of a neoplasia, and use
of a DES are independent risk factors for early ST
[1]. In cases with late ST [1], stent undersizing,
neoplasia, stable intermediate lesion proximally
to the culprit lesion, peripheral coronaropathy,
diabetes, bifurcation lesions or long stented seg-
ments, and younger age of the patients are more
frequent.

59.5 Diagnostic Evaluations

ST is primarily diagnosed by coronary angiogra-
phy. In the majority of cases, the clinical presenta-
tion is ACS. In a report from the US CathPCI
Registry, among 7100 patients with cases of ST
identified during a 16-month follow-up period,
approximately 60% presented with STEMI, 23%
with NSTEMI, and 17% with unstable angina
[34]. At the time of coronary angiography, most
patients had complete thrombotic occlusion
(TIMI flow grade 0) of the involved vessel. A diag-
nosis of definite ST on the coronary angiogram is
considered as the presence of a thrombus that
originates in the stent or within a segment 5 mm
proximal or distal to the stent, with or without
vessel occlusion.

Patient prognosis with ACS secondary to ST is
less favorable than in patients with ACS of a native
artery. Consequently, an emergency coronary
angiography must be performed in all patients
with PCI for whom the diagnosis of ST has been
considered.
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In the case of complete thrombotic occlusion,
thrombus aspiration could help to obtain a TIMI
3 coronary flow. Successful reperfusion rates
seemed to be lower in patients with ST than in
patients with de novo coronary thrombosis; ST
was also accompanied by higher rates of distal
embolization and major adverse cardiac or cere-
brovascular events [35]. The periprocedural anti-
thrombotic regimen, including the use of
parenteral antiplatelet and anticoagulant thera-
pies, does not differ from that recommended for
patients with acute STEMI [29].

It is always important to evaluate the anti-
platelet therapy regimen at the time of the ST and
to search for potential resistance to clopidogrel
and noncompliance.

59.6 Management of Stent
Thrombosis

There are no specific standardized recommenda-
tionsregarding ST PCImanagement. Nevertheless,
different therapeutic approaches have been sug-
gested, depending on the specific mechanism of
the ST. For example, postdilatations have been
suggested for treatment of underdeployment
rather than stent-in-stent stenting [29].

Unfortunately, X-ray coronary angiography
does not differentiate between the various mecha-
nisms of ST. Thus, to determine the cause of ST,
endocoronary imaging is mandatory (8 Fig. 59.1).
IVUS was the first endocoronary imaging tech-
nique used to study the pathological mechanisms
of very late ST.

In 2010, Lee et al. published in the Journal of the
American College of Cardiology a series of 30 cases
of very late ST (23 DES and 7 BMS) analyzed with
IVUS [36]. No cases of BMS malapposition were
found, although malapposition was present and
potentially responsible in 73% of DES cases. The
very late BMS thromboses were related to neointi-
mal rupture. Representing a more recent concept,
in 2011 Nakazawa et al. highlighted the presence
and importance of neoatherosclerosis, which devel-
ops at a later stage following coronary stent implan-
tation and can then rupture and induce thrombosis.
This neoatherosclerosis seems to appear earlier in
DESs than in BMSs [37]. Nevertheless, IVUS imag-
ing is limited because of its lower spatial resolution
in the range of 100 pm, depending on the imaging

59
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B Fig. 59.1 Thrombosis at 14 years after bare stent
implantation on LAD. Control coronary angiography at
day 5 after thrombus aspiration. Presence of a rupture of

neoatherosclerosis a, b in OCT and intimal prolifération
with neoatherosclerosis c. Patient treated with a drug-
eluting stent in intrastent

O Fig.59.2 Malapposition of a first-generation DES
implanted 4 years ago in a right coronary artery. Angio-
graphic view after thrombus aspiration a and after bal-

frequency of the probe, and does not seem to be the
optimum tool for study of the underlying pathol-
ogy, particularly if strut coverage or a malapposi-
tion [38] are of concern (B Fig. 59.2).

loon angioplasty b. Presence of white thrombus on the
struts (X) and a malapposition with stent area of 7.4 mm?
for a lumen area of 20 mm? (Y)

Endoluminal imaging employing OCT features
a resolution that is approximately ten times higher
than that of IVUS. OCT has become the principal
tool for studying the pathological mechanisms of
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ST and guiding therapy. OCT allows detailed analy-
sis of the stents and potential complications such as
strut malapposition (a malapposed strut is defined
as a strut with a measured distance between its sur-
face and the adjacent vessel surface greater than the
thickness of the strut plus polymer), failure of strut
coverage (an uncovered strut is defined as a strut
with neointimal hyperplasia thickness of 0 pm),
coronary evagination (defined as the presence of an
outward bulge in the luminal vessel contour
between apposed struts, with the maximum depth
of the bulge exceeding that of the thickness), under-
expansion (underexpansion is defined by the ratio
of the stent minimal surface to the reference surface
lumen being <80%), defect of the neointimal strut
coverage, upstream or downstream dissection to
the stent, presence of neoatherosclerosis, rupture of
a plaque, and endoluminal thrombus. OCT also
allows differentiation of the red thrombus, which
generates the shadow cone of the fibrin plug.

Based on OCT findings, identification of the
causes of the ST provides guidance for management.
Thrombus aspiration, adjustment of the medical
treatment, stent implantation, or a balloon postdila-
tation may be considered.

Two recent studies by Miayazaki et al. [39] and
Guagliumi et al. [40] compared OCT analyses of
patients with thrombosed stents to a control
thrombosis-free group. Both studies evidenced
that there are significantly more uncovered and
malapposed struts in the group of patients with ST.

Kang §J et al. studied patients with late throm-
bosed stents, both after DES and BMS (33 stents)
implantation [41]. In this study, OCT evidenced a
rupture of neoatherosclerosis in all patients with a
thrombosed BMS and in 70% of patients with
DES. A limitation of this study was that the OCT
was performed without thrombus aspiration;
however, in the presence of a large thrombotic
load, OCT was difficult to interpret. Nevertheless,
rupture of the neoatherosclerosis appears to be
one of the major causes of very late ST. Considering
the «aging» of the implanted stents, increased
prevalence of ST has to be expected in the future
and OCT represents the reference diagnostic tool
for evaluating causes of ST and the primary tool
for guiding treatment, particularly in the case of
rupture [42, 29] (B Fig. 59.3).

The causes of ST seem to differ according to
the time to thrombosis. Indeed, underexpansion
seems to be more frequent in patients with sub-
acute ST compared with late or very late ST [43].
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Two multicenter studies have recently vali-
dated the European Society of Cardiology (ESC)
guideline recommendations.

Réber and colleagues studied the mechanisms
of very late ST of DES (median time 4.7 years)
[44]. Employing OCT, a mechanical cause was
identified in more than 98% of cases in 58 patients.
Malapposition was the most frequently identified
cause of ST, followed by neoatherosclerosis and
uncovered struts. Two major elements of malap-
position evaluation using OCT emerged from this
study: a malapposition distance greater than
300 pm on at least 1 mm length seem to be the
most critical findings correlated with ST.

The PESTO multicenter study included 134
patients with ST [21]. Of these, 120 benefited from
an OCT examination after thrombus aspiration.
Very late ST was observed in 75% of cases. In 69% of
cases, OCT was delayed (median lead time 4 days),
which helped to discover a mechanical cause of the
thrombosis in 97% of cases. The main causes of ST
were malapposition (34%), rupture of neoathero-
sclerosis (22%), underdeployment (11%), uncov-
ered struts (8%), and edge disease progression (8%).

In the PESTO study, following OCT evalua-
tion of the target site, the therapeutic strategy was
modified and adapted to the OCT findings by the
operators. Medical treatment was selected in 32%
of cases, redilatation in 37%, and stenting in 31%.
These results differ from the NCDR register,
where management was based on angiography;
redilatation and stenting were systematically per-
formed in all cases [34].

The following are treatment options based on
OCT imaging:

Balloon postdilation in the case of malapposi-

tion or underexpansion

New stenting in the case of rupture of

neoatherosclerosis or intrastent restenosis

Medical therapy for uncovered struts

Antiplatelet therapy has been related to ST, even
very late ST. In the PESTO study, a recent change
in antiplatelet therapy preceded ST in 22% of
cases. It is now well established that continuation
of DAPT beyond 1 year reduces the incidence of
ST, but increases the risk of bleeding [27]. Longer
duration of DAPT has to be discussed individu-
ally with all patients; in patients with low risk of
bleeding, extension of DAPT beyond 1 year seems
to be a reasonable treatment option (8 Figs. 59.4
and 59.5).

59
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O Fig. 59.3 Thrombosis of a bare stent at the end of the ~ OCT helped to find a fibrin plug hanging on uncovered
mid-segment of the right coronary artery 2 years after struts. Patient medically treated. Red asterisks: thrombus.
implantation and discontinuation of antiplatelet therapy. White arrow: uncovered struts

O Fig. 59.4 Underdeployment of a drug-eluting stent 2.4 mm? for a downstream reference of 8.6 mm?2. OFDI 3D
implanted 3 months earlier because of an intrastent reconstruction view a and long view b
restenosis (three layers of struts). Lumen surface (S) of
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B Fig.59.5 Acute thrombosis on a drug-eluting stent
by the ostium of LAD. Angiographic evolution: before
angioplasty a, DES implantation b, angiographic result c,

59.7 Conclusion

Coronary ST is a rare complication of PCI with
multifactorial causes. The improvements in coro-
nary stents and antiplatelet therapy have reduced
ST rates. OCT provides an excellent tool for guid-
ing therapy in patients with ST by clearly defining
the underlying pathology. Optimum strategies to
match a specific underlying pathology with spe-
cific treatments have yet to be fully defined.
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