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Summary

Background: Stent thrombosis (ST) is a dreaded complication after stent implan-
tation and is associated with a mortality between 5% and 45%. The mechanisms by
which ST arises are complex. Because of the seriousness of this situation, all phy-
sicians should have at least basic knowledge of it. In this article, we present the risk
factors for ST and discuss some innovative approaches to its treatment.

Methods: This review is based on pertinent articles retrieved by a selective search
in PubMed, and on current international guidelines and expert recommendations.

Results: The frequency of ST has been markedly lowered by technical advances in
coronary stenting and by the implementation of modern implantation techniques,
including the introduction of coverage with dual antiplatelet therapy (DAPT). Both
patient-related risk factors and procedural aspects can elevate the risk of ST. The
independent risk factors for ST include premature termination of DAPT (hazard ratio
[HR] 26.8; 95% confidence interval [8.4; 85.4]; p <0.0001), malignant disease (odds
ratio [OR]: 17.45; [4.67; 65.26]; p <0.0001), and diabetes mellitus (OR: 3.14; [1.33;
7.45]; p = 0.0093). In comparison to angiographically guided procedures, the use of
intracoronary imaging techniques in patients with acute coronary syndrome lowers
the frequency of ST (0.6% versus 1.2%; p = 0.005). These technigues enable the
detection of many findings in the coronary arteries that are associated with the
development of ST. In such cases, countermeasures such as secondary stent dila-
tation or prolongation of DAPT can help prevent ST.

Conclusion: As the pathophysiology of ST is multifactorial, research in this area
presents a special challenge. Prospective clinical trials will be needed to determine
whether the systematic use of imaging techniques can lower the frequency of ST.
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tions (PCIs) are carried out annually in Germany,

with the worldwide figure reaching over five
million (el). As such, PCI represents one of the most
frequently performed interventions in modern medicine.
Although complications are rare, there are some that can
have a significant impact on the patient’s treatment
outcome. Stent thrombosis (ST) represents a potentially
life-threatening and fatal outcome following PCI (e2)
which is associated with a mortality rate of between 5 and
45%, as well as a recurrence rate of 15-20% at 5 years
(1-3). Given the high number of PCIs performed each
year, although rare, ST is therefore an important compli-
cation and topic of research. The classification of ST is
made on the basis of the Academic Research Consortium
(ARC) definition and takes into consideration not only
the time elapsed since stent implantation, but also the
likelihood of ST recurrence (4) (7able 1). A meta-analysis
(5) showed rates of definite, probable, or possible ST of
2.4% (95% confidence interval [CI]: 2.0%; 2.9%) with
follow-up over a median period of 22 months. Lemesle et
al. (3) reported that very late (more than 12 months fol-
lowing stent implantation; 7able 1) ST was responsible
for 20% of myocardial infarctions (MI) in 2816 patients
with previous stent implantation. Of the patients with MI
due to very late ST, 59% presented with the clinical pic-
ture of ST-segment elevation myocardial infarction
(STEMI).

The mechanisms underlying the development of
ST are multifactorial and risk stratification is complex
at the individual patient level (e3). Patient-related
characteristics as well as features of the lesion to be
treated, including procedural aspects, affect the occur-
rence of ST, as do mechanical effects and premature
discontinuation of antithrombotic therapy (6). The
type of stent implanted also plays an important role in
terms of the risk of ST. This article describes the his-
tory of coronary stents in relation to the development
of ST.

M ore than 300 000 percutaneous coronary interven-

Methods

A selective literature search was conducted in PubMed
and took into consideration current international
guidelines and specialist recommendations. The search
criteria and search terms used are shown in the Box.
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TABLE 1

Clinical classification of stent thrombosis (ST) based on the criteria of the Academic Research Consortium (ARC) and according to (4, 5)

Late ST
More than 30 days up to 1 year

Time after stent
implantation

Early ST
- Acute ST:

Very late ST

0-24h More than 1 year

- Subacute ST:  Between 24 h and 30 days

- Acute ST:
- Subacute ST:

Probability

0.4% (0.2%; 0.6%) (5)
1.1% (1.0%: 1.3%) (5)

0.5% (0.4%; 0.6%) (5) 0.6% (0.4%; 0.8%) (5)

Definite ST

® Angiographic confirmation of ST:

The presence of a thrombus in the region of the stent or

5 mm proximal or distal to the stent, as well as the occur-

rence of at least one of the following criteria within 48 h

- Acute symptoms of ischemia at rest

- New ECG changes typical of ischemia

- Typical rise and fall in cardiac biomarkers

- Non-occlusive thrombus

- Occlusive thrombus with TIMI 0 or TIMI 1 flow in the
region of the stent or proximal to a stent up to the
adjacent side or main branch

Probable ST

— Any unexplained death within
30 days of stent implantation
- Any myocardial infarction with
acute ischemia in the region
of the implanted stent without
angiographic confirmation of
ST in the absence of another

identifiable cause

Possible ST

— Any unexplained death
occurring later than 30 days
after stent implantation

Documentation of ST based on pathological confirmation:
Thrombus detection within the stent following autopsy or
tissue analysis following thrombectomy

TIMI 0 flow, no coronary blood flow; TIMI 1 flow, sharply slowed coronary blood flow; the categories range from TIMI 0 to TIMI 3

Stent technologies and risks

of stent thrombosis

In 1987, Sigwart and Puel described for the first time
the use of a self-expanding bare metal stent (BMS) in
the setting of acute vessel occlusion during balloon an-
gioplasty (e4). Due to better angiographic and clinical
outcomes compared to balloon angioplasty alone, the
use of BMS was long considered the preferred treat-
ment method; however, it resulted in an up to 30%
increased rate of in-stent thrombosis (7). Further ad-
vances in implantation techniques and the introduction
of dual antiplatelet therapy (DAPT) reduced the risk of
thrombosis. Both Schomig et al. and Leon et al. showed
a significant reduction in ST when using DAPT follow-
ing BMS implantation (p=0.005) (8, 9). Stent
thrombosis occurred in 16 patients (2.9%) following
the administration of aspirin and in 15 patients (2.7%)
following the administration of aspirin and warfarin.
After receiving DAPT consisting of aspirin and ticlopi-
dine, three patients (0.5%) exhibited ST.

The first drug-eluting stent (DES) was implanted
by J. Eduardo Sousa in 1999 (e5). Although the then
novel development was supposed to reduce the occur-
rence of restenosis (7) and other complications
following the implantation of BMS, it was initially
associated with a renewed rise in ST (e6). The con-
trolled release of antiproliferative agents resulted in a
marked reduction in in-stent restenosis (e7). How-
ever, the desired effect led to delayed integration of
the stent in the vessel wall and an increased risk for
the development of late ST (e7). Second-generation
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DES were subsequently coated with antiproliferative
drugs that were less toxic, polymer coatings that were
more biocompatible, and thinner stent struts made of
modern alloys. Compared to older DES, these im-
provements resulted in a reduced risk for the occur-
rence of late and very late ST. The COMPARE study
(10) revealed a significant reduction in definite and
probable ST 12 months after implantation from 3% to
0.7% when a switch was made from paclitaxel-eluting
to everolimus-eluting stents (p = 0.002). The develop-
ment of biodegradable polymer coatings that
remained temporarily on the stent surface was also
hailed as a promising strategy (e8). However, there is
a lack of data collected over a longer period of time
on the implantation of new DES with thin stent struts
and biodegradable polymers. In 2012, fully resorb-
able vascular scaffolds (bioresorbable scaffolds,
BRS), which were designed to reduce the long-term
effects of the metal implant, were introduced. Follow-
ing the use of the ABSORB scaffold, increased rates
of scaffold thrombosis were seen compared to ever-
olimus-eluting stents (11). Meta-analyses supported
these results, showing a 2-year incidence of thrombo-
sis of 2.3% compared to 0.7% ST following implan-
tation of everolimus-eluting DES (12). In the light of
this negative result, the scaffold was no longer used in
routine practice from that time onwards and was with-
drawn from the market in 2017. Recent studies on the
use of new-generation BRS found them to have an
improved safety profile over an observation period of
12 months, as well as stable angiographic parameters
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Literature search

The literature search for this study was carried out using the PubMed data-
base. The search criteria mentioned below were used for the basic search;
the search was extended according to the specific subtopics
(“IVUS"*OCT’[“angiography”) at the relevant point.

© Date: 01/01/1989-29/02/2020
® Language: English

© Terms: (thromb*[tiab]) AND coronar®[tiab]) AND stent[tiab]) OR
(“coronary artery disease” [tiab] OR CADJtiab] OR “coronary heart disease”
[tiab] OR CHD[tiab] OR “acute myocardial infarction’[tiab] OR AMI[tiab] OR
“acute coronary syndrome’[tiab] OR ACS[tiab] OR NSTEMI[tiab] OR
STEMItiab] OR “unstable angina’[tiab]) AND (“coronary intervention’[tiab] OR
PCl[tiab] OR “coronary stenting”[tiab] OR “coronary artery stent’[tiab] OR
“drug-eluting stent’[tiab] OR DESJtiab] OR “drug eluting stent” [tiab] OR
bare-metal stent[tiab] OR BMS][tiab] OR “bare metal stent” [tiab] OR
scaffold]tiab]) AND (thromb*[tiab]).

TABLE 2

Risk factors for the development of stent thrombosis (ST)

— Premature discontinuation of DAPT (7)
— Genetic polymorphisms (7)

- Malignant disease (23)

- Reduced left ventricular function (7, 23)
- Malignant disease (23)

- Peripheral arterial occlusive disease
(23)

- Thrombocytosis (39) - Diabetes mellitus (7, 23)
— Diabetes mellitus (39) - Reduced left ventricular function
(7,23)
- Younger age (23)
- Smoking (39)

DAPT, dual antiplatelet therapy

at 6-12 months following implantation (e9). How-
ever, due to the lower number of patients included and
the lack of longer-term data, the validity of these find-
ings is limited (e9).

Drug therapy to reduce stent thrombosis

Dual antiplatelet therapy

The key element in the prevention of stent thrombosis
lies in the prescription of dual antiplatelet therapy
(DAPT) following PCI (7). Unplanned discontinuation
of therapy is a leading risk factor for the development
of ST (13). For patients with stable angina, the guide-
lines on chronic coronary heart disease (14) recom-
mend DAPT for a 6-month period following PCI. If

patients are at high risk for life-threatening bleeding,
DAPT of shorter duration can be considered in view of
the low risk of ST after 1-3 months. In patients with
acute coronary syndrome (ACS), a 12-month treatment
duration is advised; in the case of a high risk of bleed-
ing, a shorter duration of 6 months can be prescribed
(15). If DAPT needs to be prematurely discontinued in
patients at increased risk of bleeding in order to reduce
hemorrhagic complications, discontinuation in this
context appears to be safer following implantation of
new-generation DES compared to BMS (16).

On the other hand, patients implanted with first-
generation DES can benefit from prolonged treatment
duration, as can patients with complex coronary
lesions who have well tolerated a first period of
DAPT therapy. Here, one can consider a treatment du-
ration of more than 12 months (17, 18). Particularly in
patients at increased risk for bleeding and low risk for
ischemia, a shorter treatment duration can be contem-
plated. A meta-analysis that included patients with
ACS showed that shorter treatment duration
compared to 12-month DAPT was associated with a
comparable number of ischemic events and a reduced
number of bleeding events (19). However, patients
with multivessel coronary disease following ACS are
at increased risk for ischemia and could benefit from
prolonged DAPT (el0). In order to evaluate the
optimal treatment, the guidelines on dual antiplatelet
therapy (15, 20) recommend an assessment of the in-
dividual ischemia and bleeding risk (el1). A number
of risk assessment systems, such as the PRECISE-
DAPT score, are available to this end (21).

Predictors of stent thrombosis

Numerous risk factors are associated with the occur-
rence of ST. Table 2 summarizes these factors for the
occurrence of early and late ST in a patient-related
manner. The strongest predictor for the development of
early stent thrombosis is premature discontinuation of
DAPT in the first 30 days following stent implantation
(7, 22). A prospective study (2) that looked at 2229 pa-
tients following placement of a DES showed increased
rates of subacute (hazard ratio [HR]: 161.17; [26.03;
997.94], p<0.001) and late ST (HR: 57.13; [14.84;
219.96], p <0.001) after premature discontinuation of
DAPT. Van Werkum et al. (23) demonstrated that pro-
cedural aspects also need to be considered as risk fac-
tors for ST. Late ST correlates highly with the presence
of malignant disease (odds ratio [OR]: 17.45; [4.67,
65.26]; p <0.0001), as well as diabetes mellitus (OR:
3.14; [1.33; 7.45]; p = 0.0093). A left ventricular ejec-
tion fraction of less than 30% is a powerful risk factor
for early ST (OR: 2.71; [1.61; 4.57]; p=0.0002) (7,
23). In addition, a multitude of findings associated with
an increased risk for ST can be determined with the
help of intracoronary imaging techniques (Figure 1):
malapposition of the stent struts as well as discontinuity
and fractures in the implanted stents modify the flow
characteristics and affect the local level of blood
viscosity (e12).
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Figure 1: Predictors of stent thrombosis: selected findings in optical coherence tomography
a) Normal finding: good result following implantation of a drug-eluting stent (DES), neointimal coverage of stent struts
b) Evaginations: outward bulging of the luminal vessel contour between the struts of a DES

¢) Malapposition: lack of contact between the abluminal stent surface and the vessel wall, including incomplete neointimal coverage of the stent struts

)
)
d) 3D reconstruction of a stent fracture: the arrows point to the broken, dislocated struts of a DES
e) 3D reconstruction of a stent fracture: the arrow points to stenosis within the fractured stent, resulting in reduced blood flow (red)

An increased incidence of very late ST (24, 25)
following implantation of first-generation DES led to
a modification of the alloy, geometry, drugs eluted,
and polymer coating. In this regard, a meta-analysis
found a significant reduction in ST following implan-
tation of modern DES compared to BMS and first-
generation DES (26). The thickness of the stent struts
also has an impact on the risk for the development of
ST. The SORT OUT VII study (27) compared a
sirolimus-eluting stent (60-pm stent strut thickness)
with a biolimus-eluting stent (120-um stent strut
thickness) and demonstrated lower rates of definite
ST when the thinner struts were used (0.4 % versus
1.2%; p = 0.034). Therefore, the current guidelines on
myocardial revascularization (28) recommend the
exclusive use of newer-generation DES.

Prevention by using modern intracoronary
imaging techniques

Coronary artery angiography is considered the standard
imaging method in the diagnosis and treatment of
coronary pathologies. Furthermore, the use of modern
intravascular imaging techniques enables an individual
treatment approach and has a long-term impact on the
incidence of cardiovascular events, including ST. A
meta-analysis (29) with 17 882 patients compared im-
aging-guided with purely angiography-guided PCI: the
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former resulted in a significant reduction in myocardial
infarctions (OR: 0.72; [0.52; 0.93] and repeat target
vessel revascularization (OR: 0.74 [0.58; 0.90]), and
ST (OR: 0.42 [0.20; 0.72]). The use of intracoronary
imaging in patients with ACS reduced the incidence of
ST (0.6% versus 1.2%; p = 0.005) (e13).

Intravascular ultrasound (IVUS) was long con-
sidered the cornerstone of diagnosis of stent thrombo-
sis. The introduction of optical coherence tomography
(OCT), which uses infrared light and has an approxi-
mately ten-fold higher axial resolution, significantly
increases discriminatory power in the diagnosis of ST
(30). The prospective PESTO registry (31) investi-
gated patients with ST using OCT and identified
morphological abnormalities, such as malapposition
of stent struts or stent underexpansion, in 97% of
cases. Whilst malapposition was strongly associated
with the development of both early (48%) and late
(31%) ST, stent underexpansion correlated with the
occurrence of early ST in 26% of cases. These find-
ings highlight the importance of the optimal implan-
tation technique. A meta-analysis (32) covering 4946
patients reported a prevalence of 16% (95% CI:
[12%; 20%]) for incomplete stent apposition; the inci-
dence of late or very late ST (incidence rate ratio
[IRR]: 4.81 [2.68; 8.62] and MI (IRR: 3.09; [1.72;
5.55]) was significantly increased. Modern imaging
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Figure 2: Mechanism of development as well

as targeted preventive and treatment measures

for stent thrombosis (ST)

© Malapposition

— Description:
Lack of contact between abluminal stent
surface and intimal surface of the vessel
wall

— Prevention:
Precise sizing and use of imaging
modalities

- Treatment:

Postdilaton of the stent and DAPT
prolongation

o Uncovered stent struts

— Description:
Incomplete neointimal coverage of the
implanted stent

— Diagnostics:
Intravascular imaging modalities
— Treatment:

Prolongation of dual antiplatelet therapy
(DAPT)

o Evaginations

— Description:
Outward bulging of the luminal vessel
contour between the stent struts

- Prevention:
Precise sizing and use of intravascular
imaging modalities

— Treatment:
Postdilaton of the stent and DAPT
prolongation

o In-stent restenosis

— Description:

Renewed narrowing of the vessel lumen in

the region of the stent segment following
PCI

— Diagnostics and prevention:
Intravascular imaging modalities

- Treatment:
Implantation of DES

o Neoatherosclerosis

— Description:
Atherosclerotic changes in the neointimal
tissue of the implanted stent

- Diagnostics and prevention:
Intravascular imaging modalities

- Treatment:
Implantation of DES,
treatment with lipid-lowering drugs
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Source: Cardiac Catheter Laboratory of the University Hospital Mainz,
Germany, Prof. Tommaso Gori

techniques make it possible for the pathomechanisms
underlying the development of ST to be detected early
on and for the relevant countermeasures to be taken
(Figure 2). Jang et al. (33) showed that IVUS-guided
implantation of DES is associated with a significant
reduction in overall mortality (OR: 0.64; [0.51; 0.81];
p <0.001), as well as significantly lower rates of MI
(OR: 0.57; [0.42; 0.78], p <0.001) and ST (OR: 0.59;
[0.42; 0.82]; p = 0.002). In contrast, data for the com-
parison of angiographic and OCT-guided interven-
tions are lacking. The results of the CLI-OPCI study
suggest that the use of OCT in the setting of PCI im-
prove the clinical treatment outcome of patients.
Using OCT, it was possible to detect suboptimal stent
implantation in over 30% of lesions (34). The ran-
domized studies OPINION (35) and ILUMIEN III
(36) compared the two imaging methods and came to
the conclusion that the use of OCT is not inferior to
IVUS in terms of treatment outcome. Both the use of
IVUS and the use of OCT can improve the outcome
of coronary interventions. These imaging methods en-
able adequate stent sizing, including selection of the
optimal stent length. Acute complications such as
stent strut malapposition or dissection can be iden-
tified with high sensitivity and specificity. (30).

The benefit of intravascular imaging is particularly
evident in high-risk patients and patients with com-
plex coronary lesions (30). However, the data come
from retrospective analyses, and prospective data are
lacking. The results of the ILUMIEN IV study, which
is investigating the benefit of OCT in high-risk pa-
tients with complex coronary heart disease, should
close this gap. 7able 3 compares the advantages and
disadvantages of the two imaging modalities.

Practical implications for clinical routine

Due to their greater safety and efficacy, new-generation
DES should be preferred over older DES (28). The cur-
rent guidelines recommend the preferential implan-
tation of DES irrespective of clinical presentation, the
lesion to be treated, and the expected duration of DAPT
(28). Precise matching of the stent to the target vessel,
including optimization of the implantation technique
while correcting morphological abnormalities at the
time of placement, can reduce the risk for the develop-
ment of ST (37). Data from the Syntax II study (38)
support the use of a state-of-the-art treatment strategy.
The clinical treatment outcome of patients with three
vessel coronary artery disease was improved by using
innovative measurement methods to visualize coronary
physiology, the implantation of modern DES with thin
stent struts, and intracoronary imaging techniques.
Compared to conventional coronary interventions, a
significant reduction in severe cardiovascular and
cerebrovascular events (13.2%  versus  21.9%;
p =0.001), as well as a significant reduction in definite
ST (0.9% versus 2.9%; p = 0.048) was seen at 2 years.
Intracoronary imaging techniques yield precise in-
formation on the mechanistic aspects underlying the
development of ST (Figure 2).
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TABLE 3

Advantages and disadvantages of the imaging modalities intravascular ultrasound (IVUS) and optical coherence tomography (OCT)

Advantages

o Decades of clinical experience

o High tissue penetration as well as visualization of the external elastic
membrane enables optimization of stent size

o Extensive studies on the effect of IVUS-guided intervention on the
clinical treatment outcome, including data from meta-analyses

o Existence of established predictors for the development of restenosis
and availability of clear guidelines and threshold values

Advantages

 10-Fold higher resolution facilitates detection of fine details for struc-
tures adjacent to the lumen (dissections, malapposition)

o Better tissue characterization with greater precision compared to
histology

o Clear visualization and classification (white versus red) of thrombus
material

o Existence of established predictors for the development of restenosis

MEDICINE

Disadvantages

® Acquired images are more challenging to interpret, poorer resolution
for structures adjacent to the lumen

o Limited tissue characterization (better with virtual histology)

o Detection of thrombus material is challenging, dissections are difficult
to measure

o Limited assessment of stent strut malapposition

o Limited penetration and measurement of calcified lesions

Disadvantages

o Contrast medium required

o Limited tissue penetration

o No randomized data (a new clinical trial is currently in the process of
recruiting participants)

and stent thrombosis

Table modified from Réber et al. (40)

Conclusion

The causes for the development of stent thrombosis are
multifactorial. Risk factors at the level of the patient,
the lesion to be treated, and the interventional approach
need to be promptly identified and appropriate
countermeasures initiated. The current guidelines on
myocardial revascularization recommend a differenti-
ated treatment decision that takes into consideration all
influencing factors, as well as the use of modern DES
and individual implantation techniques. Rigid treat-
ment regimes are increasingly being relegated to the
background. In terms of selecting the optimal anti-
platelet therapy, the guidelines on dual platelet aggre-
gation inhibition speak for a modern treatment concept
that is based on the individual ischemia and bleeding
risk of the patient. The guidelines recommend the use
of intravascular imaging in order to optimize stent im-
plantation on the one hand and to identify mechanistic
features that could underlie the development of ST on
the other. These imaging methods are becoming in-
creasingly important and are opening up new perspec-
tives to optimize treatment outcome. The combination
of our growing understanding of the etiology of ST, the
development of new stents, and the possibilities offered
by modern imaging techniques enables individual treat-
ment approaches that have long-term effects on the
incidence of stent thrombosis.
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Key messages

® The mechanisms and risk factors for the development of stent thrombosis are multi-
factorial and require a differentiated risk stratification.

® Antiplatelet therapy concepts should be guided by the individual ischemia and
bleeding risk of the patient.

® The use of modern drug-eluting stents and the optimization of the implantation tech-
nique reduce the risk for the development of ST.

® Modern imaging modalities yield information on coronary findings associated with
the development of ST and improve the outcome of PCI.

® Innovative treatment concepts enable a multimodal treatment approach with long-
term effects on the incidence of ST.

Translated from the original German by Christine Rye.
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Question on the article in issue 18/2020:

Coronary Stent Thrombosis—Predictors and Prevention

The submission deadline is 30 April 2021. Only one answer per question is possible.

Please select the most applicable answer.

Question 1

Approximately how many percutaneous coronary
interventions are carried out annually in Germany?
a) 100 000

b) 300 000
¢) 750 000
d) 1 million
€) 2 million

Question 2

Which criterion does the Academic Research Consortium
(ARC) definition take into account for the classification of
stent thrombosis?

a) Time elapsed since stent implantation

b) Patient age

¢) Comorbidities

d) Patient sex

e) Vessel wall thickness

Question 3

After what period of time following stent implantation is
the Academic Research Consortium (ARC) definition met
for very late stent thrombosis?

a) After 4 months

b) After 6 months

c) After 8 months

d) After 10 months

e) After more than 1 year

Question 4

Which finding, in addition to the presence of a thrombus
in the region of the stent or 5 mm proximal or distal to the
stent, needs to be present within 48 h in order for the
criterion of definite stent thrombosis to be met?

a) Tachycardia

b) Bradycardia

c) Atrial fibrillation

d) Acute symptoms of ischemia at rest

e) Reduction in ejection fraction by at least 50%

Question 5

What is the strongest predictor for the development of

early stent thrombosis?

a) Malignant disease

b) Premature discontinuation of dual antiplatelet therapy in the
first 30 days following stent implantation

c) Reduced left ventricular function

d) Peripheral arterial occlusive disease

e) Advanced age

Question 6

Which imaging modality has the best axial resolution for the diagnosis
of stent thrombosis?

a) Optical coherence tomography

b) Positron emission tomography
¢) Computed tomography

d) Angiography

e) Doppler ultrasound

Question 7

What is meant by evagination in stent thrombosis?

a) Lack of contact between abluminal stent surface and intimal surface of the
vessel wall

Incomplete neointimal coverage of the implanted stent

Outward bulging of the luminal vessel contour between the stent struts
Atherosclerotic change in the neointimal tissue of the implanted stent
Narrowing of the vessel lumen in the region of the stent segment following
percutaneous coronary intervention

b
¢
d
e

_— ==

Question 8

What is the advantage of intravascular ultrasound in the diagnosis of

stent thrombosis?

a) High tissue penetration and visualization of the external elastic membrane
enable stent size optimization.

b) Clear visualization and classification of thrombus material

c) Better tissue characterization with greater accuracy compared to histology

d) The existence of established predictors for the prevention of stent throm-
bosis

e) Simple interpretation of images and excellent resolution of structures
adjacent to the lumen

Question 9

Which type of stent does the current ESC/EACTS guideline recommend
for implantation?

a) The bare metal stent with balloon angioplasty

b) The new-generation drug-eluting stent

¢) The bioresorbable scaffold stent

d) The everolimus-eluting stent

e) The covered vascular stent

Question 10

Which patients may benefit from prolonged dual antiplatelet therapy?
a) Patients with left ventricular hypertrophy

b) Patients with left atrial dilation

¢) Patients with a normal ejection fraction

d) Patients with right heart failure

e) Patients with multivessel disease following acute coronary syndrome
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