Shedding light on the mechanisms of stent thrombosis with
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Since the introduction of mechanical devices for the
treatment of stenotic coronary artery disease, stent
thrombosis (ST) has been an issue of major clinical
concern. It is an uncommon but serious complication
with high mortality and morbidity that almost always
presents as death or myocardial infarction (MI), usually
with electrocardiographic ST-segment elevation (1).
Inadequate stent expansion and undersizing of a stent has
been recognized as the main reason for acute and subacute
ST (2) following stent implantation. Souteyrand et a/. (3)
have done a great job at confirming these findings with
the use of optical coherence tomography (OCT). It is of
interest that 69% of the OCT images were acquired during
a deferred procedure, rather than in the acute presentation.
Although it seems rational to focus on stabilizing a critically
ill patient in the initial procedure, it would have been of
interest to understand the reason for the delay in image
acquisition, which has been shown to be safe (4). A median
delay of 4.0 days is short, but it might have been of influence
in retrieving the cause of the thrombosis. For instance, a
small plaque rupture in neoatherosclerotic neointmia might
be obscured after a few days by healing reaction and filling
of the defect with fibrin deposition (5). Nevertheless, the
authors managed to identify a morphological abnormality in
97% of the patients, which is remarkably high. In acute and
subacute ST, stent malapposition and severe under expansion
were the leading causes (48% and 26%, respectively). While
in late and very late ST the rupture of a neoatherosclerotic
plaque was identified as important factor (28%), next to
malapposition (32%).

The concept of in-stent neoatherosclerosis is relatively
new. One of the earliest studies (6) investigating late in-
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stent restenosis suggested delayed vascular healing due
to chronic inflammation caused by the non-reabsorbable
polymer of a metal stent leading to persistent fibrin
deposition and restenosis as the main reason for late
stent failure. Restenosis and late ST were considered two
separate entities. Later studies (7-10), however, have shown
that neoatherosclerosis is a major contributor to late stent
failure. The paradigm is now shifting to a concept where
restenosis and ST are inextricably linked (Figure I). It has
become obvious that thin cap fibroatheromas (TCFA)
within a neoatherosclerotic plaque can rupture, causing
thrombus and acute occlusion of a coronary artery. This is
clinically relevant, because it means that stented coronary
segments are still at risk for atherosclerosis and intensive
secondary preventive therapy is of major importance.

While rupture of a neoatherosclerotic plaque was
seen as second most reason for late and very late ST,
strut malapposition was the most frequently observed
abnormality throughout all ST types. Malapposition, as well
as undersizing, are often the result of poor stent selection
or inadequate lesion preparation or post-dilation, possibly
caused by angiographic misinterpretation. Angiography
is unquestionably the golden standard for guidance of
percutaneous coronary interventions, but it suffers from
artefacts that are directly related to its 2D-representation of
the coronary lumen, like foreshortening or vessel overlap.
"This could not only affect stent implantation, but also has its
impact on retrieving the possible cause of ST, which is often
missed on angiographic images. This is well illustrated in the
current study. With its detailed images of both the coronary
lumen and stent struts, OCT was able to reduce the number
of ‘unidentified’ mechanisms of ST from 48% to 13%.
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Figure 1 Shifting paradigm of late stent failure. Change in
the understanding of stent failure by intravascular imaging
insights. Although stent restenosis had traditionally (A) been
considered a benign entity associated with stable symptoms and
ST had been considered a life-threatening entity associated with
acute presentation, intravascular imaging has disclosed (B) the
participation of neoatherosclerosis in both entities, with several
imaging findings such as in-stent necrotic core, neointimal rupture,
and thrombus being a common link between them. ACS, acute
coronary syndrome; TCFA, thin cap fibroatheroma; ST, stent

thrombosis.

The solution to resolve these shortcomings seems
straightforward. Several studies have demonstrated
improved outcome after invasive imaging guided stent
implantation, mainly intravascular ultrasound (IVUS)
at this point in time. With knowledge about a vessel’s
true dimensions that are not being influenced by the
previously mentioned angiographic artefacts, undersizing
should be easier to avoid. Furthermore, lesion preparation
and assessment for the need of post-dilation can be
performed with great detail and should result in less strut
malapposition and thus less ST. Large randomized clinical
trials that underline these hypotheses, however, are still
lacking. Hopefully the DOCTOR-trial (11) will shed some
light on this much debated topic.

An often heard criticism about invasive imaging was that
the geographical position of cross-sectional OCT or IVUS
images gathered was often difficult to quickly and reliable
match on angiographic views, especially in absence of so-
called anatomical landmarks (e.g., side branches or stent
edges). Systems that can co-register both angiographic and
cross-sectional images have already been introduced (12,13)
and will help to negate this remaining challenge.

Another remaining challenge is the definition of clear
indications for the use of invasive coronary imaging.
At this point, there are no studies yet that provide clear
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recommendations. The ESC guidelines on myocardial
revascularization (14), however, already state that IVUS
and/or OCT should be considered to detect stent-related
mechanical problems. The current study by Souteyrand et 4/.
demonstrated that such mechanical issues were presented
in 97% of the cases with ST. Therefore, we believe that
intracoronary imaging is a must for every case of ST in the
modern catheterization laboratory.
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