Commentary

Stent length as a potential indicator to
select patients who may benefit from long-
term dual antiplatelet therapy

“There is to date sufficient data to show us that a 1-year DAPT is not
necessarily the best regimen for all CAD patients’gnd that a tailored
approach might be warranted.
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6 to 12-month dual antiplatelet therapy
(DAPT), combining aspirin and a P2Y ,
receptor inhibitor, is currently the recom-
mended treatment for patients with an
acute coronary syndrome and those who
underwent percutaneous coronary interven-
tions (PCI) with drug-eluting stent (DES)
implantation [1]. Thereafter, patients should
be switched to single antiplatelet therapy
(namely aspirin) and this treatment must be
pursued lifelong in outpatients with stable
coronary artery disease (CAD) [2].

However, the optimal duration of DAPT
following coronary stenting is today a great
matter of debate. Some authors have sug-
gested individual adaptation of the duration
of DAPT after PCI and that ‘one duration
may not fic all’.

Risk stratification is then essential to easy
select patients who could benefit the most
from extended DAPT without increasing
the risk of bleeding. The length of coro-
nary artery lesions (and/or stents) is a simple
parameter and a well-recognized predictor
of PCI complexity and more importantly
of long-term outcome, especially regarding
the risk of stent thrombosis, restenosis and
death [13-16]. In this manuscript, we discuss
the role of lesion/stent length as a potential
indicator for the selection of patients who
may benefit from prolonged DAPT in clini-
cal practice.

Definition of a long lesion/stent
A homogeneous definition to what corre-
sponds a long coronary artery lesion/stent

is challenging; and for now, no consen-
sual definition is admitted. In the past lit-
erature, this parameter has been evaluated
using three main methods: as a continu-
ous variable [3,6,14.17], by dichotomizing the
study population by median (tertiles, quar-
tiles, etc.) [7.15] or more frequently by using
arbitrary cut-off values (15, 20, 30, 40, 50
mm) [6,13,18-22]. Of main importance, this
definition has largely evolved over time,
which adds more difficulties. Indeed, since
the first stent implantation, there have been
great progress and advances in PCI pro-
cedures and in devices, from the first bare
metal stent (BMS) to the last generation
of DES. Related to this and especially to
the large decrease in the risk of restenosis,
treated lesions are getting more complex and
especially longer. Currently, long coronary
artery lesion account for a large proportion
of procedures, and full lesion coverage has
become the preferred strategy. As a perfect
illustration of this, Fokkema ez a/. published
in 2013 the data of the Swedish Coronary
Angiography and Angioplasty Registry and
the evolution of PCI procedures in Sweden
over the past 20 years [23]. Of note, 144,039
patients have been included in this regis-
try and from the period 1996-1998 to the
period 2009-2010, the mean stent length
increased from 20.53 + 8.47 mm to 29.09 +
17.41 mm, which represents a 50% increase
(Figure 1). This increase in stent length is
very consistent in the different registries
that have been published over time in the
literature.
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Figure 1. Evolution of the mean stent length over time
in the Swedish Coronary Angiography and Angioplasty
Registry from 1996 until 2010.Adapted with permission
from [23].

In 2005, the SYNTAX score was established as an
angiographic tool assessing the complexity/severity of
CAD [24]. This score has shown to accurately predict
patient outcome after PCI [24-27]. The algorithm of
this score is composed of 12 items including the num-
ber of lesions, chronic total occlusion, bi-/trifurca-
tions, calcifications, tortuosity and so on — the ninth
being the lesion length that become significant (+1)
over 20 mm. This cut-off value is, however, empirical
and to date, a stent length greater than 30 mm, which
represents the mean of the stent length in all contem-
porary registries and trials [7.19.23,28-34] appears to be
more correlated with daily practice.

Nevertheless, whatever the definition and/or cut-
off value is used in the different studies, lesion/stent
length has consistently been associated with poor out-
come in the literature as illustrated in the following

paragraphs.

Long lesion/stent as a marker of diffuse
atherosclerosis & high-risk patients

As multivessel CAD or peripheral vascular disease,
complex coronary artery lesions and notably lesion/
stent length emphasize a more diffuse atheroscle-
rotic burden and are associated with worse outcomes
(Figure 2). Indeed, it is today well recognized that
CAD patients who present markers of diffuse athero-
sclerosis are at higher risk as compared with patients
with focal disease [4-1632.3536]. As a perfect illustra-
tion of this, patients with high-SYNTAX score have
shown to experience poor outcome after PCI [24-27].

Stent thrombosis

Many factors have been identified as predictors of stent
thrombosis, and aside from factors related to the patient
himself, lesion characteristics and factors related to the
PCI procedure are also well-recognized parameters.
Lesion/stent length has shown to be associated with
the risk of stent thrombosis in various studies [4,537-
43]. In the observational study of Airoldi ez al. [37],
the mean stent length was 27.9 +/- 13.7mm and this
parameter was strongly associated with the incidence
of stent thrombosis (per 10 mm, HR: 2.75; 95% CI:
1.55-4.88; p = 0.001). These results were consistent
with those of Iakovou ez 4/ [4]. In their prospective
observational study, 2229 patients were included.
The mean stent length was 27.89 +/- 13.32 mm and
stent length was also an independent predictor of stent
thrombosis (per I mm, HR: 1.03; 95% CI: 1.00-1.05;
p = 0.01). Finally, in a cohort of 2954 patients who
underwent PCI, total stent length was independently
associated with an increased risk of stent thrombosis at
2 months (per I mm, HR: 1.04; 95% CI: 1.01-1.08; p
=0.009) 138]. Results of these studies were confirmed in
a large meta-analysis of 30 studies, published in 2012,
focusing on the risk of stent thrombosis after PCI with
DES implantation, and including more than 200,000
patients [s]. In this meta-analysis, authors observed
that best predictors of stent thrombosis appeared to be
linked, aside from early DAPT discontinuation, to the
extension of CAD and total stent length. According to
this study, stent length was identified as a predictor of
stent thrombosis in more than 70% of the studies that
appraised this parameter and was 77 fine the third more
frequent predictor of stent thrombosis identified in the
literature (Figure 3).].

Restenosis

Lesion/stent length has been identified as a strong
predictor of restenosis after PCI as well [6,8,10-13.44].
In 2000, Kereiakes ez al. reported in a meta-analysis
of the Multi-link stent trials including 1091 patients
after PCI with a BMS implantation (mean stent length
18.8 + 6.2 mm) that the risk of restenosis was directly
and linearly correlated to the stent length ranging
from 12% in patients with a stent of 8 mm to 36% in
patients with a stent of 35 mm [11]. Despite the fact
that the risk of restenosis was overall decreased with
the use of DES, lesion/stent length was still inde-
pendently associated with the risk of restenosis with
such stents [6,9.14-16]. As an example, Caputo et al.
showed that the risk of target lesion revascularization
increased from 3% in patients treated with a stent <15
mm to 5% in patients treated with a stent >24mm
(with a 20% increased risk per additional 10 mm of
length) [6].
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Figure 2. Risk of events associated with lesion/stent length.

Myocardial infarction not related to stent
complication

If coronary events observed within the first months
after PCI are essentially due to complications related
to the stent and/or the PCI procedure, coronary events
observed at distance (6-12 months after PCI) have
been shown to be almost equally related to both com-
plications of the stent and new atherosclerotic plaque
progression and/or rupture [344s]. Today, no study
has truly evaluated the association between lesion/
stent length and the risk of myocardial infarction not
related to stent complication. However, several stud-
ies have reported that lesion/stent length is a strong
predictor of the occurrence of myocardial infarction
(all-cause taken together) [6,7.14,15]. Of note, myocardial
infarctions (all-cause taken together) were much more
frequent than stent thrombosis alone in these studies
suggesting that lesion/stent length can predict both
types of myocardial infarctions: those related to stent
thrombosis and those related to new plaque rupture.

In the study published by Caputo et al., the incidence

of stent thrombosis was below 1% when the incidence
of myocardial infarction (all-cause taken together) was
more than 6% [6]. The rate of myocardial infarction
was 3.9% in patients treated with a stent <15 mm and
9.7% in patients treated with a stent >24 mm (p <0.01)
and this difference was not only explained by the dif-
ference observed in terms of stent thrombosis. Thus,
these data clearly suggest that lesion/stent length is also
able to predict the risk of myocardial infarction not
related to stent complications.

Vascular events not related to coronary arteries
For now, no study has directly focused on the relation
between lesion/stent length and the risk of vascular
events not related to coronary arteries (e.g., stroke,
It s,
however, clearly recognized that patients with mul-

peripheral disease, aortic complications...).

tivessel CAD and patients with complex lesions, as
evaluated by the SYNTAX score for example, have
higher risk of such complications [46-48]. Head et al.
recently published the results of the SYNTAX trial
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Figure 3. Main predictors of stent thrombosis according to the literature. Adapted with permission from [s].

at 5 years and reported a 2.5-fold increased risk of
stroke between patients with a SYNTAX score <22
and patients with a SYNTAX score 233 in the PCI
group [49].

Mortality

As a logical consequence, lesion/stent length has
been identified as a predictor of death in several stud-
ies (1432]. Suh e al. recently reported in their study of
3145 patients that the better cut-off value to predict
stent thrombosis at 3 years after PCI was 31.5 mm
using a receiver operating characteristic (ROC) curve
analysis (14]. More importantly, they reported that the
3-year all-cause mortality was almost twice higher in
patients with a stent length >31.5 mm as compared
with those with a stent length <31.5 mm: 5.2 versus
3% (p = 0.005). Choi ez al. reported very consistent
results using an arbitrary cut-off value of 32 mm [32].
In their study of 8445 patients with DES implantation,
the 3-year rate of death was higher (even if not signifi-
cant) in patients with a stent length >32 mm than in
patients with a stent length <32 mm: 6.9 versus 5.2%
(p = 0.08). It should, however, be emphasized that no
large study has today identified lesion/stent length
as an independent predictor of all-cause death after
adjustment on potential confounders.

Impact of prolonged dual antiplatelet
therapy in patients with long lesion/stent
The rationale behind long-term DAPT prescription
after coronary interventions is based on the protection
against the risk of stent thrombosis and new athero-
sclerotic plaque progression or rupture (in all artery

territories). As mentioned above, the optimal duration
of DAPT after PCl is currently highly controversial. In
this context, the use of first generation DES has had a
major impact on antithrombotic prescription in CAD
patients. Indeed, since 2006, with the rising concern
about late safety of first generation DES [s0-s2, the
duration of DAPT has been progressively increased
in clinical practice in order to better protect patients
from the risk of late and very late coronary events,
especially stent thrombosis [53]. Nevertheless, the ben-
efit obtained on ischemic endpoints must be weighed
against the risk of bleeding, since the use of more
potent therapies leads to an inherent increase in bleed-
ing complications. Of importance, bleeding has been
shown to be independently associated with mortality
after PCI [54-56].

Until recently, most registries that have focused on
this specific question and included high-risk real-life
patients, have suggested a potential benefit to pursue
long-term DAPT at distance of the initial PCI with
first generation DES, especially in regards to the risk
of late and very late stent thrombosis [4,57,58]. These
studies, however, suffer from the lack of randomiza-
tion and inherent biases. By contrast, randomized
trials that have included relatively few and low-risk
patients did not report such a benefit [28-30]. These
trials, however, suffer from the lack of power related
to the low number of events observed. As a conse-
quence, clear-cut conclusions were very difficult to
draw from these data.

Within the last year, two large and powerful ran-
domized trials tried to answer the specific question of
the optimal duration of DAPT and have changed the
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landscape of antithrombotic management in stable
CAD outpatients [34,59]. Conducted by Mauri ez 4/. in
2014 (34], the DAPT trial has suggested that extended
duration of dual antiplatelet could be beneficial in
patients who have had no complication/event within
the first year after PCI and who were at low risk of
bleedings. In this study, 9961 eventfree patients
were randomized at 12 months after implantation of
a DES to an additional 18 months of thienopyridine
treatment (clopidogrel or prasugrel) or placebo (with
continuation of aspirin in both groups). Both pri-
mary endpoints, stent thrombosis and major adverse
cardiovascular and cerebral events were significantly
reduced in the prolonged DAPT group. Rate of
myocardial infarction was significantly reduced, and
45% of them were related to stent thrombosis. This
remarkable benefit was, however, counterbalanced by
a significant increase in bleedings. Similar results were
observed in the PEGASUS-TIMI 54 trial [59], in which
21,162 patients with history of myocardial infarction
were randomized to placebo or ticagrelor (60 mg or
90 mg bid). Either dose of ticagrelor as compared with
placebo reduced significantly the primary endpoint of
cardiovascular death, myocardial infarction or stroke
by 15%. Significant increase in relevant bleeding was,
however, also observed in this study. These two trials
highlight the fragile balance between reducing isch-
emic events and increasing bleeding complications
with extended antiplatelet therapies with hazardous
effect on all-cause mortality.

Whatsoever, we have now strong evidences suggest-
ing that prolonged DAPT will be beneficial in selected
stable CAD patients at high risk of ischemic events
and low risk of bleeding. As a consequence, we have a
crucial need in current practice for useful and simple
markers to better select these patients. In this context,
procedural characteristics and especially lesion/stent
length look crucial to help physicians for their thera-
peutic decisions. As mentioned above and according
to the recent literature, lesion/stent length is strongly
associated with patient’s outcomes. Indeed, a stent
length greater than 30 mm appears to be highly associ-
ated with the risk of ischemic events. This subgroup of
patients with diffuse atherosclerosis could then benefit

from prolonged DAPT.
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