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Abstract: The presence of coronary artery calcification (CAC) increases with age, leading to a higher
number and complexity of percutaneous coronary intervention (PCI) procedures in older patients.
Chronic kidney disease (CKD) and diabetes are also associated with the development of CAC. These
significant comorbidities, combined with PCI of severely calcified lesions, pose major challenges due
to technical difficulties and potentially compromise both short- and long-term outcomes. Patients
undergoing PCI for heavily calcified lesions should receive optimal anticoagulation and antiplatelet
therapy according to current guidelines. However, data on the potential use of more potent P2Y 12
inhibitors (ticagrelor, prasugrel) instead of clopidogrel as standard practice in elective PCI of CAC are
limited. This is due to varying classifications used to define complex PCI in meta-analyses, and the
extreme heterogeneity of the populations studied in terms of clinical presentation. The duration of
antiplatelet therapy with aspirin and a P2Y 12 inhibitor can be prolonged in selected patients. However,
there is increasing evidence supporting the validity of P2Y 12 inhibitor monotherapy after standard
DAPT, adopting an aspirin-free and tailored de-escalation strategy.
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1. Epidemiology of coronary artery calcifications (CAC)

The prevalence of calcium deposits in the coronary arteries typically begins after age 40, and its
prevalence gradually increases with age. Coronary artery calcifications are found in 93% of men and
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75% of women over the age of 70 [1]. Chronic kidney disease (CKD) and diabetes are strongly
associated with the development of CAC, with severe CAC affecting between 6% and 20% of patients
undergoing percutaneous coronary interventions (PCI) [2]. Among CKD patients, the overall
prevalence of CAC, defined by an Agatston score >0, is 60% [3]. Furthermore, the prevalence and
severity of CAC are higher in patients with kidney failure with replacement therapy (KFRT) [4]. CAC
significantly increases the complexity of PCI. Previous studies have shown that severe CAC of target
lesions is linked to adverse outcomes following PCI [5,6]. Also, calcific coronary artery disease is
more common in octogenarians, potentially resulting in lower PCI success rates compared to younger
patients [7], as well as a greater number and complexity of PCI procedures. Therefore, PCI of severely
calcific lesions thus poses substantial technical challenges, potentially compromising both short- and
long-term outcomes.

2. Definitions

The European Society of Cardiology (ESC) has proposed the following criteria to identify
complex PCI (C-PCI): at least three stents implanted, at least three treated lesions, bifurcation injury
with two stents implanted, total stent length >60 mm, or chronic total occlusion (CTO) [8] (Table 1).
However, this definition does not account for several procedural criteria such as the assessment of the
level of lesion calcifications, the potential use of rotational atherectomy (RA), orbital atherectomy
(OA), laser ablation atherectomy, or coronary lithotripsy, involvement of the left main (LM) artery
with its hemodynamic and prognostic implications, and the need for intervention on a coronary bypass,
which carries a higher risk of embolization and thrombosis. The Society of Cardiovascular
Angiography and Interventions (SCAI) has proposed a more comprehensive definition of C-PCI that
combines patient-related risk factors and the severity of coronary artery disease (CAD) [9]. However,
this definition still lacks practical criteria, such as the use of atherectomy devices and the total stent
length. The absence of a universal definition of C-PCI is a significant challenge in randomized trials,
making it very difficult to obtain homogeneous samples for sub-analyses. C-PCI usually requires
longer or more aggressive procedures and can result in higher rates of periprocedural complications
than non-complex procedures, such as myocardial injury or type 4 myocardial infarction (MI), which
are associated with a worse long-term outcome [10—12]. Consequently, the most potent P2Y12
inhibitors, prasugrel and ticagrelor, are often used off-label in patients with chronic coronary syndrome
(CCS) undergoing C-PCI, despite the lack of solid evidence. Data comparing ticagrelor with
clopidogrel in patients with stable CAD are limited, and ticagrelor has rarely been specifically
evaluated in patients treated with RA [13—16]. The use of RA remains infrequent, accounting for 3—5%
in selected high-volume centers, which explains the difficulty in designing randomized trials for RA.
During RA, the interaction between platelets and atheromatous debris is a potential mechanism for the
release of cardiac enzymes and troponin. During plaque ablation, the burr could damage the endothelial
cell barrier, exposing collagen and platelet recruitment and activation [17,18]. This calcium debulking
technique is associated with slow-flow phenomena and distal embolization, which leads to the release
of CK-MB [19-21].
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Table 1. Definitions of complex PCI.

Study Journal Year Definition of complex PCI
Chieffo et al. [22] Am Heart J 2013 At least one of the following:
- Bifurcation
-CTO
- Long lesion
- Small vessel
Kirtane et al. [23] Circulation 2016 At least one of the following:
- Multivessel disease
- LM stenosis/bifurcation
- Calcific disease
- Stent under-expansion or in-stent
restenosis
-CTO
- Poor hemodynamic status or left
ventricular function
Giustino et al. [24] J Am Coll Cardiol 2016 At least one of the following:
- 3 vessels treated
- >3 stents implanted
- >3 lesions treated
- Bifurcation with 2 stents implanted
- Total stent length >60 mm
-CTO
Yeh et al. [25] J Am Coll Cardiol 2017 At least one of the following:
- >2 lesions per vessel
- Bifurcation with side branch (SB)
>2.5 mm
- Unprotected LM
- Total stent length >30 mm
- Thrombus-containing lesion
Valgimigli et al. [8] Eur Heart J 2017 At least onel of the following:
- >3 stents implanted
- >3 lesions treated
- Bifurcation with 2 stents implanted
- Total stent length >60 mm
-CTO
Généreux et al. [26] Int J Cardiol 2018 At least one of the following:

- >3 stents implanted
- Bifurcation with 2 stents implanted
- LM lesion

- RA use for severely calcified lesions

- PCI of saphenous vein graft
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Study Journal Year Definition of complex PCI
Chandrasekhar et al. Can J Cardiol 2018 At least one of the following:
[27] - Bifurcation treated with any
technique
- LM lesion

- Total stent length >30 mm
- Moderate or severely target calcified
lesion

Lipiecki et al. [28] Eurolntervention 2018 At least one of the following:
- 3 vessels treated
- >3 stents implanted
- >3 lesions treated
- Bifurcation with 2 stents implanted
- Total stent length >60 mm
-CTO
- Restenosis or saphenous vein graft
lesion

Costa et al. [29] J Am Coll Cardiol 2019 At least one of the following:
- 3 vessels treated
- >3 stents implanted
- >3 lesions treated
- Bifurcation with 2 stents implanted
- Total stent length >60 mm

-CTO
Choi et al. [30] JACC Cardiovasc 2019 At least one of the following:
Interv - Multivessel PCI

- >3 stents implanted

- Bifurcation with SB >2.5 mm size

- Unprotected LM

- CTO (>3 months)

- Heavy calcified lesion (requiring RA
system)

- In-stent restenosis

- Long lesion (implanted stent length

>38 mm)
Riley et al. [9] Catheter Cardiovasc 2020 At least one of the following:
Interv - 3 vessels treated
- Saphenous vein graft
- Unprotected LM

- Bifurcation with severe SB lesion
- Severe calcification

-CTO

- Mechanical circulatory support

- Coronary thrombosis

- Last remaining conduit

- Severe tortuosity

Note: PCI: Percutaneous coronary intervention; CTO: Chronic total occlusion; LM: Left main; RA:
Rotational atherectomy.
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3. Assessment of ischemic and bleeding risk in high-risk patients

Beyond the issue of procedural complexity, it should be noted that octogenarians are more
frequently prone to hemorrhagic events with dual antiplatelet therapy (DAPT) and anticoagulant
therapy [31-34]. Their comorbidities are crucial determinants of the risk of ischemic complications.
The primary predictors of ischemia include diabetes mellitus, acute coronary syndrome (ACS) or
myocardial infarction at presentation, previous PCI (including C-PCI), myocardial infarction,
cerebrovascular accident, smoking, CKD, and peripheral arterial disease (PAD). The main predictors
of bleeding are age, CKD, cirrhosis, anemia or low hemoglobin levels, C-PCI [35], oral anticoagulants,
previous bleeding and/or transfusions, and cancer. Patients undergoing C-PCI are therefore more likely
to receive prolonged DAPT or more potent P2Y 12 inhibitors, which may contribute to their higher
bleeding rates [34,36]. The duration of DAPT may be extended beyond the standard period of 6 months
after PCI in CCS [37] or 12 months in ACS with or without PCI [38,39]. Notably, clopidogrel is the
preferred P2Y 12 inhibitor in addition to aspirin in patients with CCS, while prasugrel (for those
undergoing PCI) and ticagrelor (regardless of revascularization) are preferred over clopidogrel in
patients with ACS. The ESC guidelines recommend prasugrel over ticagrelor in patients undergoing
PCI. The duration of DAPT may be adjusted based on the patient’s ischemic and bleeding risk. In
patients at increased risk of both ischemic and hemorrhagic complications, bleeding risk should guide
the decision-making over the duration of DAPT more than ischemic risk or PCI complexity [29].
Specific scores, tailored to the patient’s individual clinical characteristics, can also guide the duration
of antiplatelet therapy. The DAPT score [8] assesses thrombotic risk and predicts which patients are
eligible for prolonged DAPT after PCI, while the PRECISE-DAPT score [29] assesses the risk of
bleeding and helps identify patients for whom antiplatelet therapy needs to be shortened. Other risk
stratification tools for predicting ischemia, bleeding, or their interplay in patients with CAD on dual
antiplatelet therapy include the PARIS score, BleeMACS bleeding risk score, and ARC-HBR
criteria [29,40—42]. However, data on the potential use of more potent P2Y 12 inhibitors (ticagrelor,
prasugrel) instead of clopidogrel as standard practice in patients with CAC undergoing elective PCI
are scarce. Another major limitation of randomized trials investigating the best antiplatelet strategy for
patients undergoing C-PCI is the exclusion of patients with moderately and severely calcific lesions
from enrollment [43]. After completing DAPT, patients should resume single antiplatelet therapy
(SAPT). Aspirin has been the standard of care for SAPT in most patients with CAD. However,
emerging evidence in the post-PCI context instead supports the use of a P2Y 12 inhibitor as chronic
monotherapy [44—48].

4. Individual patient data meta-analysis on coronary calcification and long-term outcomes

The duration and efficacy of DAPT, significantly influenced by the aforementioned risk factors,
may be affected by platelet reactivity testing when available. The ADAPT-DES (assessment of dual
antiplatelet therapy with drug-eluting stents) study [49] was a prospective, multicenter, observational
study aimed at examining the relationship between platelet reactivity to clopidogrel and stent
thrombosis (ST) after the implantation of drug-eluting stents (DES). A sub-analysis within
ADAPT-DES assessed how the extent and complexity of PCI influenced clinical outcomes two years
post-DES implantation and whether these outcomes were affected by clinical presentation (CAD vs.
ACS) and/or high platelet reactivity (HPR) to clopidogrel [26]. The definition of C-PCI (C-PCI)
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included either elective or emergency PCI involving one or more of the following criteria: the
implantation of three or more DES, bifurcation PCI with two stents, PCI of LM, PCI of saphenous
vein grafts (SVG), and the use of rotational atherectomy for heavily calcified lesions. Successful DES
PCI was performed on 8582 patients, 2255 (26.3%) of whom underwent C-PCI. The most common
types of C-PCI involved the implantation of three or more stents, PCI for SVGs, and PCI for LM.
Compared to non-C-PClI, patients undergoing C-PCI were generally older, more often male, and had a
higher prevalence of both cardiovascular and non-cardiovascular comorbidities. These patients also
more frequently presented with stable CAD over ACS, had more extensive CAD, and showed lower
ejection fractions compared to the non-C-PCI group. There were no notable differences in platelet
reactivity units (PRU) on clopidogrel or in the prevalence of HPR after C-PCI and non-C-PCI
procedures. Likewise, the two groups showed no significant difference in DAPT use over the two-year
follow-up period. However, patients undergoing C-PCI were more frequently treated with warfarin
during the study period. Compared to non-C-PCI, C-PCI patients had higher rates of two-year
all-cause mortality, MACE, ST, MI, ischemia-driven target lesion revascularization (ID-TLR), and
major bleeding events. Landmark analyses at intervals of 0—6 months and 6 months to 2 years
highlighted differences in event patterns depending on the type of C-PCI performed. In the first
6-month period, ST rates were highest for RA in severely calcific lesions, followed by bifurcation
stenting, the implantation of three or more DES, and SVG intervention. Between 6 months and 2 years,
ST rates continued to rise, particularly for patients undergoing bifurcation PCI and SVG intervention.
No significant differences in MACE or ST rates were found between LM PCI and non-C-PCI during
these periods. Across all ischemic events, procedural complexity did not interact with HPR, indicating
that the potential benefits of extended potent antiplatelet therapy in patients with stable CAD and
undergoing complex PCI may be particularly relevant when HPR is present with clopidogrel, which
could increase adverse event risk. Nonetheless, major bleeding events within two years were also more
frequent among C-PCI patients and were associated with even higher mortality than ischemic events,
underscoring the treatment challenges in this population. Given that the ischemic risk period was
generally longer within the first six months post-PCI (with exceptions for SVG and bifurcation PCI),
a tailored DAPT intensification strategy over six months for selected patients with stable CAD
undergoing C-PCI may yield net clinical benefits by balancing ischemic and bleeding risk [24]. In
2018, the efficacy of prasugrel and ticagrelor in patients without ACS was unproven; prasugrel only
became available toward the end of the ADAPT-DES study, while ticagrelor was not yet in use. It
remains unclear whether different outcomes might have been observed if patients had been treated
with these potent P2Y 12 inhibitors. Finally, multivariable models did not adjust for DAPT duration;
however, no significant differences in DAPT regimens were noted between groups. It is also important
to note that no interaction was detected between diabetes and procedural complexity, suggesting that
the adverse effects of C-PCI may not be influenced by this comorbidity. A meta-analysis [50]
encompassing 18 randomized controlled trials (RCTs) found that moderate or severe CACs were
present in one or more target lesions in 6211 patients (31.3%). Patients with moderate or severe CACs
were generally older and showed a higher prevalence of baseline comorbidities, such as
insulin-dependent diabetes mellitus, hyperlipidemia, and a history of coronary artery bypass grafting
(CABQG). These patients also had a greater incidence of multivessel disease and lower thrombolysis in
myocardial infarction (TIMI) flow at baseline. After adjusting for baseline and procedural factors, the
presence of moderate or severe CACs was independently associated with a heightened 5-year risk of
patient-oriented composite endpoint (POCE), target lesion failure (TLF), all-cause and cardiac
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mortality, target vessel MI, and ID-TLR, with a trend toward increased MI risk. The benefits of
second-generation DES over first-generation DES were similar for patients both with and without
moderate or severe CAC in target lesions. Landmark analysis indicated that second-generation DES
was linked with reduced rates of POCE, TLF, and ST during both the 0—1 year and 1-5 year intervals.
CAC:s serve as a marker of atherosclerosis and correlate with the overall extent of plaque burden [51].
They are linked to an elevated risk of cardiovascular adverse events unrelated to the stent, as well as
certain non-cardiac complications [52,53]. Additionally, CAC presence has been associated with
higher rates of all-cause and cardiovascular mortality, as well as reinfarction involving target lesions,
regardless of whether first- or second-generation DES was used [54—58]. The extensive meta-analysis,
with a follow-up of up to 5 years, confirmed and expanded upon these observations. However, it did
not account for variations in minimum DAPT duration across the studies, which is a limitation of the
multivariate analysis. Furthermore, the use of various interventional devices and techniques—such as
rotational or orbital atherectomy or cutting or scoring balloons to debulk CACs before stent
implantation—was not considered. Consequently, the results of this post-hoc analysis should be
interpreted with caution.

5. ALPHEUS study

The ALPHEUS randomized open-label trial aimed to assess whether ticagrelor offers superior
efficacy over clopidogrel in reducing periprocedural myocardial necrosis in patients with CAD
undergoing high-risk elective PCI, including PCI for severely calcified lesions classified as ACC/AHA
type B2 or C lesions [59]. Criteria defining C-PCls included procedures meeting at least one of nine
criteria: multiple stents implantations, use of a guide-wire and/or extension catheter, total stent length
greater than 60 mm, bifurcation stenting, LM stenting, CTO PCI, atherectomy, or PCI of arterial or
venous coronary graft. Patients were randomly assigned in a 1:1 ratio to receive either ticagrelor
(180 mg loading dose, followed by 90 mg twice daily for 30 days) or clopidogrel (300-600 mg loading
dose, followed by 75 mg daily for 30 days). The primary efficacy endpoint was a composite of type 4a
or 4b MI or major myocardial injury within 48 hours post-PCI, while the primary safety endpoint was
major bleeding, assessed within the same timeframe or at hospital discharge if earlier. Clinical
outcomes were evaluated at both 48 hours and 30 days. The risk of bleeding was similar between the
two groups when assessed with the DAPT score, though slightly different when evaluated with PARIS
score, with more patients with a low risk of bleeding in the ticagrelor group [40,60]. At 48 hours, the
primary composite efficacy endpoint occurred in 35% of patients in the ticagrelor group and 36% of
patients in the clopidogrel group, with no significant difference observed in secondary efficacy
outcomes at the 30 days. Primary safety events were rare and comparable between groups. Despite
ticagrelor’s greater platelet inhibition, it did not demonstrate superiority over clopidogrel in reducing
periprocedural MI or myocardial injury within 48 hours of high-risk PCI in patients with CAD.
Moreover, clinical outcomes at 30 days did not differ between groups, though ticagrelor was associated
with a slightly higher bleeding risk compared to clopidogrel over this period. The inability of ticagrelor
to prevent PCl-related myocardial necrosis in patients with high-risk CAD contrasts with its efficacy
in ACS management [61]. The initiation of drug therapy prior to PCI in ALPHEUS participants
ensured consistent results regardless of pre-procedural timing. These findings align with those of
similar studies, such as the SASSICAIA study [62], which found no advantage in using ticagrelor or
prasugrel over clopidogrel to reduce periprocedural complications in elective PCI. Recent de-escalation
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studies, which suggested safety benefits with single antiplatelet therapy in elective PCI over DAPT for
more than 30 days, further support clopidogrel’s role as standard therapy alongside aspirin in elective
PCI [63]. The ancillary study of the ALPHEUS [64] aimed to evaluate the frequency and outcomes of
C-PClIs in CAD patients and compare ticagrelor and clopidogrel efficacy. The population was stratified
based on PCI complexity into non-C-PCI, low, intermediate, and high complexity groups. Treatment
beyond 30 days was at the physician’s discretion. The primary endpoint remained the composite of
periprocedural MI (type 4a or 4b) and major myocardial injury within 48 hours, with secondary
endpoints including MACE at 48 hours and one month, myocardial injury rates, procedural
complications, and major bleeding events (BARC 3 or 5) at one month [65]. No significant interaction
was found between randomized antiplatelet treatment and PCI complexity for the primary 48-hour
endpoint. Although numerically higher rates of type 4a MI and major myocardial injury were observed
in the complex PCI group, treatment assignment did not significantly impact outcomes, except for
lower primary endpoint rates in patients treated with clopidogrel for two-stent bifurcation and those
treated with ticagrelor for LM stenting. In conclusion, despite ticagrelor’s potent platelet inhibition, it
did not reduce rates of periprocedural MI and major myocardial injury compared to clopidogrel in
CAD patients undergoing high-risk elective PCI, consistent across different types and complexities of
PCI. These findings support clopidogrel’s use alongside aspirin as standard therapy for elective PCI
while encouraging exploration of other strategies to mitigate periprocedural infarction risk.

6. TIRATROP study

Recent studies have incorporated the use of RA for severely calcified lesions within the definition
of C-PCI [26,66]. The TIRATROP (TIcagrelor in Rotational Atherectomy to reduce TROPonin
enhancement) study was the first to compare ticagrelor with clopidogrel in patients undergoing RA for
calcific lesions. It was a randomized, double-blind, multicenter controlled trial conducted between
2015 and 2018, involving 180 patients with severely calcified lesions necessitating RA for debulking.
Patients were randomized to receive either clopidogrel (300 mg loading dose, followed by 75 mg daily)
or ticagrelor (180 mg loading dose, followed by 90 mg twice daily) [67]. Given that RA is associated
with arterial trauma and platelet activation, patients undergoing RA are expected to benefit from more
potent antiplatelet therapy. This study aimed to assess whether ticagrelor, currently indicated to reduce
ischemic cardiovascular events in ACS, would demonstrate superiority over clopidogrel in reducing
troponin release post-procedure [38,68]. The primary endpoint of the study was troponin release within
the first 24 hours, assessed using the area under the curve analysis of troponin levels over time.
Secondary endpoints included procedural and hospital complications in the safety population. The
overall population represented a high-risk cohort, with an average age of 76 + 10 years, 76.3 % male,
35.3% diabetic, and 12.7% active smokers. Three-vessel CAD or its equivalent was present in 44% of
patients, and LM stenosis in 23.7%. Most patients had only one calcific lesion targeted by RA. In the
entire cohort, the incidence of type 4 MI and myocardial lesions as per the fourth universal definition
of MI guidelines was 72.3% and 99.4%, respectively. No significant differences in troponin release
were observed between the ticagrelor and clopidogrel groups based on the initial diagnosis at
hospitalization. Only one patient experienced MI in the clopidogrel arm. Severe bleeding, defined by
BARC criteria, occurred in both groups. There were no ST events in either treatment arm. Few events
were reported post-discharge, with no significant differences between the groups. Therefore, the
TIRATROP study failed to demonstrate ticagrelor’s superiority over clopidogrel in limiting myocardial
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injury extent during RA procedures. In fact, the results indicate that ticagrelor did not show superior
efficacy in preventing ischemic complications of RA, such as on no-reflow/slow flow. This study found
no difference between ticagrelor and clopidogrel in elective PCI regarding ischemic endpoints in a
high-risk population, despite the marked pharmacodynamic differences between the two treatments.
Given that the inclusion criteria focused on calcific lesions, this study involved a more homogeneous
population compared to the ALPHEUS Study. The TIRATROP cohort also represented a population at
very high risk for ischemic complications, with a higher incidence of transient myocardial ischemia,
slow flow/no-flow and non-Q-wave MI reported during RA procedures [69]. Despite this increased
ischemic risk, ticagrelor did not reduce myocardial necrosis in TIRATROP. Additionally, besides
platelet aggregation, microembolization of atheromatous debris and thermal damage have been
suggested as contributors to the heightened risk of periprocedural myocardial lesions during RA
procedures [70]. The prognostic significance of troponin release post-PCI remains under discussion,
with some meta-analyses and recent data indicating a link between long-term mortality and post-PCI
troponin elevation [11,71]. The predictive value of troponin increases with its rise from baseline [72].
Patients with multiple lesions treated with RA showed greater troponin release, while those with CKD
and inflammatory reactions exhibited higher cardiac troponin prevalence, potentially due to reduced
clearance and myocardial damage. Although this study lacked statistical power to detect clinical
differences between ticagrelor and clopidogrel, few bleeding events were reported during
hospitalization, with no disparities observed between treatment regimens. In conclusion, the
TIRATROP study suggests that ticagrelor does not offer superiority over clopidogrel in reducing
troponin release after RA procedures. Furthermore, the findings indicate that RA-induced myocardial
injury is unaffected by the level of P2Y 12 inhibition. In addition, a 2023 Taiwanese study involving
411 patients examined profiles and short- to medium-term procedural outcomes of RA in patients over
80 years old compared to younger patients [7] Among the patients, 73.5% had hypertension, 58.6%
had diabetes, and 10.7% had peripheral artery disease (PAD). Nearly all lesions treated were severely
calcified, with both groups having a high baseline SYNTAX score [73]. Following stent implantation,
DAPT with aspirin (100 mg/day) and either clopidogrel (75 mg/day) or ticagrelor (90 mg twice daily)
was continued for at least 12 months in case of DES or three months for bare-metal stents (BMS).
Octogenarians exhibited higher rates of all-cause and cardiovascular mortality during the first year,
along with increased major adverse cardiovascular events (MACE) in the initial month. Conversely,
non-octogenarians had more frequent target lesion revascularization (TLR) and target vessel
revascularization (TVR) at 12 months. Thus, decisions on DAPT duration and intensity are crucial
during the first year post-PCI in elderly patients with comorbidities.

7. Data from SIDNEY-2 and other meta-analysis in complex PCI

There are several criticisms regarding the prolonged duration of dual antiplatelet therapy (DAPT)
in high-risk patients, despite its potential to reduce the risk of stent thrombosis and spontaneous
atherothrombotic events [74]. Extending DAPT increases the risk of major bleeding, negatively
impacting prognosis [24,75]. Several studies suggest that the complexity of PCI alone is insufficient
justification for prolonging DAPT; instead, bleeding risk assessment should be an integral part of
decision-making [76]. The Sidney-2 (Single Versus Dual Antiplatelet Therapy-2) meta-analysis [77]
demonstrated that monotherapy with a P2Y 12 inhibitor after 1-3 months of DAPT was associated with
similar cardiovascular event risks and a 50% lower risk of bleeding compared to standard DAPT
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following PCI. This effect was consistent across 4685 patients undergoing C-PCI, defined by criteria
including treatment of 3 vessels, >3 implanted stents, >3 treated lesions, bifurcation with >2 implanted
stents, total stent length >60 mm, or CTO. The primary efficacy endpoint included all-cause mortality,
MI, and stroke, while the key safety endpoint was BARC 3 or 5 bleeding. Patients undergoing C-PCI
are at increased risk of ischemic events and often receive prolonged DAPT to ensure long-term
protection against atherothrombosis [74,78,79]. This approach is supported by a retrospective analysis
of 9577 patients from six RCTs, which found that continuing DAPT for >1 year, rather than switching
to aspirin monotherapy after 3 or 6 months, resulted in greater ischemic risk reduction among C-PCI
patients [24]. However, a study involving 14963 patients from eight trials indicated that long-term
DAPT provided ischemic benefits only when high-risk bleeding characteristics were absent [29].
Additionally, a sub-analysis of a trial involving high bleeding risk patients showed that 1-month DAPT
followed by single antiplatelet therapy (mainly P2Y 12 inhibitor alone) and standard DAPT resulted in
similar rates of major adverse cardiac or cerebral events in both C-PCI and non-C-PCI patients [76,80].
Evidence supports discontinuation of aspirin after 1-3 months of DAPT and transitioning to P2Y 12
inhibitor monotherapy, effectively balancing bleeding and ischemic risks post-PCI. This strategy has
been associated with comparable rates of fatal and ischemic events and a lower risk of bleeding
compared to standard DAPT [78] and is endorsed by international guidelines [8,74,79]. However,
post-hoc analyses from individual studies [66,81-84] have not definitively resolved concerns
regarding the safety and efficacy trade-offs of early transition to P2Y 12 inhibitor monotherapy in
C-PCI patients, particularly concerning potential harm in high-risk subsets. In the meta-analysis of
Gragnano et al., the average age of patients was 64.9 years, with C-PCI patients more likely to be male
or diabetic and presenting more frequently with non-ST segment elevation acute myocardial infarction
(NSTEMI) and less often with ST segment elevation myocardial infarction (STEMI) compared to
non-C-PCI patients. C-PCI patients had significantly higher ischemic risks and numerically higher
bleeding rates than non-C-PCI patients. P2Y 12 inhibitor monotherapy was associated with similar
risks of fatal and ischemic events compared to DAPT across PCI complexities, P2Y 12 inhibitor types,
and clinical presentations. P2Y 12 monotherapy significantly reduced major bleeding and net adverse
cardiovascular events (NACE) relative to DAPT, with consistent hemorrhagic benefits observed across
C-PCI and non-C-PCI groups. These results were confirmed by all subgroup and sensitivity analyses,
which consistently showed that P2Y 12 inhibitor monotherapy maintained ischemic protection without
compromising safety. Increasing or prolonging DAPT entails a trade-off between reduced ischemic
risk and increased bleeding risk, both of which impact subsequent mortality. Oral P2Y 12 inhibitor
monotherapy post-PCI, whether for C-PCI or non-C-PCI patients, has not been associated with adverse
outcomes, showing similar rates of fatal and ischemic events to DAPT, with no increased risk of MI
or ST [66]. Consistency in treatment effects was observed across different C-PCI criteria and
procedural complexities, indicating a potential shift in practice toward early initiation of P2Y12
inhibitor monotherapy after PCI. Nonetheless, further research is needed to assess whether the type of
P2Y12 inhibitor could affect the risk-benefit ratio between monotherapy and standard DAPT after
C-PCI and non-C-PCI. The SIDNEY-2 findings should be interpreted with caution due to potential
limitations, such as incomplete data on CTO procedures in two studies [84,85] and limited information
on atherectomy device use available in only one study [66]. These factors may have influenced
treatment effects, with subgroup analyses lacking sufficient power to detect heterogeneity due to small
sample sizes. Further investigation is needed to explore how different P2Y 12 inhibitor types may affect
the risk-benefit balance of monotherapy versus standard DAPT following both C-PCI and non-C-PCI.
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8. Complex PCI in STOPDAPT-3 trial

Recent RCTs suggest that a strategy involving a short duration of dual antiplatelet therapy (DAPT)
for 1-3 months followed by P2Y 12 inhibitor monotherapy reduces major bleeding events without
increasing cardiovascular events after percutaneous coronary intervention (PCI) [86-90]. An
aspirin-free regimen could therefore be a viable option for antiplatelet therapy in patients undergoing
complex PCI (C-PCI), given their high risk of periprocedural bleeding. However, findings from the
STOPDAPT-3 Study (ShorT and OPtimal Duration of Dual AntiPlatelet Therapy-3) indicated that
compared to standard DAPT, an aspirin-free strategy did not reduce major bleeding 1 month post-PCI,
although it was not inferior for cardiovascular events [91]. These results were consistent in the C-PCI
subgroup analysis of STOPDAPT-3, where the aspirin-free strategy using a reduced dose of prasugrel
showed cardiovascular benefits compared to DAPT. The study included patients with severely
calcified lesions, defined according to criteria from the European Society of Cardiology and Japanese
Circulation Society [8,24,92]. Patients undergoing C-PCI were typically older, predominantly male,
and had higher rates of comorbidities such as diabetes, left ventricular dysfunction, and chronic kidney
disease compared to those without C-PCI. Subgroup analyses revealed no significant differences in
cardiovascular and bleeding outcomes between aspirin-free and standard DAPT strategies, regardless
of C-PCI status, without notable interactions. Importantly, there was no indication of increased
cardiovascular events with the aspirin-free strategy in C-PCI patients, though these findings should be
considered hypothesis-generating due to subgroup analysis limitations. Previous studies have
highlighted the higher cardiovascular risk among C-PCI patients, particularly in the first month
post-PCI. A 2016 meta-analysis by Giustino et al. [24] demonstrated that prolonged DAPT
(1224 months) reduced adverse cardiac events and coronary thrombotic events compared to shorter
durations (3—6 months) in C-PCI across six RCTs where aspirin was primarily used after DAPT
discontinuation. More recent findings by Gragnano et al. [77] and Yamamoto et al. in 2024 support the
use of P2Y12 inhibitor monotherapy after short DAPT periods (1-3 months) without increased
ischemic risks in C-PCI patients [93,94]. Moreover, Yamamoto et al. [95] reported a sub-analysis
comparing low-dose prasugrel monotherapy versus DAPT immediately post-PCI, demonstrating no
reduction in bleeding with the aspirin-free strategy due to procedure-related bleeding, which may be
less responsive to aspirin omission or additional therapies [24]. Patients were randomized to receive
either monotherapy with prasugrel 3.75 mg or dual antiplatelet therapy (DAPT) with aspirin plus
prasugrel 3.75 mg for one month following percutaneous coronary intervention (PCI). The primary
endpoints were major bleeding (defined as BARC 3 or 5) and cardiovascular events (a composite of
cardiovascular death, myocardial infarction, stent thrombosis, or ischemic stroke), tested for
non-inferiority at one month. The study found no significant reduction in bleeding risk with the
aspirin-free strategy, which may be due to procedure-related bleeding, accounting for a substantial
proportion of total bleeding and potentially less influenced by aspirin omission. Additionally, the
efficacy of adjunctive therapies could have contributed to these findings. Notably, there was no
discernible difference in cardiovascular events between the two treatment strategies among patients
undergoing complex PCI (C-PCI). A sub-analysis identified an increased incidence of coronary events
with prasugrel monotherapy, notably a three-fold higher risk of defined or probable sub-acute stent
thrombosis. This observation is likely attributable to inadequate platelet inhibition. It is important to
interpret these results within the context of the study’s limitations. Nevertheless, the findings suggest
that the complexity of PCI procedures may not significantly impact the efficacy of P2Y 12 inhibitor
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monotherapy compared to DAPT post-PCI. These conclusions are supported by a meta-analysis
conducted by Gragnano et al. in 2023 [77], which extends previous observations to the first month
post-PCI [95]. Furthermore, the study underscores the importance of selecting the appropriate P2Y 12
inhibitor for aspirin-free strategies. Low-dose prasugrel may not consistently achieve sufficient P2Y 12
receptor blockade, potentially explaining the higher incidence of coronary events observed in the
aspirin-free group of STOPDAPT-3 [96]. These findings are consistent with those from STOPDAPT-2,
which demonstrated an increased risk of coronary events with clopidogrel monotherapy initiated
one-month post-PCI for acute coronary syndrome [97]. In contrast, standard doses of ticagrelor or
prasugrel reliably achieve high levels of P2Y 12 inhibition [98], potentially obviating the need for
aspirin for antithrombotic protection. In the Sidney-3 meta-analysis [96], ticagrelor monotherapy
following 1-3 months of DAPT post-PCI significantly reduced major bleeding and was non-inferior
to standard DAPT in preventing cardiovascular events. Clopidogrel monotherapy also reduced
bleeding but did not achieve non-inferiority to DAPT for fatal and ischemic events.

9. Antiplatelet de-escalation strategies

The 2023 ARC Consensus Document [99] focuses on de-escalation strategies. De-escalation by
switch consists of the switch from aspirin plus a potent P2Y 12 inhibitor to aspirin and clopidogrel.
De-escalation by discontinuation consists of changing from DAPT to a monotherapy with either aspirin
or prasugrel or ticagrelor. By reducing the intensity of platelet inhibition, de-escalation is an approach
aimed at reducing the risk of hemorrhagic complications when they are considered greater than the
risk of thrombotic complications. In fact, the escalation of antiplatelet therapy is intended to reduce
thrombotic or ischemic complications by increasing the intensity of platelet inhibition at a time when
this risk is considered greater than the risk of bleeding complications. The ESC Guidelines [38] report
that in the case of de-escalation by switch of P2Y 12 inhibitors, switching from prasugrel or ticagrelor
to clopidogrel should be considered to reduce the risk of bleeding (CoR IIb, LoE A), but no earlier
than one month. For patients with CCS, the ESC recommends balancing ischemic and bleeding risks
when considering DAPT continuation beyond six months. In low-bleeding-risk patients with high
ischemic risk, prolonged DAPT might be beneficial (CoR Ila, LoE A) [100]. Over the years, several
studies have been conducted (TOPIC [101], PHARMCLO [102], TALOS-AMI [103],
TROPICAL-ACS [104], POPULAR-GENETICS [105]) on de-escalation by switch therapy in ACS
patients where the key message is virtually the same; namely, that guided de-escalation of antiplatelet
treatment was not inferior to standard treatment with more potent P2Y 12 inhibitors at one year after
PCI in terms of net clinical benefit. There are also three de-escalation studies for discontinuation in
ACS patients (SMART-DATE [106], REDUCE ACS [107], DAPT STEMI [108]) in which DAPT was
evaluated compared to aspirin alone, and three studies (TICO [90], STOPDAPT-2 ACS [97],
T-PASS [109]) on DAPT compared to the P2Y12 inhibitor alone. Finally, ULTIMATE-DAPT
Trial [110] in I-month DAPT followed by ticagrelor SAPT. In the case of de-escalation by
discontinuation of P2Y 12 inhibitors, ESC guidelines recommend discontinuing aspirin preferably after
3—6 months of DAPT events in patients with low ischemic risk (CoR IIA, LoE A) and discontinuing
aspirin or P2Y 12 inhibitor monotherapy after one month of DAPT in patients at high risk of bleeding
(CoR IIb, LoE B). In a 2022 network meta-analysis [46], Ando et al. demonstrated that P2Y 12 inhibitor
monotherapy after discontinuation of DAPT after PCI is associated with a significantly lower risk for
MI and a similar risk for major bleeding, suggesting a potentially relevant net clinical benefit compared
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to aspirin monotherapy. This network meta-analysis was updated in 2024 [47] with the data of
Gragnano et al. [111] and Chiarito et al. [112], and direct evidence showed that P2Y 12 inhibitors were
associated with a lower risk of MI and a risk of bleeding similar to aspirin; the robustness of the data
increased with the selectivity of the population.

. : Average ischemic High ischemic

High bleeding and not high L
s bleeding risk bleeding risk
3 months 12 months

1 month DAPT DAPT DAPT
De-escalation De-escalation
to clopidogrel to ticagrelor Continue DAPT
monotherapy monotherapy

Figure 1. Potential strategies for DAPT after complex PCI (Modified from Bhatt (2023) [113]).
10. Conclusions

The selection of the study population poses a significant limitation on the available scientific
evidence to date (Table 2). Notably, the exclusion of severely calcified lesions from criteria defining
C-PCI in certain studies remains pivotal. This heterogeneity among patient subsets encompasses
various clinical presentations (ACS and CCS) as well as the differentiation between C-PCI and
non-C-PCI cases. However, patients with severe calcified coronary artery disease commonly share
comorbidities such as diabetes and CKD, often associated with aging. In this context, personalized
antiplatelet therapy has emerged as a paradigm to optimize the balance between safety and efficacy by
tailoring treatment to each patient’s individual needs and risk profile. Patients at high risk of ischemic
events but at low risk of bleeding may benefit from a more aggressive antiplatelet regimen. Conversely,
those at high risk of bleeding and low risk of ischemic events require a less intensive and cautious
approach. For patients at low risk of both ischemic events and bleeding, the potential benefits of
antiplatelet therapy may not justify the risks. Patients at high risk for both ischemic and bleeding events
necessitate a delicate balance, as managing their condition involves carefully assessing the trade-off
between risks and benefits.
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Table 2. Summary of the discussed studies.

Study Clinical Definition of C-PCI P2Y12 Results
presentation inhibitor
therapy
ADAPT-DES - ACS At least one of the following:  Clopidogrel No significant
-CAD - >3 stents implanted differences in PRU on
- Bifurcation with 2 DES clopidogrel or in the
implanted prevalence of HPR
- Rotational atherectomy after C-PCI and non-C-
- LM PCI PCI procedures.
- SVG PCI No significant
differences in the use of
DAPT during 2 years of
follow-up.

SVG PCI, 2-stent
bifurcation treatment,
and implantation of >3
stents were
independently
associated with MACE
Patients undergoing
extensive and more
complex PCI
experienced worse
outcomes after
successful PCI

GUEDENEY - ACS Severity of CAC assessed Clopidogrel, Treatment with

et al. - CAD using quantitative coronary ticagrelor contemporary second-
angiography: generation DES was
moderate-lesion CAC as associated with
radiopaque densities noted consistently improved
during cardiac motion long-term outcomes in
involving only one side of the patients with and
vascular wall; severe-lesion without moderate or
CAC as radiopaque densities severe CAC.

noted without cardiac motion
generally involving both sides
of the arterial wall.

Continued on next page
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Study Clinical Definition of C-PCI P2Y12 Results
presentation inhibitor
therapy
ALPHEUS -CAD At least one of the following:  Clopidogrel, Patients undergoing a
- Stent length >60 mm Ticagrelor ~ C-PCI have higher rates
- Bifurcation with two DES of periprocedural and
implanted cardiovascular events
-LM that are not reduced by
- Bypass graft ticagrelor as compared
-CTO with clopidogrel.
- Atherectomy or guiding The minimum duration
catheter extensions of DAPT varied
- Multiwire technique between the different
- Multiple DES studies considered and
this potential
confounding factor was
not included in the
multivariate analysis.
TIRATROP - ACS - Rotational atherectomy Clopidogrel, Greater platelet
(NSTEMI) ticagrelor inhibition does not
-CAD affect periprocedural
myocardial necrosis in
the setting of RA.
SIDNEY-2 - ACS At least one of the following:  Clopidogrel, P2Y12 inhibitor
-CAD - 3 treated vessels ticagrelor, = monotherapy after 1-3
- >3 implanted DES prasugrel months of DAPT was
- >3 treated lesions associated with a
- Bifurcation with two DES similar risk of
implanted cardiovascular events
- Total stent length >60 mm and a 50% lower risk of
-CTO bleeding greater than
standard DAPT after
PCL
STOP-DAPT - ACS At least one of the following:  Prasugrel No difference in

3

-CAD

- > 3 stents implanted

- >3 lesions treated

- Bifurcation lesion with two
stents implanted

- Total stent length >60 mm
-CTO

cardiovascular events
between the two
treatment strategies in
patients undergoing C-
PCI

Note: ACS: Acute coronary syndrome; CAD: Coronary artery disease; LM PCI: Left main PCI; SVG
PCI: Saphenous vein graft PCI; DES: Drug-eluting stent; PRU: Platelet reactivity unit; HPR; High
platelet reactivity; DAPT: Dual antiplatelet therapy; MACE: Major adverse cardiovascular events;
CAC: Coronary artery calcification; RA: Rotation atherectomy; CTO: Chronic total occlusion.
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