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The complexity of coronary artery disease is currently on the rise [1]. As a result,
the field of interventional cardiology has expanded rapidly in the last years to keep up
with the necessity of treating more complex anatomies and patients. To answer this need,
novel techniques and equipment have been developed to face the new challenges of coro-
nary intervention. Complex high-risk and indicated percutaneous coronary intervention
(CHIP) is an evolving concept that englobes many factors such as procedural aspects and
hemodynamic status that must be taken into consideration before percutaneous coronary
intervention (PCI). However, a substantial comorbidity burden, including frailty and onco-
logic diseases, affects the aging population, so risk stratification remains difficult. Most of
these patients have been excluded from RCTs whereas observational studies only include
patients who underwent revascularization [2]. Despite the lack of a clear definition of
CHIP it usually involves left main PCI, calcium atherectomy, chronic total occlusions, and
left ventricular support assisted PCI. To date, reaching the best clinical outcomes requires
clear and straightforward planning before attempting this kind of procedure, as operator
experience and volume are not always sufficient to obtain optimal results [3]. Emerging
tools like artificial intelligence and machine learning might help physicians to unravel the
best choice for patient outcomes in this scenario, however this technology is relatively new
and larger studies are needed for this practice to become a standard in healthcare.

Percutaneous mechanical circulatory support devices (pMCS) have been often used
to assist PCI in high-risk patients, especially with poor ejection fraction (EF), despite the
lack of confirmative data. The first device to be widely used was the intra-aortic balloon
pump (IABP) but its routine use was downgraded following the result of the IABP-SHOCK
II trial in cardiogenic shock [4]. On the other hand, the Impella microaxial flow pump
is a pMCS that directly increases cardiac output and unloads the left ventricle. Despite
the neutral effect in small studies, retrospective analysis from recent multicenter registries
suggests an increased survival in this setting [5] that might be explained by the timing of
pMCS placement, as reported in a recent meta-analysis [6]. At the same time, its use is
increasing in non-emergent CHIP. In this clinical setting, the effects of transient coronary
occlusion due to balloon inflation and stent implantation may cause temporary myocardial
hypoperfusion and hemodynamic instability, ultimately resulting in worse procedural
results and long-term outcomes due to incomplete or suboptimal revascularization [7].
Nevertheless, despite the lack of consistent RCTs data, pMSC remains the most promising
tool in this scenario.

The presence of multivessel disease (MVD) is often one of the main issues related to
the concept of CHIP. Whereas ischemia guidance for PCI in MVD has reached a certain
level of consensus in stable coronary artery disease [8] the same is often debated for pa-
tients presenting with acute coronary syndromes with MVD. Complete revascularization
has been found superior to the treatment of the culprit lesion alone in patients with ST-
elevation myocardial infarction STEMI [9]. However, whether complete revascularization
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should be guided by physiology, imaging, or angiography alone is still questioned. Re-
cently, fractional flow reserve (FFR) has shown no significant benefits compared with an
angiography-guided strategy in the management of non-culprit lesions in STEMI regarding
the risk of death, myocardial infarction, or urgent revascularization at 1 year [10]. This
might be since ischemia-driven revascularization in this setting may not be a rewarding
strategy. A pressure wire does not seem to have sufficient capacity to discriminate the vul-
nerability of non-culprit atheroma while mostly defining ischemia; the latter is, in the end, a
surrogate of a more complex disease such as atherosclerosis. In this clinical background, an
imaging-based strategy could be a reasonable and effective solution for evaluating plaque
vulnerability of non-culprit lesions and for guiding intervention as properly designed
RCTs are warranted. On these grounds, optical coherence tomography (OCT) represents
a useful tool to address this question as it was recently demonstrated to be a safe and
feasible option to guide stenting in STEMI, with early infarct artery patency compared
with angiography [11]. The “one-size-fits-all” approach might not be the best choice in
MVD revascularization, especially in acute coronary syndromes. OCT, with its very high
resolution, may allow accurate assessment of atheroma to guide personalized solutions for
the patients [12,13].

A tailored approach to ischemia-reperfusion injury is needed. The scarcity of new
therapeutic options to prevent reperfusion injury reflects the complexity of this process.
In the last decades, several different therapies have been studied, but a clear effective
strategy is yet to be reported [14]. From a pharmacological point of view, metoprolol and
adenosine reported a reduction in the infarct size in small studies but their application failed
to take root in clinical guidelines. From an interventional point of view, left ventricular
unloading may represent the most innovative solution to tackle ischemia while relieving the
myocardium directly from inside the ventricle during STEMI. Evidence of feasibility and
safety was provided by the Door-To-Unload in STEMI Pilot Trial, involving patients with
anterior STEMI without shock and randomized to Impella; this was followed by immediate
reperfusion versus delayed reperfusion after 30 minutes of unloading with the microaxial
flow pump [15]. Nonetheless, larger studies are needed to endorse a shift towards a “door-
to-unloading” paradigm as the role of primary PCI and the “door-to-balloon” metric is
yet to be challenged. Ultimately, a large thrombus burden is often a jeopardizing situation
in complex anatomies that might be the cause of no-reflow/slow-flow and incomplete
recanalization of infarct-related arteries. In this regard, new devices such as the latest
mechanical thrombectomy catheter “NeVa” [16] have demonstrated excellent efficacy and
should be tested in larger RCTs.

Lastly, there is increasing evidence that new-generation drug-eluting stents (DESs)
with thinner struts are associated with better outcomes [17]. Reduction of strut thickness
has been an important innovation in stent design, leading to easier manipulation, reduced
risk of stent thrombosis, and lower rates of revascularization. Noteworthy, the largest
randomized controlled trial in this area, the BIORESORT [18] demonstrated that struts
ranging from 60 to 81 um showed excellent outcomes in terms of target vessel failure
rates. However, less than 30% of enrolled patients had bifurcation PCI and less than 2%
unprotected left main. On this point, thin and ultra-thin DESs appear very attractive in
treating complex lesions, especially in small vessels and bifurcations but available data is
scarce and mostly comes from retrospective analysis [19].

Complex coronary intervention is more and more becoming a tailoring art. Complexity
dwells either in the presenting anatomy, in the knowledge of technologies, or the clinical
history of the patient. Frequently, the treating physician, beyond appropriately balancing
the risk and benefits of interventions, is forced to guarantee excellent results while facing a
growing demand for minimally invasive treatments. In this optic Machine Learning (ML)
artificial intelligence has delivered impressive results, and we expect its application in this
setting to increase in the next few years [20]. One question bears asking: are we heading in
the right direction?



J. Pers. Med. 2022, 12, 1298 3of4

Funding: This research received no funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Venkitachalam, L.; Kip, K.E.; Selzer, F.; Wilensky, R.L.; Slater, J.; Mulukutla, S.R.; Marroquin, O.C.; Block, P.C.; Williams, D.O.;
Kelsey, S.F. Twenty-year evolution of percutaneous coronary intervention and its impact on clinical outcomes: A report from
the National Heart, Lung, and Blood Institute-sponsored, multicenter 1985-1986 PTCA and 1997-2006 Dynamic Registries.
Circ. Cardiovasc. Interv. 2009, 2, 6-13. [CrossRef] [PubMed]

Schulman-Marcus, J.; Peterson, K.; Banerjee, R.; Samy, S.; Yager, N. Coronary Revascularization in High-Risk Stable Patients With
Significant Comorbidities: Challenges in Decision-Making. Curr. Treat. Options Cardiovasc. Med. 2019, 21, 5. [CrossRef] [PubMed]
Kinnaird, T.; Gallagher, S.; Spratt, ].C.; Ludman, P.; de Belder, M.; Copt, S.; Anderson, R.; Walsh, S.; Hanratty, C.; Curzen, N.; et al.
Complex high-risk and indicated percutaneous coronary intervention for stable angina: Does operator volume influence patient
outcome? Am. Heart J. 2020, 222, 15-25. [CrossRef] [PubMed]

Collet, ].P; Thiele, H.; Barbato, E.; Barthélémy, O.; Bauersachs, J.; Bhatt, D.L.; Dendale, P.; Dorobantu, M.; Edvardsen, T.; Folliguet,
T.; et al. 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent
ST-segment elevation. Eur. Heart J. 2021, 42, 1289-1367. [CrossRef] [PubMed]

O'Neill, W.W.; Grines, C.; Schreiber, T.; Moses, ].; Maini, B.; Dixon, S.R.; Ohman, E.M. Analysis of outcomes for 15,259 US patients
with acute myocardial infarction cardiogenic shock (AMICS) supported with the Impella device. Am. Heart J. 2018, 202, 33-38.
[CrossRef] [PubMed]

Iannaccone, M.; Franchin, L.; Hanson, I.D.; Boccuzzi, G.; Basir, M.B.; Truesdell, A.G.; O'Neill, W. Timing of impella placement in
PCI for acute myocardial infarction complicated by cardiogenic shock: An updated meta-analysis. Int. J. Cardiol. 2022, 362, 47-54.
[CrossRef] [PubMed]

Elia, E.; Iannaccone, M.; D’ Ascenzo, F.; Gallone, G.; Colombo, F.; Albani, S.; Attisani, M.; Rinaldi, M.; Boccuzzi, G.; Conrotto, F,;
et al. Short term outcomes of Impella circulatory support for high-risk percutaneous coronary intervention a systematic review
and meta-analysis. Catheter. Cardiovasc. Interv. 2022, 99, 27-36. [CrossRef] [PubMed]

Neumann, FJ.; Sousa-Uva, M.; Ahlsson, A.; Alfonso, F.; Banning, A.P; Benedetto, U.; Byrne, R.A ; Collet, ].P; Falk, V.; Head, S.J.;
et al. 2018 ESC/EACTS Guidelines on myocardial revascularization. Eur. Heart ]. 2019, 40, 87-165. [CrossRef] [PubMed]
Mehta, S.R.; Wood, D.A; Storey, R.E,; Mehran, R.; Bainey, K.R.; Nguyen, H.; Meeks, B.; Di Pasquale, G.; Lopez-Sendén, J.; Faxon,
D.P; et al. Complete Revascularization with Multivessel PCI for Myocardial Infarction. N. Engl. J. Med. 2019, 381, 1411-1421.
[CrossRef] [PubMed]

Puymirat, E.; Cayla, G.; Simon, T.; Steg, P.G.; Montalescot, G.; Durand-Zaleski, I.; le Bras, A.; Gallet, R.; Khalife, K.; Morelle, ] .-EF,;
et al. Multivessel PCI Guided by FFR or Angiography for Myocardial Infarction. New Engl. |. Med. 2021, 385, 297-308. [CrossRef]
[PubMed]

Jia, H; Dai, J.; He, L.; Xu, Y,; Shi, Y.; Zhao, L.; Sun, Z,; Liu, Y.; Weng, Z.; Feng, X.; et al. EROSION III: A Multicenter RCT of
OCT-Guided Reperfusion in STEMI With Early Infarct Artery Patency. JACC Cardiovasc. Interv. 2022, 15, 846-856. [CrossRef]
[PubMed]

Araki, M,; Park, S.J.; Dauerman, H.L.; Uemura, S.; Kim, ]J.-S.; Di Mario, C.; Johnson, T.W.; Guagliumi, G.; Kastrati, A.; Joner,
M.; et al. Optical coherence tomography in coronary atherosclerosis assessment and intervention. Nat. Rev. Cardiol. 2022, 1-20.
[CrossRef] [PubMed]

Gili, S.; Iannaccone, M.; Colombo, F.; Montefusco, A.; Amabile, N.; Calcagno, S.; Capodanno, D.; Scalone, G.; Rognoni, A.; Omede,
P; et al. Effects of statins on plaque rupture assessed by optical coherence tomography in patients presenting with acute coronary
syndromes: Insights from the optical coherence tomography (OCT)-FORMIDABLE registry. Eur. Heart ]. Cardiovasc. Imaging 2018,
19, 524-531. [CrossRef] [PubMed]

Caccioppo, A.; Franchin, L.; Grosso, A.; Angelini, F; D"Ascenzo, F.; Brizzi, M.F. Ischemia reperfusion injury: Mechanisms of
damage/protection and novel strategies for cardiac recovery/regeneration. Int. J. Mol. Sci. 2019, 20, 5024. [CrossRef] [PubMed]
Kapur, N.K.; Alkhouli, M.A.; DeMartini, T.].; Faraz, H.; George, Z.H.; Goodwin, M.].; Hernandez-Montfort, ].A.; Iyer, V.S.; Josephy,
N.; Kalra, S.; et al. Unloading the Left Ventricle Before Reperfusion in Patients With Anterior ST-Segment-Elevation Myocardial
Infarction. Circulation 2019, 139, 337-346. [CrossRef]

Spirito, A.; Quagliana, A.; Coiro, M.; Melaku, G.M.; Vandenberghe, S.; Leibundgut, G.; Héner, J.; Moccetti, M.; Araco, M;
Garcia-Garcia, H.G.-G.; et al. A prospective, first-in-human use of the NeVa mechanical thrombectomy device for patients with
acute coronary syndromes. Eurolntervention 2022, 18, 242-252. [CrossRef] [PubMed]

Bangalore, S.; Toklu, B.; Patel, N.; Feit, F.; Stone, G.W. Newer-Generation Ultrathin Strut Drug-Eluting Stents Versus Older
Second-Generation Thicker Strut Drug-Eluting Stents for Coronary Artery Disease. Circulation 2018, 138, 2216-2226. [CrossRef]


http://doi.org/10.1161/CIRCINTERVENTIONS.108.825323
http://www.ncbi.nlm.nih.gov/pubmed/20031687
http://doi.org/10.1007/s11936-019-0706-7
http://www.ncbi.nlm.nih.gov/pubmed/30739215
http://doi.org/10.1016/j.ahj.2019.12.019
http://www.ncbi.nlm.nih.gov/pubmed/32004796
http://doi.org/10.1093/eurheartj/ehaa575
http://www.ncbi.nlm.nih.gov/pubmed/32860058
http://doi.org/10.1016/j.ahj.2018.03.024
http://www.ncbi.nlm.nih.gov/pubmed/29803984
http://doi.org/10.1016/j.ijcard.2022.05.011
http://www.ncbi.nlm.nih.gov/pubmed/35533755
http://doi.org/10.1002/ccd.29757
http://www.ncbi.nlm.nih.gov/pubmed/34028964
http://doi.org/10.1093/eurheartj/ehy394
http://www.ncbi.nlm.nih.gov/pubmed/30165437
http://doi.org/10.1056/NEJMoa1907775
http://www.ncbi.nlm.nih.gov/pubmed/31475795
http://doi.org/10.1056/NEJMoa2104650
http://www.ncbi.nlm.nih.gov/pubmed/33999545
http://doi.org/10.1016/j.jcin.2022.01.298
http://www.ncbi.nlm.nih.gov/pubmed/35367176
http://doi.org/10.1038/s41569-022-00687-9
http://www.ncbi.nlm.nih.gov/pubmed/35449407
http://doi.org/10.1093/ehjci/jex102
http://www.ncbi.nlm.nih.gov/pubmed/28605473
http://doi.org/10.3390/ijms20205024
http://www.ncbi.nlm.nih.gov/pubmed/31614414
http://doi.org/10.1161/CIRCULATIONAHA.118.038269
http://doi.org/10.4244/EIJ-D-21-00741
http://www.ncbi.nlm.nih.gov/pubmed/34992050
http://doi.org/10.1161/CIRCULATIONAHA.118.034456

J. Pers. Med. 2022, 12, 1298 4 of 4

18. von Birgelen, C.; Kok, M.M.; van der Heijden, L.C.; Danse, PW.; Schotborgh, C.E.; Scholte, M.; Gin, RM.T.J.; Somi, S.; van
Houwelingen, K.G.; Stoel, M.G.; et al. Very thin strut biodegradable polymer everolimus-eluting and sirolimus-eluting stents
versus durable polymer zotarolimus-eluting stents in allcomers with coronary artery disease (BIO-RESORT): A three-arm,
randomised, non-inferiority trial. Lancet 2016, 388, 2607-2617. [CrossRef]

19. Franchin, L.; Piroli, F; D" Ascenzo, F; Nunez-Gil, I.; Wojakowski, W.; Imori, Y.; Trabattoni, D.; Huczek, Z.; Venuti, G.; Muscoli, S.;
et al. Impact of stent thickness on clinical outcomes in small vessel and bifurcation lesions: A rain-cardiogroup vii sub-study.
J. Cardiovasc. Med. 2021, 22, 20-25. [CrossRef]

20. D’Ascenzo, E; de Filippo, O.; Gallone, G.; Mittone, G.; Deriu, M.A.; Iannaccone, M.; Ariza-Solé, A.; Liebetrau, C.; Manzano-
Fernandez, S.; Quadri, G.; et al. Machine learning-based prediction of adverse events following an acute coronary syndrome
(PRAISE): A modelling study of pooled datasets. Lancet 2021, 397, 199-207. [CrossRef]


http://doi.org/10.1016/S0140-6736(16)31920-1
http://doi.org/10.2459/JCM.0000000000001037
http://doi.org/10.1016/S0140-6736(20)32519-8

	References

