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In the face of declining mortality due to ischemic heart disease,

patients with coronary artery disease currently have a higher

burden of comorbidity, more complex coronary anatomy, and a

higher prevalence of severe calcification.1 Chronic total occlusions

(CTO) are commonly encountered among patients with coronary

artery disease, as they are detected in one-fifth of subjects

undergoing coronary angiography.2 The composition of the

occlusive atherosclerotic plaque varies according to the duration

of the occlusion and the clinical setting (ie, in-stent CTO, or patients

with a prior coronary artery bypass graft).3However, most CTO are

extensively calcified, with calcifications taking up to 30% of plaque

volume.4 Notably, the presence of severe calcifications is

associated with a lower procedural success rate and worse long-

term clinical outcomes after percutaneous coronary intervention

(PCI) in all-comers.4 The adverse effects of coronary artery

calcification include impaired balloon and stent deliverability, as

well as inadequate stent expansion, which leads to suboptimal PCI

result. Dedicated plaque-modifying devices (PMDs), including

specialty balloons, atherectomy and intravascular lithotripsy, have

been developed in the last 3 decades to modify calcium, increase

lesion compliance and, ultimately, improve acute and long-term

outcomes. Because more than 50% of CTOs are severely calcified,5

the use of PMDs in this setting is particularly appealing. The use of

PMD in CTO PCI, however, has been the subject of surprisingly few

studies.6–8

In a recent article published in Revista Española de Cardiologı́a,

Delgado-Arana et al.9 present an interesting analysis of the

contemporary use of PMDs in the setting of CTO PCI. The analysis

included 2235 patients treated with CTO PCI from 2015 to 2020 in

17 centers in Spain. Wire crossing was successful in 85% of

patients, and procedural success was achieved in 75%. PMDs were

used in 7% of patients, with only 1% requiring more than 1 device.

The most commonly used PMDs were rotational atherectomy (in

51% of patients requiring a PMD) and cutting/scoring balloons (in

42%). As expected, the use of PMDs was associated with older

patient age and higher SYNTAX score. On univariate analysis,

patients in the PMD group showed higher rates of procedural

success.

There seemed to be 2 different patterns in PMD use in this

study: while higher-volume centers more frequently used an

atherectomy-based approach (mostly rotational atherectomy),

lower-volume institutions relied more on balloon-based technol-

ogy, which can be interpreted in the context of the more

technically demanding nature of atherectomy procedures. Patients

in the PMD group more frequently had in-hospital myocardial

infarction (0.5% vs 2.2% in non-PMD vs PMD group, respectively;

P = .047), but the incidence of other adverse outcomes did not

differ at the 24-month follow-up.

The authors are to be congratulated for their effort in addressing

this mostly unanswered clinical question, and for the timely

analysis of calcific plaque modification, which is a matter of

intense debate after recent innovations in the field. Furthermore,

their article provides an updated picture of CTO PCI practice in

southern Europe.

However, some limitations must also be acknowledged. First,

very few patients were enrolled by each center over the 6-year

span of the study (�22 procedures/center/y, but with wide

variation across centers), which hints at nonconsecutive reporting

or alternatively very low CTO PCI volume on the one hand, and a

marked heterogeneity in clinical practice on the other. Moreover,

intravascular imaging appears to be underused in this cohort, with

just 14% of patients undergoing intravascular ultrasound, which

compares with �40% in large international registries.10 Intravas-

cular imaging has proved to be superior to angiography in

identifying calcification. Indeed, Delgado-Arana et al.9 report

severe calcification in only 65.7% of participants requiring PMDs,

which indirectly seems to confirm an issue of calcification

underdiagnosis. The small proportion of intravascular imaging

use and the lack of a core laboratory angiographic/imaging analysis

surely limits further insights on this issue. These authors strongly

advocate for systematic use of intravascular ultrasound after CTO

crossing, which allows adequate assessment of the calcification

burden and can be used to inform subsequent lesion modification

strategies and optimize stent expansion (figure 1). Of note, such an

approach could streamline the selection and use of PMD, with a

possible reduction in procedural times due to optimal device

choice.

Second, the average J-CTO score in this study was markedly

lower than that in previously reported large-scale registries, with
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Figure 1. Choice of plaque modification devices in chronic total occlusion percutaneous coronary intervention. We recommend performing intravascular

ultrasound in all patients after chronic total occlusion crossing and before lesion preparation to evaluate the degree of calcification, and inform the indication and

selection of plaque modification devices. IVL, intravascular lithotripsy; IVUS, intravascular ultrasound; LA, laser atherectomy; OA, orbital atherectomy; RA,

rotational atherectomy.

Table 1

Most relevant studies on the use of plaque modifying devices in the setting of chronic total occlusion percutaneous coronary intervention

Author, y Study design Length of

follow-up

Treatment arms N J-CTO score Prior CABG Main results

Pagnotta et al., 6 2010 Retrospective In hospital RA

No RA

45

603

NA

NA

18 (40)

87 (14.5)

RA was used as bailout strategy for

balloon uncrossable lesions and

was successful in 95.5% of cases.

Patients who underwent RA were

more likely to experience

periprocedural MI (35% vs 22%;

P = .044)

Tsuchikane et al.,7 2006 Randomized

controlled trial

1 y PMD

No PMD

138

128

NA

NA

10 (7.2)

9 (7)

After wire crossing, all patients

underwent IVUS. If PMD was

deemed appropriate and feasible,

patients were randomized to

either PMD or no PMD. PMD

devices included RA (n = 90) and

DA (n = 48). Procedural success

rates were similar between groups,

and > 95%. The 30-d MACE rate

was higher in the PMD group

(15.9% vs 8.5%; P = .07), which was

mainly driven by periprocedural

MI and requirement for surgery.

One patient in the PMD group died

in the first month. The 6-mo binary

restenosis rates did not differ

between groups, but the 1-y MACE

rate was significantly lower in the

PMD group (27.5% vs 39.8%;

P = .033), which was mainly driven

by repeat revascularization in the

no PMD group.

Gruberg et al.,15 2000 Retrospective 14 � 8 mo PMD

No PMD

44

106

NA

NA

11 (25)

14 (13)

LA was used in 68% of patients, RA

in 19%, and DA in 13%.

Angiographic success was

achieved in 100% of patients in the

no PMD group and in 97% in the

PMD group. No difference was

detected in in-hospital outcomes,

but patients in the PMD group had

a higher incidence of acute

coronary syndromes during

follow-up (7% vs 0%; P = .03).
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Delgado-Arana et al.9 reporting an average J-CTO of 2.2 � 1.1

among patients requiring PMD and 1.8 � 1.1 among non-PMD

patients, while in the Prospective Global Registry for the Study of

Chronic Total Occlusion Intervention (PROGRESS-CTO) registry these

figures were 3.0 � 1.2 and 2.4 � 1.3, respectively.11 The proportion of

patients with prior coronary artery bypass graft surgery was also

lower than previously reported: 6.6% in the present work, which

compares with figures ranging between 20% and 32% in the

literature.8,11 Of note, both these parameters are associated with

lower procedural success and more severe CTO calcification. In

addition, > 80% of procedures were carried out with an antegrade

approach, while most international registries report figures of �50%

to 60% for antegrade wiring.11 Altogether, these data point to a

potential selection bias to overall lower patient risk and procedural

complexity, potentially driving the excellent short- and long-term

outcomes in this cohort (target lesion revascularization 3.4%–but only

0.7% in the PMD group–on follow-up).9

Moreover, the authors do not report the proportion of

patients lost to follow-up. The rates of adverse outcomes appear

to be markedly lower than those reported in other studies.

Finally, some key, standardized outcomes recommended by the

CTO Academic Research Consortium,12 including target lesion

failure, are not reported, which hampers comparisons with the

literature.

Of interest, most previously published work on calcification

management strategies in CTO PCI have focused mainly on

rotational atherectomy. In the largest registries to date, Azzalini

et al.8 and Xenogiannis et al.11 reported the use of rotational

atherectomy in 3.5% and 3.2% of cases, respectively, which is in line

with the results reported by Delgado-Arana et al.9 Very few studies

have reported the use of laser atherectomy in CTO PCI, which

appears to be an attractive option in balloon-uncrossable lesions,

especially when rotational atherectomy has also failed, as it

allowed for a procedural success exceeding 90% and low

complication rates in one series.13 Given the relatively recent

introduction of intravascular lithotripsy, only case reports and case

series are available on this device and solid conclusions cannot be

drawn on its efficacy and safety in the CTO PCI setting.14 Of note,

intravascular lithotripsy appears to be effective and remarkably

safe, although the unfavorable crossing profile of intravascular

lithotripsy balloons may require combination with other PMD

approaches to allow their use. Table 1 summarizes the main

studies that have analyzed the use of several PMDs in the setting of

CTO PCI.

Despite the aforementioned limitations, the study by Delgado-

Arana et al.9 offers a contemporary snapshot of CTO PCI practice in

Spain, and provides reassurance on the safety and effectiveness of

PMDs in the setting of these complex interventions. Further studies

Table 1 (Continued)

Most relevant studies on the use of plaque modifying devices in the setting of chronic total occlusion percutaneous coronary intervention

Author, y Study design Length of

follow-up

Treatment arms N J-CTO score Prior CABG Main results

Azzalini et al.,8 2017 Retrospective 658 � 412 ds RA

No RA

35

968

2.5 � 1.1

1.8 � 1.2

11 (31)

185 (19)

Patients in the RA group had an

overall higher prevalence of

comorbidities and procedural

complexity. RA patients showed a

trend toward lower procedural

success (80% vs 89%; P = .10) and

higher complications (6% vs 2%,

P = .17). No difference in MACE was

observed between RA and no RA

patients. However, patients in the

RA group experienced a

significantly higher incidence of

target-vessel MI (9% vs 3%; P = .04)

Xenogiannis

et al.,11 2019

Prospective

observational

In hospital RA

No RA

116

3424

3.0 � 1.2

2.4 � 1.3

55 (48)

1032 (31)

Patients in the RA group were older

and had more comorbidities and

higher J-CTO scores. The use of RA

did not result in differences in the

rates of technical success,

procedural success, or in-hospital

MACE. However, RA was

associated with a higher rates of

perforation (10% vs 4%; P = .002),

cardiac tamponade requiring

pericardiocentesis (2.6% vs 0.4%;

P = .012), and donor-vessel injury

(4% vs 1%; P = .031).

Fernandez

et al.,13 2013

Retrospective In hospital LA 58 NA NA All lesions were balloon

uncrossable. LA was used as

bailout for RA failure in 6.8% of

cases. Procedural success was

achieved in 91%. Four patients

experienced procedural

complications, of which only 1 was

related to Excimer laser coronary

angioplasty (coronary

perforation), which led to patient

death.

CABG, coronary artery bypass graft; DA, directional atherectomy; IVUS, intravascular ultrasound; J-CTO, Japan chronic total occlusion; LA, laser atherectomy; MACE, major

adverse cardiovascular events; MI, myocardial infarction; NA, not available; PMD, plaque modification device; RA, rotational atherectomy.

The results are reported as No. (%) or mean � standard deviation.
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are needed to further refine our understanding of the role of PMDs

in the setting of CTO PCI, and to ultimately guide the selection of

the most appropriate device for each patient. Our algorithm for the

optimal selection and use of PMD is presented in figure 1.
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Coronary artery calcification: pathogenesis and prognostic implications. J Am Coll
Cardiol. 2014;63:1703–1714.

5. Tajti P, Karmpaliotis D, Alaswad K, et al. The Hybrid Approach to Chronic Total
Occlusion Percutaneous Coronary Intervention: Update From the PROGRESS CTO
Registry. JACC Cardiovasc Interv. 2018;11:1325–1335.

6. Pagnotta P, Briguori C, Mango R, et al. Rotational atherectomy in resistant chronic
total occlusions. Catheter Cardiovasc Interv. 2010;76:366–371.

7. Tsuchikane E, Suzuki T, Asakura Y, et al. Debulking of chronic coronary total
occlusions with rotational or directional atherectomy before stenting: Final results
of DOCTORS study. Int J Cardiol. 2008;125:397–403.

8. Azzalini L, Dautov R, Ojeda S, et al. Long-term outcomes of rotational atherectomy
for the percutaneous treatment of chronic total occlusions. Catheter Cardiovasc
Interv. 2017;89:820–828.

9. Delgado-Arana JR, Rumoroso JR, Regueiro A, et al. Plaque modification in calcified
chronic total occlusions: the PLACCTON study. Rev Esp Cardiol. 2022;75:213–222.

10. Vemmou E, Khatri J, Doing AH, et al. Impact of Intravascular Ultrasound Utilization
for Stent Optimization on 1-Year Outcomes After Chronic Total Occlusion Percu-
taneous Coronary Intervention. J Invasive Cardiol. 2020;32:392–399.

11. Xenogiannis I, Karmpaliotis D, Alaswad K, et al. Usefulness of Atherectomy in
Chronic Total Occlusion Interventions (from the PROGRESS-CTO Registry). Am J
Cardiol. 2019;123:1422–1428.

12. Ybarra LF, Rinfret S, Brilakis ES, et al. Definitions and Clinical Trial Design Principles
for Coronary Artery Chronic Total Occlusion Therapies: CTO-ARC Consensus
Recommendations. Circulation. 2021;143:479–500.

13. Fernandez JP, Hobson AR, McKenzie D, et al. Beyond the balloon: excimer coronary
laser atherectomy used alone or in combination with rotational atherectomy in the
treatment of chronic total occlusions, non-crossable and non-expansible coronary
lesions. EuroIntervention. 2013;9:243–250.

14. Azzalini L, Bellini B, Montorfano M, Carlino M. Intravascular lithotripsy in chronic
total occlusion percutaneous coronary intervention. EuroIntervention.
2019;15:e1025–e1026.

15. Gruberg L, Mehran R, Dangas G, et al. Effect of plaque debulking and stenting on
short- and long-term outcomes after revascularization of chronic total occlusions. J
Am Coll Cardiol. 2000;35:151–156.

F. Moroni, L. Azzalini / Rev Esp Cardiol. 2022;75(3):196–199 199

http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0080
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0080
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0080
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0080
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0085
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0085
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0085
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0090
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0090
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0090
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0095
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0095
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0095
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0100
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0100
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0100
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0105
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0105
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0110
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0110
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0110
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0115
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0115
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0115
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0120
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0120
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0125
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0125
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0125
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0130
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0130
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0130
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0135
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0135
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0135
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0140
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0140
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0140
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0140
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0145
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0145
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0145
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0150
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0150
http://refhub.elsevier.com/S1885-5857(21)00289-9/sbref0150

	The calcium pandemic and use of plaque modification devices in chronic total occlusion percutaneous coronary intervention
	FUNDING
	CONFLICTS OF INTEREST
	References


