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Cutting balloon 134 patients (7%), requiring more than 1 PMD in 24 patients (1%). The selected PMDs were rotational
Excimer Laser Coronary Angioplasty atherectomy (35.1%), lithotripsy (5.2%), laser (11.2%), cutting/scoring balloons (27.6%), OPN balloons
(2.9%), or a combination of PMDs (18%). PMDs were used in older patients, with greater cardiovascular
burden, and higher Syntax and ]J-CTO scores. This greater complexity was associated with longer
procedural time but similar total stent length (52 vs 57 mm; P = .105). If the wire crossed, the procedural
success rate was 87.2% but increased to 96.3% when PMDs were used (P =.001). Conversely, PMDs were
not associated with a higher rate of procedural complications (3.7 vs 3.2%; P=.615). Despite the worse
baseline profile, at 2 years of follow-up there were no differences in the survival rate (PMDs: 94.3% vs no-
PMDs: 94.3%, respectively; P =.967).
Conclusions: Following successful wire crossing in CTOs, PMDs were used in 7% of the lesions with an
increased success rate. Mid-term outcomes were comparable despite their worse baseline profile,
suggesting that broader use of PMDs in this setting might have potential technical and prognostic
benefits.
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Dispositivos de modificacion de placa en oclusiones coronarias cronicas totales:
estudio PLACCTON

RESUMEN

Introduccion y objetivos: La calcificacién grave esta presente en mas del 50% de las oclusiones coronarias
cronicas totales (OCT) tratadas mediante intervencién percutanea. Nuestro objetivo fue describir el uso
contemporaneo de los dispositivos de modificacién de placa (DMP) en este contexto.

Meétodos: Los pacientes se incluyeron en el Registro Ibérico de OCT de forma prospectiva y consecutiva
(32 centros de Espaifia y Portugal), de 2015 a 2020. Se compararon en funcién del uso o no de DMP.
Resultados: Se incluyd a 2.235 pacientes, en 1.900 de los cuales se logr6 cruzar con éxito la lesiéon con
guia. Se utiliz6 al menos un DMP en un 7% (134 pacientes) y mas de uno en 24 pacientes (1%). Los DMP
seleccionados fueron: aterectomia rotacional (35,1%), litotricia (5,2%), laser (11,2%), balones de corte
(27,6%), balones OPN (2,9%) o combinaciones de mas de uno (18%). Se utilizaron DMP en pacientes mas
ancianos, con mayor riesgo cardiovascular y puntuaciones Syntax y J-CTO mas elevados. Esta mayor
complejidad se asocié con procedimientos mas prolongados, pero similar longitud total de stent
(52 frente a 57 mm; p =0,105). Cuando la guia cruzé con éxito la oclusion, la tasa de éxito final del
procedimiento fue del 87,2%, pero se incremento al 96,3% cuando se utilizaron DMP (p = 0,001). Por el
contrario, los DMP no se asociaron con mayor tasa de complicaciones en el procedimiento (3,7 frente a
3,2%; p=0,615). Pese al peor perfil de riesgo basal, a los 2 afios de seguimiento no hubo diferencias en la
tasa de supervivencia (94,3% con DMP frente a 94,3% sin DMP, p = 0,967).

Conclusiones: Cuando la guia cruzoé con éxito una OCT, la tasa de uso de los DMP fue del 7% y se asoci6 a
una tasa de éxito final del procedimiento significativamente mayor. Los resultados a medio plazo fueron
comparables cuando se precisaron DMP pese a su mayor riesgo basal, lo que sugiere que un mayor uso
adecuado de estas técnicas en este contexto podria conllevar tanto beneficios técnicos como prondsticos.
© 2021 Sociedad Espaiiola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Abbreviations

CTO: chronic total occlusions
PCI: percutaneous coronary intervention
PMD: plaque modification devices

INTRODUCTION

Chronic total coronary occlusions (CTOs) are currently defined
as a complete atherosclerotic occlusion of a vessel with Throm-
bolysis in Myocardial Infarction flow grade 0 with a duration
greater than 3 months.! Their prevalence ranges from 33% to 52% in
patients with ischemic heart disease and their pathophysiology is
still the object of thorough research. It is known that the occluded
segments contain vascular tissue, lymphocytic infiltrate, fibrous
tissue, atheroma, and a variable degree of calcification. Indeed,
calcified atherosclerosis is the culmination of different overlapping
pathological processes, probably being a cause and a consequence
of cardiovascular disease, which explains why it is considered an
independent cardiovascular risk factor by itself.>* In addition,
imaging analysis has demonstrated that late stages of CTOs are
associated with larger focal calcification and intraocclusion
enhancement,” ending up as larger calcium fragments that deposit
in thick layers (> 3 mm).” Therefore, with these severely calcified
chronic occlusions, the use of plaque modification dedicated
devices (PMDs) can be helpful. There is scarce evidence supporting
their use or describing the specific risks in CTO procedures.
Moreover, several new PMDs have been made available in recent
years.®

Hence, we aimed to describe the contemporary use of dedicated
devices for severely calcified CTOs in a large cohort and compare
the short- and long-term outcomes of patients who required the
use of these techniques with those patients who did not.

METHODS
Study population

Patients undergoing a CTO angioplasty were prospectively and
consecutively included in the Iberian CTO registry. A total of
32 sites in Spain and Portugal participated in this registry from
2015 to 2020 but only those centers who provided information on
plaque modification techniques (n=17) were included in this
study (figure 1 of the supplementary data). As a result, a total of
2235 patients were included; the analysis focused only on those
lesions with successful wire crossing (n=1900) according to the
use (n=134, 7%) or nonuse (n=1766, 93%) of PMDs. An
experienced operator who had handled at least 50 CTOs and
who had been previously mentored in this intervention was the
first operator in all patients. Procedural success was defined as
final Thrombolysis in Myocardial Infarction flow grade 3 with less
than 30% residual stenosis and lack of life-threatening complica-
tions. In-hospital and follow-up outcomes were prespecified in the
online database as defined in table 1 of the supplementary data,
complying with the requirements of the Law on Data Protection
and accessible only to participating operators and registry
coordinators. Severe calcification was defined in the database as
radiopacities seen without cardiac motion before contrast injec-
tion and moderate calcification as radiopacities noted only during
the cardiac cycle, but this definition varied if intravascular
ultrasound demonstrated larger calcium burden than seen by
angiography.® Electrocardiographic and cardiac biomarker seria-
tion was performed after each percutaneous coronary intervention
(PCI). Clinical assessment was carried out at 1, 6, and 12 months
and annually thereafter and at the end of follow-up. Angiographic
follow-up was only clinically driven in patients with new
symptoms, worsening ventricular function or new ischemia in
noninvasive tests. The registry is endorsed by the Interventional
Cardiology Association of the Spanish Society of Cardiology. The
study was approved by all local ethics committees and patients
provided informed consent.
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Devices

PMDs can be classified into balloon (A) and nonballoon (B)
techniques.” Balloon PMDs include very high pressure noncompli-
ant balloons (OPN NC), shear balloons (Wolverine, Boston
Scientific, USA), incision balloons (AngioSculpt, Cardiva, Spain;
Scoreflex, OrbusNeich, USA; NSE Alpha, Braun, Germany), and
intracoronary lithotripsy balloons (Shockwave Medical Lithoplasty
System, Shockwave Medical, USA). Nonballoon techniques (or
debulking techniques) include rotational atherectomy (Rotablator,
rotaPro, Boston Scientific, USA), orbital atherectomy (Diamond-
back 360, OrbusNeich,), and excimer laser atherectomy (CVX-300,
Philips, UK).® Device success was considered when the CTO lesion
could be crossed and stented with Thrombolysis in Myocardial
Infarction flow grade 3 with less than 30% residual stenosis. A
summary of the main devices is provided in table 2 of the
supplementary data.®2!

Statistical analysis

Categorical variables are presented as frequencies and compar-
isons between groups were performed using the chi-square or the
Fisher exact test. Continuous variables are expressed as mean
(4 standard deviation) or median [25th-75th interquartile range] and
analyzed using the Student t-test or Mann-Whitney U test,
respectively. A multivariable Cox regression analysis stratified by
hospital was performed to determine the predictors of 2-year
mortality in the overall study population. No more than 1 variable
per 10 outcome events was entered in the model to avoid overfitting.
Proportional hazard assumptions were verified by the Schoenfeld
residuals test and checked using log-log survival plots. The plaque
modification variable, although nonsignificant, was included in the
final model to provide multivariable-adjusted evidence on the effect
or lack of effect of PMDs on mortality. For the final model, we
calculated hazard ratios (HR) adjusted for each of the variables
included, along with their 95% confidence intervals (95%ClI). The
robust Huber/White/Sandwich estimator was used to calculate

standard errors. Goodness-of-fit for the final model was determined
with the Gronnesby and Borgan test, Brier Score and C-index. All tests
were 2-sided at the .05 significance level. Survival curves were
estimated. The statistical analysis was performed with using IBM
SPSS Statistics version 25 (IBM, USA) and R core team (2019, R
Foundation for Statistical Computing, Austria).

RESULTS

A total of 2235 consecutive patients from the Iberian CTO
registry were prospectively included. Wire crossing was achieved
in 1900 patients, and 1 PMD or more PMDs were used in
134 patients (7%) and 24 (1%), respectively.

Baseline characteristics according to the use of plaque
modification devices

The main baseline characteristics are summarized in the table
1. Most patients with successful wire crossing were men (83.8%)
and the median age was 65.2 years. Severe angina or dyspnea (class
Il or IV) were present in 40.2% and 49.1% of the patients,
respectively. Most patients had prior coronary disease (57.2%)
treated percutaneously (48.3%) or surgically (5.9%). In addition,
11.8% of them had a previous attempt at revascularization of a CTO.

When patients were compared according to the use of plaque
modification techniques, the use of dedicated devices was
significantly higher in older patients (69.6 + 9.0 vs 64.8 +10.9
years; P <.001), with higher rates of cardiovascular risk factors. In
addition, they more often had prior coronary artery disease (67.9% vs
56.4%; P=.010), both surgically (11.9% vs 5.5%; P=.020) and
percutaneously treated (61.2% vs 47.3%; P=.002). In particular, left
main disease was more often present in the PMD group (10.4% vs
5.1%; P=.009) and this complexity was reflected by a higher Syntax
score (23% vs 18%; P =.001) (table 2). Finally, the PMD group showed
worse left ventricular ejection fraction (56% vs 53.5%; P =.029).

Table 1
Main baseline features
Global population Successful wire crossing No-PMD PMD P
n=2235 n=1900 n=1766 (93) n=134(7)
Sex, male 1881 (84.2) 1593 (83.8) 1475 (83.5) 118 (88.1) .169
Age, y 65.3+109 65.2+10.8 64.8+10.9 69.6 £9.0 <.001*
Hypertension 1512 (67.7) 1276 (67.1) 1172 (66.4) 104 (77.6) 008"
Diabetes 781 (34.9) 670 (35.2) 609 (34.5) 61 (45.5) 01*
Dyslipidemia 1487 (66.5) 1273 (67) 1170 (66.3) 103 (76.9) .012*
CKD > GIII 229 (10.2) 200 (10.5) 183 (10.4) 17 (12.7) 398
Creatinine, mg/dL 0.90 [0.77-1.10] 90 [0.78-1.09] 0.90 [0.78-1.08] 0.97 [0.80-1.17] 067
Peripheral artery disease 241 (10.8) 203 (10.6) 184 (10.4) 19 (14.2) 174
Prior stroke 132 (5.9) 115 (6) 109 (6.2) 6 (4.5) 428
Prior coronary disease 1310 (58.6) 1088 (57.2) 997 (56.4) 91 (67.9) .01*
Prior myocardial infarction 639 (28.6) 518 (27) 480 (27.2) 38 (28.4) .768
Prior PCI 1100 (49.2) 918 (48.3) 836 (47.3) 82 (61.2) 002*
Prior CABG 148 (6.6) 113 (5.9) 97 (5.5) 16 (11.9) 002*
Angina/dyspnea III-IV 898 (40.2) 748 (39.3) 702 (44.7) 46 (34.3) 179
LVEF 55 [45-60] 55 [45-60] 56 [45-60] 53.5 [41.5-60] 029"

CABG, coronary artery bypass graft; CKD, chronic kidney disease; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention; PMD, plaque modification

devices.

Values are expressed as No. (%), mean + standard deviation or median [interquartile range].

" Significant P value.
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Angiographic and procedural characteristics

Overall population N=2235

Successful wire crossing n=1900

No-PMD n=1766 (93)  PMD n=134 (7) P

3-vessel disease 509 (22.8) 422 (22) 390 (22) 32 (23.9) .630
LM disease 124 (5.5) 104 (5.4) 90 (5.1) 14 (10.4) .009*
> 1 vessel with CTO 294 (13.1) 240 (12.6) 211 (11.9) 29 (21.6) .001*
Syntax score 19 [12-25.5] 18.5 [12-25] 18 [12-24] 23 [16.5-33.2] .001*
Previous attempt 301 (13.5) 225 (11.8) 203 (11.56) 22 (16.4) .089
CTO location 436

Anterior descending artery 697 (32.7) 602 (31.7) 557 (33.5) 45 (33.6)

Diagonal 11 (0.5) 8 (0.04) 7 (0.4) 1(0.07)

Circumflex 278 (13) 242 (12.7) 229 (13.8) 13 (9.7)

Marginal 66 (3.1) 63 (3.3) 60 (3.6) 3(2.2)

Right coronary 1056 (49.5) 861 (45.3) 791 (47.6) 70 (52.2)

Posterior descending artery 9(0.4) 8 (0.4) 8 (0.5) 0 (0)

Posterolateral artery 9 (0.4) 9 (0.4) 7 (0.4) 2 (0)

Left main 5(0.2) 3(0.1) 3(0.2) 0(0)

Internal mammary artery 1(0.1) 1(0.1) 1(0.2) 0(0)
Blunt entry shape 1195 (58.5) 964 (50.7) 888 (55.9) 76 (59.4) 448
Length > 20 mm 1349 (60.4) 1108 (58.3) 1032 (58.4) 76 (56.7) .697
Severe calcification 1127 (53.2) 903 (47.5) 815 (49.4) 88 (65.7) <.001*
Bending > 45 772 (34.9) 603 (31.7) 547 (31.1) 56 (41.8) .013*
Time of occlusion

Unknown 1404 (65.9) 1192 (62.7) 1128 (67.8) 64 (47.8) .562

<ly 260 (12.2) 223 (11.7) 195 (11.7) 28 (20.9)

>1y 468 (22) 382 (20.1) 340 (20.4) 42 (31.3)
J-CTO score 1.99+1.17 1.88+1.15 1.86+1.15 221+1.13 .001*
J-CTO, points

0 236 (10.6) 217 (11.4) 205 (11.6) 12 (9)

1 588 (26.3) 556 (29.2) 533 (30.2) 23 (17.2)

2 643 (28.8) 552 (29) 512 (29) 40 (29.9)

3 503 (22.5) 382 (20.1) 339(19.2) 43 (32.1)

4 265 (11.9) 193 (10.1) 177 (10) 16 (11.9)
Approach

Antegrade 1770 (79.2) 1559 (82) 1444 (81.8) 115 (85.8) .066

Retrograde 207 (9.3) 157 (8.2) 153 (8.7) 4(3)

Hybrid 258 (11.5) 184 (9.6) 169 (9.6) 15 (11.2)
Access site .284

Radial 320 (19.6) 286 (15) 259 (20.6) 27 (20.9)

Femoral 242 (14.8) 218 (11.4) 194 (15.4) 24 (18.6)

Biradial 112 (6.8) 98 (5.1) 88 (7) 10 (7.8)

Bifemoral 447 (27.3) 377 (19.8) 340 (27) 37 (28.7)

Femoral-radial 515 (31.5) 410 (21.6) 379 (30.1) 31 (24)
Use of guide-extension catheter
Use of IVUS 297 (13.3) 275 (14.4) 255 (14.2) 20 (14.9) .820
Use of re-entry device 45 (2) 32 (0.01) 28 (1.6) 4 (3) 279
Total stent length, mm 52 [34-74] 52 [33-74] 52[33-73] 57(38-82] 105
Contrast volume, cc 275 [200-375] 266 [196-364] 268 [198-364] 257 [180-358.5] 453
Fluoroscopy time, min 38 [24-60] 35 [22-57] 34 [21-55] 48.5 [34-72] .001*

CTO, chronic total occlusion; IVUS, intravascular ultrasound; LM, left main; PMD, plaque modification devices.
Blunt entry shape: occluded segment not ending in a funnel-shape. Severe calcification: defined as radio-opacities seen without cardiac motion before contrast injection;

surrounding the occlusion.

Values are expressed as No. (%), mean + standard deviation or median [interquartile range].

" Significant P value.

Procedural characteristics in patients with successful wire

crossing

Main coronary findings during the index procedure of the
overall study population and according to the use of PMD are

shown in table 2. Overall, patients with successful wire crossing
were more often treated with simultaneous femoral-radial access
(21.6%) and via the antegrade approach (82%), which was
significantly more common if PMD were used. The most frequently
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Figure 1. Temporal trend in the use of plaque modification devices (PMD) during the study period (number of patients).
Table 3
Procedural, in-hospital, and long-term outcomes
Overall population Successful wire crossing No-PMD PMD P
N=2235 n=1900 n=1766 (93) n=134(7)

Procedural outcomes
Procedural success 1673 (74.9) 1658 (87.2) 1529 (86.6) 129 (96.26) .001*
Periprocedural complication 93 (4.2) 61 (3.2) 56 (3.2) 5(3.7) 615
Periprocedural death 3(0.1) 3(0.1) 3(0.1) 0(0) .999
Tamponade 14 (0.6) 7 (0.1) 7 (0.2) 0 (0) 999
Periprocedural CVE 1(0.01) 1(0.1) 1(0.1) 0 (0) 999

In-hospital outcomes
In-hospital complication 141 (6.3) 101 (5.3) 90 (5.1) 11(8.2) 122
Mortality 9(0.4) 8 (0.4) 8 (0.4) 0(0) 999
Myocardial infarction 13 (0.6) 12 (0.6) 9 (0.5) 3(2.2) .047*
Stent thrombosis 5(0.2) 5(0.2) 5(0.3) 0 (0) 999
Need for CABG 0 (0) 0(0) 0(0) 0(0) 999
Need for repeated PCI 4(0.2) 4(0.2) 4(0.2) 0(0) 999
Cerebrovascular event 2(0.1) 2(0.1) 2(0.1) 0(0) 999
Pericardial effusion 5(0.2) 4(0.2) 4(0.2) 0 (0) 999
Acute kidney injury 11 (0.5) 10 (0.5) 9 (0.5) 1(0.7) .520

Follow-up outcomes
1-y mortality 58 (2.6) 46 (2.4) 42 (2.3) 4(3) 318
1-y cardiac mortality 27 (46.5) 21 (45.6) 18 (42.8) 3 (75) 318
2-y mortality 97 (4.3) 76 (4.3) 71 (4) 5 (3.7) .160
2-y cardiac mortality 42 (45.2) 33 (43.4) 29 (40.8) 4 (80) .160
FU myocardial infarction 33(1.4) 29 (1.5) 25(1.4) 4 (2.9) 143
FU revascularization of culprit lesion 66 (3) 65 (3.4) 64 (9) 1(0.7) 357
FU stent thrombosis 9 (04) 8 (0.4) 7(1.4) 1(0.7) .547

CABG, coronary artery bypass graft; CVE, cerebrovascular event; FU, follow-up; PCI, percutaneous coronary intervention; PMD, plaque modification devices.

Values are expressed as No. (%).
" Significant P value.
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Figure 2. Procedural success rate according to the different plaque modification techniques used.

treated vessel was the right coronary artery (49.3%), followed by
left anterior descending (31.7%) and circumflex (12.7%) arteries
without differences between the PMD and non-PMD groups. J-CTO
score was higher if PMD were required (2.21 vs 1.86; P=.001),
mainly due to a higher degree of calcification, higher rate of
previous attempts, and older CTOs, but also there was a trend to
greater tortuosity of the target vessel in the PMD group. This
greater complexity was associated with longer fluoroscopy time
(34 vs 48.5 min; P=.001) but did not have a significant impact on
the contrast amount (268 vs 257cc; P =.453) or the global stented
length (57 vs 52 mm; P =.105). The selected PMDs were as follows:
rotational atherectomy in 35.1%, lithotripsy in 5.2%, laser in 11.2%,
cutting/scoring balloons in 27.6%, and OPN balloons in 2.9%. Of
note, the results are reported per patient, but in certain patients
each technique was used in more than 1 lesion. The temporal trend
to a greater use of rotational atherectomy persisted during the
study period, despite emerging alternatives as depicted in figure 1.
Also reflected in this figure, there was a substantial decrease in the
number of procedures occurred during the COVID-19 pandemic in
2020. To remark, rotational atherectomy was used as bailout
strategy in undilatable lesions in 75.4% of the lesions, whereas in
the remaining cases it was selected as the first strategy.
Conversely, lithotripsy and laser were selected as the bailout
strategy in all cases. More debulking strategies—including under
this term rotational atherectomy and laser since both remove part
of the plaque—were significantly less used in lower volume centers
(figure 2 of the supplementary data).

As shown in table 3, the procedural success rate was 75% in the
overall population and was 87.2% in patients with successful wire
crossing but increased to 96.3% when PMD were used (vs 86.6% if
not used; P=.001). In particular, as shown in figure 2, the use of
OPN, cutting and scoring balloons was associated with 100%
success rate, whereas the use of lithotripsy had a lower success rate
than other plaque modification alternatives (85.7% vs 95.7% for all
others; P=.999). Rotablation and laser had presented a 95.7% and
86.7% success rate, respectively. The use of any combination of
PMDs (most commonly rotablation plus another PMD, in 79.2%)
was associated with a 100% technical success rate. The use of PMD
was not associated with a higher rate of procedural complications
(3.7% vs 3.2%; P=.615), including coronary perforation/tampo-
nade, procedural mortality, or periprocedural stroke.

In-hospital and long-term outcomes

Complications and mortality are shown in table 3. In-hospital
complications were comparable irrespective of the use of PMDs,
need for coronary artery bypass graft surgery (0%) or new target
vessel PCI (0.2%), cerebrovascular events (0.1%), cardiac tampo-
nade (0.6%), contrast-induced nephropathy (0.5%), or in-hospital
mortality (0.4%). Only periprocedural myocardial infarction was
more likely following PMD use (2.2% vs 0.5%, P =.047), but was not
associated with a difference in the rate of acute stent thrombosis
(0% vs 0.3%, P=.999).

At 2 years of follow-up, there were no differences in survival
according to the use or nonuse of PMD (96.3% vs 96%, respectively;
P =.160) (figure 3), and overall mortality was 4.3%, mainly due to
noncardiovascular causes (56.6%). The main factors associated
with higher overall mortality are summarized in table 4 and
independent predictors of mortality are depicted in figure 4 and
table 5, including age, chronic kidney disease, prior myocardial
infarction, and procedural complications, but not the use of any of
the PMDs included in this study or the institution where it was
performed. Moreover, despite the worse baseline profile of
patients requiring PMDs, their mortality was comparable.

DISCUSSION

Percutaneous treatment of CTOs is technically demanding, and
the success rate is still suboptimal worldwide. Intraplaque
calcification is a well-known predictor of technical failure®??3
mainly due to uncrossable or undilatable lesions that can affect up
to 6% and 12%2*?° of lesions, respectively, but also due to higher
rate of complications (~8%)—mainly perforations—that might
require interruption of the procedure. This is important, given that
moderate-severe calcification of CTOs affects up to 58% of persons
deemed candidates for PCI.2® In this subanalysis of the Iberian CTO
registry, we performed a thorough description of the main current
tools specifically dedicated to the management of severe
calcification and the main findings were: a) the most commonly
used technique was rotational atherectomy, despite the growing
range of alternatives, and the success rate following PMDs reached
95% when only 1 device was used and 100% when 2 devices were
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Figure 3. Survival curves according to the use of plaque modification techniques.

used, suggesting a synergic behavior of these technologies; b)
patients who needed modification plaque techniques had a
significantly greater cardiovascular risk, greater calcification in
the occluded segment, and greater J-CTO score; c) despite this, the
complication and mortality rates during complex CTO procedures
was very low and there were no differences in 2-year survival rates
between the modification and nonmodification plaque groups,
suggesting that the use of these techniques might be helpful for
buffering the increased atherosclerotic burden in this subset of
patients.

Baseline risk and technical success in patients treated with PMD

It is well known that PMD are often used in older patients with a
higher rate of cardiovascular risk factors and, accordingly, more
complex coronary disease.>®> However, the prognostic impact at
mid-term of these technologies is less clear. The greatest evidence
has been obtained for the most commonly used technique,
rotational atherectomy.?” However, in recent years, the use of
lithotripsy and excimer laser coronary angioplasty as new
alternatives has progressively increased in clinical practice; in
the setting of CTOs, their lower use could be explained the scarce
evidence but also by their limited availability in some centers.'>?
However, these new techniques were safe and effective according
to our results, particularly if used in combination, suggesting a
similar behavior as that reported for non-CTO lesions in the
DISRUPT CAD II, the STRATAS trial, or the LEONARDO trial, all
reporting success rates above 90%.'%%1:28

Importantly, in this study we compared the acute and mid-term
outcomes according to the use of PMDs after excluding patients in

whom the wire did not cross the CTO and, nevertheless, a
significant and greater success rate (96.3% vs 86.6%) was observed
for the PMD cohort; however, the use of rotational atherectomy
and laser are often reserved for balloon-undilatable lesions,?*2°
whereas the other PMDs are often used to improve angiographic
results in lesions can also be crossed and dilated with standard
balloons and stents. In this last setting, randomized analysis might
shed some light on the best strategy; conversely, ... for undilatable
lesions, future studies randomizing to PMDs or no-PMDs are
unlikely.

Long-term outcomes in patients with calcified CTOs treated
with PMD

At longer term, it is reasonable to wonder whether treating
highly calcified CTOs might be related to a higher target vessel
failure rate, as suggested by some authors.”> However, in our
study, the 2-year outcomes were favorable compared with patients
with less complex disease, suggesting that a greater use of these
technologies might be potentially useful for better long-term
patency of percutaneously treated CTOs if a moderate or severe
degree of calcification is present. Intravascular imaging analysis
was available in 37% of the study population, suggesting that
moderate-severe calcification is present in > 50% of the CTOs and
that stent underexpansion is often detected by these techniques
(~3%) but not by angiography.>° The complementary effect of
intravascular imaging and PMDs might be crucial for the
improvement of long-term outcomes in patients with CTOs
undergoing percutaneous recanalization; in this subset, intravas-
cular ultrasound was used in 56% of the patients during the index
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Table 4
Predictors of 2-year mortality
Successful wire crossing No-PMD PMD
n=1900 n=1766 (93) n=134(7)
Alive Death P Alive Death P Alive Death P
n=1824 (96) n=76 (4) n=1697 (96) n=69 (4) n=129 (96.3) n=5(3.7)
Age, y 65+10.8 69+10 .001* 64.6 £10.9 69.6 £10.2 .001* 69.6 £9.0 68.6+£9.2 814
Female sex 297 (16.3) 10 (13.2) 468 282 (16.6) 9 (12.7) 378 15 (11.6) 1(20.0) 476
Hypertension 1222 (67) 54 (71.1) 461 1122 (66.2) 50 (70.4) 470 100 (77.5) 4 (80) 999
Diabetes mellitus 636 (34.9) 34 (44.7) 078 579 (34.2) 30 (42.3) 160 57 (44.2) 4 (80.0) 177
Dyslipidemia 1224 (67.1) 49 (64.5) 633 1126 (66.4) 44 (62) 436 98 (76) 5 (100) 589
CKD 179 (9.8) 21 (27.6) 001* 162 (9.6) 21 (29.6) 001* 17 (13.2) 0 (0) 999
Peripheral artery disease 190 (10.4) 13 (17.1) 064 173 (10.2) 11 (15.5) 153 17 (13.2) 2 (40) 147
Prior stroke 106 (5.8) 9(11.8) 044" 100 (5.9) 9(12.7) 020" 6 (4.7) 0 (0) 999
Prior coronary disease 1042 (57.1) 46 (60.5) 557 954 (56.3) 43 (60.6) 476 88 (68.2) 3 (60) 656
Prior MI 487 (26.7) 31 (40.8) .007* 451 (26.6) 29 (40.8) .008* 36 (27.9) 2 (40) .622
Prior PCI 878 (48.1) 40 (52.6) 442 798 (47.1) 38 (53.5) 287 80 (62) 2 (40) 376
Prior CABG 107 (5.9) 6(7.9) 453 92 (5.4) 5(7) 589 15 (11.6) 1(20) 476
LM disease 98 (5.4) 6(7.9) 304 84 (5) 6 (8.5) 172 14 (10.9) 0 (0) 999
Time of occlusion> 1y 371 (63.3) 11 (57.9) 630 330 (63.7) 10 (58.8) 681 41 (60.3) 1 (50) 999
Severe calcification 864 (50.5) 39 (53.4) .628 780 (49.3) 35(51.5) 730 84 (65.1) 4 (80) .660
Bending > 45° 581 (32.2) 22 (29.3) 602 528 (31.5) 19 (27.1) 439 53 (41.1) 3 (60) 649
Use of IVUS 261 (14.3) 10 (13.2) 868 242 (14.3) 9(12.7) 705 19 (14.7) 1(20) 560
Use of re-entry device 31(1.7) 1(1.3) 999 27 (1.6) 1(1.4) 999 4(3.1) 0 (0) 999
Procedural success 1580 (86.6) 66 (86.8) 999 1467 (86.5) 62 (87.3) 999 113 (87.6) 4 (80) 498
Procedural complication 50 (2.7) 11 (14.5) .001* 46 (2.7) 10 (14.1) .001* 4 (3.1) 1(20) 176
In-hospital complication 84 (4.6) 17 (22.4) 001* 75 (4.4) 15 (21.1) 001* 9(7) 2 (40) 054
In-hospital nephropathy 10 (0.5) 0 (0) 999 9 (0.5) 0 (0) 999 1(0.8) 0 (0) 999
New MI at FU 21(1.2) 8(10.5) 001* 19 (1.1) 6 (8.5) 001* 2(1.6) 2 (40) .007*
TLR at FU 63 (8.9) 2 (5.4) 763 62 (9.2) 2(5.7) 761 1(2.9) 0 (0) 999
Stent thrombosis at FU 7(1.3) 1(2.7) 420 6 (1.3) 1(2.8) 401 1(1.9) 0 (0) 999

CABG, coronary artery bypass graft; CKD, chronic kidney disease; CTO, chronic total occlusion; FU, follow-up; IVUS, intravascular ultrasound; LM, left main; LVEF, left
ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; PMD, plaque modification devices; TLR, target lesion revascularization.
Values are expressed as No. (%), or median [interquartile range].

" Significant P value.

11.034 (1.011-1.057), p= 003
Age
Chronic kidney 2.658 (1.488-4.751), p = 001
disease
Prior myocardial 2.047 (1.222-3.431), p = .007
infarction

Procedural 4.271 (1.896-9.621), p < .001

complications

Use of PMD

HR

Figure 4. Independent predictors of mortality for the global study population. In 3.2% of the patients there was a missing value in at least 1 of the variables included
in this Cox model. HR, hazard ratio; PMD, plaque modification devices.
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Table 5
Independent predictors of mortality in successful CTO wire crossing
Variables Univariate Multivariate
HR (95%Cl) P HR (95%CI) P
Age 1.038 (1.018-1.059) <.001 1.037 (1.016-1.059) .001
Diabetes 1.666 (1.118-2.484) .012
Chronic kidney disease 2.567 (1.596-4.128) <.001 2.141 (1.240-3.696) .006
Peripheral artery disease 2.079 (1.271-3.400) .004
Prior myocardial infarction 1.600 (1.066-2.401) .023 1.845 (1.170-2.910) .008
Procedural complications 4.389 (2.445-7.879) <.001 2.977 (1.405-6.307) .004
Use of plaque modification devices 0.897 (0.365-2.207) .813 0.985 (0.353-2.749) 978

95%Cl, 95% confidence interval; HR, hazard ratio. Groennesby and Borgan test, P=.168. C-index 0.672 (0.612, 0.732). Brier score: 0.028 (0.027, 0.029).

procedure (P=.001 compared with its use in patients without
plaque modification strategies), highlighting the complexity of
patients requiring PMDs, but also potentially influencing their
adequate mid-term outcomes reported in this study. Although this
study was underpowered to compare different PMDs, it is evident
that there are “less debulking” and “more debulking” techniques,
including in this last group orbital atherectomy, rotational
atherectomy, and laser. The hypothesis that more debulking
strategies might provide better long-term outcomes remains
unproved, but the fact that these strategies were significantly less
used in lower volume centers (figure 2 of the supplementary data)
suggests that the degree of operator proficiency required might be
greater to use them to avoid an excessive complication rate that
might otherwise counterbalance this potential benefit in terms of
recanalization durability. Indeed, among the independent pre-
dictors of mortality and as opposed to the nonmodifiable risk
factors (age, chronic kidney disease, and peripheral artery disease),
periprocedural complications are a potential factor that can be
improved to reduce mortality.>!>2

Limitations

The main limitations of this study, inherent to the retrospective
nature of registry-based studies, are the heterogeneity of PMD
techniques (number of operators, operatorS experience-based
criteria of PMD use, and cath-lab availability of each PMD), a
certain bias due to the lack of an independent core-lab analysis to
evaluate angiographic and clinical events and the small plaque
modification cohort. Despite this heterogeneity of the included
techniques the common underlying disease in which they were
used, more than specific technical aspects, was taken into
consideration for the present analysis and the evaluation of
outcomes at longer term follow-up was thoroughly reviewed.

CONCLUSIONS

PMDs for severely calcified CTOs were used in 6% of the patients
with an optimal success rate, particularly when several of these
techniques were combined. Mid-term outcomes were comparable
to those in patients not requiring plaque modification, despite their
greater baseline risk, suggesting that broader use of PMDs in this
setting might have potential technical and prognostic benefits.
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