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Rotational atherectomy in CTO lesions: too risky? Outcome of
rotational atherectomy in CTO lesions compared to non-CTO
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Abstract

Aims: The aim of this study was to determine the feasibility of rotational atherectomy (RA) in chronic total
occlusion (CTO) PCI and compare the success and complication rates of RA in CTO lesions versus non-
occluded lesions. Data on RA in CTO are rare and it is unknown how procedural success and risk of RA in
CTO lesions compare to RA in non-CTO lesions.

Methods and results: RA was performed in 392 out of 17,919 PCI procedures (2.2% of the PCI cohort)
and classified as RA CTO (n=75) and RA non-CTO (n=317). Procedural success and MACCE in both
groups were assessed by two investigators. All RA procedures were analysed for dissections prior to
RA, which were defined according to the NHLBI classification. Baseline characteristics were not signi-
ficantly different in the two groups but, in RA CTO, lesion type was more complex (p<0.001), stented seg-
ments were longer (35.0+£22.7 vs. 46.0+£24.8 mm, p<0.001) and mean burr size was smaller (1.61+0.17 vs.
1.49+0.18 mm, p<0.001). Procedural success and complications were not different (RA non-CTO 96.2%
and RA CTO 94.7%, RA non-CTO 2.5% and RA CTO 4.0%, respectively). RA performed in dissection
planes had a 100% procedure success rate in CTO and a 92% success rate in non-CTO.

Conclusions: RA in CTO is as safe and as effective as RA in non-CTO. The presence of dissections prior
to RA in CTO lesions as well as in non-CTO lesions does not seem to have a negative impact on outcome.

*Corresponding author: Medical Care Center, Wordemannsweg 25-27, 22527 Hamburg, Germany.
E-mail: Schofer@herz-hh.de
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Abbreviations

CTO chronic total occlusion

MACCE major adverse cardiovascular and cerebral events
NHLBI National Heart, Lung, and Blood Institute

OTW balloon  over-the-wire balloon

PCI percutaneous coronary intervention

RA rotational atherectomy

RA CTO rotational atherectomy in a CTO lesion

RA non-CTO rotational atherectomy in a non-occluded lesion
TIMI Thrombolysis In Myocardial Infarction
TVR target vessel revascularisation

Introduction
Operators are dealing with an increasing number of elderly
patients presenting with complex, often calcified coronary artery
lesions including chronic total occlusions (CTO)'. The amount
of CTO burden in the future is expected to grow due to an age-
ing population suffering from diabetes mellitus and renal failure
and an increasing number of post-coronary artery bypass graft
(CABGQG) patients who show significantly more CTOs after graft
failures®. The operators’ strategy in clinical practice must adapt
to these new challenges. Due to improvement of CTO equipment,
wiring occlusive lesions often works, but balloon crossing or bal-
loon expansion fails’*. Rotational atherectomy (RA) is a valuable
and resurgent technique to overcome this frustrating situation.

However, the outcome of CTO rotablation has not been suffi-
ciently investigated and it is unknown how the risk and procedural
success of RA in CTO lesions compare to RA in non-CTO lesions.
Thus, the objective of the present study was to evaluate the feasi-
bility of CTO rotablation and to compare success and complica-
tion rates of RA in CTO versus non-CTO PCL

Editorial, see page 1163

Methods

PATIENT POPULATION

In this single-centre retrospective study, 17,919 consecutive PCls
in 11,393 patients from February 2004 to October 2017 were
screened. PCIs were performed in 14,947 non-occlusive and in
2,972 (17%) occlusive lesions. In 317 non-occlusive lesions (2.1%
of total non-occlusive cohort) and in 75 occlusive lesions (2.5%
of total occlusive cohort), rotational atherectomy (RA) was per-
formed prior to stent implantation because of severely calcified
stenoses that were not balloon crossable or dilatable, despite prior
application of basic interventional techniques such as buddy wire,

wire cutting or other support strategies for increased back-up.

ROTATIONAL ATHERECTOMY

The indication for RA was balloon failure, which was defined as
failure to cross or dilate a lesion. Wire exchange was performed by
using a microcatheter or low-profile over-the-wire (OTW) balloon
catheter, which either crossed the lesion or was advanced as far as
possible into the lesion. A procedure was regarded as an RA proce-
dure as soon as a RotaWire (Boston Scientific, Marlborough, MA,

Rotational atherectomy in CTO lesions: too risky?

USA) was advanced through the target lesion. RA was performed
with the Rotablator® system (Boston Scientific) according to stand-
ard protocol as previously described’. Burr size was chosen up to 0.7
vessel ratio for non-CTO and up to 0.5 vessel ratio for CTO lesions,
following the recommendation of the European expert consensus
on rotational atherectomy® to use smaller burr sizes in CTO lesions.

DEFINITIONS

CTO was defined as a coronary occlusion with Thrombolysis In
Myocardial Infarction (TIMI) 0 flow for >3 months. In accord-
ance with the CTO consensus document, the duration of CTO
was either certain (angiographically confirmed) or likely (clini-
cally confirmed)®. The type of target lesion was defined accord-
ing to the ACC/AHA classification. For CTO lesions the J-CTO
score was applied’. One point was assigned to each of the follow-
ing variables: previously failed attempt, blunt stump, calcification,
bending >45°, occlusion length >20 mm. Lesion calcification was
assessed angiographically.

Technical success was defined as RA followed by stent implan-
tation with residual stenosis <30% and TIMI 3 flow in the target
vessel. Procedural success was defined as technical success with-
out severe in-hospital complications.

Severe complications were defined as death, emergency sur-
gery, vessel perforation, cardiac tamponade requiring intervention,
in-hospital myocardial infarction (type IV, according to the ESC
guidelines)?, in-hospital stroke, cardiac decompensation, and acute
target vessel reintervention. Technical and procedural success as
well as in-hospital complications were examined by two investiga-
tors. Angiograms were examined by two investigators for the pres-
ence of dissections in the target segment prior to RA. Dissections
were defined according to the NHLBI classification’.

STATISTICAL ANALYSIS

Continuous variables are presented as mean+SD and categorical
variables as frequencies and percentages for each group. For com-
parison of continuous variables, the Student’s t-test was used. Chi-
square and Fisher’s exact tests were used to compare differences
between proportions. Statistical analysis was performed using
SPSS v.16 software (SPSS Inc., Chicago, IL, USA).

Results

BASELINE CHARACTERISTICS

The study population comprised 317 RA procedures in non-CTO
lesions (RA non-CTO, 81%) and 75 RA procedures in CTO lesions
(RA CTO, 19%). Baseline characteristics are listed in Table 1.
There were no significant differences between the two groups.

PROCEDURAL CHARACTERISTICS

RA was performed in non-CTO lesions, because the lesion was
balloon uncrossable in 60.2% and balloon undilatable in 39.8%
of the procedures. In CTO lesions the lesion was balloon uncross-
able in 73.3% and undilatable in 26.7% (Table 2). Regarding the
procedural characteristics, in RA CTO patients the lesion type
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Table 1. Baseline characteristics.
RA non-CTO| RACTO
n=317 n=75
71.048.1 | 69.5+¢8.5 | 0.141
262 (82.6) | 65 (86.7) | 0.400
258 (81.4) | 59(78.7) | 0.590
211 (66.6) | 51 (68) 0.812
119 (37.5) | 24(32.0) | 0.370
76 (24.0) | 13(17.3) | 0.217

Baseline characteristics

p-value

Age (years), mean+SD

Male gender, n (%)

Hypertension, n (%)

Dyslipidaemia, n (%)

Diabetes mellitus, n (%)

Peripheral artery disease, n (%)

Previous stroke/transient

ischaemic attack, n (%) 17(5.4) 3(4.0) 0.777

Number of diseased | 1 50 (15.8) | 17 (22.7)
o,

= [U6) 2 111(35.0) | 14(18.7) | 0.020

8 156 (49.2) | 44 (58.7)
Previous myocardial infarction,
n (%) 82(25.9) | 18(24.0) | 0.739
Previous percutaneous coronary
itervention n{ee) 224 (70.7) | 52(69.3) | 0.821
Previous coronary artery bypass
surgery, n (%) 84 (26.5) | 24(32.0) | 0.338
Left ventricular ejection fraction 5749 5549 0.155

(%), mean+SD

Glomerular filtration rate,
mean=SD

72.4+21.6 | 76.6+23.8 | 0.140

Permanent pacemaker, n (%) 14 (4.4) 5(6.7) 0.380

was significantly more complex (p<0.001), the lesion as well as
the stented segment was longer (28.1+22.4 vs. 41.6£24.3 mm
and 35.0+22.7 vs. 46.0+£24.8 mm, respectively, p<0.001), the
burr size was smaller (1.61£0.17 vs. 1.49+0.18 mm, p<0.001)
and the target vessel more often the right coronary artery (36.9%
vs. 69.3%, p<0.001). The mean J-CTO score was 2.7+1.3 (score
0-1 in 19.7%, 2 in 29.6%, >3 in 50.7%). The target vessel dia-
meter and the minimal stent diameter were similar in both groups
(3.0£0.4 vs. 3.1+0.4 mm and 2.93+1.65 vs. 2.90+0.64 mm, respec-
tively). Temporary pacemakers were used in 15.1% in non-CTO
vs. 12.0% in CTO lesions (n.s.), while a permanent pacemaker
was found in 4.4% vs. 6.7% of the patients, respectively.

IN-HOSPITAL OUTCOME
In every case the RotaWire was able to pass the target lesion.
Procedure success was achieved overall in 376 out of 392 cases
(95.9%), in RAnon-CTO in 305 out of 317 (96.2%) and in RA CTO
in 71 out of 75 (94.7%). Technical success was achieved in 379 out of
392 procedures (96.7%), in RA non-CTO in 308 out 0of 317 (97.2%)
and in RA CTO in 71 out of 75 procedures (94.7%) (Table 3).
Procedure failure was noted in 16 cases (4.1%), 12 in RA non-
CTO (3.8%) and four in RA CTO (5.3%). Procedural failure in
non-CTO comprised eight complications. In addition, four patients
had reduced flow at the end of the procedure (Table 3).
Procedural failures in RA CTO comprised three complications,
and one patient had slow flow at the end of the procedure; flow
normalised at follow-up.

Table 2. Procedural characteristics.

Procedural characteristics RAHT; (7:T[l R:=E7T50 p-value*
Target vessel
Left main coronary artery, n (%) 17 (5.4) 0(0)
Left anterior descending artery, n (%) | 114 (36.0) 9(12) <0001
Left circumflex artery, n (%) 68 (21.5) 14 (18.7)
Right coronary artery, n (%) 117 (36.9) 52 (69.3)
Lesion type, |A 0 0
002! Bl 17 (5.4) 0
B2 182 (57.6) 0 <0.001
C1 27 (8.5) 3(4)
C2 90 (28.5) 72 (96)
Vessel diameter (mm), mean+SD 3.0+0.4 3104

Lesion length (mm), mean+SD 28.1+22.4 | 41.6+24.3 | <0.001

J-CTO score, mean+SD 2.7+1.3
J-CTO score | 0-1 19.7%
2 29.6%
>3 50.7%
In-stent restenosis, n (%) 8(2.9) 4(5.3) 0.255
Antegrade approach, n (%) 65 (87)
Retrograde approach, n (%) 10(13)
Retrograde dissection/re-entry, n (%) 7(9.3)
Balloon uncrossable, n (%) 186 (60.2) * | 55(73.3)
Balloon undilatable, n (%) 123(39.8)# | 20(26.7) 0.035
CTO antegrade balloon uncrossable, n (%) 50(76.9)
CTO antegrade balloon undilatable, n (%) 15(23.1)
CTO retrograde balloon uncrossable, n (%) 5(50)
CTO retrograde balloon undilatable, n (%) 5(50)
Burr size (mm), mean+SD 1.61+0.17 | 1.49+0.18 | <0.001

Drug-eluting stent, n (%) 265 (83.9) 69 (92.0) 0.062

Stents per case, meanSD 1.62+1.0 1.83+£0.95 0.112
Stent length (mm), mean+SD 35.0£22.7 | 46.0+24.8 | <0.001
Minimal stent diameter (mm), mean+SD 2.93+1.65 | 2.90+0.64 0.892

Temporary pacemaker, n (%) 48 (15.1) 9(12.0) 0.488

* p<0.05 was considered significant. * information not available in 8 patients.

Severe complications occurred in 11 out of 392 procedures
(2.8%). Three patients died (0.8%). One patient died in cardio-
genic shock after RA in the LAD in the presence of severe aor-
tic stenosis and contralateral hypokinesia (RA-related); emergency
valvuloplasty could not save him. One patient died in cardiogenic
shock after RA in the CX due to guiding catheter-induced dis-
section of the LAD ostium (not RA-related). One patient died
after an extraluminal balloon inflation in a non-RA vessel after
successful RA in a different vessel with resulting tamponade (not
RA-related).

Three patients underwent emergency surgery (0.8%). One patient
suffered from an RV perforation with cardiac tamponade caused
by a temporary pacing lead after successful RA (RA-related). One
patient needed CABG due to an unsatisfactory RA result with



Table 3. In-hospital outcome.

In-hospital outcome
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Overall
n=392

RA non-CTO
n=317

RA CTO
n=75

p-value

Technical success, n (%) 379 (96.7) 308 (97.2) 71(94.7) 0.284
Procedure success, n (%) 376 (95.9) 305 (96.2) 71 (94.7) 0.521
Procedure-associated complications, n (%) 11 (2.8) 8 (2.5) 3(4.0) 0.447
In-hospital Death 3(0.8) 3(0.9)** 0
MACCE, n (%
(%) Emergency surgery 3(0.8) 2 (0.6)%" 1 (1.3%)*

Vessel perforation 2 (0.5) 1(0.3)** 1(1.3%)"

Cardiac tamponade requiring intervention 1 (0.25) 1(0.3)" 0

In-hospital myocardial infarction with acute TVR 1 (0.25) 1(0.3)~ 0

In-hospital stroke 0 0 0

Cardiac decompensation 1 (0.25) 0 1(1.3)%
Final TIMI flow, 0-1 1(0.3) 3(4)
n (%)

2 3(0.9) 1(1.3)

3 313 (98.7) 71(94.7)
* Patient 1: died in cardiogenic shock after RA in LAD in presence of severe aortic stenosis and hypokinesia of contralateral wall. ¥ Patient 2: died in
cardiogenic shock after RA in Cx due to guiding catheter-induced dissection of LAD ostium. ¥ Patient 3: died of cardiac tamponade due to extraluminal
balloon inflation after successful RA. ¢ Patient 4: needed emergency surgery because of RV perforation by temporary pacing lead after successful RA.
I Patient 5: needed CABG due to unsatisfactory RA result with additional vessel perforation (which was sealed by ballooning). # Patient 6: needed
emergency CABG because of burr lodging during RA. ** Patient 7: perforation after stent implantation, sealed by ballooning. " Patient 8: perforation
after ballooning. " Patient 9: tamponade after procedure without visible perforation in angio, pigtail catheter. = Patient 10: acute stent thrombosis within
24 hrs, reintervention. > Patient 11: cardiac decompensation during RA, termination, diuretics/catecholamine.

additional vessel perforation (which could be sealed by balloon-
ing, RA-related). One patient needed CABG because of a burr
entrapment (RA-related).

Two patients showed vessel perforations (0.5%). One patient
had a perforation after stent implantation in a non-RA segment
that could be sealed by ballooning (not RA-related). One patient
had a perforation after ballooning with myocardial contrast stain-
ing and did not require further treatment (RA-related).

One patient suffered from a cardiac tamponade (0.25%) hours aftera
successful procedure that could be treated interventionally (pigtail); a
perforation could not be identified angiographically (not RA-related).

One patient had an in-hospital myocardial infarction due to an
acute stent thrombosis (0.25%) in the target lesion within 24 hours
after a successful procedure (not RA-related).

One patient went into cardiac decompensation (0.25%) during
RA with termination of the procedure (treatment with diuretics
and catecholamine, RA-related).

COMPLICATIONS IN RA NON-CTO VERSUS RA CTO (Table 3)
Eight complications occurred in RA non-CTO (2.5%), and three
complications in RA CTO (4.0%). All deaths were found in RA
non-CTO (0.9%). Further complications in RA non-CTO were
emergency surgery (0.6%), vessel perforation (0.3%), cardiac tam-
ponade (0.3%), and in-hospital myocardial infarction with target
vessel reintervention (0.3%).

Complications in RA CTO were burr entrapment (1.3%), vessel
perforation (1.3%) and cardiac decompensation (1.3%). In-hospital
stroke did not occur in any procedure.

PRESENCE AND ABSENCE OF DISSECTIONS PRIOR TO RA
IN'NON-CTO AND CTO LESIONS

Dissections prior to RA were found in 25 of 309 non-CTO pro-
cedures (8%) (Tahle 4), in 19 procedures (76%) after predila-
tion and in six procedures were wire-induced. Angiograms were
not available in eight procedures. We saw 4 Type A, 4 Type B,
14 Type C, 2 Type D, and 1 Type F dissections. Procedure suc-
cess in patients with RA in non-CTO lesions with dissection was
achieved in 23 of 25 cases (92%); a complication occurred in one
patient (patient no. 5 in the footnotes of Table 3). Dissections
prior to RA were found in 15 of 74 (20%) CTO procedures
(Table 4), in 10 procedures (66.7%) after predilation and in 5
procedures were wire-induced. We saw 7 Type B, 6 Type C and
1 Type F dissections. Overall dissections prior to RA were found
more often in the CTO group (p=0.002); an example is shown
in Figure 1. Information about possible dissection was missing
in one patient. Procedure success in patients with RA in CTO
lesions with dissection was achieved in 15 of 15 cases (100%);
no complications occurred.

Discussion

The main findings of the present study are:

1) There were no significant differences in technical and proce-
dural success of RA in non-occluded coronary artery lesions
compared to RA in CTO.

2) The composite of in-hospital complications was low in RA in
CTO lesions and comparable to RA in non-occluded lesions.

3) Dissections occurred significantly more often in CTO lesions.

86112-26112:71-810¢ uonuaAlaony i
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Table 4. Presence or absence of dissections prior to RA in
non-CTO and CTO lesions.

Presence or abhsence of RA

dissections prior to RA in non-CTO
non-CTO and CTO lesions n=317*
Dissection prior to RA***
No 284 (92) 59 (80)
Yes 25 (8) 15 (20) 0.002
Type A 4 (16) 0
Type B 4 (16) 7 (47)
Type C 14 (56) 6 (40)
Type D 2(8) 1(7)
Type E 0 0
Type F 14 17
Data are presented as n (%). * information missing in 8 patients;
** information missing in 1 patient. CTO: chronic total occlusion;
RA: rotational atherectomy

4) RA in the presence of a dissection was not associated
with a higher risk.

Most data available on RA focus on its application in non-
occlusive coronary artery disease with a procedure success rate
of 93-98% and a procedure MACE rate of 4-6%'°. Compared
to non-occlusive coronary artery lesions, CTOs have different
characteristics.

With increasing CTO age, the intimal plaque transforms from
a cholesterol and foam cell-laden to a fibro-calcified plaque with
neovascular channels arising from the adventitial space'’. Due to
the improvement of recanalisation technology in CTO PCI, wire
crossing is increasingly facilitated but balloon crossing or dila-
tion often fails. Alongside different techniques and devices (cut-
ting balloon, Tornus [Asahi Intecc, Aichi, Japan], etc.), RA is an

attractive technique to open these lesions’®, but data on RA in CTO
lesions are rare.

Information on feasibility and outcome in this setting is
based only on small patient numbers from registries and case
reports>+114,

The procedure success rate for RA in CTO varies in the pub-
lished literature from 77% in a cohort of 35 patients'?, 95.6%
in a cohort of 45 patients* to 96.2% in a cohort of 26 patients'.
How this procedure success compares to the success rate of RA in
non-occluded lesions is unknown, as previous studies have only
compared success rates between rotablated versus non-rotablated
CTOs. This is not a fair comparison, because these patient cohorts
differ from each other. Patients who need RA for CTO are older,
have more calcified and longer lesions and more comorbidities®.

To the best of our knowledge, the present study is the first to
compare the success and complication rates of RA in CTO lesions
to RA in non-CTO lesions and comprises the highest number of
patients who underwent RA in CTO procedures so far.

Patient demographics in the two groups were comparable. In our
patient cohorts the technical and procedural success was between
95% and 97%. Despite a longer stented segment and a smaller
burr size in RA CTO, we would like to emphasise that there was
no difference in the success rate in RA CTO vs. RA non-CTO. The
high success rate in our study may be explained by our strategy of
using RA as a first-line approach after balloon failure instead of
making prior attempts with other devices such as a cutting balloon
or Tornus, as preferred by other operators®'2. Only this standardi-
sation of protocol allows a valid comparison of the success and
complication rates of both groups.

There are comprehensible concerns about using RA in a CTO
setting, as the complication rate is expected to be high in the pres-
ence of ostensible contraindications or potential risk factors - dis-

sections (balloon- or wire-induced), risk of extraluminal wire

Figure 1. R4 CTO in dissection plane. A) RCA CTO at baseline. B) RCA CTO afier successful antegrade wire crossing with type C dissection
(red arrows) before RA. C) Final result after RA and stent implantation. RCA: right coronary artery



position, small distal vessels, invisible side branches or risk of
burr entrapment due to long and heavily calcified lesions.

Despite these unfavourable factors in CTO PCI, we did not find
a difference in procedure-related complications (RA non-CTO
2.5% vs. RA CTO 4.0%, p=0.447) in our study.

In our cohort, three out of 75 RA CTO patients had complica-
tions. One patient showed burr entrapment in a tortuous, heavily cal-
cified circumflex lesion. This complication is rare but known'® and
eventually might be observed more frequently in CTOs due to their
complex pathology. Another patient suffered from cardiac decom-
pensation during RA in the presence of impaired LV function. The
third patient had a balloon-induced vessel perforation, which could
be sealed by prolonged balloon inflation. The other eight complica-
tions, including three deaths, occurred in the non-CTO group.

In other studies, dissections after RA were seen in up to 29% of
patients'? and perforations in up to 13%?. These differences from
our results may be a consequence of the mentioned strategy to use
the Rotablator as a first-line device. However, in our opinion the
more urgent question is whether the existence of dissection planes
prior to RA increases the risk of the procedure.

Dissections owing to guidewire advancement are common in
CTO PCI and their occurrence is even more frequent than in non-
CTO PCI'®. Moreover, they are an accepted or even deliberately
produced component of several recanalisation techniques that have
improved the success rate, such as the parallel wire technique, see-
saw technique or subintimal wire tracking'”.

Discouragingly, the European expert consensus on RA advises
against performing RA in such situations because of the increased
risk of perforation or fear of extending the dissection further
distally®.

In order to investigate whether the presence of dissection trans-
lates to a worse outcome in RA, in the present study an analysis
of all angiograms was performed by two investigators to identify
and classify vessel dissections prior to RA. Dissections were signi-
ficantly more often found in CTO lesions compared to non-CTO
lesions before RA was performed (20% vs. 8%, p=0.002). All RA
CTO procedures were successful without adverse events. In RA non-
CTO, only one patient had a vessel perforation which was sealed
after prolonged balloon inflation (patient no. 5 in the footnotes of
Table 3). All other complications occurred in procedures with non-
dissected vessels, so this gives a strong hint that RA in dissection
planes is not necessarily riskier than in non-dissections. Concordant
results were found in a multicentre registry from Azzalini et al'?,
where RA was performed safely in seven patients with dissected
vessels. We consider these congruent observations to be of special
relevance regarding the circumstance in which dissections are a fact
to be dealt with, especially in CTO PCI, and that the positive results
of RA in dissection planes without adverse events contradict the
recommendation of the European expert consensus®. Despite the
fact that RA procedures were performed successfully in challeng-
ing cases with wire position in the subintimal space', we would
strongly recommend rotablation in the presence of dissections only
when the RA wire position is confirmed in the distal vessel lumen.

Rotational atherectomy in CTO lesions: too risky?

Limitations

This was a single-centre, retrospective study registry with its
inherit limitations, with no core lab evaluation. Lesion calcifica-
tion was assessed only angiographically (without intravascular
imaging). However, the indication for RA was not based on the
degree of calcification but on the uncrossability or undilatability
of a lesion. In addition, no long-term data are presented, which
could provide information on the outcome of patients with versus
those without dissections in CTO and non-CTO RA.

Conclusions

RA in CTO is as safe and as effective as in non-occluded vessels,
despite longer and more complex lesions. The presence of dissec-
tions prior to RA in CTO lesions as well as in non-CTO lesions

does not seem to have a negative impact on outcome.

Impact on daily practice
Our results may encourage operators to include RA more fre-
quently in their approach to CTO PCI.

Acknowledgements
The authors gratefully acknowledge Robert Scharp and Laura
Schrdder for their assistance in data collection.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References

1. Tsai TT, Stanislawski MA, Shunk KA, Armstrong EJ,
Grunwald GK, Schob AH, Valle JA, Alfonso CE, Nallamothu BK,
Ho PM, Rumsfeld JS, Brilakis ES. Contemporary Incidence,
Management, and Long-Term Outcomes of Percutaneous Coronary
Interventions for Chronic Coronary Artery Total Occlusions:
Insights From the VA CART Program. JACC Cardiovasc Interv.
2017;10:866-75.

2. Fefer P, Knudtson ML, Cheema AN, Galbraith PD,
Osherov AB, Yalonetsky S, Gannot S, Samuel M, Weisbrod M,
Bierstone D, Sparkes JD, Wright GA, Strauss BH. Current perspec-
tives on coronary chronic total occlusions: the Canadian Multicenter
Chronic Total Occlusions Registry. J Am Coll Cardiol. 2012;
59:991-7.

3. Tajti P, Karmpaliotis D, Alaswad K, Toma C, Choi JW,
Jaffer FA, Doing AH, Patel M, Mahmud E, Uretsky B, Karatasakis A,
Karacsonyi J, Danek BA, Rangan BV, Banerjee S, Ungi [,
Brilakis ES. Prevalence, Presentation and Treatment of ‘Balloon
Undilatable’ Chronic Total Occlusions: Insights from a Multicenter
US Registry. Catheter Cardiovasc Interv. 2018;91:657-66.

4. Pagnotta P, Briguori C, Mango R, Visconti G, Focaccio A,
Belli G, Presbitero P. Rotational atherectomy in resistant chronic
total occlusions. Catheter Cardiovasc Interv. 2010;76:366-71.

5. Barbato E, Carrié D, Dardas P, Fajadet J, Gaul G, Haude M,
Khashaba A, Koch K, Meyer-Gessner M, Palazuelos J, Reczuch K,

m
=
=
=
=
=4
(1]
=
<
(1]
=
=
o
=
N
o
—
oo
—
&
()
—_
=
©
R
()
—_
=
©
-]




86112-26112:71-810¢ uonuaAlaoiny i

1198

Ribichini FL, Sharma S, Sipétz J, Sjogren I, Suetsch G, Szabo G,
Valdés-Chavarri M, Vaquerizo B, Wijns W, Windecker S, de
Belder A, Valgimigli M, Byrne RA, Colombo A, Di Mario C,
Latib A, Hamm C; European Association of Percutaneous
Cardiovascular Interventions. European expert consensus on rota-
tional atherectomy. Eurolntervention. 2015;11:30-6.

6. Sianos G, Werner GS, Galassi AR, Papafaklis MI, Escaned J,
Hildick-Smith D, Christiansen EH, Gershlick A, Carlino M,
Karlas A, Konstantinidis NV, Tomasello SD, Di Mario C, Reifart N;
EuroCTO Club. Recanalisation of chronic total coronary occlu-
sions: 2012 consensus document from the EuroCTO club.
Eurolntervention. 2012;8:139-45.

7. Morino Y, Abe M, Morimoto T, Kimura T, Hayashi Y,
Muramatsu T, Ochiai M, Noguchi Y, Kato K, Shibata Y, Hiasa Y,
Doi O, Yamashita T, Hinohara T, Tanaka H, Mitsudo K; J-CTO
Registry Investigators. Predicting successful guidewire crossing
through chronic total occlusion of native coronary lesions within 30
minutes: the J-CTO (Multicenter CTO Registry in Japan) score as a
difficulty grading and time assessment tool. JACC Cardiovasc
Interv. 2011;4:213-21.

8. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-
Ducci C, Bueno H, Caforio ALP, Crea F, Goudevenos JA,
Halvorsen S, Hindricks G, Kastrati A, Lenzen MJ, Prescott E,
Roffi M, Valgimigli M, Varenhorst C, Vranckx P, Widimsky P; ESC
Scientific Document Group. 2017 ESC Guidelines for the manage-
ment of acute myocardial infarction in patients presenting with
ST-segment elevation: The Task Force for the management of acute
myocardial infarction in patients presenting with ST-segment ele-
vation of the European Society of Cardiology (ESC). Eur Heart J.
2018;39:119-77.

9. Holmes DR Jr, Holubkov R, Vlietstra RE, Kelsey SF,
Reeder GS, Dorros G, Williams DO, Cowley MJ, Faxon DP,
Kent KM, et al. Comparison of procedural complications during
percutaneous transluminal angioplasty from 1977 to 1981 and from

1985 to 1986: the National Heart, Lung and Blood Institute
Percutaneous Transluminal Coronary Angioplasty Registry. J Am
Coll Cardiol. 1988;12:1149-55.

10. Tomey MI, Kini AS, Sharma SK. Current status of rotational
atherectomy. JACC Cardiovasc Interv. 2014;7:345-53.

11. Srivatsa SS, Edwards WD, Boos CM, Grill DE, Sangiorgi GM,
Garratt KN, Schwartz RS, Holmes DR Jr. Histologic correlates of
angiographic chronic total coronary artery occlusions: influence of
occlusion duration on neovascular channel patterns and intimal
plaque composition. J Am Coll Cardiol. 1997;29:955-63.

12. Azzalini L, Dautov R, Ojeda S, Serra A, Benincasa S,
Bellini B, Giannini F, Chavarria J, Gheorghe LL, Pan M, Carlino M,
Colombo A, Rinfret S. Long-term outcomes of rotational atherec-
tomy for the percutaneous treatment of chronic total occlusions.
Catheter Cardiovasc Interv. 2017;89:820-8.

13. Huang WC, Teng HI, Chan WL, Lu TM. Short-term and
long-term clinical outcomes of rotational atherectomy in resistant
chronic total occlusion. J Interv Cardiol. 2018;31:458-64.

14. Capretti G, Carlino M, Colombo A, Azzalini L. Rotational
atherectomy in the subadventitial space to allow safe and successful
chronic total occlusion recanalization: Pushing the limit further.
Catheter Cardiovasc Interv. 2018;91:47-52.

15. Sulimov DS, Abdel-Wahab M, Toelg R, Kassner G, Geist V,
Richardt G. Stuck rotablator: the nightmare of rotational atherec-
tomy. Eurolntervention. 2013;9:251-8.

16. Suero JA, Marso SP, Jones PG, Laster SB, Huber KC,
Giorgi LV, Johnson WL, Rutherford BD. Procedural outcomes
and long-term survival among patients undergoing percutaneous
coronary intervention of a chronic total occlusion in native coro-
nary arteries: a 20-year experience. J Am Coll Cardiol. 2001;
38:409-14.

17. Galassi AR, Tomasello SD, Constanzo L, Tamburino C.
Anterograde techniques for percutaneous revascularization of

chronic total coronary occlusions. Interv Cardiol. 2010;2:377-90.



