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Abstract

Aims: We sought to evaluate procedural complications and one-year clinical outcomes for patients who
underwent percutaneous coronary intervention (PCI) with orbital (OA) and rotational atherectomy (RA).

Methods and results: From a total of 13,467 patients who underwent PCI in our hospital between
January 2013 and June 2016, 1,149 consecutive patients were treated with atherectomy for moderately-
severely calcified lesions (184 with OA, 965 with RA). Procedural complications were similarly observed
in the two groups except for higher dissection and perforation rates with OA. Major adverse cardiovascular
events (MACE) were defined as the composite of death, myocardial infarction or target lesion revascu-
larisation. Multivariable adjusted analysis showed that OA use was associated with comparable adjusted
one-year MACE compared to RA use (hazard ratio 0.79 [95% confidence interval 0.54-1.17], p=0.25).
There were no significant differences in individual MACE endpoints. Furthermore, we studied 67 patients
with OCT images. OCT analysis showed comparable tissue modification with a trend towards higher stent
expansion with OA vs. RA.

Conclusions: OA use was associated with lower unadjusted but similar adjusted one-year MACE out-
comes compared to RA with higher rates of dissection and device-induced perforation.
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Abbreviations
BMI body mass index

CAC coronary artery calcification

CSA cross-section area

DM diabetes mellitus

LAD left anterior descending

MACE  major adverse cardiovascular events
Mi myocardial infarction

0A orbital atherectomy

ocT optical coherence tomography

PCI percutaneous coronary intervention
QCA quantitative coronary angiography
RA rotational atherectomy

TLR target lesion revascularisation

TVR target vessel revascularisation

Introduction

Coronary artery calcification (CAC) is frequently detected at the time
of angiography in approximately one third of target lesions'?. CAC
complicates device delivery and stent expansion during percutaneous
coronary intervention (PCI)**. It is also reported to relate to adverse
clinical outcomes after PCI including stent restenosis and target
lesion revascularisation (TLR)*¢. PCI for severely calcified lesions
still remains challenging despite the development of novel ablative
devices. Coronary rotational atherectomy (RA) is considered to be
reasonable for heavily calcified lesions that might not be crossed by
a balloon catheter or adequately dilated before stent implantation’.
Orbital atherectomy (OA) is a recently developed coronary atherec-
tomy device that was approved by the Food and Drug Administration.
The ORBIT 1I (Evaluate the Safety and Efficacy of OA system in
Treating Severely Calcified Coronary Lesions) trial demonstrated
favourable acute, 30-day, 1-year, 2-year, and 3-year clinical out-
comes of OA followed by stenting for severely calcified coronary
lesions®*!. OA also demonstrated similar 30-day clinical outcomes
compared to RA in a small retrospective study'?. Previously, we
reported post-procedural complications, midterm (six months) clini-
cal outcomes and a small OCT analysis of OA vs. RA in sepa-
rate studies'>!*. In this study, we evaluated procedural safety data,
one-year clinical outcomes and additionally analysed OCT images
of the patients who underwent OA vs. RA in a larger population.

Methods

STUDY POPULATION AND DESIGN

Among a total of 13,476 patients who underwent PCI at our insti-
tution from January 2013 to June 2016, 1,149 (8.52%) consecutive
patients who were treated with coronary atherectomy followed by
stent implantation for moderately-severely calcified lesions by
angiography were studied. Lesion calcification was assessed by
angiography. Moderate calcification was defined as radiopaque
densities seen only during the cardiac cycle prior to contrast injec-
tion, generally affecting one side of the arterial wall. Severe cal-
cification was defined as radiopacities noted without cardiac
motion before contrast injection, usually involving both sides
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of the arterial wall. Calcification severity was judged by two inde-
pendent observers. The atherectomy device was selected based on
operator preference. We compared procedural safety data includ-
ing device-induced perforation, periprocedural myocardial infarc-
tion (MI) and one-year clinical outcomes including death, target
vessel revascularisation (TVR), TLR and major adverse cardio-
vascular events (MACE) between patients who underwent OA and
RA. Asymptomatic presentation was defined as a condition with-
out any ischaemic symptom. PCI for asymptomatic patients was
generally performed based on a positive stress test; staged PCI
was also classified as asymptomatic presentation, if the symptom
disappeared after previous PCI. In our hospital, blood samples
are routinely collected four to six hours after PCI. If troponin-I
or CK-MB levels are elevated, follow-up blood tests are added.
MI was defined based on the third universal definition of MI'".
Dissection was defined as flow-limiting dissection consistent with
the NHLBI category for type C or greater. Any coronary perfora-
tion within the ablated segment after atherectomy during the pro-
cedure was classified as device-induced perforation. Death was
all-cause death and stent thrombosis was definite/probable stent
thrombosis based on the Academic Research Consortium crite-
ria'®. The primary one-year clinical outcome was MACE, defined
as a composite of death, MI or TLR. Patients with cardiac shock
and missing data for angiographic calcification were excluded. All
the data were retrospectively acquired from the Mount Sinai insti-
tutional PCI registry'®. Demographic, procedural, laboratory, and
medical history data at baseline were collected through a review
of medical records. Patients with missing data were excluded from
statistical analysis. Clinical follow-up included a telephone fol-
low-up at 30 days and one year after PCI and a review of med-
ical records and clinical visits by trained research coordinators.
Our PCI registry has institutional review board approval to contact
patients and to collect data on all patients who have undergone
PCI. In addition, we extracted a subset of patients who underwent
coronary atherectomy with OA or RA in whom OCT examination
was performed from the institutional imaging database.

QUANTITATIVE CORONARY ANGIOGRAPHY (QCA)

The target lesion was evaluated by QCA before any proce-
dure, after atherectomy, and after stenting using QAngio XA 7.3
(Medis, Leiden, the Netherlands) to estimate minimum lumen dia-
meter, reference lumen diameter, and % diameter stenosis accord-
ing to the standard analytic protocols by experienced analysts
(N. Okamoto and Y. Vengrenyuk).

OPTICAL COHERENCE TOMOGRAPHY (OCT) IMAGE
ACQUISITION AND ANALYSIS

OCT evaluation was performed after atherectomy and after stent-
ing with the commercially available C7-XR™ OCT Intravascular
Imaging System and Dragonfly™ imaging catheter (Abbott
Vascular, Santa Clara, CA, USA). OCT images were acquired
after crossing the OCT catheter distally to the target lesion
with continuous contrast injection with a 20 mm/s pullback and
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analysed offline at 1 mm intervals according to current guidelines,
as previously described'>'” (Supplementary Appendix 1). Post-
atherectomy tissue modifications were morphologically classi-
fied as (a) nodules (Type I), superficial intimal flaps with smooth
luminal border, (b) deep intimal cuts (Type II), cuts with less than
0.5 mm depth for RA and with less than 1.0 mm depth for OA,
and (c) deeper intimal-medial dissections (Type III), defined as
dissections with more than 0.5 mm depth for RA and with more
than 1.0 mm depth for OA (Figure 1).

Figure 1. OCT images of tissue modifications after atherectomy.

Representative OCT images and measurements of tissue modification
after atherectomy. Type I tissue modifications are defined as
superficial intimal flaps with smooth luminal border (4, B). Type 11
tissue modifications are deep intimal cuts with less than 0.5 mm
depth for RA (C) and with less than 1.0 mm depth for OA (D).

TDype 1 tissue modifications are deeper intimal-medial dissections
with more than 0.5 mm depth for RA (E) and with more than 1.0 mm
depth for OA (F). OA: orbital atherectomy; OCT: optical coherence
tomography; RA: rotational atherectomy

STATISTICAL ANALYSIS

Continuous data were expressed as meantstandard deviation and
compared across the two groups with a t-test for normally distrib-
uted variables and with a Mann-Whitney U test for non-normally
distributed variables. The chi-square test or Fisher’s exact test
was used for categorical data and presented as numbers and per-
centages. Event rates at one year were generated by the Kaplan-
Meier method and compared using the log-rank test. Hazard ratios
were calculated using multivariable Cox proportional hazards
regression. Multivariable models were generated using backward
elimination with an exit criterion of 0.1. The following candi-
date covariates were considered according to baseline imbalance
between groups or as established correlates of risk after PCI: age,
gender, body mass index (BMI), diabetes mellitus (DM), chronic
kidney disease, presentation severity (stable angina versus acute
coronary syndrome), presence of lesion in left anterior descend-
ing (LAD) artery, and coronary calcification were selected by
backward elimination. A propensity model was generated using
logistic regression with OA (versus RA) serving as the dependent
outcome. Covariates included all variables demonstrating baseline
imbalance between groups. We then performed 1:1 nearest neigh-
bour matching to generate a matched cohort. Statistical analysis
was performed with SAS 9.4 (SAS Institute Inc., Cary, NC, USA).
A two-tailed probability value <0.05 was considered statistically
significant.

Results

STUDY POPULATION FOR CLINICAL OUTCOMES

Of the 1,149 patients with moderately to severely calcified lesions
treated with atherectomy, 184 (16%) patients were treated with
OA, and 965 (84%) patients were treated with RA prior to stent-
ing. Baseline characteristics, medications and procedural data are
shown in Table 1 and Table 2. The data were available for 100%
of patients except for BMI (99.7%), serum creatinine (93.5%),
LDL cholesterol (96.8%) and left ventricular ejection fraction
(95.0%). Age, gender and BMI were similar in the two groups.
DM was more frequently observed in the RA group than in the
OA group. The patients in the RA group had a lower prevalence
of asymptomatic presentation and a higher degree of angiographic
severe lesion calcification than those in the OA group. RA was
less frequently used in the LAD but more frequently in the left
main artery than OA. Twenty-five percent of OA cases were per-
formed at high speed (120,000 rpm), especially in the earlier time
period (Figure 2).

CLINICAL OUTCOMES

Clinical safety outcomes are summarised in Tahle 3. Dissection
and device-induced perforation were more frequently observed in
the OA group compared to the RA group (3 [1.6%] vs. 3 [0.3%],
p=0.02; 3 [1.6%] vs. 2 [0.2%], p=0.03). An additional stent was
implanted in four lesions with main vessel dissection, OA (n=2)
and RA (n=2), which resulted in TIMI 3 flow in all cases. Side
branch dissections were observed in two patients, OA (n=1) and



Table 1. Baseline patient characteristics.
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Table 2. Procedural characteristics.

Rotational Orbital value Rotational Orbital value
(n=965) | (n=184) |P (n=965) | (n=184) |©
Age, years 71.1£10.3 71.0+10.9 0.93 In-stent restenosis 73 (7.6%) 16 (8.7%) |0.60
Male gender 689 (71.4%) | 137 (74.5%) | 0.40 Chronic total occlusion 43 (4.5%) 3(1.6%) |0.07
Body mass index (kg/m?) 28.1+£5.7 28.7+6.6 0.21 Bifurcation 287 (29.7%)| 56 (30.4%)|0.85
Hyperlipidaemia 917 (95.0%) | 175(95.1%) | 0.96 Catlpifi- Moderate 180 (18.7%)| 50 (27.2%) a0
cation .
Hypertension 908 (94.1%) | 169 (91.8%) | 0.25 Severe 785 (81.3%)| 134 (72.8%)
Diabetes mellitus 472 (48.9%) | 72(39.1%) | 0.01 Stent length (mm) 42.6+22.8 | 42.0+21.3 |0.75
Chronic kidney disease Stent maximal diameter (mm) | 3.33+0.43 3.38+0.40 |0.13
(eGFR <60 ml/min/ 379 (41.8%) 62 (35.8%) | 0.14 Predilation 874 (90.6%)| 160 (87.0%)|0.13
1.73 m? or dialysis) —
; . Post-dilation 728 (75.4%)| 139 (75.5%)|0.98
ﬁ,rfavr'é’t”iinmy‘“'d'a' 254 (26.3%) | 37(20.1%) | 0.08 SYNTAX score 17.1+13.2 | 16.7«11.6 |0.70
: Target | Left anterior
Previous coronary arte o o : 547 (56.7%)| 131 (71.2%)|0.0002
bypass grafting yarnery | 183(19.0%) | 30(16.3%) | 0.39 vessel | descending artery ( ) ( )
Presen- | Asymptomatic | 44 (4.6%) | 17(9.2%) | 0.01 Left circumflex 254 (26.3%)| 54 (29.3%)| 0.40
taton  Stable angina | 559 (57.9%) | 105 (57.1%) | 0.83 Right coronary artery | 266 (27.6%)| 44 (23.9%)|0.31
Unstable angina| 281 (29.1%) | 51 (27.7%) | 0.70 Left main 133 (13.8%)| 11(6.0%) 10.003
Non-STEMI 80 (8.3%) 11 (6.0%) 0.29 Procedure time (min) 91.1+39.6 | 84.8+36.0 |0.046
STEMI 1(0.1%) 0 (0.0%) 0.66 Contrast VOIUljne (ml)- 156.4+59.2 | 147.9+53.4 |0.07
Serum creatinine (mg/d) 1442157 1432156 0.98 Fluoroscopy time (min) 28.7+13.8 | 25.5+10.6 |0.004
Values are mean+SD or n (%).
LDL cholesterol (mg/dl) 70.0+27.5 69.1+27.6 0.69
Left yentrcjcular ejection 53.0411.5 53.6411.3 0.56
fraction (%)
Aepirin 835 (86.5%) | 163 (88.6%) | 0.45 RA.(n=1)? and treated with bal.loon an.gloplasty. TIMI 3 flow was
Statin 779 (80.7%) | 158 85.9%) | 0.10 achle.aved in the OA treate.d 1e510r.1, while a final TI.MI 1 flow Yvas
Clomidoarel p—— Py 041 obtained for the RA patient. With regard to device perforation,
R E2 1) £o25) i one perforation occurred right after OA use and was treated with
o, )
HEsEe 21 225 = (/5% Gie pericardiocentesis and covered stent implantation. The remaining
Ticagrelor 23 (2.4%) 6 (3.3%) 0.49 two OA perforations were observed after stenting or post-OA bal-

Values are mean+SD or n (%). eGFR: estimated glomerular filtration rate
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Figure 2. Transition of OA speeds at the institution. The bar graph
indicates the percentage of OA speeds by year. OA: orbital

atherectomy

loon angioplasty and were treated by prolonged balloon dilation

without pericardiocentesis. In the case of RA, both device perfo-

rations happened right after the atherectomy procedure and were

treated with covered stent deployment without pericardiocentesis.

Table 3. Clinical safety outcomes.

Rotational Orbital
(n=965) | (n=184) P2l
Dissection 3(0.3%) 3(1.6%) | 0.02
Side branch closure 59 (6.1%) 10(5.4%) | 0.72
Device-induced perforation 2 (0.2%) 3(1.6%) 0.03
Tamponade 1(0.1%) 1(0.5%) | 0.19
Slow/no flow 21 (2.2%) 4(2.2%) | 1.00
Vessel closure 4 (0.4%) 0(0.0%) | 0.38
Post-procedure
Myocardial infarction 120 (12.4%)| 24 (13.0%)| 0.82
Death 2(0.2%) 0(0.0%) | 0.54
CK-MB 3x 83 (8.6%) 15(8.2%) | 0.84
30-day readmission 47 (4.9%) 10 (5.4%) | 0.75

Values are n (%).
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Side branch closure, tamponade, slow/no flow and vessel closure
were not different between the two groups. Periprocedural MI and
CK-MB release were also comparable in the two groups (cardiac
enzyme data were available for all patients).

Follow-up data were available for 1,058 (92.1%) patients at one
year with a median follow-up duration of 365 days. Unadjusted
rates of death, TVR and TLR at one year in the OA group were
significantly lower compared to the RA group; however, the rate of
MACE was comparable between the groups (16.30% vs. 21.66%,
p=0.11) (Table 4). After multivariable adjustment, OA use was
associated with similar one-year MACE compared to RA use
(adjusted hazard ratio 0.79 [95% confidence interval 0.54 to 1.17],
p=0.25) and statistical significance in death, TVR and TLR was
attenuated. In the propensity model, baseline and lesion charac-
teristics were well balanced between the groups (Supplementary
Table 1), and one-year MACE after OA was comparable to that of
RA (Supplementary Table 2).

STUDY POPULATION FOR IMAGING ANALYSIS

OCT analysis included 67 consecutive patients with de novo
lesions who underwent coronary atherectomy and OCT examina-
tion after drug-eluting stent implantation. OA was performed in
36 patients and RA in 32 patients. In addition to post-stent OCT,
42 patients had OCT pullbacks performed after atherectomy before
stenting (OA: n=26, RA: n=17). Staged PCI using OA and RA for
multivessel disease was performed in one patient. Baseline clinical
and procedural characteristics for the imaging subgroup are pre-
sented in Supplementary Table 3. Clinical patient characteristics
were not significantly different between the two groups. The rota-
tion speed of RA was 150,000 rpm in all patients and that of OA
was 80,000 rpm in 29 patients and 120,000 rpm in seven patients.
The number, length and diameter of implanted stents were similar
between the groups.

QCA AND OCT ANALYSIS
Reference diameter, minimum lumen diameter and % dia-
meter stenosis before atherectomy, after atherectomy and after
stenting by QCA were similar between the OA and RA groups
(Supplementary Table 4).

The results of OCT analyses are summarised in Supplementary
Table 5. Both groups had a similar minimal lesion lumen cross-
section area (CSA) and percent lumen area stenosis after atherec-
tomy. Calcification was detected in all lesions by OCT and the
maximal total calcium arc was comparable in the OA vs. the RA
group (223.6+105.1° vs. 279.7482.3°, p=0.06). Similarly, aver-
age arc and maximal length of calcification were not differ-
ent between the two groups. While the frequency of lipid-rich
plaques was similar, there was a greater maximal lipid arc in
the RA group. Tissue modification depth and length were similar
after OA and RA. The prevalence of Type I and Type III was not
different between the groups; however, Type II deep intimal cuts
were more frequently observed after OA compared to RA (13
[50%] vs. 3 [18%], p=0.03). OCT stent analysis showed a simi-
lar reference area and in-stent lumen area in the two groups
(Supplementary Table 5). Minimal and mean stent area were also
comparable; however, there was a trend towards a higher stent
expansion after OA compared to RA (102.54+23.7 vs. 93.3£16.1,
p=0.08). Furthermore, the OA and RA groups had similar charac-
teristics of stent apposition including percentage of malapposed
struts, malapposition distance, length, area and volume.

Discussion

To the best of our knowledge, the present report is the first
attempt to compare procedural safety, one-year clinical out-
comes and OCT imaging data in a large population of patients
who underwent PCI with OA vs. RA. The main findings of
the study include the following. (1) The risks of procedural

Table 4. One-year clinical outcomes by unadjusted and multivariahle adjusted analysis.

‘Rotational (n=965)‘ Orbital (n=184) ‘ p-value

Unadjusted HR ‘ p-value ‘ Adjusted HR* ‘ p-value

MACE 209 (21.66) 30 (16.30) 0.74[0.51, 1.09] 0.79 [0.54, 1.17]

Secondary outcomes

Death 34 (3.52) 1(0.54) 0.03 0.15[0.02, 1.111 0.06 0.16 [0.02, 1.18] 0.07
MI 147 (15.23) 27 (14.67) 0.85 0.96 [0.64, 1.45] 0.86 0.99 [0.65, 1.51] 0.98
TVR 68 (7.05) 5(2.72) 0.03 0.38[0.15, 0.93] 0.03 0.43[0.17, 1.07] 0.07
TLR 56 (5.80) 3(1.63) 0.02 0.27 [0.09, 0.871] 0.03 0.33[0.10, 1.071] 0.06
Death or Ml 172 (17.82) 28 (15.22) 0.40 0.851[0.57, 1.271 0.42 0.88[0.59, 1.32] 0.54
Death, MI, or TVR 217 (22.49) 32 (17.39) 0.12 0.76 [0.53, 1.101] 0.15 0.81[0.56, 1.18] 0.27
Stent thrombosis 15 (1.55) 0 (0.00) 0.09 n/a n/a

revascularisation; TVR: target vessel revascularisation

Values are event number (%) or hazard ratio (95% confidence interval) for clinical outcomes at one year associated with orbital atherectomy versus
rotational atherectomy; there were no stent thrombosis events (0%) in the study group. MACE was defined as a composite of death, Ml or TLR.

* Candidate covariates for each model were selected using backward elimination and included: age, gender, body mass index, diabetes mellitus, chronic
kidney disease, presentation severity, presence of lesion in left anterior descending artery, and coronary calcification. In addition to orbital versus
rotational atherectomy, the final models included the following covariates: age and diabetes mellitus for death, age for TVR and TLR, chronic kidney
disease for death or MI; all covariates dropped out for MACE, MI and death/MI/TVR. HR: hazard ratio; MI: myocardial infarction; TLR: target lesion




complications including periprocedural MI, CK-MB release,
and slow/no flow were similar between the groups; (2) higher
rates of dissection and device perforation were observed in
the OA group; (3) risk-adjusted one-year outcomes including
MACE were not significantly different between patients treated
with OA vs. RA; (4) OA and RA resulted in comparable depth
and length of tissue modifications assessed by OCT; (5) stent
expansion and apposition by OCT were similar in the calcified
lesions modified with OA and RA with a trend towards higher
stent expansion with OA.

In the present study, OA was associated with significantly
higher rates of dissection and device-induced perforation than
RA. As the number of such events was small, however, a cau-
tious interpretation regarding these results is warranted. With
respect to longitudinal outcomes, unadjusted rates of death, TVR
and TLR at one year were significantly lower in the OA group.
Differences were attenuated after multivariable adjustment, sug-
gesting that unadjusted reductions in adverse events with OA use
reflect confounding rather than a true safety advantage compared
with RA.

The OA system has an eccentric diamond-coated crown that
orbits and sands calcified plaque and the size of ablation depends
on the rotational speed'®. OA has been shown to ablate calcified
tissue effectively in a small single-arm OCT study'’. Previously,
we demonstrated deeper tissue modifications and fewer malap-
posed struts after OA compared to RA using OCT". At the time,
60% of OA cases were performed at high speed, while only about
20% were treated at high speed in the present study. Lower fre-
quency of high speed OA in the present report may be responsible
for comparable tissue modification with only Type II more fre-
quently observed after OA.

Previous OCT studies have shown that small in-stent minimal
lumen area and small minimal stent area are predictors of adverse
events after stent implantation'®?. Several studies have suggested
that malapposed struts might be a possible mechanism of stent
thrombosis??2. Our comparable post-stent OCT findings might
provide an underlying mechanism for similar one-year clinical

outcomes in OA and RA groups.

Limitations

This study is a retrospective, single-centre study. The baseline dif-
ferences in the complexity of the cases, with OA performed less
frequently in diabetic patients, LM and severely calcified lesions,
might have had an effect on study outcomes. Pre-atherectomy
OCT images were not available and post-atherectomy OCT was
not performed for all patients. In addition, we could not compare
the clinical outcomes and OCT findings between high- and low-
speed OA due to the small number of patients.

Conclusions

The use of OA achieved comparable one-year clinical outcomes
including MACE, with higher rates of dissection and device-
induced perforation.

Clinical outcomes of OA vs. RA with OCT insights

Impact on daily practice

OA has procedural complications comparable to RA except for
higher dissections and perforations. After OA, risk-adjusted
one-year MACE is similar to RA. In line with the clinical find-
ings, OCT demonstrated comparable tissue modification, stent
expansion and apposition between RA and OA with a trend
towards higher stent expansion after OA.
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Supplementary data

Supplementary Appendix 1. OCT image analysis

Plagues were classified as fibrous, calcified or lipid-rich; the angles of calcium and lipid were measured
at 1 mm intervals. Fibrous cap thickness was estimated as the minimum thickness of the signal-rich zone
that separated the lipid content from the vessel lumen, and minimum value was shown. OCT stent
analysis was performed at 1 mm intervals within the stented segment to evaluate in-stent lumen area,
stent area and stent apposition. Proximal and distal reference areas were defined as the largest lumen
areas within the 5 mm proximal and distal segments to the stent edges, respectively. Percent stent
expansion was calculated as (minimum stent area/distal reference area) x100. Each strut’s apposition
was evaluated on the basis of the conventional definition. Malapposition length was measured as the
longitudinal length of consecutive cross-sections with malapposed struts. Malapposition area was
defined as the area between the stent contour and the lumen contour at the cross-section with
malapposed struts; malapposition volume was calculated using the disc summation method with 1 mm

slice method. The largest malapposition area and malapposition volume were evaluated for each stent.



Supplementary Table 1. Baseline clinical and procedural characteristics in the propensity-matched

groups.
Rotational (n=177) Orbital (n=177) p-value
Age, year 71.7+£10.4 71.2£10.7 0.64
Male gender 130 (73.4%) 132 (74.6%) 0.75
Body mass index (kg/m?) 28.615.5 28.246.0 0.51
Hyperlipidaemia 171 (96.6%) 168 (94.9%) 0.48
Hypertension 169 (95.5%) 164 (92.7%) 0.23
Diabetes mellitus 78 (44.1%) 76 (42.9%) 0.77
Chronic kidney disease
(eGFR <60 ml/min/1.73 m? or dialysis) 74 (41.8%) 63 (35.6%) 0.17
Previous myocardial infarction 47 (26.6%) 42 (23.7%) 0.44
Previous coronary artery bypass grafting 25 (14.1%) 32 (18.1%) 0.24
Presentation
Acute coronary syndrome 54 (30.5%) 55 (31.1%) 0.92
Medications at admission
Aspirin 145 (81.9%) 159 (89.8%) 0.01
Statin 147 (83.1%) 155 (87.6%) 0.14
Clopidgrel 74 (41.8%) 76 (42.9%) 0.77
Prasugrel 4(2.3%) 3(1.7%) 0.74
Ticagrelor 7 (4.0%) 10 (5.6%) 0.38
Serum creatinine (mg/dl) 1.40+1.38 1.44+1.55 0.81
LDL cholesterol (mg/dl) 70.2+27.2 67.9+27.1 0.38
Left ventricular ejection fraction (%) 52.9+11.2 54.2+11.0 0.25
Lesion length (mm) 39.6+22.8 37.5420.8 0.31
In-stent restenosis 19 (10.7%) 15 (8.5%) 0.42
Chronic total occlusion 7 (4.0%) 2 (1.1%) 0.08
Bifurcation 57 (32.2%) 51 (28.8%) 0.47
Calcification 0.83
Moderate 43 (24.3%) 45 (25.4%)
Severe 134 (75.7%) 132 (74.6%)
Stent length (mm) 42.1+21.1 42.2121.4 0.98
Stent maximal diameter (mm) 3.31+0.44 3.3740.42 0.19
Predilation 159 (89.8%) 156 (88.1%) 0.54
Post-dilation 127 (71.8%) 130 (73.4%) 0.67
SYNTAX score 17.5+11.2 16.1+11.6 0.19
Target vessel
Left anterior descending artery 121 (68.4%) 121 (68.4%) 1.00
Left circumflex 35 (19.8%) 50 (28.2%) 0.03
Right coronary artery 40 (22.6%) 46 (26.0%) 0.31
Left main 13 (7.3%) 11 (6.2%) 0.71

Values are meanzSD or n (%).
eGFR: estimated glomerular filtration rate



Supplementary Table 2. One-year clinical outcomes by propensity matching analysis.

Event HR [95% Cl] p-value
Death 0.42[0.11, 1.63] 0.21
M 0.87[0.55, 1.33] 0.55
TVR 0.53[0.21, 1.32] 0.17
TLR 0.27 [0.07, 0.95] 0.04
Ml or death 0.85 [0.55, 1.33] 0.48
TVR, M, or death 0.81[0.54, 1.22] 0.32
TLR, M, or death 0.77 [0.50, 1.17] 0.22

Values are hazard ratios [95% confidence interval] for clinical outcomes at 1 year associated with orbital
atherectomy versus rotational atherectomy.
MI: myocardial infarction; TLR: target lesion revascularisation; TVR: target vessel revascularisation



Supplementary Table 3. Baseline clinical and procedural characteristics of the patient subgroup for

QCA/OCT analysis.

Rotational (n=32) Orbital (n=36) p-value

Age, years 66.5+10.1 66.216.9 0.89
Male gender 24 (75) 27 (75) 1.00
Body mass index (kg/m?) 28.614.7 29.2+6.8 0.69
Hypertension 27 (84) 28 (78) 0.49
Hyperlipidaemia 29 (91) 29 (81) 0.21
Diabetes mellitus 12 (38) 16 (44) 0.56
Prior myocardial infarction 5(16) 4(11) 0.42
Canadian Cardiovascular Society IlI/IV 19 (59) 23 (64) 0.99
Left ventricular ejection fraction 56.3+5.7 57.04.9 0.65
Multivessel disease 20 (63) 17 (47) 0.21
Left anterior descending artery 28 (88) 29 (81) 0.44
SYNTAX score 19.4+8.5 15.7£7.9 0.06
Medications at admission

Aspirin 28 (88) 33(92) 0.43

Clopidgrel/prasugrel/ticagrelor 15 (47) 22 (61) 0.24

Statin 25(78) 32 (89) 0.23
Burr size (mm)

1.25 36 (100)

1.5 10 (31)

1.75 21 (66)

2.15 1(3)
Rotation speed (rpm)

80,000 29 (81)

120,000 7 (19)

150,000 32 (100)
Ablation time (sec) 58+39 55422 0.62
Stent number 1.31£0.5 1.310.4 0.77
Stent length (mm) 37.9+14.2 36.3+14.3 0.54
Stent mean diameter (mm) 3.29+0.37 3.35+0.39 0.63

Values are meanSD or n (%).



Supplementary Table 4. Quantitative coronary angiography analysis.

Rotational (n=32) Orbital (n=36) p-value

Pre-atherectomy

Reference diameter (mm) 2.41+0.60 2.44+0.39 0.51

Minimum lumen diameter (mm) 1.00+0.42 0.92+0.33 0.43

% diameter stenosis 58.1+12.7 62.2+11.8 0.18
Post-atherectomy

Reference diameter (mm) 2.37+0.53 2.35+0.46 0.98

Minimum lumen diameter (mm) 1.22+0.39 1.10£0.36 0.10

% diameter stenosis 48.4+12.2 52.6+14.0 0.20
Post-stenting

Reference diameter (mm) 3.02+0.61 2.92+0.38 0.41

Minimum lumen diameter (mm) 2.52+0.52 2.4510.36 0.43

% diameter stenosis (mm) 16.2t4.4 16.2+6.2 0.57

Values are meanzSD.



Supplementary Table 5. OCT lesion and stent analysis after RA and OA.

Rotational (n=32) Orbital (n=36) p-value
Lesion analysis:
Reference lumen CSA (mm?) 7.33%£2.02 7.48+2.78 0.89
Minimal lumen CSA (mm?) 1.86+0.69 1.74+0.69 0.53
Lumen area stenosis (%) 71.216.6 73.61£9.0 0.51
Calcification, n (%) 17 (100) 26 (100) -
Maximal total calcification arc (°) 279.7+82.3 223.6+105.1 0.06
Average calcification arc (°) 135.4451.5 112.0+62.6 0.09
Maximal calcification length (mm) 13.3+9.8 11.4+8.1 0.49
Lipid-rich plaque, n (%) 6 (35) 4 (15) 0.13
Maximal lipid arc (°) 149.8+40.8 89.8+36.3 0.01
Minimal fibrous cap thickness (um) 105+39 122440 0.42
Tissue modification after RA/OA:
Maximal cut depth (um) 918+351 1,011+419 0.54
Cut length (mm) 3.4+2.0 2.9+1.1 0.71
Type |, n (%) 14 (82) 26 (100) 0.06
Type ll, n (%) 3(18) 13 (50) 0.03
Type lll, n (%) 10 (59) 9 (35) 0.12
Stent analysis:
In-stent lumen area (mm?)
In-stent minimum lumen area 5.60+1.93 5.52+1.62 0.89
In-stent mean lumen area 7.47+1.97 7.65+1.72 0.62
Reference area (mm?)
Proximal reference area 11.81+6.66 9.69+4.00 0.66
Distal reference area 5.92+1.83 5.87+2.28 0.92
Average reference area 8.47+3.77 7.491+2.61 0.77
Stent area (mm?)
Minimal stent area 5.48+1.70 5.52+1.59 0.93
Mean stent area 7.25+1.80 7.49+1.70 0.54
Stent expansion (%) 93.3+16.1 102.5+23.7 0.08
Stent apposition
Total number of analysed struts 2821106 2914135 0.78
Percentage of malapposed struts (%) 9.2819.28 7.0115.06 0.57
Maximal malapposition distance (um) 4394248 454+285 0.94
Mean malapposition distance (um) 22182 2391124 0.82
Maximal malapposition length (mm) 4.3+3.5 4.5+3.3 0.76
Largest malapposition area (mm?) 1.17+1.05 1.12+1.14 0.75
Malapposition volume (mm3) 4.96+6.13 4.96+5.01 0.98
Stent edge dissection 8 (25) 9 (25) 0.73

Values are meanSD or n (%).

CSA: cross-section area



