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One Year Outcomes of Orbital
versus Rotational Atherectomy for
the Treatment of Heavily Calcified
Coronary Disease

Abstract:

Objectives: Compare long term outcomes between orbital versus rotational atherectomy for the

treatment of heavily calcified coronary disease at a single institution.

Background: Plaque modification with atherectomy facilitates stent delivery and optimization in
severely calcified coronaries. Rotational Atherectomy (RA) (Boston Scientific) has been in use for
several decades while orbital atherectomy (OA) (CSI Diamondback 360°) is a newer atherectomy
device that is rapidly gaining momentum. Small trials and meta-analyses have compared these 2

devices; however, longer term outcomes have not been evaluated.

Methods: We retrospectively identified 75 patients who underwent RA or OA, and had at least 1-year
follow up, at a single veteran center from March 2016 to October 2017. The primary endpoint was
1-year major adverse cardiac and cerebrovascular events (MACCE) (composite of all-cause mortality,
myocardial infarction (MI), target vessel revascularization (TVR), and stroke). The secondary

endpoint was cardiovascular death at 1 year.

Results: Out of 75 patients, 46 underwent 54 unique RA procedures and 28 underwent 28 unique
OA procedures. More patients in the RA group had a prior MI (45.8% vs. 20.7%, p=0.03). Otherwise,
baseline demographics and comorbidities were similar in both groups. Procedural success was achieved
in all patients. Angiographic complications were uncommon. There was no statistically significant
difference in the primary endpoint at one year between RA and OA groups (26% vs. 11%, p=0.14),
respectively, as well as the individual components of all-cause-mortality (13% vs. 7%, p=0.70), MI
(11% vs. 0%, p=0.15), TVR (13% vs. 7%, p=0.71), and stroke (0% vs. 4%, p=0.38). No significant

difference in cardiovascular death was observed at 1 year (9% vs. 4%, p=0.64).

Conclusion: Both RA and OA are safe and effective in treating severe coronary artery calcification as

they provide similar outcomes at 1 year.

Keywords: DPercutaneous coronary intervention ® Coronary artery disease ® Plaque
modification ® Coronary atherectomy

Introduction

Coronary artery calcification (CAC) is angiographically present in up to one third of all atherosclerotic
lesions, and this prevalence increases to 74% when intravascular ultrasound (IVUS) is used [1].
Percutaneous Coronary Intervention (PCI) of severely calcified vessels is technically challenging
and is associated with worse clinical outcomes [2-4]. Furthermore, the higher inflation pressures
necessary to achieve appropriate vessel preparation and overcome severe calcific lesions can lead
to increased dissections, perforations, and ischemia [5]. CAC impedes optimal stent delivery and
expansion and may also damage the drug polymer and stent platform. This all leads to a higher

incidence of stent thrombosis and in stent restenosis [6]. No mortality benefit has been proven with
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atherectomy however, atherectomy remains an important tool in
the armamentarium of the interventional cardiologist as it allows
for plaque modification and optimization of stent delivery and
expansion. The two most commonly used atherectomy modalities

are rotational atherectomy (RA) and orbital atherectomy (OA).

Coronary atherectomy with the Rotablator (Boston Scientific,
Marlborough, Massachusetts) has been in use since the 1990%. It
employs a diamond-coated elliptical burr with sizes ranging from
1.25 mm to 2.5 mm on its distal tip and is advanced linearly along
2 0.009” RotaWire. Thus, the Rotablator system burr only has one
axis of rotation on the RotaWire and ablates a fixed diameter. The
older RA system required the operator to simultaneously activate
the pneumatic gas with a foot pedal, activate fluoroscopy with
the other foot and advance the burr manually. These issues with
operator balance and synchronization have been reduced with the
Rota-Pro Atherectomy system available now. Alternatively, the
Diamondback 360°° Coronary Orbital Atherectomy (OA) System
(Cardiovascular Systems, Inc., St. Paul, Minnesota) employs a
1.25 mm eccentrically mounted crown advanced over a 0.014”
ViperWire. The crown expands its luminal orbit through increased
rotational speed. The Orbital system does not require compressed
gas or a separate operator, and the crown allows for bidirectional

sanding,.

Rotational atherectomy is associated with a higher procedural
success rate with similar outcomes when compared to Plain Old
Balloon Angioplasty (POBA) prior to stent deployment [7]. The
PCI guidelines of the American College of Cardiology/American
Heart Association/Society for Cardiovascular Angiography
and Interventions (ACC/AHA/SCAI) recommend rotational
atherectomy in fibrotic or heavily calcified plaques that cannot be
crossed by balloon or adequately predilated before stent delivery
(Level of Evidence: C) [8]. The OA system, while novel compared
to the established RA system, has been shown to have similar
outcomes when compared to a historical cohort of rotational
atherectomy, including a low rate of target lesion revascularization
[9]. Furthermore, several studies have reported similar outcomes
between the two modalities at short term follow-up [10-13]. Here,
we report outcomes at one year in patients undergoing OA versus

RA for the treatment of heavily calcified coronary disease.

Materials and Methods

Consecutive patients who underwent rotational or orbital
atherectomy followed by deployment of one or more drug eluting
stents at the Ralph H. Johnson VA Medical Center between March
2016 and October 2017, with at least one-year follow-up, were

included. Pre-specified clinical, procedural, and laboratory data

were retrospectively collected for all patients as approved by the
Institutional Review Board at the Ralph H. Johnson VA Medical
Center. Data included demographic information, medical history,
clinical data, and laboratory indices. Procedural data collected
in the database included the amount of contrast injected, total
time under fluoroscopy, procedural length, and total number
of passes with the atherectomy device. Immediate procedural
complications were also noted. All angiograms were reviewed by
two interventional cardiologists and syntax scores were calculated.
The choice of atherectomy procedure primarily dependent on
preference and comfort of the operator. The RA flush solution
consisted of 10,000 units of heparin diluted in 1 L of normal saline.
The OA flush solution consisted of 20 mL Viper Slide (soybean oil
10%, egg yolk phospholipids 1.2%, glycerin 25% and water), 5

mL nitroglycerin and 2.5 mg verapamil in 1 L of normal saline.

The primary endpoint was 1l-year major adverse cardiac and
cerebrovascular events (MACCE) (composite of all-cause mortality,
myocardial infarction (MI), target vessel revascularization (TVR),
and stroke). The secondary endpoint was cardiovascular death at 1
year, which was defined as death resulting from an acute M1, death
due to heart failure, death due to stroke, death due to cardiovascular
procedures, death due to cardiovascular hemorrhage and death due
to other cardiovascular causes. Intra-procedural hypotension was
defined as hypotension requiring neosynephrine. Intra-procedural
bradycardia was defined as bradycardia requiring atropine,
theophylline or a temporary pacer wire. 82 unique atherectomy

procedures were identified on 76 patients in this study (Figure 1).

Subjects who underwent RA or OA
at a single institution between
03/2016 and 10/2017 (n=133)

o Excluded: subjects who received
> POBA only (n=3)

Excluded: subjects who received a
bare metal stent (n=1)

\4

\ 4

Subjects who underwent RA or OA
and received a drug eluting stent
(n=129)

a| Excluded: subjects who did not have at least
one-year follow-up (n=55)

A 4

Total number of subjects studied
(n=74)

\ 4

| Patient Outcomes (n=74) I

I Procedural Outcomes (n=82) I
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| RA (N=54) | | 0A (N=28) |

| RA (N=46) | | OA (N=28) |

Figure 1: Schematic representational of the study design.
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Procedural complications and characteristics were recorded
for each unique encounter. Patient outcomes were recorded for
each unique patient, and in the cases that required staged PClIs
or multiple atherectomies, outcomes were recorded based on the
index procedure i.e. first encounter for atherectomy. Continuous
variables are presented as mean + SD or median and interquartile
range (IQR) as appropriate and compared using Students t-test
or Mann-Whitney U test, respectively. Categorical variables are
presented as numbers and percentage and compared using a chi-
square test or Fisher’s exact test as appropriate. Statistical analysis

was performed using SigmaPlot (Systat Software, San Jose, CA).

Results

Our registry included 133 patients who underwent either
rotational or orbital atherectomy from March 2016 to October
2017. We identified 129 patients who received drug eluting stents
following atherectomy and 75 patients with at least 1-year follow-
up. Of these, 46 patients underwent 54 unique RA procedures and
28 underwent 28 unique OA procedures. Patients in the RA group
had a higher percentage of prior myocardial infarction history

(p=0.03) otherwise baseline characteristics were similar (Table 1).

Table 1: Baseline characteristics.

Aspirin 17 (61%) 37 (80%) 0.104t
ACEi/ARB 19 (68%) 33 (72%) 0.7961
Beta-Blocker 24 (86%) 35 (76%) 0.383¢t
Statin 23 (83%) 42 (91%) -
Clinical Presentation (%)
Arrhythmia 3(11%) 2 (4%) 0.360%
NSTEMI 3(11%) 7 (15%) 0.733%
Worsening HF 6 (21%) 13 (29%) 0.591%
Stable Angina 2 (7%) 6 (13%) 0.702%
Unstable 16 (57%) 20 (44%) 0.338t
Angina
STEMI 0 2 (4%) 0.523%
*Continuous variables show as mean + SD Student t-test or Mann-
Whitney Rank Sum Test as appropriate unless otherwise indicated
1: Chi-Square Test; #: Fisher Exact Test
BMI: Body Mass Index; COPD: Chronic Obstructive Pulmonary Disease;
ACEI: Angiotensin Converting Enzyme Inhibitor; NSTEMI: Non ST-elevation
Myocardial Infarction; HF: Heart Failure; STEMI: ST-elevation Myocardial
Infarction

Procedural characteristics were also similar between groups (Table
2), however patients undergoing RA were more likely to have
undergone a prior PCI on the target vessel (11% vs. 41%, p=0.01)
with 33% of them undergoing staged PCls (p=0.001) versus 0%

in the OA group. Furthermore, patients undergoing RA were more

Variable OA (n=28) RA (n=46) p-value likely to undergo multivessel atherectomy (31% vs. 0%, p=0.002).
Age (years, 70.1 (6.8) 70.7 (7.1) 0.706 e
mean, SD) Table 2: Procedural characteristics.
Male 100 100 Variable OA (n=28) RA (n=54) p-value
White (%) 19 (68%) 38 (83%) 0.164+ Radial Access 19 (69%) 44 (81%) 0.267t
BMI (mean, SD) 305 (5.1) 303 (5.0) 0.869 Circulation (%)
Comorbidities (%) Left-Dominant 7 (28%) 8 (18%) 0.487t
COPD 10 (36%) 10 (22%) 0.280+ Right-Dominant 17 (68%) 34 (76%) 0.6891
MI History 6 (21%) 22 (48%) 0.028t Co-Dominant 1(4%) > (11%) 0.410%
Type 2 Diabetes 24 (86%) 30 (65%) 0075+ Target Lesion (%)
Mellitus LAD 15 (54%) 33(61%) 0.674t
Heart Failure 10 (36%) 26 (57%) 0.098+ LCX 6 (21%) 21 (39%) 0.178t
Hyperlipidemia 26 (93%) 43 (93%) - RCA 4 (14%) 14 (26%) 0.354t
Hypertension 24 (86%) 45 (98%) 0.0671 Left-Main 3(11%) 7 (13%) -
Major 8 (29%) 9 (20%) 0.404+ Intervention
Depression Multi-vessel 17 (31%) 0 0.002t
Obstructive 7 (25%) 13 (28%) - Atherectomy
Sleep Apnea Cardiac Intervention History (%)
Peripheral 6(21%) 12 (26%) 0.783% Prior CABG 4 (14%) 14 (26%) 0.354t
Artery Disease Prior PCI 7 (25%) 29 (54%) 0.025t
idi o) 0
Hypothyroidism 3 (11%) > (11%) 0.766% Prior PCl on 3(11%) 22 (41%) 0011+
Smoking Status (%) Target Vessel
Smoker 10 (38%) 9 (20%) 0171t Staged PCI 0 18 (33%) 0.001t
Former 5(18%) 8 (17%) - Atherectomy on 10 (40%) 21 (48%) 0.712%
Smoker Dominant Vessel
Never Smoker 13 (46%) 29 (63%) 023t (%)
Medications (%)
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Surgical 12 (43%) 28 (52%) 0.589t
Turndowns

Syntax 1 Score 28 [25-40] 29 [20-38] 0.734t
(median, IQR)

Syntax 2 PCl 44 (11) 47 (13) 0.375%
Score (mean,

SD)

Procedural Characteristics

Total Op Time 101 [85-138] 94 [75-111] 0.041
(min, median,

IQR)

Atherectomy 10 [8-15] 10[6-13] 0.5783t1
time (sec,

median, IQR)

Total Contrast 150 [110-179] 125 [95-154] 0.0561
used (mL,

median, IQR)

Total Fluoro 27 [23-40] 26 [19-40] 0.380t
time (sec,

median, IQR)

Total # of passes 5[3-7] 3[2-5] 0.004t
(median, IQR)

Mechanical Support (%)

Pre- 7 (25%) 2 (4%) 0.0051
Atherectomy

Intra-Aortic 4 (14%) 2 (4%) 0.174t
Balloon Pump

Impella 3(11%) 0 0.037%
Post- 4 (14%) 2 (4%) 0.1741
Atherectomy

ECMO 0 0 -
Temporary 0 0 -
Pacemaker (%)

Heparin 28 (100%) 54 (100%) -
Anticoagulation

(%)

*Continuous variables show as mean + SD Student t-test or Mann-Whitney
Rank Sum Test as appropriate unless otherwise indicated

1: Chi-Square Test; #: Fisher Exact Test; LAD: Left Anterior Descending
Artery; LCX: Left Circumflex Artery; RCA: Right Coronary Artery; CABG:
Coronary Artery Bypass Grafting; PCl: Percutaneous Coronary Intervention;
Op: Operative; Fluoro: Fluoroscopic; ECMO: Extracorporeal Membrane
Oxygenation

During the procedure, patients undergoing OA were more likely
to receive pre-emptive mechanical support (25%, vs. 4%, p=0.02).
Angiographic complications were similarly low in both groups
(Table 3), however patients in the OA group had more intra-
procedural hypotension (43% vs. 15%, p=0.01).

Table 3: Angiographic complications.

Variable OA(n=28) RA (n=54) p-value
28 (100%) 53 (98%) -

Procedural Success (TIMI
1l Flow)

Intraprocedural Events (%)

Bradycardia 8 (29%) 11 (20%) 0.5761
Hypotension 12 (43%) 8 (15%) 0.013¢t
Complications (%) 3(11%) 3 (6%) 0.406
Dissection 1 (4%) 2 (4%) -+
Perforation 0 0 -
Slow Flow/No Reflow 0 1 (2%) -+
*+: Chi-Square Test; #: Fisher Exact Test

There was no statistically significant difference in the primary
endpoint of MACCE at 1 year between RA and OA groups,
respectively (26% vs. 11%, p=0.14, Figure 2), neither was there
a difference in individual endpoints of all-cause-mortality (13%
vs. 7%, p=0.70), MI (11% vs. 0%, p=0.15), TVR (13% vs. 7%,
p=0.71), and stroke (0% vs. 4%, p=0.38) (Table 4).

One Year Outcomes OA vs RA

26
- “ ;B 11 ;13 . L9

MACCE

AlFCause M TVR
Death

Stroke 1-year

cardiac
death

W Orbital Atherectomy W Ratational Atherectomy

Figure 2: Graphic representation of one year outcomes in OA vs. RA

There was no statistically significant difference in the secondary
endpoint of cardiovascular death (9% vs. 4%, p=0.64) (Table 4).
Intraprocedural hypotension did not predicc MACCE (HR 0.76
95% CI [0.217-2.72], p=0.674) or cardiac death (HR 1.994 95%
CI [0.33-11.94], p=0.464) at 1 year (data not presented).

Table 4: One-year patient outcomes.

Variable OA (n=28) RA (n=46) p-value
1-Year Outcomes (%)
MACCE 3(11%) 12 (26%) 0.1425%
All-Cause Death 2 (7%) 6 (13%) 0.702+
Myocardial Infarction 0 5(11%) 0.1497%
Target Vessel 2 (7%) 6 (13%) 0.7%
Revascularization
Stroke 1 (4%) 0 0.3784+
1-year cardiac death 1 (4%) 4 (9%) 0.6438%
*+: Chi-Square Test; #: Fisher Exact Test; MACCE: Major Adverse Cardiac and
Cerebrovascular Events

Discussion

Atheroablative modalities such as Orbital and Rotational

atherectomy are often needed in the catheterization laboratory to
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facilitate stent delivery in target vessels with severe coronary artery
calcification. There is limited evidence to suggest the use of one
modality over another. Here, for the first time, we compare one-

year outcomes of RA versus OA.

Similar procedural efficacy and safety was observed between OA
and RA modalities in our study, in agreement with other studies
[10-13]. Although a higher rate of coronary dissections [12,14,15]
and perforations [15] was observed with OA in other studies,
no significant difference in dissections (4% vs. 4%) and no
perforations were observed in our cohort. Total operative time was
longer in the OA group by a median of 10 minutes; however there
was no significant difference between groups in atherectomy time
and total time under fluoroscopy. A greater incidence of transient
hypotension requiring neosynephrine intra-procedurally was seen
in the OA group (43% vs. 15%, p=0.013). This difference can
likely be accounted for by the added nitroglycerin in the OA flush

solution and did not appear to affect long term outcomes.

There was no difference in intraprocedural bradycardia in OA
(29%) and RA (20%) groups and no temporary pacemakers were
required or used prophylactically in our study. Although there
was a higher trend towards the primary endpoint at one-year
in the RA group, this difference was not statistically significant
(26% vs. 11%, p=0.14). No statistical significance was observed
in respective individual end points of death (13% vs. 7%), TVR
(13% vs. 7%) and MI (11% vs. 0%) in the RA and OA groups.
Approximately 49% of patients in this cohort presented after
they were deemed at prohibitive surgical risk for coronary artery
bypass grafting (CABG). Although not statistically significant, the
higher incidence of surgical turndowns in the RA group (70% vs.
50%) and higher prevalence of patients with prior CABG (26%
vs. 14%), may in part explain the observed increased trend in
MACCE in the RA group. Furthermore, patients that underwent
RA were more likely to have had a prior myocardial infarction
(48% vs. 21%, p=0.0279) in our cohort.

No statistical difference in syntax score was observed between
groups. Although more patients in the OA group received
prophylactic mechanical support (25% vs. 4%, p=0.005), there was
no statistical difference in mechanical support requirements after
atherectomy, suggesting this may have been operator dependent.
Overall, we did not find any statistically significant differences
at one year in MACCE or its individual components of all cause
death, myocardial infarction, target vessel revascularization, or
stroke between the OA and RA groups. RA and OA have several
operating differences that may contribute to clinically observed

complications. For example, due to the mechanics of linear

advancement and constant contact with luminal plaque, RA
lends itself to such risks as burr entrapment, thermal injury, and
increased platelet aggregation [16-19]. Slower burr speeds to the
recommended 140,000 to 150,000 rpm and gradual, intermittent
advancement with a pecking motion are recommended to
counteract these risks [17,19,20].

Furthermore, OA has a smaller average particle size of 2 um
than the larger 5 um particle size of RA. This is thought to be
a contributor to the higher reported slow-flow/no reflows in RA
of 2-20% versus the lower 0.9% rate observed in the ORBIT
IT trial [21-23]. The use of RA burrs to match the diameter of
target vessels may have historically led to impeded distal flow, a
potential complication that has been successfully negated with
implementation of short runs and using a single burr sized to 0.5-
0.6 of the reference vessel diameter [19]. In our small, retrospective
analysis one case (2%) of slow flow/no-reflow was reported in the
RA group and none in the OA group (p=not significant). All in all,
OA and RA demonstrated similar safety and efficacy with similar
peri-procedural complications and similar clinical outcomes at one

year follow up.

Limitations

This was a single-center retrospective study with a small sample
size. The data was non-randomized and angiographic follow up
was not performed on all patients. Furthermore, many patients
from the original cohort were lost to follow up, which may have

biased the results.

Conclusion

While orbital atherectomy presents some theoretical as well as
procedural advantages specifically pertaining to bidirectional
single burr use that is 6 French compatible, higher dissection and
perforation risk has been described in the literature. In our small
retrospective study, no significant difference in complications was
noted between the RA and OA groups and one-year outcomes
were similar. Atherectomy continues to be a useful and necessary
tool for plaque modification of severely calcified vessels prior
to stenting. There are no data to suggest superiority of either
atherectomy modality or atherectomy choice remains operator
dependent. More large scale and prospective studies are needed to

guide atherectomy choice.
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