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ORIGINAL CONTRIBUTION

One-Year Outcomes of Orbital Atherectomy of Long,
Diffusely Calcified Coronary Artery Lesions

Michael S. Lee, MD'; Evan Shlofmitz, DO? Gentian Lluri, MD, PhD?!; Kyung Woo Park, MD, PhD?;
John Hollowed, MD?; Richard Shlofmitz, MD*

ABSTRACT: Objectives. The aim of this study was to determine the clinical outcomes of patients with long, diffusely calcified
coronary artery lesions who underwent orbital atherectomy. Background. The presence of severe coronary artery calcification
increases the complexity of percutaneous coronary intervention. Orbital atherectomy of long, diffusely calcified lesions may
increase the risk of periprocedural angiographic complications. Furthermore, the rate of ischemic complications, including
target-vessel revascularization [TVR), in these long, calcified lesions is historically high. Methods. In this retrospective mul-
ticenter registry, which included 458 real-world patients who underwent orbital atherectomy, a total of 154 patients (33.6%)
required a total stent length of =50 mm [long-stent group). The primary endpoint was the 1-year major adverse cardiac and
cerebrovascular event (MACCE] rate, defined as the composite of death, myocardial infarction, TVR, and stroke. Results. The
long stent group had a higher rate of perforation (1.9% vs 0.0%; P=.01) and dissection [2.6% vs 0.0%; P<.01). The primary end-
point was similar in the long and short groups (14.2% vs 11.5%, respectively; P=.40}, as were the 1-year rates of death (2.6% vs
4.6%, respectively; P=.30), myocardial infarction (1.9% vs 1.6%, respectively; P=.80), TVR (9.7% vs 6.3%, respectively; P=.18),
and stroke (1.3% vs 1.3%, respectively; P>.90). The stent thrombosis rate was similar in both groups (1.3% vs 1.3%; P>.90).
Conclusions. Despite the higher angiographic complication rates, orbital atherectomy of long, diffusely calcified lesions was

associated with acceptable rates of ischemic complications in this challenging lesion subset at 1-year follow-up.
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ercutaneous coronary intervention (PCI) of heavily
calcified coronary artery lesions is technically challeng-
ing due to difficulty in stent delivery and achieving
optimal stent expansion.' In addition to the lower procedur-
al success rates, it 1s associated with higher rates of ischemic
complications including death, myocardial infarction (MI),
target-vessel revascularization (TVR), and stent thrombosis.??

In the ORBIT II trial, patients with heavily calcified
coronary artery lesions who underwent orbital atherectomy
(Cardiovascular Systems, Inc [CSI]) had low rates of ischemic
complications at 30 days and 3 years.*> However, patients with
long target lesion length (>40 mm) were excluded from the
trial. Long lesions, which suggest a more aggressive and ex-
tensive form of atherosclerosis, are commonly excluded from
clinical trials because they are associated with worse clinical
outcomes. Long lesion length is an independent predictor of
worse clinical outcomes including TVR.¢"!

The outcomes of orbital atherectomy in long, diffusely
calcified coronary artery lesions are unknown. In this retro-
spective analysis, we present the safety and efficacy of orbital
atherectomy in long, diffusely calcified lesions.

Methods

Study population. This multicenter registry included
458 real-world patients who underwent orbital atherecto-
my between October 2013 and December 2015 at three
centers (UCLA Medical Center in Los Angeles, California,
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St. Francis Hospital in Roslyn, New York, and Northwell
Health in Manhasset, New York). Severe coronary artery calcifi-
cation was defined as the fluoroscopic presence of radiopac-
ities involving the vessel wall, or 2270° calcification present
on intravascular imaging. The long-stent group (=50 mm)
comprised 154 patients and the short-stent group (<50
mm) comprised 304 patients. The institutional review board
at each site approved the review of the data.

Device description. The coronary orbital atherectomy
device changes lesion compliance to facilitate stent expan-
sion with an eccentrically mounted 1.25 mm crown that is
coated with 30 micron diamonds. The crown rotates on a
0.014” ViperWire (CSI) and orbits bidirectionally while ex-
panding laterally with centrifugal force. The ViperSlide lubri-
cant (CSI) infuses through the drive shaft to cool the tem-
perature while reducing the friction during device activation
and advancement. The crown flexes away from soft tissue to
minimize the damage to the media of the vessel wall.

Procedure and adjunctive pharmacotherapy. Standard
techniques were used for PCI. All patients underwent initial
atherectomy at low speed (80,000 rpm). High-speed atherec-
tomy (120,000 rpm) was performed at the operator’ discretion
if the reference vessel diameter was 23 mm. The operator ad-
vanced the crown at 1 mm/second and limited each pass to 20
seconds. The operator had the discretion to choose the stent
type, antithrombotic and antiplatelet regimen, hemodynamic
support device, and intravascular imaging.
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1-YEAR RESULTS OF ORBITAL ATHERECTOMY FOR LONG LESIONS I

Table 1. Baseline characteristics.

Long Short P-
(=50 mm) (<50 mm)  Value
(n =154) (n =304)
Age [years) 74.6 £ 9.5 72.0 +10.7 .04
Male 114 (74.0%) 200 (65.8%) <.01
Diabetes mellitus 69 (44.8%) 126 (41.4%) .20
Hypertension 103 (66.9%) 266 (87.5%) <.01
Hypercholesterolemia 124 (80.5%) 240 (671%) <.01
Smoking (current) 12 (7.8%) 9 (3.0%) 10
Chronic kidney disease 31(20.1%) 57 (18.8%) .70
Ejection fraction (%) 506 £12.8 52.6 +10.5 .20
History of myocardial 26 (16.9%) 45 (14.8%) .50
infarction
Previous PCI 55 (35.7%) 108 (35.5%) .90
Previous coronary 28 (18.2%) 49 (16.1%) .50
artery bypass grafting
Clinical presentation .03
Elective 23 (14.9%) 66 (21.7%)
Acute coronary 131(85.1%) 238 (78.3%)

syndrome

Data provided as number (%) or mean + standard deviation.
PCl = percutaneous coronary intervention.

Table 2. Angiographic and procedural characteristics.

Long Short P-
(250 mm) (<50 mm)  Value
(n =154) (n=304)
Total stents/case [n) 3.2+12 1.5+07 <.01
Total stent length 7.4 £ 21.8 29.7 +11.0 <.01
(mm)
Maximum inflation 170 + 4.5 16.1+ 3.9 .07
pressure (atm)
Total passes [n) 4.8 +3.3 3.8+23 .03
Total volume of 2219 £107.4 170.2 + 77.1 <.01
contrast used (mL])
Total fluoroscopy time 272 +16.7 191+ 17.6 <.01
(min)
Heparin 18 (76.7%) 238 (78.3%) .70
Glycoprotein lib/llla 1 (71%) 3 [1.0%) <.01
inhibitor
Temporary pacemaker 12 (7.8%) 15 (4.9%) .20
Intravascular imaging 35(22.7%) 76 (25.0%) .40
Hemodynamic support 18 (11.7%) 6 (2.0%) <.01
device
Intraaortic 10 [6.5%) 4 (1.3%)
balloon pump
Impella 7 (4.5%) 2 (0.7%)
ECMO 1(0.6%) 0 (0.0%)

Data provided as number (%) or mean + standard deviation.
ECMO = extracorporeal membrane oxygenation.
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Endpoints. The primary endpoint was the 1-year major
adverse cardiac and cerebrovascular event (MACCE) rate, de-
fined as the occurrence of death, MI, TVR, and stroke. Myo-
cardial infarction was defined as recurrent ischemic symptoms
with new ST-segment elevation or re-elevation of cardiac
biomarkers >2 times the upper limit of normal. Target-vessel
revascularization was defined as percutaneous or surgical revas-
cularization of the target vessel. Stent thrombosis was defined
per the Academic Research Consortium.'” Baseline patient
data and clinical outcomes were obtained from medical re-
cords and entered into a dedicated PCI database.

Statistical analysis. Continuous variables are presented as
mean * standard deviation and compared using the Wilcox-
on rank-sum test, while categorical variables are presented as
percentages and compared using Fisher’s exact test. A P-value
<.05 was considered statistically significant. Statistical analyses
were performed using SAS 9.1 (SAS Institute, Inc).

Results

Baseline demographic and procedural character-
istics. The long-stent group patients were older and had a
higher prevalence of male gender, hypercholesterolemia, and
presentation with acute coronary syndrome, but a lower prev-
alence of hypertension (Table 1). The long-stent group had
more stents used per case, longer total stent length, higher
number of passes, higher volume of contrast, longer fluoros-
copy time, and higher use of glycoprotein IIb/Illa inhibitor
and hemodynamic support device (Table 2).

Procedural results. The long-stent group had higher
rates of perforation (1.9% vs 0%; P=.01) and dissection (2.6%
vs 0%; P<.01). The rate of no-reflow was non-significantly
higher in the long-stent group (1.9% vs 0.3%; P=.08). No
stents were lost in either group.

One-year clinical outcomes. The long stent and short-
stent groups had similar rates of the primary endpoint of
MACCE (14.2% vs 11.5%, respectively; P=.40) as well as
the individual endpoints of death (2.6% vs 4.6%, respectively;
P=.30), MI (1.9% vs 1.6%, respectively; P=.80),TVR (9.7% vs
6.3%, respectively; P=.20), and stroke (1.3% vs 1.3%, respec-
tively; P>.90). Stent thrombosis was similar in both groups
(1.3% vs 1.3%; P>.90).

Discussion

In the only analysis of its kind, the main finding was that
the treatment of long diftusely calcified lesions with orbital
atherectomy was associated with higher rates of perforation
and dissection. However, the primary endpoint as well as the
individual endpoints at 1 year were similar in both groups.

The presence of severe coronary artery calcification increas-
es the technical difficulty of PCI. The extent of calcification
has been shown to correlate directly with the rate of adverse
cardiac events, including death, TVR, and stent thrombosis.'**
The orbital atherectomy system has been shown successful for
the treatment of calcified coronary lesions.*> However, there
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Table 3. Angiographic complications.

Long Short P-
(250 mm) (<50 mm) Value
(h=154) [n=304)
Perforation 3 (1.9%) 0 (0.0%) .01
Cardiac tamponade 3 (1.9%) 0 (0.0%) .01
Dissection 4 (2.6%) 0 (0.0%) <.01
No reflow 3 (1.9%) 1(0.3%) .08
Stent loss 0 (0.0%) 0 (0.0%) >90

Data provided as number (%).

Table 4. One-year clinical event rates.

Long Short P-
(250 mm) (<50 mm) Value
(n =154) (n =304)

MACCE 22 (14.2%) 35 (11.5%) .40
Death 4 (2.6%) 14 (4.6%) .30
Myocardial infarction 3 (1.9%) 5 (1.6%) .80
Target-vessel 15 (9.7%) 19 (6.3%) .20
revascularization
Stroke 2 (1.3%) 4 (1.3%) >90

Stent thrombosis 2 (1.3%) 4 (1.3%) >90

Emergent coronary 0 [0.0%) 1(0.3%) >90

artery bypass grafting

Data provided as number (%).
MACCE = major adverse cardiac and cerebrovascular events.

are no data on the outcomes of orbital atherectomy of long
calcified lesions. The mean lesion length in the ORBIT II trial
was 18.9 £ 0.4 mm.* In the ROTAXUS trial, the mean total
stent length in patients who underwent rotational atherectomy
was 27.7 + 12.2 mm.**

Long coronary lesions, generally considered at least >20
mm in length, comprise a significant component of cur-
rent interventional practice. In our study, over one-third of
the patients who underwent orbital atherectomy had diftuse
long-segment disease that required 250 mm of stent. Thera-
peutic management of patients with long, diffusely calcified
coronary artery lesions is particularly challenging. Histor-
ically, these patients were commonly referred for surgical
revascularization due to ineffective stent delivery, suboptimal
stent expansion, and high restenosis rates. Due to advance-
ments in stent technology and operator skill, PCI has be-
come a viable option in recent years for this complex lesion
subset. However, there continues to be a tremendous need
for modalities that can modify diftusely calcified plaque pri-
or to stent delivery and optimal stent expansion. Extensive
ablation of long lesions can increase the risk of periproce-
dural complications, including perforation and dissection.
Furthermore, distal embolization can lead to microvascu-
lar plugging, vasospasm, and platelet aggregation, leading to
slow/no-reflow and MI.
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This lesion subset creates not only technical difficulties,
but is also associated with worse clinical outcomes, includ-
ing higher target-lesion revascularization rates.®'' Those that
also require long stent deployment or multiple overlapping
stents are associated with a higher risk of in-stent resteno-
sis.”?” The increased risk of restenosis within long stents in
diffusely diseased vessels has led to operator avoidance of stent
placement.” This makes utilizing strategies to optimally mod-
ity target-vessel lumens prior to stent deployment integral in
providing the best chance at long-term angiographic success.
Yet, even in the current era, when there are many different
modalities to approach long coronary lesions, effective man-
agement remains a challenging clinical question.

Various devices are available to treat long complex coronary
lesions, each with advantages and disadvantages and variable
rates of success. This includes rotational atherectomy and ex-
cimer-laser angioplasty, with no clear advantage with one over
the other.”'® In this analysis, orbital atherectomy of heavily
calcified diffuse coronary artery lesions (total stent length =50
mm) prior to stenting resulted in higher rates of perforation
(1.9% vs 0%; P=.01) and dissection (2.6% vs 0%; P<.01).These
results are not unexpected, given that these patients had more
aggressive coronary atherosclerosis and required more extensive
atheroablation, therefore increasing risk. There was also a trend
toward a higher rate of no-reflow in the long-stent group (1.9%
vs 0.3%; P=.08). However, despite the higher angiographic
complication rates, the primary endpoint and the individual
endpoints of death, MI, TVR, and stroke did not significantly
differ between the two groups. Another significant finding was
that no patient in the short-stent group experienced perfora-
tion and dissection, demonstrating the safety and efticacy of
orbital atherectomy in the treatment of shorter lesions.

Long, diftusely calcified lesions are commonly thought to
be unamenable to PCI due to the difficulty in stent delivery
and optimal expansion as well as high rates of in-stent resteno-
sis. The 1-year TVR rate in the long-stent group was numer-
ically higher in our study (9.7%) compared with the patients
who underwent orbital atherectomy in the ORBIT II trial
(5.9%), which excluded patients with lesions >40 mm.* How-
ever, the 1-year TVR rate in the long-stent group fared well
compared with the 9-month TVR rate of 16.7% in patients
who underwent rotational atherectomy in the ROTAXUS
trial.** No patient in our study experienced stent loss.

There were significant differences in baseline characteristics.
The long-stent group was older and had more of males, histo-
ry of hypercholesterolemia, and patients presenting with acute
coronary syndrome. As expected, the long-stent group required
a higher number of passes, higher volume of contrast, longer
fluoroscopy time, and higher use of glycoprotein IIb/IIla in-
hibitor and hemodynamic support device, which highlights the
increased technical complexity of the lesion subset.

Study limitations. This was a retrospective analysis with
short-term follow-up. Longer-term follow-up is needed to de-
termine the durability of orbital atherectomy. The long-stent
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group represented the minority of those in this registry. There
were significant differences in baseline and procedural charac-
teristics, which likely led to confounding. Coronary angiog-
raphy was not reviewed by an angiographic core laboratory.
Quantitative coronary analysis was not performed. The inci-
dence of MI was likely under-diagnosed, as cardiac biomarkers
were not obtained on all patients post PCI.

Conclusion

Plaque modification of long, diffusely calcified coronary
artery lesions with orbital atherectomy was associated with
more angiographic complications, including coronary perfo-
ration and dissection. However, the rate of ischemic compli-
cations was similar to the short-stent group at 1-year follow.
Meticulous technique is required to minimize the risk of pro-
cedural complications, particularly in patients with complex
coronary anatomy. Orbital atherectomy is safe in patients who
require stenting <50 mm in length.
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