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Background: Endovascular atherectomy enables minimally invasive plaque removal in peripheral artery
disease (PAD).
Aims: We aimed to evaluate the safety and the long-term effectiveness of the Phoenix atherectomy for the
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treatment of complex and calcified lesions in PAD patients.

Methods: Consecutive all-comer patients with PAD underwent the Phoenix atherectomy. Device safety
in terms of perforation and distal embolisation were evaluated. Lesion calcifications were categorised
by the Peripheral Arterial Calcium Scoring System (PACSS) and lesion complexity was assessed by the
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Transatlantic Inter-Society Consensus (TASC). Clinically driven target lesion revascularisation (TLR) was
assessed.

Results: A total of 558 lesions were treated in 402 consecutive patients. Clinical follow-up was available
at 15.7+10.2 months for 365 (91%) patients. Of 402 patients, 135 (33.6%) had claudication, 37 (9.2%)
had ischaemic rest pain and 230 (57%) exhibited ischaemic ulcerations. Lesions were mostly identified
in the femoropopliteal segments (55%), followed by below-the-knee (BTK) segments (32%). Complex
TASC C/D lesions and moderate to severe calcifications (PACSS score >2) were present in 331 (82%) and
323 (80%) patients, respectively. The mean lesion length was 20.6+14.3 cm. Five (1%) perforations and
10 (2%) asymptomatic embolisations occurred. Bail-out stenting was performed in 4%, 16% and 3% of
patients with common femoral artery, femoropopliteal and BTK lesions, respectively. During follow-up,
5 (3.9%) patients with claudication and 52 (21.9%) patients with critical limb-threatening ischaemia (CLTT)
died (hazard ratio [HR] 3.7; p<0.001). Freedom from TLR was 87.5% (112 of 128) in patients with claudi-
cation and 82.3% (195 of 237) in patients with CLTI, respectively (HR 1.8; p=0.03).

Conclusions: The Phoenix atherectomy can be safely performed in patients with complex lesions with
a relatively low rate of bail-out stenting and clinically acceptable TLR rates. German Clinical Trials
Register: DRKS00016708
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Abbreviations

ABI ankle-brachial index

BTK below-the-knee

CAD coronary artery disease
CFA common femoral artery
CLTI critical limb-threatening ischaemia
CTO chronic total occlusion
DCB drug-coated balloon

GFR glomerular filtration rate
HsTnT  high-sensitive troponin T
IFU instructions for use

ISR in-stent restenosis

PACSS peripheral arterial calcium scoring system
PAD peripheral artery disease

POBA  plain old balloon angioplasty

RF Rutherford

SFA superficial femoral artery

TASC Transatlantic Inter-Society Consensus
TLR target lesion revascularisation

Introduction
Peripheral artery disease (PAD) is an endemic disease which cur-
rently affects more than 200 million individuals worldwide'. With
an ageing population, this number is expected to further rise in
future decades. Despite progress with pharmacologic treatments,
these patients face high morbidity and mortality rates?.
Endovascular treatment for PAD is continuously evolving with
proven clinical benefits such as reduced limb pain in patients
with claudication and limb salvage in patients with critical limb-
threatening ischaemia (CLTI)**. However, standard endovascular
therapies such as balloon angioplasty and stent implantation have
a limited effect in severely calcified lesions. In particular, lesions
with circumferential calcifications result in inadequate balloon and
stent expansion and consequently have poor long-term patency>®.
We, and others, have previously reported on the safety and short-
term efficacy of the Phoenix (Philips) atherectomy device for the
treatment of peripheral lesions™. Although these findings were

promising, long-term results are still lacking.

Methods
STUDY DESIGN
We performed a single-centre prospective study, aiming to assess
the demographic, clinical, procedural and follow-up data in patients
treated using the Phoenix atherectomy device. Out of 1,335 patients
referred to our department between July 2017 and May 2021 for
endovascular PAD treatment, 402 consecutive patients underwent
a Phoenix atherectomy and were prospectively included in our reg-
istry. Our trial was registered on the German Clinical Trials Register
website (DRKS00016708). Approval was obtained from our local
ethics committee (S-100/2017) of the University of Heidelberg and
all patients provided written informed consent.

Typically, complex Transatlantic Inter-Society Consensus
(TASC) C and D, strongly calcified lesions, especially in moving,
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no-stent zones like the common femoral (CFA) and the popliteal
artery, were considered for atherectomy based on our internal
standard operating procedures’*!°,

PATIENT POPULATION
Demographic data, cardiovascular risk factors and laboratory
markers (haemoglobin, estimated glomerular filtration rate [GFR],

Hbalc and high-sensitive troponin T [hsTnT]) were analysed.

ENDOVASCULAR PROCEDURES
All procedures were performed by two experienced interven-
tional angiologists (S. Giusca and G. Korosoglou), board certified
for the endovascular treatment of PAD by the German Societies
of Angiology and Cardiology. Details regarding our endovascu-
lar protocols were reported previously”!'. In short, lesions were
passed with an antegrade or, if failed, with a retrograde approach'!.
Generally, care was taken to maintain the wire in the intralumi-
nal space throughout the lesion. In this regard, the guidewires with
high penetrating power, loaded on straight and angled support cath-
eters, were used if necessary to facilitate intraluminal passage at
the discretion of the operator. In case of a failed antegrade passage,
because the wire entered or remained in the subintimal space, the
retrograde approach was chosen after puncture of the pedal and
crural vessels or the distal superficial femoral artery (SFA) to main-
tain intraluminal passage''. If intraluminal passage could not be
obtained from either antegrade or retrograde passage, atherectomy
was deferred in accordance with the instructions for use (IFU),
which warn against usage of the device in the subintimal space.

The Phoenix atherectomy device was used prior to balloon
angioplasty. It consists of a catheter which houses the cutter at its
distal tip. The cutter rotates at high speed, between 10,000 and
12,000 rpm, so that fragmented debris is removed due to strong suc-
tion forces. This obviates the need for filter protection. The Phoenix
system is delivered over a 0.014-inch guidewire and can be used for
the treatment of vessels with a diameter between 2.4 mm and 7 mm.
Thus, depending on the vessel diameter, 1.5 mm, 1.8 mm, 2.2 mm
and 2.4 mm Phoenix devices were used. The 1.5 mm (4 Fr) device
was used for the treatment of vessels with diameters of 2.0-3.0 mm
(typically in below-the-knee [BTK] crural and pedal arteries), the
1.8 mm (5 Fr) device for vessels with diameters of 2.5-4.5 mm (typ-
ically in BTK crural arteries), the 2.2 mm (6 Fr) device for vessels
with diameters of 3.0-6.0 mm (typically in proximal crural, pop-
liteal and SFA), and the 2.4 mm (7 Fr) deflecting device for ves-
sels with diameters >4.5 mm (typically in popliteal, SFA and CFA).
Following atherectomy, lesions were treated with plain old balloon
angioplasty (POBA) followed by drug-coated balloons (DCB). In
case of persistent recoil or flow-limiting dissections, self-expand-
ing bare metal stents were implanted. Patients were treated medi-
cally with a combination of aspirin (100 mg daily) and clopidogrel
for 1-3 months depending on their ischaemic and bleeding risk.
Alternately, the VOYGER PAD regime was used'.

In all patients, duplex sonography was performed the day after
the procedure to investigate vessel patency and to detect potential
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complications such as arteriovenous fistula and pseudoaneurysms
at the proximal or distal access sites. Furthermore, an ankle-bra-
chial index (ABI) measurement was performed the day before and
the day after the procedure.

CLINICAL FOLLOW-UP AND STUDY ENDPOINTS

Follow-up was conducted primarily through a structured clinical
interview over the telephone with the patients or their families. The
questions asked aimed at identifying the clinical status of the treated
limb (i.e., improvement of walking distance for patients with claudi-
cation and/or healing of the wound in patients with CLTT), occurrence
of minor or major (above the ankle) limb amputations and other car-
diovascular events, such as myocardial infarction and stroke. In the
case of patient death, the possible cause of death was interrogated.
If either the patients or their respective families were not availa-
ble, their referring clinician was contacted. Lastly, for all patients,
a thorough review of the medical records was performed to iden-
tify repeat peripheral or coronary revascularisations, cardiovascular
events, and possible causes of death. The follow-up was performed
by a trained research assistant (S. Hagstotz) and was supervised
by an experienced attending physician (S. Giusca). Clinical fol-
low-up was performed at least 3 months after the index procedure.

ANALYSIS OF ANGIOGRAPHIC DATA

The TASC classification was used for determining the lesion com-
plexity, localisation, and calcification on angiograms'. The degree
of lesion calcification was categorised by the Peripheral Arterial
Calcium Scoring System (PACSS): grade 0 = no visible calcium;
grades 1 and 2 = unilateral calcification <5 or >5 cm, respectively;
and grades 3 and 4 = bilateral calcification <5 or =5 cm, respec-

tively®>!0

. In addition, the in-stent restenosis (ISR) classifica-
tion proposed by Tosaka et al'* was used to differentiate between
class I, focal ISR lesions <5 c¢m in length, class II, diffuse ISR

lesions >5 cm in length, and class III, total ISR occlusions.

STUDY ENDPOINTS

Safety endpoints: Occurrence of perforation or embolisation dur-

ing the atherectomy procedure.

Procedural endpoints:

(1) Technical success, defined as residual stenosis <50% after
atherectomy but prior to adjunctive treatment by angiographic
criteria.

(i1) Procedural success, defined as residual stenosis <30% after
atherectomy and adjunctive treatment by angiographic criteria.

Long-term clinical endpoints: Freedom from clinically driven tar-

get lesion revascularisation (TLR) and improvement of at least

one Rutherford (RF) category during follow-up.

STATISTICAL ANALYSIS

Analysis was performed using the commercially available soft-
ware MedCalc, version 18.5 (MedCalc). Continuous variables were
expressed as meantstandard deviation and categorical variables
as proportions. ABI measurements at baseline and after treatment

were compared using a paired t-test. Categorical data were com-
pared using chi-square tests. Kaplan-Meier analysis was used for
the calculation of all-cause mortality and TLR rates during follow-
up. In addition, Cox proportional hazards regression and multivari-
able regression models were assessed. The analysis of variance
(ANOVA) test was used for comparing 3 or more normally distrib-
uted groups with the Scheffé test for post hoc analysis®. Differences
were considered statistically significant at p<0.05.

Results

DEMOGRAPHIC CHARACTERISTICS

Table 1 summarises demographic, laboratory, and procedural data.
Patients were 76.5+9.9 years old, and 38% were female. Half of

Table 1. Demographic data, laboratory markers and cardiac
medications of patients with claudication and critical limb-
threatening ischaemia.

Patients with Patients with

CLTI (n=267) | P-Values

Baseline and All patients

laboratory data (n=402) HET o

Demographic data

Age 76.5+£9.9 72.9+9.3 78.3+£9.6 | <0.001
Female gender 153 (38%) 60 (42%) 96 (36%) 0.22
Arterial hypertension 389 (97%) 125 (93%) 264 (99%) | <0.001
Hyperlipidaemia 349 (97%) 113 (84%) 236 (88%) 0.07
Diabetes mellitus 204 (51%) 42 (31%) 162 (61%) | <0.001
Active or former smoking | 164 (41%) 70 (52%) 94 (35%) 0.001

Total number of risk
factors

History of CAD

Atrial fibrillation
Cardiac medications
Aspirin or clopidogrel

2.8+0.8 2.6+0.9 2.8+0.8 0.004

181 (45%) 56 (42%) 125 (47%) 0.31
105 (26%) 19 (14%) 96 (36%) | <0.001

DhioKtoftieatrent 388 (97%) 135 (100%) | 253 (95%) 0.006
Dual platelet therapy o o o
after treatment 258 (64%) 103 (77%) 155 (60%) 0.002

Oral anticoagulants 121 (30%) 26 (19%) 95 (36%) 0.001

ACE inhibitors or AT2

174 (43%) 57 (42%) 117 (45%) 0.64

blockers

B-Blockers 252(63%) | 78(58%) | 174(65%) | 0.08
Statins 375(93%) | 128(95%) | 247(93%) | 053
;ﬁﬂ/"{a;gdm%gR iy 5724294 | 6584232 | 5294312 | <0.001
Urea (mg/d) 1865317 | 379+133 | 5794304 | <0.001
Haemoglobin (mg/dI) 12.6+2.2 13.9+1.4 11.9+2.1 <0.001
E'ngho'ziff}‘s('ntg/i) 2204233 | 151+121 | 323+3L1 | <0.001
HbALC (mg/d))* 7116 71209 71£17 | 099

Procedural data

Contrast agent
administration (mL)

Procedural duration (min)| 73.3+31.9
Radiation exposure
(cGY-cm2)

*HbAlc was assessed in patients with diabetes mellitus. ACE: angiotensin-converting
enzyme; CAD: coronary artery disease; CLTI: critical limb-threatening ischaemia;
GFR: glomerular filtration rate.

129.9+92.1 | 1347+52.0 | 127.5+107.2 | 0.46

75.2+35.0 72.4+30.3 0.42

2,907+4,829 | 4,397+6,755 | 2,108+3,108 | <0.001




the patients (51%) had diabetes, and 181 (44%) had a history of
coronary artery disease (CAD). Most patients, 375 (93%), were on
lipid-lowering therapy. Patients with CLTI were older and exhib-
ited more comorbidities, including renal failure, lower haemoglo-
bin and elevated hsTnT values.

CLINICAL PRESENTATION

Of 402 patients, one third (33.6%) had intermittent claudication
(RF category 2 or 3) and 9.2% had ischaemic rest pain (RF cate-
gory 4). Over half of our cohort (57%) had ischaemic ulceration
(RF category 5). The mean RF category was 4.3+1.0.

LESION LOCALISATION AND CHARACTERISTICS
Complex TASC C or D lesions were present in 331 (82%) patients,

whereas lesions with at least moderate or severe calcifications
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(PACSS score >2) were present in 323 (80%) patients. Chronic
total occlusion (CTO) lesions were present in 234 (58%) of the
patients (1.1+0.3 CTO lesions per patient). The mean lesion length
was 20.6+14.3 cm. Of the 31 (8%) patients with ISR lesions, 9 had
class I, 3 had class II, and 19 had class III CTO lesions. Retrograde
recanalisation was performed in 57 (14%) patients. Most lesions
were in the femoropopliteal (55%), followed by the BTK (32%),
segments. Patients with CLTI more commonly had lesions BTK
than in femoropopliteal segments, they also had longer lesion
lengths and more CTO lesions (Table 2).

CORRELATIVE ANALYSIS

Lesion length increased with the TASC classification and PACSS
score (Supplementary Figure 1A, Supplementary Figure 1B). In
addition, an elevated PACSS score was associated with higher

Table 2. Clinical presentation, lesion localisation and characteristics of patients with claudication and critical limb threatening ischaemia.

All patients
(n=402)

Target lesions (n=558) n=181 in patients
with claudication, n=377 in CLTI patients

Patients with CLTI
(n=267)

Patients with claudication

(n=135) p-values

Lesion localisation, length, and presence of occlusion

lliac artery lesions 22 (4%) 11 (6%) 11 (3%) 0.99
Common femoral artery lesions 52 (9%) 26 (14%) 26 (7%) 0.99
Femoropopliteal artery lesions 307 (55%) 130 (72%) 177 (47%) 0.007
Below-the-knee (BTK) artery lesions 177 (32%) 14 (8%) 163 (43%) <0.001
Lesion length (cm) 20.6+14.3 16.4+10.2 22.6+13.5 <0.001
Occlusion length (cm)* 12.8+10.3 13.2+8.5 14.6+11.0 0.35
Patients with de novo lesions 387 (96%) 127 (94%) 260 (97%) 0.10
Patients with ISR lesions** 31 (8%) 17 (13%) 14 (5%) 0.01
Patients with ISR class | lesions 9 (2%) 5 (4%) 4 (1%) 0.16
Patients with ISR class Il lesions 3(1%) 1 (1%) 2 (1%) 0.99
Patients with ISR class |1l lesions 19 (5%) 11 (8%) 8 (3%) 0.02
Patients with at least 1 total occlusion*** 234 (58%) 75 (56%) 159 (60%) <0.001
Number of CTO lesions per patient 1.1+0.3 1.0£1.1 1.1+0.4 0.05
Retrograde recanalisation necessary 57 (14%) 25 (19%) 32 (12%) 0.07
Re-entry device necessary 4 (1%) 1(1%) 3(1%) 0.71
All patients N=402 ‘ Phoenix device sizes used

1.5 mm tracking (4 Fr) 7 (2%) 0 (0%) 7 (3%)

1.8 mm tracking (5 Fr) 99 (25%) 3 (2%) 96 (36%) ]

2.2 mm tracking (6 Fr) 214 (53%) 84 (62%) 130 (49%) C;fg%%f
2.2 mm deflecting (6 Fr) 25 (6%) 11 (8%) 14 (5%)

2.4 mm deflecting (7 Fr) 57 (14%) 35 (26%) 22 (8%)

All patients N=402 \ Lesion complexity by the TASC classification

TASC B 71 (18%) 23 (17%) 48 (18%) }
TASC C 223 (55%) 79 (59%) 144 (54%) C;‘fg%g
TASC D 108 (27%) 33 (24%) 75 (28%)

All patients N=402 ‘ PACSS score of the target lesions (0-4)

PACSS score 0/1 18 (4%) 7 (%5) 11 (4%)

PACSS score 2 61 (15%) 22 (16%) 39 (15%) chi2=5.3
PACSS score 3 134 (33%) 36 (27%) 98 (37%) p=0.25
PACSS score 4 189 (47%) 70 (52%) 119 (45%)

*Considering only CTO lesions. **Additional de novo lesions may also be present. ***Including de novo lesions and ISR class IlI. CLTI: critical limb
threatening ischaemia; CTO: chronic total occlusion; Fr: French; ISR: in-stent restenosis; NA: not applicable; PACSS: peripheral arterial calcium scoring
system; TASC: Transatlantic Inter-Society Consensus
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lesion complexity by TASC as well as with higher hsTnT values
(Supplementary Figure 1C, Supplementary Figure 1D).

TECHNICAL AND PROCEDURAL SUCCESS AND
COMPLICATION RATES

The 1.5 mm, 1.8 mm and 2.2 mm tracking and the 2.2 mm and
2.4 deflecting devices were used in 2%, 25%, 53%, 6% and 14%
of our patients, respectively (Table 2). The 2.4 mm and 2.2 mm
deflecting tracking devices were mostly used in iliac and CFA
lesions (61%; 45 of 74); 2.2 mm tracking devices in femoro-
popliteal (66%; 203 of 307) and 1.8 mm tracking devices in BTK
(54%; 96 of 177) lesions (Supplementary Figure 2).

Technical and procedural success rates were 60% (243) and
>99% (400), respectively. Perforations occurred in 5 (1%) patients;
3 of the cases were managed by prolonged balloon inflation and
2 cases required the implantation of a covered stent. Peripheral
embolisation occurred in 10 (2%) patients, which were all managed
by using catheter aspiration, without persistent vessel occlusions,
clinical symptoms, or the need for local lysis (Table 3). Notably,
no perforation, embolisation or device entrapment occurred during

atherectomy in ISR lesions.

ADJUNCTIVE TREATMENT

For iliac, CFA, femoropopliteal and BTK lesions, DCB were used
in 14%, 100%, 97% and 21%, respectively. The mean number of
DCB for femoropopliteal lesions, was 2.4+1.1 per patient. Stent
implantation was necessary in 86% of patients with iliac lesions
and in 2%, 16% and 3% of patients with CFA, femoropopliteal
and BTK lesions, respectively (Table 3).

ABI AND FOLLOW-UP DATA

ABI of the affected limbs improved from 0.4+0.3 to 0.9+0.1
after treatment (p<0.001). Clinical follow-up was available at
15.7+10.2 months for 365 (91%) patients. During follow-up,
5 (3.9%) patients with claudication and 52 (21.9%) patients with
CLTI died (HR 3.7; p<0.001) (Central illustration A). Death was
attributed to cardiovascular causes in 24 patients, sepsis and multi-
organ failure in 22 patients, and sudden death or death of unknown
cause in 11 patients. No procedural-related deaths occurred.

Minor and major amputations were performed in 41 (15.4%)
and 3 (1.1%) patients with CLTI, respectively; whereas there was
only 1 (0.7%) minor amputation in a patient with claudication who
progressed to CLTI, due to a reoccluded SFA 16 months after the
index procedure.

Freedom from TLR was 84.1% at 15.7 months of follow-up in
all patients, 87.5% (112 of 128) in patients with claudication and
82.3% (195 of 237) in patients with CLTI, respectively (HR 1.8;
p=0.03) (Central illustration B). In all patients and in patients with
femoropopliteal lesions, TLR rates were higher in patients with
TASC D versus TASC A-C lesions, patients with >25 cm versus
<25 cm lesions, and in patients with PACSS score 4 versus 0-3,
respectively (Central illustration C-Central illustration H). A sub-
section analysis for >10 cm, 10-25 cm and >25 cm lesions is also

Table 3. Periprocedural and post-procedural results.

All patients
(n=402)

Periprocedural data

Technical success rate (%)

243 (60%)
400 (99%)

Procedural success rate (%)

Vessel perforation (%) 5 (1%)*
\élezjcsee:nz?]r;‘(zgzt)ion requiring covered stent 2 (0.5%)*
Symptomatic distal embolisation (%) 0
Asymptomatic distal embolisation (%) 10 (2%)**
Persistent vessel occlusion (%) 0
Stent placement in all patients (%) 70 (17%)
Stent placement with iliac lesions (%) 19 (86%)
Stent placement with CFA lesions (%) 2 (4%)
Stent placement with femoropopliteal lesions (%) 48 (16%)

Stent placement with BTK lesions (%) 6 (3%)
Treatment with DCB in CFA segments (%) 52 (100%)
Treatment with DCB in femoropopliteal segments (%) | 299 (97%)

Treatment with DCB in BTK segments (%) 37 (21%)
Treatment with scoring balloon in CFA segments (%) | 26 (50%)
Treatment \iwth scoring balloon in femoropopliteal 68 (22%)
segments (%)
Treatment with scoring balloon in BTK segments (%)| 12 (7%)
Mean number of DCB in patients with

: - L 2.4+1.1
femoropopliteal lesions (%)
Mean number of stents in patients with 1.4+0.7

femoropopliteal lesions (%)

Post-procedural data
Follow-up data available 365 (91%)
TLR during follow-up (%) 15.9%

*In 3 cases requiring prolonged balloon inflation only and in 2 cases
requiring the implantation of a covered stent. **All managed using
catheter aspiration and without resulting in vessel occlusion or clinical
symptoms. No filter protection devices were used in any patients. Mean
of 15.7+10.2 months of follow-up. BTK: below-the-knee; CFA: common
femoral artery; DCB: drug-coated balloon; TLR: target lesion
revascularisation

provided (Supplementary Figure 3). The estimated TLR rates are
shown in Supplementary Table 1.

Using the Cox proportional hazards regression models, hsTnT
and CLTI were predictive for all-cause death, whereas lesion
length was the strongest predictor for TLR (Table 4A, Tahle 4B).
In addition, lesion length, TASC classification and the presence of
CTO, but not calcification by PACSS, were all independent predic-
tors of bail-out stenting with femoropopliteal lesions (Tahle 4C).

Clinical improvement by at least one Rutherford category was
observed in 95.3% of patients with claudication, 87.5% of patients
with CLTI and 90.2% of all patients (Figure 1).

REPRESENTATIVE CASES
Two examples of patients who underwent a Phoenix atherec-
tomy, (i) with complex and calcified lesions of the CFA and SFA
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CENTRAL ILLUSTRATION All-cause mortality and freedom from TLR in patients with claudication versus CLTI.
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Target lesion revascularisation (TLR)
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A) All-cause mortality was significantly higher in patients with claudication compared to CLTI. B) Freedom from TLR during follow-up
was higher in patients with claudication compared to patients with CLTI. C-D) Freedom from TLR was lower in patients with TASC D
versus TASC A-C lesions, (E-F) in patients with >25 cm versus <25 cm lesions and (G-H) in patients with severe calcifications PACSS
score 4 versus 0-3. This was the case in all patients and in patients with femoropopliteal lesions (C-H). CI: confidence interval;

CLTI: critical limb-threatening ischaemia; HR: hazard ratio; PACSS: peripheral arterial calcium scoring system; TASC: Transatlantic
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A) All-cause mortality was significantly higher in patients with claudication compared to CLTI. B) Freedom from TLR during follow-up
was higher in patients with claudication compared to patients with CLTI. C-D) Freedom from TLR was lower in patients with TASC D
versus TASC A-C lesions, (E-F) in patients with 225 cm versus <25 cm lesions and (G-H) in patients with severe calcifications PACSS
score 4 versus 0-3. This was the case in all patients and in patients with femoropopliteal lesions (C-H). CI: confidence interval;
CLTI: critical limb-threatening ischaemia; HR: hazard ratio; PACSS: peripheral arterial calcium scoring system; TASC: Transatlantic
Inter-Society Consensus, TLR: target lesion revascularisation

Table 4. Cox proportional hazards regression models for prediction of: A. All-cause death, B. Clinically driven target vessel
revascularisation (CDTLR), C. Multivariable model for the prediction of bail-out stenting with femoropopliteal lesions.

Covariates b SE Wald p-values Exp (b) 95% ClI of exp (b)
A. Predictors of all-cause death by multivariable Cox proportional hazards regression analysis

Age -0.027 0.025 1.13 0.28 0.97 0.92 to 1.02
Gender 0.35 0.55 0.42 0.52 1.43 0.48t04.21
hsTnT 0.023 0.0051 20.25 <0.0001 1.02 1.01 to 1.03
Lesion length (cm) 0.028 0.021 1.82 0.17 1.02 0.98 to 1.07
Claudication versus CLTI 1.45 0.60 5.74 0.02 4.26 1.30 to 13.99
PACSS score 0.49 0.36 1.80 0.17 1.64 0.79t0 3.38
B. Predictors of clinically driven TLR by multivariable Cox proportional hazards regression analysis

Age -0.015 0.027 0.33 0.56 0.98 0.93t0 1.03
Gender 0.87 0.49 3.18 0.07 2.40 0.91 t0 6.30
hsTnT 0.0046 0.014 0.10 0.74 1.00 0.97 t0 1.03
Lesion length (cm) 0.045 0.019 5.55 0.01 1.04 1.00 to 1.08
Claudication versus CLTI -0.19 0.52 0.14 0.70 0.81 0.29t0 2.29
PACSS score 0.45 0.31 2.11 0.14 1.57 0.85t0 2.89
C. Predictors of bail-out stenting by multivariable analysis with femoropopliteal lesions

Severe calcification by PACSS=4 -0.61 0.39 2.42 0.11 0.54 0.24t01.17
Presence of CTO -1.25 0.64 3.86 0.049 0.28 0.08 to 0.99
Presence of TASC D lesion 1.14 0.42 7.25 0.007 3.13 1.36 to 7.21
Lesion length (cm) 0.054 0.015 12.11 0.0005 1.05 1.02 to 1.08

CLTI: critical limb-threatening ischaemia; CTO: chronic total occlusion; HsTnT: high-sensitive troponin T; PACSS: peripheral arterial calcium scoring
system; TASC: Transatlantic Inter-Society Consensus; TLR: target lesion revascularisation
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Figure 1. Changes of RF categories (A) in patients with claudication, (B) in CLTI patients and (C) in all patients during follow-up.

CLTI: critical limb-threatening ischaemia; RF: Rutherford

(RF category 3), and (ii) with BTK lesions (RF category 5) are
provided in Figure 2 and Supplementary Figure 4, respectively.
In addition, 3 patients who underwent a Phoenix atherectomy for
a focal and a diffuse ISR lesion, as well as for an ISR CTO, are
shown in the Supplementary Figure 5.

VIB
X

= [}

Figure 2. Patient presenting with RF category 3 due to calcified
lesions in the common femoral and at the origin of the superficial
femoral artery. A) After several passages with the 2.4 mm deflecting
atherectomy device B) good lumen gain can be observed (blue
arrows in C), which is further optimised using scoring balloon (D)
and DCB angioplasty with a good final result (E-F). The patient
remained uneventful at 13 months of follow-up. DCB: drug-coated
balloons,; RF: Rutherford

Discussion

In this prospective, all-comers observational study, we system-
atically analysed patients and lesions characteristics in consecu-
tive patients with symptomatic PAD who underwent atherectomy
for complex and calcified peripheral lesions. We found that the

Phoenix atherectomy device is safe and effective for the endovas-
cular treatment of such lesions, demonstrating low rates of perfo-
ration and peripheral embolisation. In addition, TLR rates were
clinically acceptable at 12.5% and 17.7% in patients with claudi-
cation and CLTI, respectively. TLR rates were higher in patients
with TASC D, PACSS 4 lesions, and in lesions >25 cm.

PAD is associated with increased morbidity and mortality as
well as increased costs for health systems®. Patients often suffer
from increased disability and reduced quality of life'®!". In this
regard, endovascular treatment of PAD is widely recognised as the
first treatment of choice, especially in elderly and frail patients's.
Recently, it was shown that an increase in the number of end-
ovascular procedures drives rising costs in health care systems.
However, this was associated with markedly decreasing rates of
major amputations, which is a crucial clinical goal*. Endovascular
procedures are usually performed in specialised centres since dif-
ferent approaches and devices need to be employed according to
the localisation and complexity of the underlying lesions". In par-
ticular with femoropopliteal lesions, DCB angioplasty was shown
to increase long-term patency even in complex lesions, obviating
the need for stent placement®. However, with severe circumferen-
tial calcification, the amount of the drug absorbed from the DCB
is significantly reduced, which diminishes local pharmacologic
effectiveness for the prevention of restenosis®. The combination of
DCB and stent placement, on the other hand, may also prove inef-
ficient in strongly calcified lesions, leading to ISR, stent fracture
and higher reocclusion rates with such “leave behind” strategies?"?2.

Since balloon angioplasty and stent placement only press athero-
sclerotic material to the vessel wall, it is conceivable that complex
lesions, consisting of calcified and fibrous tissue, would benefit
from debulking strategies. In this regard, atherectomy has been
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proposed, providing luminal gain and thus a good “working chan-
nel”, facilitating more homogeneous balloon expansion during sub-
sequent angioplasty at low inflation pressures and simultaneously
higher deliverability of drugs into the vessel wall with the DCB!%2,

Previously, we reported high procedural success and low com-
plication rates in 136 patients who underwent a Phoenix atherec-
tomy’. Our current data in 402 patients confirm these previously
reported high procedural success rates of <99% with low com-
plication rates. Notably, in our registry, the Phoenix device was
used only after intraluminal wire passage since its use in the
subintimal space is not recommended by the IFU; this is also the
case with most currently available devices. In addition, no com-
plications occurred during the treatment of ISR lesions and CTO
in 31 patients, although the Phoenix device is not specifically
approved for this anatomical region. However, since the risk of
perforation within implanted stents is reasonably low, in our expe-
rience atherectomy can be performed safely as demonstrated in
Supplementary Figure 5. Since our study did not focus on ISR
lesions, this issue merits further investigation in future studies.

An overview of different atherectomy devices and correspond-
ing restrictions by IFU for their use in the subintimal space and
with ISR lesions is provided in Supplementary Table 2.

The rate of peripheral embolisation was relatively low despite
the lack of filter protection in all patients. It is difficult to pre-
dict this potentially devastating complication through clinical his-
tory and angiographic images. The role of intravascular ultrasound
(IVUS) in the detection of pre-existing thrombi prior to treatment
may be decisive to further reduce the rates of this complication
in future studies. In addition, catheter aspiration proved effective
for the removal of embolised debris. This manoeuvre may be easy
to perform when an antegrade puncture of the ipsilateral side is
selected but is cumbersome due to limited catheter lengths when
using a crossover approach.

Follow-up data demonstrated good freedom from clinically
driven TLR in 84.1% of patients at 15.7 months after the index
procedure, translating in an estimated freedom from TLR of
89.5% at 1 year and 75.0% at 2 years of follow-up in all patients
(Supplementary Table 1). Patients with claudication had lower
rates of reintervention compared with patients who were treated
for CTLI, which is in agreement with previous reports®. In addi-
tion, sustained improvement of an RF category was observed in
over 90% of all patients and in over 95% of patients with claudica-
tion. Particularly in such patients, sustained clinical improvement
during follow-up is an important clinical goal and implicates the
durability of our treatment regime. To the best of our knowledge,
this is the first study to evaluate the long-term effectiveness of
a rotational atherectomy device in combination with conventional
endovascular treatments (POBA, DCB and stents) in such a large
patient cohort and to provide long-term follow-up data.

In our registry, bail-out stenting was low with CFA and BTK
but higher with femoropopliteal lesions. Lesion length was an
independent predictor of clinically driven TLR, whereas lesion
length, complexity by TASC classification as well as the presence

of CTO were independent predictors for bail-out stenting with
femoropopliteal lesions. Interestingly, lesion calcification was not
independently associated with TLR or bail-out stenting, which
may be due to the limitation of fluoroscopy to address the pres-
ence of circumferential calcifications of the vessel wall.

Directional, rotational, and orbital atherectomy devices are cur-
rently available!®?. The Jetstream rotational atherectomy device
(Boston Scientific) was previously evaluated in 172 patients with
infra-inguinal lesions, demonstrating 1-year freedom from TLR
of 74%?%. Furthermore, the COMPLIANCE 360° trial evaluated
orbital atherectomy in SO patients and reported a patency rate of
80% at 1 year®. The DEFINITIVE AR study, on the other hand,
tested a directional atherectomy device in 102 patients, demon-
strating freedom from TLR of 92.7% at 1 year”. These TLR rates
cannot be compared with our study, due to the variation of patients
with different demographic and lesion characteristics within differ-
ent trials. However, it may be noted that freedom from TLR was
89.5% and 70% at 1 year and 2 years, respectively, in our study,
which is quite high considering the high rate of complex TASC
C/D and calcified lesions. In addition, other studies with direc-
tional atherectomy devices found relatively high rates of acute
complications such as embolisation (3.8%), dissection (2.3%) and
perforation (5.3%), compared to our study?.

We found a relatively high rate of mortality in patients with
CLTI of 16.5% at 1 year and 27.2% at 2 years. This corresponds
to previous reports, which showed mortalities varying from 15%
to 30% at 1 year and reaching 50% at 5 years in such patients®.
This is mostly related to the increased number of comorbidities
found in these patients. In addition, hsTnT, an established marker
of cardiovascular risk, was markedly elevated in CLTI patients,
underscoring increased cardiovascular risk. It should be noted,
however, that the higher mortality in CLTI patients is difficult to
support through registry data, as provided in our study, due to the
presence of several confounders and comorbidities which were not
controlled by the study protocol due to the lack of randomisation
and patient matching.

Limitations

Several limitations of our study need to be acknowledged. Firstly,
this was a prospective single-arm study. Thus, no comparison to
other devices is provided. As well, no control arm consisting of
conventional endovascular therapies without atherectomy is pro-
vided. A recent Cochrane meta-analysis detected a trend for lower
dissection and stenting rates after minimally invasive atherectomy.
However, the question of the benefit of atherectomy on limb and
patient outcomes on top of conventional endovascular therapy
could not be addressed®’, which underlines the need for future ran-
domised controlled trials. In addition, clinically driven TLR was
selected as the primary endpoint, whereas data on vessel patency
based on duplex ultrasound and serial ABI measures are not avail-
able. However, clinically driven TLR is an important clinical end-
point, since repeated interventions are associated with higher costs,
low quality of life and increased risks, from both the physicians’



and patients’ perspectives. Finally, atherectomy was performed
only after antegrade or retrograde intraluminal lesion passage,
based on IFU for the Phoenix device, which warns against the use
of the device after subintimal wire passage. Thus, perforation rates
may have been >1% in the case of atherectomy within the subin-
timal space. However, since IVUS was not routinely performed in
most of our patients, at least partial subintimal lesion passage can-
not be completely excluded with CTO lesions in our study.

Conclusions

A Phoenix atherectomy exhibits an excellent safety profile for the
treatment of patients with complex, calcified peripheral lesions
with a relatively low rate of bail-out stenting in infra-inguinal ves-
sel segments and clinically acceptable TLR rates. Future trials are
now warranted, addressing the incremental value of this technique
compared with standard treatment in terms of safety, effectiveness,
and outcomes.

Impact on daily practice

In our prospective, all-comers, single-centre trial, we found that
atherectomy is safe and effective for the endovascular treat-
ment of patients with moderately to severely calcified lesions,
exhibiting high procedural success and very low complication
rates. In addition, the clinical success rates were high with sus-
tained clinical improvements during follow-up and a low rate
of clinically driven TLR. Considering the relatively low stent
implantation rate, these results appear very promising from an
endovascular point of view and may help to change daily clin-
ical practice towards an endovascular or “atherectomy first”
strategy with moderately to severely calcified infra-inguinal
peripheral lesions.
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Supplementary data

Supplementary Table 1. Freedom from clinically driven TLR rates in all patients and in different
patient subgroups.

1 year of follow- 2 years of

up follow-up
All patients 89.5% 75.0%
Patients with claudication 95.1% 76.2%
Patients with CLTI 86.1% 66.2%
Patients with TASC B lesions 94.3% 91.2%
Patients with TASC C lesions 92.3% 74.8%
Patients with TASC D lesions 81.2% 51.3%
Patients with lesion length <10 cm 93.8% 89.6%
Patients with lesion length between 10 and 25 cm 89.5% 70.3%
Patients with lesion length >25 cm 86.4% 56.8%
Patients with PACSS score 0-3 90.6% 78.7%
Patients with PACSS score 4 88.4% 62.6%

CLTI: critical limb-threatening ischaemia; PACSS: peripheral arterial calcium scoring system; TASC: Transatlantic Inter-Society Consensus; TLR:
target lesion revascularisation



Supplementary Table 2. Use of different atherectomy devices in the subintimal space and with
ISR lesions by instructions for use (IFU).

Devices T Atherectomy in the | Atherectomy with ISR
ype of atherectomy o .
subintimal space lesions
HawkOne Directional Not mentioned Contraindicated
(Medtronic)
Jetstream Rotational Contraindicated Allowed in self-expanding,
(Boston bare metal stents
Scientific)
Phoenix Rotational with the | Contraindicated “Safety and effectiveness are
(Philips) option for deflection not established by IFU”
(2.2 mm & 2.4 mm)
Stealth 360 | Orbital Contraindicated Contraindicated
Diamondback 360
(Csh)
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Suppl. Figure 1

Supplementary Figure 1. Associations between lesion length, complexity, calcification and hsTnT. Total lesion length increased both with TASC
classification and with increasing PACSS score (A-B). In addition, an increasing PACSS score was associated with higher lesion complexity by the

TASC classification as well as with higher hsTnT values (C-D).

ANOVA: analysis of variance; PACSS: peripheral arterial calcium scoring system; TASC: Transatlantic Inter-Society Consensus
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Supplementary Figure 2. Overview of the atherectomy devices by lesion location. The 2.4 mm and 2.2 mm deflecting devices were mostly used in
iliac and CFA lesions (45 of 74 [61%)]), the 2.2 mm tracking devices with femoropopliteal (203 of 307 [66%]) and the 1.8 mm tracking devices with
BTK lesions (96 of 177 [54%d]).

BTK: below-the-knee; CFA: common femoral artery; defl: deflecting; track: tracking
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Supplementary Figure 3. Freedom from TLR by lesion length and TASC classification.
Freedom from TLR was lower in patients with total lesion length >25 cm, followed by lesions
between 10 and 25 cm and being the highest with shorter lesions <10 cm (A) in all patients
and (B) in patients with femoropopliteal lesions, respectively. In addition, freedom from TLR
was lower in patients with TASC D followed by TASC C and B lesions (C) in all patients and
(D) in patients with femoropopliteal lesions, respectively.

TASC: Transatlantic Inter-Society Consensus TLR: target lesion revascularisation
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Suppl. Figure 4

Supplementary. Figure 4. Patient presenting with CLTI, treated by low profile Phoenix atherectomy in all 3 crural arteries. Patient presenting with
CLTI (RF category 5) due to multiple lesions and occlusions in all 3 crural vessels (A-B). After several passages with the 1.8 mm tracking atherectomy
device (C-D) and POBA, a good angiographic result with brisk run-off in all crural vessels can be appreciated in E-G. The patient remained uneventful
at 16 months of follow-up.

CLTI: critical limb-threatening ischaemia; POBA: plain old balloon angioplasty
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Suppl. Figure 5

Supplementary Figure 5. ISR cases. Patient | with focal ISR (blue arrow in A) treated with the 2.4 mm deflecting atherectomy device (B-C) and
DCB (not shown) with good lumen gain (D) and single-vessel run-off to the foot (E-G). Patient Il with diffuse ISR (blue arrows in H) treated with the
2.4 mm deflecting atherectomy device (I-J) and DCB (not shown) with good lumen gain (K) and single-vessel run-off to the foot. Patient 111 with a
type 111 CTO lesion after stent placement in the distal SFA, treated with the 2.4 mm deflecting atherectomy device (O-P) and DCB (not shown)

with good lumen gain (Q) and 3-vessel run-off to the foot (R-T).

CTO: chronic total occlusion; DCB: drug-coated balloon; ISR: in-stent restenosis; SFA: superficial femoral artery



