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Revascularization with BYCROSS it

atherectomy device- protocol of a prospective
multicenter observational study

Dominik Liebetrau' ®, Joerg TeRarek?, Florian Elger?, Sebastian Zerwes', Viktoria Peters',
Christian Scheurig-Minkler* and Alexander Hyhlik-Dirr'

Abstract

Background The BYCROSS™ device is a novel device intended for use in atherectomy of the peripheral arterial dis-
ease (PAD). With the BYCROSS™ atherectomy system, also prolonged calcifying lesions can be treated in a minimally
invasive manner, which was previously reserved for bypass surgery. The aim of this study is to collect additional clini-
cal data on safety and performance of the BYCROSS™ from patients undergoing revascularization of severely stenotic
or occluded peripheral arterial vessels with the BYCROSS™.

Methods and design This is an investigator-initiated national prospective multicenter observational study

in patients with PAD. Sixty patients (20 per center) with PAD with stenosis higher than 80% or complete occlusion (de
novo or recurrent stenosis) of vessels below the aortic bifurcation (min 3 mm vessel diameter) will be recruited. Three
vascular surgery centers are participating in the study. The primary efficacy endpoint is procedural success, defined
as passage of the occlusion through the BYCROSS device, and safety outcomes, explicated as freedom from device-
related serious adverse events (SADEs). Secondary endpoints include primary and secondary patency rates, change
in Rutherford classification, and freedom from amputation at 3 and 12 months.

Discussion The BYCROSS atherectomy system may be a novel device for the minimally invasive treatment of pro-
longed calcified lesions previously reserved for bypass surgery. This national prospective multicenter observational
study could represent another step in demonstrating the efficancy and safety of this device for treatment of PAD.

Trial registration #DRKS00029947 (who.int).
Protocol approval id #22-0047(Ethics Committee at Ludwig-Maximilians-University Munich).

Keywords Critical limb ischemia, Endovascular revascularization, Mechanical thrombectomy, Thromboaspiration,
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Background

Approximately 230 million people are affected by vascu-
lar occlusive disease [1] worldwide. Overall, the incidence
of PAD has steadily increased in recent years. As a result,
the proportion of symptomatic patients requiring treat-
ment is also increasing [2]. The focus has been on endo-
vascular therapy as "first-line" therapy [3]. The BEST-CLI
Trial could change the perspective. The results showed
bypass surgery (even if an adequate great saphenous vein
(GSV) is present) could provide better outcomes com-
pared with endovascular treatment. The incidence for
death or major adverse limb event (MALE) was signifi-
cant lower in the bypass group with adequate GSV [4]. In
contrast to the BEST-CLI trial, the BASIL-2 trial showed
that endovascular treatment was associated with better
outcomes (reduction in MALE) compared with bypass
(vein). At the BEST-CLI Trial newer endovascular tech-
niques, such as atherectomy, were not specifically men-
tioned and included in the comparison.

In addition to classical balloon angioplasty [5, 6],
atherectomy is a procedure for the treatment of complex
and persistent lesions [7, 8]. This method has been used
for a variety of occlusive procedures [9, 10]. Despite the
widespread use of these therapies, there is still considera-
ble room for improvement as each available atherectomy
system has its own limitations. (for example, in very long
calcified lesions, complete occlusions, or the diameter of
the created canal) [11]. In addition, atherectomy is asso-
ciated with certain risks such as distal embolism, vascular
injuries as well as perforation.

The innovative BYCROSS™ atherectomy system
(TARYAG-MEDICAL GmbH, 14 Hallan st Or-Akiva,
3,065,101, Israel; Fig. 1) used in this study, represents a
further development of existing atherectomy systems.
During development, several limitations encountered in
other systems were identified and eliminated.

Methods

Study aim

The aim of this prospective national multicenter observa-
tional study is to collect further clinical data on the safety
and performance of the BYCROSS ™ atherectomy system
and to monitor treatment success after one year.

In the future, promising catheter-based treatments
using the Bycross System could be made available to
more patients. This could eliminate many more inva-
sive procedures (e.g., bypass surgery), thereby increasing
patient safety.

Ethics
The study is being conducted in accordance with the
Declaration of Helsinki on Research Involving Human
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Subjects and in compliance with the ICH Principles of
Good Clinical Practice and additional local guidelines.
This study was reviewed and approved by the Ethics
Committee at Ludwig-Maximilians-University Munich,
project-nr: 22-0047.

Study design

The study is designed as a multicenter (3 centers), pro-
spective, single arm, observational study. The success of
the procedure (primary endpoint) will be assessed in each
participating subject, as well as safety outcomes (defined
as freedom from serious adverse events associated with
the device (SADE)). A total of 60 (target 20 each center)
subjects with a symptomatic PAD will be enrolled in the
study. After written informed consent, subjects will be
continuously enrolled (registered). Subjects will be fol-
lowed for a period of 12 months, including follow-up
after, and follow-up 90 days after the procedure. The
detailed study procedures are shown in the flowchart of
study activities (Fig. 2).

Inclusion and Exclusion criteria
Table 1 shows the inclusion and exclusion criteria.

Study procedure

Schedule of events for this study are shown in Fig. 3. The
study duration for each subject will be approximately
12 months, as follows:

1. Screening of individuals who meet the inclusion cri-
teria

2. Procedure with BYCROSS™ atherectomy system

Follow-up at 90 days after procedure

4. Follow-up at 12 months after-procedure

@

Endpoints

The primary performance endpoint is technical success:
Passage of the occlusion through the BYCROSS® device
and residual stenosis after atherectomy of <50% com-
pared to the reference diameter to allow angioplasty and/
or stenting if needed, and complete procedural success
with residual stenosis of<30%. The angiographic data
will be examine at each study center by an independ-
ent radiologist or vascular surgeon with experience in
interventional procedures. The primary safety endpoint
is Freedom from device related Serious Adverse Events
(SADEs) defined by the investigational site as part of nor-
mal reporting practices in any period between the proce-
dure and 90 days after the procedure.

Secondary endpoints are listed in Table 2
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Fig. 1 Special features of the ByCross® system: The system is advanced into the target vessel in a 6-French sheath (a) attached to the handle,
through which the suction pump housed in the handle simultaneously with the porous shaft below the tip (b), which follows the principle

of the Archimedean screw, aspirates and transports debris. The catheter tip has a variable diameter. This measures between 1.9 mm (b) and 4.7 mm
(c) with the nitinol cutting wire extended. d Overview of Bycross atherectomy device, (Courtesy of Taryag Medical Inc,, Israel

Technique

Technical aspects and application of the BYCROSS
atherectomy system have been published previously [11,
12]. The BYCROSS™ has a coaxial, flexible, rotating shaft
with an extendable tip and integrates an aspiration system
for aspirating plaque debris and broken, as well as fallen

thrombotic material. The expandable tip can increase
the tip diameter from an outer diameter of 1.9 mm when
closed to 4.7 mm when open. As the shaft rotates, the
tip breaks the calcified atheroma or thrombus into small
particles, which are simultaneously aspired into the guide
sleeve and disposed of in the attached collection bag.
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Procedure
Visit Screening day 90 days FU* | 12 Month-FU*
Procedure (Visit #0) (Visit #1) (Visit #2) (visit #3)

Informed Consent

Eligibility Criteria
Demographics (Age, gender,
height, weight)

Medical History

Concomitant medication
(only if relevant for the Study)
Physical Examination, vital signs
(HR, BP, Temp)

Laboratory test (blood count,
coagulation tests)

Record SAE?!

Stenosis assessment and ABI? -
Duplex Ultrasound

Lesion characteristics

Rutherford scales

Fig. 2 Study Activity Flow Chart. ' SAE Serious adverse event, 2ABI Ankle-Brachial-Index, *Rutherford scale [12]; *FU Follow-up

Table 1 Overview of Inclusion and exclusion criteria

Inclusion criteria
a.Age=18
b. Subject has documented symptomatic chronic peripheral vascular disease at a vessel below the aortic bifurcation
c. Severely stenotic occlusion target vessel (stenosis >80%)
d. Subject has been informed on the nature of the study and has provided informed consent
e. Subject is capable of meeting study requirements including presences at follow-up visits
Exclusion criteria
a. Vessels of the cardiopulmonary, coronary or cerebral circulations
b. Undersized vessel diameters (<3 mm)
c. Perforation of the vessel distally or proximally to the occlusion segment prior atherectomy
d. Subintimal position of the guiding catheter or the guidewire

e. Use in stents or stent grafts if the guidewire has become threaded at any point in the wire mesh of stent or stent graft or the lining of the stent

graft
f. Target is at vessel segment which includes tortuous course with radius of curvature < =40 mm
g. Access pathway includes tortuous course with radius of curvature < =25 mm, in specific extremely sharp aortic bifurcation
h.In aneurysmatically altered iliac vessel segments
i. If the introducer sheath, the guide catheter, the guidewire or the BYCROSS™ sustains any visible damage, especially kinking
j. In the fracture areas of broken stents

k. Known or suspected allergy to any of the components of the system or to a medicinal product to be administered in connection with the planned

procedure
|. Persistent vasospasm
m. Patient is pregnant
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Eligible patients identified &
consented for study prior to procedure

o

Patient meet inclusion criteria
NO exclusion criteria available

Day of Intervention
To assess inclusion criteria intra-operatively

L

Meet inclusion criteria intra-operatively
Patient will be enrolled into study

Follow-up

1. Follow-up after 3 month
a- Review of primary endpoints
b- Review of secondary endpoints

2. Follow-up after 12 month
a- Review of primary endpoints
b- Review of secondary endpoints

Fig. 3 Participant flow through study

Do not meet the inclusion criteria
Patient won’'t be enrolled into study

Table 2 Secondary endpoints, 'PACCS, peripheral arterial calcium scoring system

Secondary endpoints
a. target vessel revascularization (TVR) at 3 and 12 months
b. target lesion revascularization (TLR) at 3 and 12 months

c. The change of the Rutherford classification [13] at 3 and 12 months compared to pre-procedure

d. freedom from any minor or major amputation at 3 and 12 months

e. therapy success of the recanalization of the iliaco-femoro-popliteal vascular flow path depending on the access (crossover/antegrade/retrograde)

f. evaluation of the recanalization result of superficial femoralis artery (SFA) stenosis/occlusions using IVUS vs. angiography for the purpose of decid-
ing on therapy for additional Angioplasty/stent implementation/Drug Eluting Balloon (DEB)

g. the evaluation of the recanalization result of BYCROSS use without primary wire passage

h. the evaluation of the recanalization result of stenoses/occlusions in combination with hybrid interventions

i. the evaluation of the correlation between calcification (measeared and calcified in accordance with PACCS' [14] and procedural complications

Although BYCROSS is inserted via a guidewire, it does
not require prior passage of an occlusion with the wire.
Once the occluded segment is passed, the open-tip pro-
cedure is repeated on larger diameter vessels to further
remove the remaining atheroma or thrombus. After pas-
sage of the lesion, regular angioplasty can be performed
with or without a drug-eluting balloon.

Adjuvant medical therapy

After the procedure, all patients receive aspirin 100 mg
(1-0-0) and clopidogrel 75 mg (1-0-0) daily for at least
6 months. If there is something against this combination

based on the patient-specific history (risk of falls, previ-
ous bleeding, use of oral anticoagulants such as Marcu-
mar), individual adjustments will be made.

Follow-up

All participants will be followed-up after successful inter-
vention. Clinical assessments will be performed 90 days
(+ 14 days) and 12 months (+2 weeks) after the proce-
dure. The following assessments and/or procedures will
be collected and reported for all subjects at follow-up
visit.



Liebetrau et al. CVIR Endovascular (2023) 6:61

« Stenosis assessment by Duplex Ultrasound

+ Ankle-Brachial-Index (ABI) measurement, depend-
ing on the ABI a treadmill test or

« Transcutaneous oxygen partial pressure measure-
ment (TcPO2)

+ Rutherford classification [13]

+ Target vessel revascularization (TVR)

+ Target lesion revascularization (TLR)

+ Measurement Quality of Live via EQ5D [15] ques-
tionnaire

+ Measurement of pain via numeric pain scale (NRS)
(16]

+ Minor or Major Amputation needed

+ Serious adverse events recording. Each event will be
assessed whether root-cause for the event is related
to device, procedure or not related.

Safety

Serious adverse events (SAEs) occurring during the con-
duct of this study must be documented. The list of poten-
tial SAEs is provided in Table 3. All SAEs and serious
adverse device events (SADEs) associated with the device
will be recorded at each follow-up visit. Reporting will be
in accordance with local requirements and policies. If the
investigator identifies an SAE/SADE, an SAE reporting
form must be completed and faxed or emailed to Taryag
Medical (TARYAG-MEDICAL GmbH, Israel, malki@tar-
yag-group.com) within 24 h of the investigator’s knowl-
edge of the event.

Discussion

This study is designed as a multicenter, prospective, sin-
gle arm, observational study to evaluate the success of the
procedure and safety outcomes. A total of 60 (target 20
each center) individuals with a symptomatic PAD will be
enrolled in the study.

Table 3 List of serious adverse events

Page 6 of 8

The novel BYCROSS"™ atherectomy represents a fur-
ther development of existing atherectomy systems. Dur-
ing development, several limitations of other systems
were identified and eliminated. The device does not
require special guide wires and introducer sheaths, it
is not necessary to first pass the occlusion with a guide
wire. It operates without major equipment, pedal or non-
sterile devices, and it is battery powered [17].

The safety and efficacy of the BYCROSS™ device
was successfully tested in the Taryag Medical Clini-
cal Investigation “BYCROSS™ Study” 2018/2019 (CIV-
17-10-021851). Based on the BYCROSS trial and clinical
experience, the BYCROSS device was shown to provide
a solution with potentially minimal complications and
improved treatment outcomes compared to simple bal-
loon angioplasty (POBA) or stent-assisted POBA, espe-
cially in severely calcified vessels.

The procedural protocols of the clinical investigation
demonstrated that the BYCROSS is a safe and effective
option for intraluminal revascularization by avoiding ves-
sel wall damage. Furthermore, no physical and mechani-
cal changes of the BYCROSS were observed after the
procedure at any PACCS [14] score or lesion length (up
to 420 mm).

In the clinical investigation 42 patients with chronic
limb ischemia and target vessel stenosis >80% with total
or subtotal occlusion were enrolled and underwent pro-
cedure using the BYCROSS™ atherectomy device and
adjunctive therapy, such as balloon and/or stenting if
required.

Success of the acute intervention as the primary perfor-
mance endpoint was assessed in each participating sub-
ject immediately after the intervention, and the primary
safety endpoint was assessed after 30 days. Subjects were
followed up over a 6-month period for assessment of the
secondary safety endpoint and secondary performance
endpoints. Thirty-nine of the 42 patients (in the full

Serious adverse events

a death

b serious deterioration in the health of the subject, that resulted in any of the following:

(I) life-threatening illness or injury,
Il) permanent impairment of a body structure or a body function,
) hospitalization or prolongation of patient hospitalization,

(

(l

(IV) medical or surgical intervention to prevent life-threatening iliness or injury or permanent impairment to a body structure or a body function,
(

V) chronic disease

¢ Acute limb ischemia as a result of the procedure e.g. peripheral embolization

d Necessary thrombectomy/revision as a result of the procedure (surgical or interventional)

e Unplanned major amputation, above or below the knee
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analysis (FA)) met the acute treatment success criterion.
All patients were free of serious (major) device-related
adverse events (MDAE) 30 days after the procedure. In
conclusion, no serious device-related adverse events
occurred in the clinical trial. The success rate of the acute
intervention was over 92%.

Conclusion

The purpose of this prospective national multicenter
observational study is to collect further clinical data on
the safety and performance of the BYCROSS atherec-
tomy system and to monitor short- and mid-term treat-
ment success.

The BYCROSS atherectomy system may be a novel
device for the minimally invasive treatment of long-
standing calcified lesions previously reserved for bypass
surgery.

Trial status

The trial has been registered in the German Clinical Tri-
als Register (DRKS00029947), on 19 September 2022.The
full WHO trial registration dataset is available via https://
trialsearch.who.int/Trial2.aspx?TriaID=DRKS00029947.
The protocol version is 2022—01; 20 May 2022, Recruit-
ment began on 11 August 2022. The expected date for
recruitment completion is December 2023.

Acknowledgements
Not applicable.

Conflict of interest

The author declares a potential conflict of interest. Dominik Liebetrau is a con-
sultant for Medtronic GmbH, Earl-Bakken-Platz 1 40670 Meerbusch, Germany.
Dominik Liebetrau declares to have received honorary fees from plus medica
GmbH & Co, Willstatterstralle 13, 40549 Dusseldorf for professional presenta-
tions. Jorg TelBarek declares to have received honorary fees from plus medica
GmbH & Co, Willstatterstralle 13, 40549 Dusseldorf for professional presenta-
tions. All other authors have declared no potential conflicts of interest with
respect to this research, authorship, and/or publication of this article.

Authors’ contributions

Dominik Liebetrau: designed the study protocol, developed the evaluation
plan, drafted the initial manuscript. Jorg TeBarek: designed the study protocol,
developed the evaluation plan, critically revised the manuscript for important
intellectual content. Florian Elger: designed the study protocol, developed
the evaluation plan, critically revised the manuscript for important intellectual
content. Sebastian Zerwes: developed the evaluation plan, critically revised
the manuscript for important intellectual content. Viktoria Peters: developed
the evaluation plan, critically revised the manuscript for important intellectual
content. Christian Scheurig- Minkler: developed the evaluation plan, critically
revised the manuscript for important intellectual content. Alexander Hyhlik-
Durr: designed the study protocol: developed the evaluation plan, critically
revised the manuscript for important intellectual content. Final approval of the
version to be published was given by all authors. DL and AD take responsibil-
ity for the work and controlled the decision to publish. The corresponding
author attests that all listed authors meet the authorship criteria and that no
others meeting the criteria have been omitted.

Page 7 of 8

Funding
Open Access funding enabled and organized by Projekt DEAL. We receive no
financial support for this study.

Availability of data and materials

After publication of the study results, a fully anonymised data set and the sta-
tistical code can be made available upon justified scientific request and after
ethical approval has been granted. Depending on the extent of the data use
and the planned research, either appropriate credit or co-authorship must be
granted to the authors of this study. A sample of the CRF used for this study
can be provided upon justified scientific request.

Declarations

Ethics approval and consent to participate

The study has been approved by the Ethics Committee of the Ludwig Maxi-
milian University (LMU), Munich (reference number 22-0047). All protocol
amendments will be submitted to the Ethics Committee of the LMU, Munich
and approval must be obtained before taking effect. Informed written consent
is obtained from all participants prior to enrolment. Participants have the
option to give or withhold consent to the collection and use of participant
data for ancillary studies.

Consent for publication
Final approval of the version to be published was given by all authors.

Competing interests
The authors have no competing interests to declare.

Author details

Wascular Surgery, Medical Faculty, University of Augsburg, Stenglinstrasse 2,
86156 Augsburg, Germany. 2Vascular Surgery, Bonifatius Hospital Lingen, Wil-
helmstraRe 13, 49808 Lingen (Ems), Germany. *Thoracic and Vascular Surgery,
Medical Faculty, University Medical Center Goettingen, Robert-Koch-Stral3e,
4037075 Goettingen, Germany. *Department of Diagnostic and Interventional
Radiology, University Hospital of Augsburg, Augsburg, Germany.

Received: 25 July 2023 Accepted: 14 November 2023
Published online: 05 December 2023

References

1. Song P, Rudan D, Zhu Y, Fowkes FJI, Rahimi K, Fowkes FGR, et al. Global,
regional, and national prevalence and risk factors for peripheral artery
disease in 2015: an updated systematic review and analysis. Lancet Glob
Health. 2019;7(8):e1020-30.

2. Malyar N, Furstenberg T, Wellmann J, Meyborg M, Luders F, Gebauer K,
et al. Recent trends in morbidity and in-hospital outcomes of in-patients
with peripheral arterial disease: a nationwide population-based analysis.
Eur Heart J. 2013,34(34):2706-14.

3. Lee LK, Kent KC. Infrainguinal occlusive disease: endovascular interven-
tion is the first line therapy. Adv Surg. 2008;42:193-204.

4. Farber A, Menard MT, Conte MS, Kaufman JA, Powell RJ, Choudhry NK,
et al. Surgery or Endovascular Therapy for Chronic Limb-Threatening
Ischemia. N Engl J Med. 2022;387(25):2305-16.

5. RandT, Uberoi R. Current status of interventional radiology treat-

ment of infrapopliteal arterial disease. Cardiovasc Intervent Radiol.

2013;36(3):588-98.

Koizumi A, Kumakura H, Kanai H, Araki 'Y, Kasama S, Sumino H, et al. Ten-

year patency and factors causing restenosis after endovascular treatment

of iliac artery lesions. Circ J. 2009;73(5):860-6.

Gray WA, Garcia LA, Amin A, Shammas NW, Investigators JETR. Jetstream

Atherectomy System treatment of femoropopliteal arteries: Results of the

post-market JET Registry. Cardiovasc Revasc Med. 2018;19(5 Pt A):506-11.

8. Kronlage M, Erbel C, Lichtenberg M, Heinrich U, Katus HA, Frey N, et al.
Safety and effectiveness of Phoenix atherectomy for endovascular treat-
ment in calcified common femoral artery lesions. Vasa. 2021;50(5):378-86.

~


https://trialsearch.who.int/Trial2.aspx?TrialID=DRKS00029947
https://trialsearch.who.int/Trial2.aspx?TrialID=DRKS00029947

Liebetrau et al. CVIR Endovascular

(2023) 6:61

Ramaiah V, Gammon R, Kiesz S, Cardenas J, Runyon JP, Fail P, et al.
Midterm outcomes from the TALON Registry: treating peripherals with
SilverHawk: outcomes collection. J Endovasc Ther. 2006;13(5):592-602.
Garcia LA, Lyden SP. Atherectomy for infrainguinal peripheral artery
disease. J Endovasc Ther. 2009;16(2 Suppl 2):11105-15.

. Tessarek J, Oberhuber A. [Innovations in the endovascular treatment of

peripheral arterial disease]. Gefasschirurgie. 2021;26(5):347-58.

Tessarek J, Kolvenbach R. Safety and effectiveness of bycross rotational
atherectomy and aspiration device: a prospective, multi-center pre-
market approval study. CVIR Endovasc. 2023;6(1):19.

Rutherford RB, Baker JD, Ernst C, Johnston KW, Porter JM, Ahn'S, et al. Rec-
ommended standards for reports dealing with lower extremity ischemia:
revised version. J Vasc Surg. 1997,26(3):517-38.

Rocha-Singh KJ, Zeller T, Jaff MR. Peripheral arterial calcification:
prevalence, mechanism, detection, and clinical implications. Catheter
Cardiovasc Interv. 2014;83(6):E212-20.

Stolk E, Ludwig K, Rand K, van Hout B, Ramos-Goni JM. Overview,
Update, and Lessons Learned From the International EQ-5D-5L Valua-
tion Work: Version 2 of the EQ-5D-5L Valuation Protocol. Value Health.
2019;22(1):23-30.

Breivik H, Borchgrevink PC, Allen SM, Rosseland LA, Romundstad L, Hals
EK, et al. Assessment of pain. Br J Anaesth. 2008;101(1):17-24.

GmbH T-M. IFU, Instructions for use, BYCROSS™ Atherectomy System
https://www.plusmedica.de/fileadmin/user_upload/Taryag_IFU_EN_
001-18pdf viewed on 08.11.2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://www.plusmedica.de/fileadmin/user_upload/Taryag_IFU_EN_001-18pdf
https://www.plusmedica.de/fileadmin/user_upload/Taryag_IFU_EN_001-18pdf

