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ABSTRACT

Introduction: Peripheral arterial disease (PAD) is an atherosclerotic disease leading to stenosis and/or
occlusion of the arterial circulation of the lower extremities. The currently available revascularization
methods have an acceptable initial success rate, but the long-term patency is limited, while surgical
revascularization is associated with a relatively high perioperative risk. This urges the need for
development of less invasive and more effective treatment modalities. This protocol article describes a
study investigating a new non-invasive technique that uses robot assisted high intensity focused
ultrasound (HIFU) to treat atherosclerosis in the femoral artery.

Methods and analysis: A pilot study is currently performed in 15 symptomatic PAD patients with a
significant stenosis in the common femoral (CFA) and/or proximal superficial femoral artery (SFA). All
patients will be treated with the dual-mode ultrasound array (DMUA) system to deliver imaging-guided
high-intensity focused ultrasound (HIFU) to the atherosclerotic plaque. Safety and feasibility are the
primary objectives assessed by the technical feasibility of this therapy and the 30-day major complication
rate as primary endpoints. Secondary endpoints are angiographic and clinical success and quality of
life.

Ethics and dissemination: Ethical approval for this study was obtained in 2019 from the Medical Ethics
Committee of the University Medical Center Utrecht, the Netherlands. Data will be presented at national
and international conferences and published in a peer-reviewed journal.

Trial registration numbers: Netherlands Trial Register, NL7564.

Keywords: Atherosclerosis, focused ultrasound, peripheral arterial disease, plaque debulking, thermal

therapy
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ARTICLE SUMMARY

This article presents the working protocol of high-intensity focused ultrasound therapy using a dual-

mode ultrasound array, for transcutaneous treatment of atherosclerosis in the femoral arteries.

Strengths and limitations of this study
- Robot assisted high intensity focused ultrasound therapy is a novel concept for non-invasive

treatment of atherosclerotic lesions.

- This paper describes the protocol of a first-in-human study investigating the safety and feasibility
of targeting atherosclerotic plaque with high intensity focused ultrasound.

- This is a non-randomized single center pilot study. The protocol and data will be used to set up
a future multicenter efficacy trial comparing conventional interventional treatment with HIFU.

- Effect of HIFU on calcification is unknown, so for this reason highly calcified lesions are not
targeted in the currently running clinical trial. Consequently, the data collected in this study

cannot be extrapolated to the full spectrum of plaque morphology.
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INTRODUCTION

Peripheral arterial disease (PAD) is an atherosclerotic disease leading to stenosis and/or occlusion of
the arterial circulation of the lower extremities. The severity of PAD varies from asymptomatic stenosis
to limb-threatening ischemia.'3 In case of severe symptoms, revascularization is indicated. Three main
options are generally available for revascularization, namely, open, endovascular or a hybrid
intervention. The open option is the surgical removal of the atherosclerotic plaque (endarterectomy), or
bypass surgery, where a new conduit of blood flow is created to overcome the stenosis or occlusion.
The endovascular option is a minimally invasive manner of increasing the lumen diameter by inflating a
balloon (angioplasty) combined with expanding a metal scaffold (stent), if indicated. In a hybrid case,
open surgery and endovascular surgery are combined. The predicted benefit for patients should
outweigh the potential risks and durability of the intervention.*® Most peripheral arterial interventions
have an acceptable initial technical and clinical success rate, but the long-term patency is limited.5
Furthermore, fluoroscopy exposure during these procedures also possesses potential health risks, such

as DNA damage and long-term health effects, to both the patient and the treatment team.”-®

Guidelines including The Trans-Atlantic Inter-Society Consensus for the Management of Peripheral
Arterial Disease (TASC) generally recommend for revascularization options (open, endovascular or
hybrid procedures) based on the anatomical location and extent of the arterial lesions. 4510
Endovascular revascularization is generally preferred over open procedures due to the reduced
perioperative morbidity and shorter hospital stays.’!'" However, endovascular strategies for stenotic
lesions located in anatomically “hostile” arterial segments or “no stent areas,” such as arterial flexion
points (surrounding joints), remain a subject for debate. For example, the endovascular approach has
not been adopted widely in the common femoral artery (groin). Despite the reduction of wound related
complications and shorter hospital stay, endovascular revascularization in the common femoral artery
is associated with a lower patency and increased rates of subsequent revascularization procedures.
Another concern is that stent placement in this region may limit access options for future procedures,
and the bending forces may cause stent fracture and subsequent arterial occlusion.'? For this reason,
despite the risk of infection and septic bleeding, open endarterectomy of the common femoral artery is

still considered the gold standard therapy.'3
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An alternative to the increased complication risk of the open surgical approach is endovascular plaque
debulking. With plaque debulking, the plaque is removed and reduced rather than cracked and pressed
against the arterial wall, which might lessen vessel barotrauma and reduce the risk of plaque recoil.
Directional, rotational, orbital, and laser atherectomy are current examples of endovascular plaque
debulking with good technical success rates.'®> Nevertheless, the reported restenosis and subsequent

reinterventions rates are comparable to regular endovascular revascularization.'®

Noninvasive plaque debulking techniques may overcome the risk of perioperative complications
associated with surgery altogether. High-intensity focused ultrasound (HIFU) enables noninvasive tissue
ablation.'6-'8 Dual-mode ultrasound arrays (DMUA) offers the possibility of simultaneous HIFU targeting
and ultrasound (US) imaging, thereby allowing inherent registration between imaging and treatment
location.®-2" HIFU/DMUA therapy can be used for transcutaneous noninvasive ablation of targets with
submillimeter precision and accuracy.'-'*24 The pathophysiology of atherosclerosis suggests that
atherosclerotic plaques may respond to HIFU/DMUA therapy.2! It is hypothesized that the local thermal
effect of HIFU causes coagulation necrosis affecting the plaque and inducing a new immune response
with a complex cascade of cellular reactions, eventually leading to a decrease in plaque volume and an

increased lumen diameter.2526

A clinical trial currently being conducted at the University Medical Center Utrecht (UMCU) is investigating
the safety and feasibility of this technique (Netherlands Trial Register trial number NL7564). This article

describes the working protocol for the treatment of femoral arterial disease with this specific intervention.

Technical background: HIFU/DMUA synthesizer

The DMUA transducer used in this study is specifically developed for arterial plaque debulking
purposes.? The 3.5-MHz 64-element concave shaped dual mode array transducer (Imasonic, Voray
sur 'Ognon, France) uses the spherical shape for mechanical steering of the US beams (Table 1). The
transducer is attached to a six degrees-of-freedom robotic arm (UR3, Universal Robots, Odense,
Denmark) to allow precise positioning that enables accurate imaging and treatment on a sub-millimeter

scale.
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The HIFU/DMUA synthesizer is an integrated medical device that delivers US-guided HIFU therapy
(figure 1). The DMUA allows real-time monitoring of lesion formation and can therefore be used as a
closed-loop feedback to control energy delivery to optimize treatment. HIFU therapy is based on the fact
that US beams are partially converted into thermal energy when travelling through tissue. At low
intensities, as with diagnostic US, this phenomenon does not interfere with normal physiology. However,
when emitted at high intensities, US beams can produce a significant rise in temperature, leading to
coagulation necrosis. With HIFU therapy, the high-intensity US beams are focused on diseased tissue,
thereby producing localized submillimeter thermal lesions at the targeted tissue leading to coagulation
necrosis. For safety measures, the HIFU/DMUA synthesizer is equipped with a closed-loop prescriptive
image-guided control (CLC) algorithm. The energy delivery is monitored along the acoustic path of the
beam to avoid affecting non-targeted tissues and to modulate the amplitude of the HIFU pulse based
on image feedback. This feedback consists of single transmit focus (STF) imaging data that are gathered
before and after every 10 milliseconds during the HIFU bursts.2® STF imaging is a method of high-speed

imaging enabling monitoring of the changes at the treatment site.20-¢7

Table 1 DMUA technical specifications

Type Linear array transducer

Number of channels 2 rows of 32 elements

Mechanical focusing Spherical

Radius of curvature 50 mm £2 mm

Inter-element spacing 0.2 mm

Height of the elements 34 mm divided into two rows (equal height)
Frequency 3.5 MHz

Figure 1 HIFU/DMUA set-up as used during a clinical procedure
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METHODS AND ANALYSIS

Study objectives
To investigate the safety and feasibility of HIFU/DMUA therapy for the treatment of symptomatic patients

with atherosclerotic plaques in the femoral artery.

Study design
The study is designed as a first-in-human pilot study that is currently being conducted by the University

Medical Center Utrecht with a cohort of 15 patients diagnosed with PAD. All patients are asked to provide
written informed consent. After informed consent is signed, patients will undergo a thorough screening

to assess eligibility for inclusion.

Primary study parameters
The main endpoints are the safety and feasibility of this experimental treatment. Safety is determined

by the 30-day major complication rate. This is a composite safety endpoint, based on previously
validated safety endpoints for symptomatic peripheral arterial disease.?®-% It consists of the 30-day
major adverse event rate, which is defined as any complication that requires endovascular
revascularization, open revascularization, or amputation in the target limb. Secondly, it consists of the
30-day mortality rate. Feasibility is defined as being able to accomplish the HIFU/DMUA procedure to

target the atherosclerotic plaque in the CFA and/or SFA.

Secondary study parameters
Secondary endpoints are defined as technical, vascular imaging, clinical, and quality of life parameters.

Technical success is defined as successful visualization of the target lesion and successful delivery of
HIFU therapy to the intended target lesions. During the procedure, procedural data of the device, the
number, intensity, and duration of all HIFU shots delivered will be recorded and analyzed. The intensity
of the shots is depending on the HIFU amplitude and tissue attenuation and absorption but is generally
around 6.25 kW/cmZ2.2! After the HIFU procedure the number of shots and the efficacy of the shots will
be determined. The efficacy will be analyzed based on the echogenicity change during the shot. Shots

reaching threshold will be considered as effective HIFU shots.
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Follow up by vascular imaging is performed with both MRI and duplex ultrasound (DUS) to visualize
stenosis characteristics over time. With MRI changes in lesion length (mm), stenosis severity (%), total
plague volume (mm?3), total vascular wall volume (mm?3), and atherosclerotic (peri-) plaque
characteristics like presence of edema, calcification, intraplaque hemorrhage and presence of a lipid
rich necrotic core can be analyzed. DUS imaging will be used to assess the hemodynamic changes by
measuring the peak systolic velocity ratio (PSV ratio) at the target lesion. Furthermore, plaque (surface)
characteristics will be described and special attention will be given to assess the occurrence of

arteriovenous fistula.

Clinical endpoints are assessed on functional exercise and the ankle-brachial index (ABI)
measurements. Hemodynamic success is defined as a = 10% improvement in the ABI at 30 days post
procedure compared to baseline. Functional success is defined as a = 10% improvement on exercise

testing. An improvement of symptoms is also taken into account.

Patients and eligibility criteria
The present safety and feasibility study is a pilot being conducted by the University Medical Center

Utrecht, the Netherlands. To determine whether HIFU treatment is safe in this study, the safety outcome
of HIFU-treatment has to be non-inferior to the safety outcome of the common femoral endarterectomy
(CFE). The complication rate of a CFE varies between 6 — 26 %3, with the point of gravity around 8%
(1 in 12.5 patients). Therefore, a sample size of 15 patients is chosen for this safety trial for the
investigational therapy. The eligibility criteria are represented in table 2. Written informed consent is
obtained during the baseline visit after a reflection period of at least 7 days after the first study

information visit.

Table 2 Eligibility criteria

Inclusion criteria Exclusion criteria

Patient < 85 years Patient is diagnosed with early onset PAD

Patient is diagnosed with symptomatic PAD (ABI | Contraindication for MRI or gadolinium contrast

<0.90) agent
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Primary non-stented target plaque with focal | Recent cardiovascular event or major surgery (<6

stenosis in CFA/proximal SFA months ago)

Presence of lower extremity CTA imaging to | Contra-indication for antiplatelet therapy
measure:

- Grade of stenosis 50-90%

- Plaque length <40mm

- Grade of calcification £50%

- Distance dorsal vessel wall to the skin

<35 mm

Target vessel Vvisible with DMUA/HIFU

synthesizer imaging

Data handling
Participant UMCU healthcare data, data from medical interviews, quality of life questionnaires and data

from various medical tests and measurements are filed as source data in the electronic patient records.
All study-related results from medical interviews, tests and measurements are collected in an electronic
Case Report Form (eCRF) with audit trial functionality. Internal auditing is performed and monitoring is
performed by the Julius Clinical Research (Zeist, The Netherlands). Research data is stored
anonymized and personal data is stored separately. A separate file is created to identify the patient via
their unique study number. Research data will be archived for 15 years after the study has ended. To
be able to reproduce the study findings, and to help future users understand and reuse data, all changes

made to the raw data will be documented in data queries generated in the eCRF.

Study procedures
Screening procedure

The vascular surgeon identifies potential eligible study participants. If the patient consents and meets
eligibility criteria as mentioned in table 2 the HIFU specific plaque characteristics (arterial depth, grade
of calcification and stenosis severity) will be evaluated in collaboration with a designated expert
radiologist. Based on lower extremity computed tomography angiography (CTA) and DUS the

10

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 24

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inalladns juswaublasug

e ¥


http://bmjopen.bmj.com/

Page 11 of 24

oNOYTULT D WN =

BMJ Open

calcification grade of maximal 50% in the culprit lesion and arterial depth of maximal 35 mm will be

measured (table 2).

Baseline visit
During the baseline visit, patients are asked to sign the informed consent form. After this a clinical

interview, physical examination, DUS and magnetic resonance imaging, exercise test and a
HIFU/DMUA visibility test is performed. The results of the baseline visit determine if a patient is

definitively eligible for study participation.

Intervention
The patient is lying in supine position under sedation during the HIFU procedure. DUS is used initially

to visualize and mark the target area on the skin before the HIFU procedure. Anatomical landmarks,
such as the CFA/SFA bifurcation, proximal and distal end of the plaque, and calcifications, are marked
on the skin as additional guidance for the treatment team during imaging with the DMUA transducer.
After this the DMUA transducer is placed in the groin region from where the CFA/SFA plaque can be
followed from proximal to distal and eventually targeted. Compared to conventional DUS, image
resolution of the DMUA transducer is inferior (axial resolution is ~2.6 mm and lateral resolution is ~1.2
mm whilst conventional DUS can reach submillimeter resolution depending imaging settings)?”-3!. For

this reason, additional DUS is required in this phase to ensure correct targeting.

The transducer is attached to a six-degrees-of-freedom robotic arm to ensure precise positioning and
accurate imaging of the target area. The transducer is placed in the groin, perpendicular to the CFA to
create a transversal plane through the artery. When the CFA is visualized, the robot arm is used to move
the transducer along the vessel pathway to visualize the CFA bifurcation and proximal part of the SFA.
During this visualization step, synthetic aperture (SA) imaging?’ is used for real-time visualization of the
full trajectory. When the full trajectory is visualized and the target planes are determined, the HIFU
therapy can start. Per transversal plane (figure 2) multiple shots will be delivered in the stenosis area
with an inter-target distance of 1 mm. When a full plane is targeted, the robot moves the transducer
1mm to repeat the process of targeting in the next transversal plane (figure 2). This process is repeated

for 10 planes and after this the transducer is moved up to visually inspect the skin region for eventual

11
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thermal damage. When there is no sign of thermal damage the transducer can be moved back to the

position and the therapy will be continued.

Figure 2 Panel A: Schematic overview of target planes in a vessel. Panel B: Screenshot of the DMUA/HIFU image
of the vessel with target area marked by the red dot. The green box represents the skin interface and the yellow
box represents the region of interest (ROIl). Panel C: schematic overview of the screenshot shown in panel B.

When the stenosis is treated in full length, the vascular surgeon checks for acute vascular patency with
DUS. The skin is again inspected for thermal damage and the lower extremity is assessed for any signs

of distal thromboembolism.

Follow-up
The overall duration of the follow-up for study participants is three months at specific moments in time.

Full follow-up scheme with associated tests and measurements is visible in table 3. During the follow-
up patients are assessed on change in symptoms and eventual changes in the stenosis severity based
on different imaging modalities (DUS, MRA). Hemodynamic changes are assessed based on the ABI

and exercise test.

Baseline Procedure +1 +7 +14 +21 +30 +90
day day days days days days days
Standardized
Medical + + + + + + + +
interview
Physical
examination * ¥ * * p ) * *
Ankle
brachial + + + + + - + +
index
MRA + - + - - + -
DUS + + + + + - + +
Exercise test + - - - - - + -
Quality of life . i . i . i . N
questionnaire

Table 3 Follow-up scheme for study participants. The + sign indicates the test is performed during the visit.

Adverse events
In case of an adverse event (AE) the research team will convene and discuss this within a week, to

evaluate whether the AE was procedure-related and to evaluate the safety of the HIFU-treatment. Two

independent experts will periodically (every 5 patients) review all AEs. In case of a serious adverse

12
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event (SAE), the independent experts is informed <7 days. In case of life-threatening adverse events or

death, the independent experts is informed <3 days.

SAE'’s are reported through the web portal ‘ToetsingOnline’ to the accredited Medical Ethics Committee
that approved the protocol and to the ‘Inspectie gezondheidszorg en jeugd (IGJ), within 15 days after

first knowledge of the SAE. SAEs resulting in death or a life-threatening situation are reported expeditely.

All AEs are followed until they are resolved, or until a stable situation has been reached. Depending on
the event, follow up may require additional tests or medical procedures as indicated, and/or referral to

the general physician or a medical specialist.

Premature termination of the study is considered in case of an unexpected major procedure related SAE
that results in death or near-fatal complications. The study team will meet to decide on premature
termination of the study in case of frequent (>2) severe complications that, in the opinion of the study
team and/or medical monitors, bring into question the safety of the procedure and therewith the safety

of the other participants.

Statistical analysis
Statistical analysis will be performed with the Statistical Package for the Social Sciences (version 25.0

for Windows, SPSS Inc., Chicago, USA). For the primary endpoint, the thirty-day procedure related
major complication rate will be shown as a percentage by dividing the number of major complications
by the number of procedures. Major procedure-related complications are defined as complications that
require endovascular or open revascularization, amputation (e.g. treated segment thrombosis, acute

onset of limb ischemia), or that might lead to patient death within 30 days of the procedure.

We choose not to perform repeated measurement analyses as we are interested in demonstrating an
effect in this first-in-human-use proof-of-concept study, rather than quantifying this effect. Nonetheless,
most parameters of the tests and measurements will be represented as continuous variables. The
plaque characteristics will be presented as categorical variables and will be analyzed by means of the
Fisher's exact test. Changes in these continuous variables will be analyzed by means of the paired T-
test or the Mann-Whitney U test, when applicable. Results of analysis will be considered significant

when p < 0.05. Missing data will be excluded pair-wise.
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Patient and public involvement
Patients or the public were not involved in the design, or conduct, or reporting, or dissemination plans

of our research.

ETHICS AND DISSEMINATION

This study is conducted according to the principles of the Declaration of Helsinki (64th WMA General
Assembly, Fortaleza, Brazil, October 2013)3? and in accordance with the Dutch Medical Research
Involving Human Subjects Act (WMO). An Investigator Site File is produced in advance of the study
conforming to the institutional guidelines. The study is registered in the Netherlands Trial Register, NTR
number NL7564. In case of any protocol amendments needed during the study, the Medical Ethics
Committee will be notified. The results of the study are disclosed unreservedly and will be submitted to

a peer reviewed scientific journal, in accordance to the CCMO statement! containing the basic principles

on the disclosure and publication of research results obtained from studies involving human subjects.

DISCUSSION

The HIFU trial is a first-in-human pilot study. The goal of the clinical trial is to investigate the safety and
feasibility of robot-assisted high-intensity focused ultrasound using a dual-mode ultrasound array for the
treatment of peripheral atherosclerosis. The DMUA allows imaging and delivery of therapy with a single
transducer, enabling accurate targeting and a closed-loop control to optimize energy delivery. The local
(~1 mm) thermal effect generated by focusing the high-intensity US beams is expected to affect the
cycle of plaque formation as it causes coagulation necrosis.?23334 The hypothesis is that the generated
heat causes decellularization of the soft plaque segments and reduces the vasa vasorum.26:35-37 This
disrupts the plaque formation, reduces the plaque volume, and increases the vessel lumen diameter.
The effect of HIFU therapy on atherosclerosis has only been studied in preclinical studies, and therefore,

this first-in-human pilot study is conducted to assess the safety and feasibility of this therapy.

Inclusion and exclusion criteria are set to find eligible candidates for the HIFU therapy. Whether the

plaque can be targeted with this specific HIFU is determined from the plaque characteristics, including

1 https://www.ccmo.nl/onderzoekers/klinisch-onderzoek-naar-medische-hulpmiddelen/tijdens-en-na-
onderzoek-naar-medische-hulpmiddelen/resultaten-onderzoek
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plaque depth, amount of calcification, and stenosis severity. The depth of the target vessel is dependent
on the focus length of the DMUA transducer, which can be set between 45 and 55 mm. Because the
transducer cannot be placed directly on the skin due to its concave shape, a water bolus cover is needed
to enable good coupling between the skin and transducer. This dictates that the distance between the
skin and the HIFU target area cannot exceed 35 mm. The bolus cover can be adjusted to increase the
distance between the transducer and skin to allow the target to be in the focal point. Furthermore,
altering the pressure in the groin with the transducer can aid in getting the target within therapeutic

window.

For the current study, the amount of calcific content in the culprit lesion, arterial depth and stenosis
severity are essential for inclusion or exclusion. Severe calcification is considered as a contraindication
for the HIFU therapy because the expected therapeutic benefit of this thermal therapy is uncertain.3®
Calcification is an acoustic barrier for US progression and diffusion and can potentially reflect the US
beam to non-targeted tissue and therefore highly calcified lesions may not be suitable for HIFU
targeting.383% Therefore, for this safety study, highly calcified lesions are contraindicated. Furthermore,
in case of a stenosis grade larger than 90%, there may be a risk of occlusion due to clotting and therefore
considered as contraindication. The effect of this thermal therapy on atherosclerotic plaque is unknown

but in the animal studies some swelling at the targeted vascular wall was observed.2':40

Plaque rupture, distal thrombosis, and arterial occlusion are considered as potential complications of
this therapy; however, these risks are considered to be low. Preclinical research with this experimental
set-up has demonstrated that the endothelium remains intact at the appropriate HIFU intensities, and
no rise of temperature in the vessel wall leading to thrombosis occurred.?! The closed-loop feedback
control is also a precaution to prevent overexposure and excessive tissue heating. The endothelial cells
of the vessel wall are naturally cooled by the blood flow, thus reducing the chance of plaque rupture.?!
The ongoing trial with this experimental therapy however has to demonstrate that these potential risks

do not occur.
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Figure 1 HIFU/DMUA set-up as used during a clinical procedure
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Figure 2 Panel A: Schematic overview of target planes in a vessel. Panel B: Screenshot of the DMUA/HIFU
image of the vessel with target area marked by the red dot. The green box represents the skin interface and
the yellow box represents the region of interest (ROI). Panel C: schematic overview of the screenshot shown

in panel B.
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Appendix E: Subject Consent Form

First in man use of DMUA/HIFU therapy for the treatment of atherosclerotic plaques in
the femoral artery

- I have read the subject information form. | was also able to ask questions. My questions
have been answered to my satisfaction. | had enough time to decide whether to
participate.

- | know that participation is voluntary. | know that | may decide at any time not to
participate after all or to withdraw from the study. | do not need to give a reason for this.

- | give permission for my GP to be informed that | am participating in this study

- | give permission for the collection and use of my data to answer the research question in
this study.

- | know that some people may have access to all my data to verify the study. These
people are listed in this information sheet. | consent to the inspection by them.

- |l agree that my GP and / or treating specialist will be informed of coincidental findings
that (may) be of interest for my health.

- I know that | should not become pregnant during the study.

- If applicable: the investigator has discussed with me the most suitable contraception for
me.

- o do

o do not
consent to keeping my personal data longer and to use it for future research
in the field of my condition and / or the studied treatment method.

- o do

o do not
consent to being contacted again after this study for a follow-up study.

- o do

o do not
want to be informed about what treatment | have received / in which group |
was.
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- | want to participate in this study.

Name of study subject:
Signature: Date: [/ [/

| hereby declare that | have fully informed this study subject about this study.

If information comes to light during the course of the study that could affect the study
subject's consent, | will inform him/her of this in a timely fashion.

Name of investigator (or his/her representative):
Signature: Date: /[

If applicable

Additional information was given by:

Name:

Job title:

Signature: Date: /[

* Delete as appropriate.

The study subject will receive the full information sheet, together with a signed copy of the
consent form.
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ABSTRACT

Introduction: Peripheral arterial disease (PAD) is an atherosclerotic disease leading to stenosis and/or
occlusion of the arterial circulation of the lower extremities. The currently available revascularization
methods have an acceptable initial success rate, but the long-term patency is limited, while surgical
revascularization is associated with a relatively high perioperative risk. This urges the need for
development of less invasive and more effective treatment modalities. This protocol article describes a
study investigating a new non-invasive technique that uses robot assisted high intensity focused
ultrasound (HIFU) to treat atherosclerosis in the femoral artery.

Methods and analysis: A pilot study is currently performed in 15 symptomatic PAD patients with a
significant stenosis in the common femoral (CFA) and/or proximal superficial femoral artery (SFA). All
patients will be treated with the dual-mode ultrasound array (DMUA) system to deliver imaging-guided
high-intensity focused ultrasound (HIFU) to the atherosclerotic plaque. Safety and feasibility are the
primary objectives assessed by the technical feasibility of this therapy and the 30-day major complication
rate as primary endpoints. Secondary endpoints are angiographic and clinical success and quality of
life.

Ethics and dissemination: Ethical approval for this study was obtained in 2019 from the Medical Ethics
Committee of the University Medical Center Utrecht, the Netherlands. Data will be presented at national
and international conferences and published in a peer-reviewed journal.

Trial registration numbers: Netherlands Trial Register, NL7564.

Keywords: Atherosclerosis, focused ultrasound, peripheral arterial disease, plaque debulking, thermal

therapy
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Strengths and limitations of this study

First in human study to assess the safety and feasibility of noninvasive HIFU/DMUA therapy to
target atherosclerotic plaques in the femoral artery.

Extensive follow-up in the first month after the procedure with duplex ultrasound and magnetic
resonance imaging providing detailed information about the plaque response to the therapy.
Next to quantitative plaque analysis, patients are asked to fill in quality of life questionnaires
specially designed for Dutch patients with peripheral arterial disease.

This is a non-randomized single center study and consequently there is chance of selection
bias.
Calcified plaques are an exclusion parameter so the data collected in this study cannot be

extrapolated to the full spectrum of plaque morphologies.
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INTRODUCTION

Peripheral arterial disease (PAD) is an atherosclerotic disease leading to stenosis and/or occlusion of
the arterial circulation of the lower extremities. The severity of PAD varies from asymptomatic stenosis
to limb-threatening ischemia.'-3 In case of severe symptoms, revascularization is indicated. Three main
options are generally available for revascularization, namely, open, endovascular or a hybrid
intervention. The open option is the surgical removal of the atherosclerotic plaque (endarterectomy), or
bypass surgery, where a new conduit of blood flow is created to overcome the stenosis or occlusion.
The endovascular option is a minimally invasive manner of increasing the lumen diameter by inflating a
balloon (angioplasty) combined with expanding a metal scaffold (stent), if indicated. In a hybrid case,
open surgery and endovascular surgery are combined. The predicted benefit for patients should
outweigh the potential risks and durability of the intervention.#® Most peripheral arterial interventions
have an acceptable initial technical and clinical success rate, but the long-term patency is limited.5
Furthermore, fluoroscopy exposure during these procedures also possesses potential health risks, such

as DNA damage and long-term health effects, to both the patient and the treatment team.”-®

Guidelines including The Trans-Atlantic Inter-Society Consensus for the Management of Peripheral
Arterial Disease (TASC) generally recommend for revascularization options (open, endovascular or
hybrid procedures) based on the anatomical location and extent of the arterial lesions. 4510
Endovascular revascularization is generally preferred over open procedures due to the reduced
perioperative morbidity and shorter hospital stays.’'" However, endovascular strategies for stenotic
lesions located in anatomically “hostile” arterial segments or “no stent areas,” such as arterial flexion
points (surrounding joints), remain a subject for debate. For example, the endovascular approach has
not been adopted widely in the common femoral artery (groin). Despite the reduction of wound related
complications and shorter hospital stay, endovascular revascularization in the common femoral artery
is associated with a lower patency and increased rates of subsequent revascularization procedures.
Another concern is that stent placement in this region may limit access options for future procedures,
and the bending forces may cause stent fracture and subsequent arterial occlusion.'? For this reason,
despite the risk of infection and septic bleeding, open endarterectomy of the common femoral artery is

still considered the gold standard therapy.'3
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An alternative to the increased complication risk of the open surgical approach is endovascular plaque
debulking. With plaque debulking, the plaque is removed and reduced rather than cracked and pressed
against the arterial wall, which might lessen vessel barotrauma and reduce the risk of plaque recoil.
Directional, rotational, orbital, and laser atherectomy are current examples of endovascular plaque
debulking with good technical success rates.'> Nevertheless, the reported restenosis and subsequent

reinterventions rates are comparable to regular endovascular revascularization.'®

Noninvasive plaque debulking techniques may overcome the risk of perioperative complications
associated with surgery altogether. High-intensity focused ultrasound (HIFU) enables noninvasive tissue
ablation.'6-'8 Dual-mode ultrasound arrays (DMUA) offers the possibility of simultaneous HIFU targeting
and ultrasound (US) imaging, thereby allowing inherent registration between imaging and treatment
location.®-2" HIFU/DMUA therapy can be used for transcutaneous noninvasive ablation of targets with
submillimeter precision and accuracy.'-'*24 The pathophysiology of atherosclerosis suggests that
atherosclerotic plaques may respond to HIFU/DMUA therapy.2! It is hypothesized that the local thermal
effect of HIFU causes coagulation necrosis affecting the plaque and inducing a new immune response
with a complex cascade of cellular reactions, eventually leading to a decrease in plaque volume and an

increased lumen diameter.2526

A clinical trial currently being conducted at the University Medical Center Utrecht (UMCU) is investigating
the safety and feasibility of this technique (Netherlands Trial Register trial number NL7564). This article

describes the working protocol for the treatment of femoral arterial disease with this specific intervention.

Technical background: HIFU/DMUA synthesizer

The DMUA transducer used in this study is specifically developed for arterial plaque debulking
purposes.? The 3.5-MHz 64-element concave shaped dual mode array transducer (Imasonic, Voray
sur 'Ognon, France) uses the spherical shape for mechanical steering of the US beams (Table 1). The
transducer is attached to a six degrees-of-freedom robotic arm (UR3, Universal Robots, Odense,
Denmark) to allow precise positioning that enables accurate imaging and treatment on a sub-millimeter

scale.
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The HIFU/DMUA synthesizer is an integrated medical device that delivers US-guided HIFU therapy
(figure 1). The DMUA allows real-time monitoring of lesion formation and can therefore be used as a
closed-loop feedback to control energy delivery to optimize treatment. HIFU therapy is based on the fact
that US beams are partially converted into thermal energy when travelling through tissue. At low
intensities, as with diagnostic US, this phenomenon does not interfere with normal physiology. However,
when emitted at high intensities, US beams can produce a significant rise in temperature, leading to
coagulation necrosis. With HIFU therapy, the high-intensity US beams are focused on diseased tissue,
thereby producing localized submillimeter thermal lesions at the targeted tissue leading to coagulation
necrosis. For safety measures, the HIFU/DMUA synthesizer is equipped with a closed-loop prescriptive
image-guided control (CLC) algorithm. The energy delivery is monitored along the acoustic path of the
beam to avoid affecting non-targeted tissues and to modulate the amplitude of the HIFU pulse based
on image feedback. This feedback consists of single transmit focus (STF) imaging data that are gathered
before and after every 10 milliseconds during the HIFU bursts.2® STF imaging is a method of high-speed

imaging enabling monitoring of the changes at the treatment site.20-¢7

Table 1 DMUA technical specifications

Type Linear array transducer

Number of channels 2 rows of 32 elements

Mechanical focusing Spherical

Radius of curvature 50 mm £2 mm

Inter-element spacing 0.2 mm

Height of the elements 34 mm divided into two rows (equal height)
Frequency 3.5 MHz

Figure 1 HIFU/DMUA set-up as used during a clinical procedure
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METHODS AND ANALYSIS

Study objectives
To investigate the safety and feasibility of HIFU/DMUA therapy for the treatment of symptomatic patients

with atherosclerotic plaques in the femoral artery.

Study design
The study is designed as a first-in-human pilot study that is currently being conducted by the University

Medical Center Utrecht with a cohort of 15 patients diagnosed with PAD. The protocol was finalized
February 25, 2019 and first inclusion was performed June 17, 2019. Since then, minor changes to the
protocol were made and approved by the Medical Research Ethics Committee (version 1.4). The
estimated end date of the study is halfway through 2023, since there has been a significant delay due
to the COVID-19 pandemic. All patients are asked to provide written informed consent. After informed

consent is signed, patients will undergo a thorough screening to assess eligibility for inclusion.

Primary study parameters
The main endpoints are the safety and feasibility of this experimental treatment. Safety is determined

by the 30-day major complication rate. This is a composite safety endpoint, based on previously
validated safety endpoints for symptomatic peripheral arterial disease.?-% |t consists of the 30-day
major adverse event rate, which is defined as any complication that requires endovascular
revascularization, open revascularization, or amputation in the target limb. Secondly, it consists of the
30-day mortality rate. Feasibility is defined as being able to accomplish the HIFU/DMUA procedure to

target the atherosclerotic plaque in the CFA and/or SFA.

Secondary study parameters
Secondary endpoints are defined as technical, vascular imaging, clinical, and quality of life parameters.

Technical success is defined as successful visualization of the target lesion and successful delivery of
HIFU therapy to the intended target lesions. During the procedure, procedural data of the device, the
number, intensity, and duration of all HIFU shots delivered will be recorded and analyzed. The intensity

of the shots is depending on the HIFU amplitude and tissue attenuation and absorption but is generally
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around 6.25 kW/cm?2.2" After the HIFU procedure the number of shots and the efficacy of the shots will
be determined. The efficacy will be analyzed based on the echogenicity change during the shot. Shots
reaching threshold will be considered as effective HIFU shots. Another important aspect of the technical
success is the non-occurrence of complications such as thrombosis, dissection or occlusion within the

target vessel due to the HIFU therapy.

Follow up by vascular imaging is performed with both MRI and duplex ultrasound (DUS) to visualize
plague morphology and stenosis severity over time. With MRI changes in lesion length (mm), stenosis
severity (%), total plaque volume (mm?3), total vascular wall volume (mm3), and atherosclerotic (peri-)
plaque characteristics like presence of edema, calcification, intraplaque hemorrhage and presence of a
lipid rich necrotic core can be analyzed. DUS imaging will be used to assess the hemodynamic changes
by measuring the peak systolic velocity ratio (PSV ratio) at the target lesion. Furthermore, plaque
(surface) characteristics will be described and special attention will be given to assess the occurrence

of arteriovenous fistula.

Clinical endpoints are assessed on functional exercise and the ankle-brachial index (ABI)
measurements. Hemodynamic success is defined as an improvement in the ABI at 30 days post
procedure compared to baseline. Functional success is defined as an improvement on exercise testing.

An improvement of symptoms is also taken into account.

Patients and eligibility criteria
The present safety and feasibility study is a pilot being conducted by the University Medical Center

Utrecht, the Netherlands. To determine whether HIFU treatment is safe in this study, the safety outcome
of HIFU-treatment has to be non-inferior to the safety outcome of the common femoral endarterectomy
(CFE). The complication rate of a CFE varies between 6 — 26 %3, with the point of gravity around 8%
(1 in 12.5 patients). Therefore, a sample size of 15 patients is chosen for this safety trial for the
investigational therapy. The most relevant eligibility criteria are represented in table 2, the full list of
eligibility criteria is added as supplemental information. Patients classified as Fontaine class 1IB or Il
with an isolated CFA or proximal SFA, or multilevel femoral disease (CFA and SFA) but no indication to

treat distal the SFA (in case of Fonataine IIB), will be considered to be eligible for inclusion. Written
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informed consent is obtained during the baseline visit after a reflection period of at least 7 days after the

first study information visit.

Table 2 Eligibility criteria

Inclusion criteria Exclusion criteria

Patient < 85 years Patient is diagnosed with early onset PAD

Patient is diagnosed with symptomatic PAD (ABI | Contraindication for MRI or gadolinium contrast

<0.90) agent

Primary non-stented target plaque with focal | Recent cardiovascular event or major surgery (<6

stenosis in CFA/proximal SFA months ago)

Presence of lower extremity CTA imaging to | Contra-indication for antiplatelet therapy
measure:

- Grade of stenosis 50-90%

- Plaque length <40mm

- Grade of calcification <50%

- Distance dorsal vessel wall to the skin

<35 mm

Target vessel visible with DMUA/HIFU

synthesizer imaging

Data handling
Participant UMCU healthcare data, data from medical interviews, quality of life questionnaires and data

from various medical tests and measurements are filed as source data in the electronic patient records.
All study-related results from medical interviews, tests and measurements are collected in an electronic
Case Report Form (eCRF) with audit trial functionality. Internal auditing is performed and, independent
from the sponsor, monitoring is performed by the Julius Clinical Research (Zeist, The Netherlands). The
monitor will visit periodically to discuss progress of the clinical trial, review correspondence and review
the CRFs and the original documents with the study personnel for accuracy of data recording. Research

data is stored anonymized and personal data is stored separately. A separate file is created to identify

10
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the patient via their unique study number. Research data will be archived for 15 years after the study
has ended. To be able to reproduce the study findings, and to help future users understand and reuse

data, all changes made to the raw data will be documented in data queries generated in the eCRF.

Study procedures
Screening procedure

The vascular surgeon identifies potential eligible study participants. If the patient consents and meets
eligibility criteria as mentioned in table 2 the HIFU specific plaque characteristics (arterial depth, grade
of calcification and stenosis severity) will be evaluated in collaboration with a designated expert
radiologist. Based on lower extremity computed tomography angiography (CTA) and DUS the
calcification grade of maximal 50% in the culprit lesion and arterial depth of maximal 35 mm will be

measured (table 2).

Baseline visit
During the baseline visit, patients are asked to sign the informed consent form. After this a clinical

interview, physical examination, DUS and magnetic resonance imaging, exercise test and a
HIFU/DMUA visibility test is performed. The results of the baseline visit determine if a patient is

definitively eligible for study participation.

Intervention
The patient is lying in supine position under sedation during the HIFU procedure. DUS is used initially

to visualize and mark the target area on the skin before the HIFU procedure. Anatomical landmarks,
such as the CFA/SFA bifurcation, proximal and distal end of the plaque, and calcifications, are marked
on the skin as additional guidance for the treatment team during imaging with the DMUA transducer.
After this the DMUA transducer is placed in the groin region from where the CFA/SFA plaque can be
followed from proximal to distal and eventually targeted. Compared to conventional DUS, image
resolution of the DMUA transducer is inferior (axial resolution is ~2.6 mm and lateral resolution is ~1.2
mm whilst conventional DUS can reach submillimeter resolution depending imaging settings)?”-3'. For

this reason, additional DUS is required in this phase to ensure correct targeting.

11
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The transducer is attached to a six-degrees-of-freedom robotic arm to ensure precise positioning and
accurate imaging of the target area. The transducer is placed in the groin, perpendicular to the CFA to
create a transversal plane through the artery. When the CFA is visualized, the robot arm is used to move
the transducer along the vessel pathway to visualize the CFA bifurcation and proximal part of the SFA.
During this visualization step, synthetic aperture (SA) imaging?’ is used for real-time visualization of the
full trajectory. When the full trajectory is visualized and the target planes are determined, the HIFU
therapy can start. Per transversal plane (figure 2) multiple shots will be delivered in the stenosis area
with an inter-target distance of 1 mm. When a full plane is targeted, the robot moves the transducer
1mm to repeat the process of targeting in the next transversal plane (figure 2). This process is repeated
for 10 planes and after this the transducer is moved up to visually inspect the skin region for eventual
thermal damage. When there is no sign of thermal damage the transducer can be moved back to the

position and the therapy will be continued.

Figure 2 Panel A: Schematic overview of target planes in a vessel. Panel B: Screenshot of the DMUA/HIFU image
of the vessel with target area marked by the red dot. The green box represents the skin interface and the yellow
box represents the region of interest (ROIl). Panel C: schematic overview of the screenshot shown in panel B.

When the stenosis is treated in full length, the skin is again inspected for thermal damage and the lower
extremity is assessed for any signs of distal thromboembolism or arterial occlusion. The vascular

surgeon also checks for acute vascular patency with DUS.

Follow-up
The overall duration of the follow-up for study participants is three months at specific moments in time.

Full follow-up scheme with associated tests and measurements is visible in table 3. During the follow-
up patients are assessed on change in symptoms and eventual changes in the stenosis severity based
on different imaging modalities (DUS, MRA). Hemodynamic changes are assessed based on the ABI

and exercise test.

Baseline Procedure +1 +7 +14 +21 +30 +90
day day days days days days days
Standardized
Medical + + + + + + + +
interview
Physical
examination * * * * * ) * *
12
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Ankle brachial
. + + + + + - + +
index
MRA + - + - - + -
DUS + + + + + - + +
Exercise test + - - - - - + _
Qua/i.ty of l.ife . ] R ] . ] . .
questionnaire™

Table 3 Follow-up scheme for study participants. The + sign indicates the test is performed during the visit.
*Standardized and validated vascular quality of life questionnaires are used; VascuQoL-NL/EQ-5D-3L3?

Monitoring
Data safety monitoring will be performed by the research team and two independent experts (both

UMCU radiologists with experience in the field of magnetic resonance guided HIFU therapy), who shall
function as medical safety monitors. The research team and medical safety monitors will monitor any

adverse event to evaluate the safety of the HIFU-treatment.

Adverse events
In case of an adverse event (AE) the research team will convene and discuss this within a week, to

evaluate whether the AE was procedure-related and to evaluate the safety of the HIFU-treatment. Two
independent experts will periodically (every 5 patients) review all AEs. In case of a serious adverse
event (SAE), the independent experts are informed <7 days. In case of life-threatening adverse events

or death, the independent experts are informed <3 days.

SAE’s are reported through the web portal ‘ToetsingOnline’ to the accredited Medical Ethics Committee
that approved the protocol and to the ‘Inspectie gezondheidszorg en jeugd (IGJ), within 15 days after

first knowledge of the SAE. SAEs resulting in death or a life-threatening situation are reported expeditely.

All AEs are followed until they are resolved, or until a stable situation has been reached. Depending on
the event, follow up may require additional tests or medical procedures as indicated, and/or referral to

the general physician or a medical specialist.

Premature termination of the study is considered in case of an unexpected major procedure related SAE
that results in death or near-fatal complications. The study team will meet to decide on premature
termination of the study in case of frequent (>2) severe complications that, in the opinion of the study
team and/or medical monitors, bring into question the safety of the procedure and therewith the safety

of the other participants.

13
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The sponsor also has an insurance which is in accordance with the legal requirements in the
Netherlands (Article 7 WMO and the Measure regarding Compulsory Insurance for Clinical Research in
Humans of 23rd June 2003). This assurance provides cover for damage to research subjects through
injury or death caused by the study. The insurance applies to the damage that becomes apparent during

the study or within 4 years after the end of the study.

Statistical analysis
Statistical analysis will be performed with the Statistical Package for the Social Sciences (version 25.0

for Windows, SPSS Inc., Chicago, USA). For the primary endpoint, the thirty-day procedure related
major complication rate will be shown as a percentage by dividing the number of major complications
by the number of procedures. Major procedure-related complications are defined as complications that
require endovascular or open revascularization, amputation (e.g. treated segment thrombosis, acute

onset of limb ischemia), or that might lead to patient death within 30 days of the procedure.

We choose not to perform repeated measurement analyses as we are interested in demonstrating an
effect in this first-in-human-use proof-of-concept study, rather than quantifying this effect. Nonetheless,
most parameters of the tests and measurements will be represented as continuous variables. The
plaque characteristics will be presented as categorical variables and will be analyzed by means of the
Fisher's exact test. Changes in these continuous variables will be analyzed by means of the paired T-
test or the Mann-Whitney U test, when applicable. Results of analysis will be considered significant
when p < 0.05. Missing data will be excluded pair-wise.

Patient and public involvement

Patients or the public were not involved in the design, or conduct, or reporting, or dissemination plans
of our research. Participants are asked to give feedback on their experience during the conduct of the

study. The participants will be informed once the trial results are published.

ETHICS AND DISSEMINATION

This study is conducted according to the principles of the Declaration of Helsinki (64th WMA General
Assembly, Fortaleza, Brazil, October 2013)3 and in accordance with the Dutch Medical Research

Involving Human Subjects Act (WMO). The study design was approved by the Medical Research Ethics

14
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Committee of University Medical Center Utrecht, The Netherlands. An Investigator Site File is produced
in advance of the study conforming to the institutional guidelines. The study is registered in the
Netherlands Trial Register, NTR number NL7564. In case of any protocol amendments needed during
the study, the Medical Ethics Committee will be notified. The results of the study are disclosed
unreservedly and will be submitted to a peer reviewed scientific journal, in accordance to the CCMO

statement? containing the basic principles on the disclosure and publication of research results obtained

from studies involving human subjects.

DISCUSSION

The HIFU trial is a first-in-human pilot study. The goal of the clinical trial is to investigate the safety and
feasibility of robot-assisted high-intensity focused ultrasound using a dual-mode ultrasound array for the
treatment of peripheral atherosclerosis. The DMUA allows imaging and delivery of therapy with a single
transducer, enabling accurate targeting and a closed-loop control to optimize energy delivery. The local
(~1 mm) thermal effect generated by focusing the high-intensity US beams is expected to affect the
cycle of plaque formation as it causes coagulation necrosis.?23435 The hypothesis is that the generated
heat causes decellularization of the soft plaque segments and reduces the vasa vasorum.26:36-38 This
disrupts the plaque formation, reduces the plaque volume, and increases the vessel lumen diameter.
The effect of HIFU therapy on atherosclerosis has only been studied in preclinical studies, and therefore,

this first-in-human pilot study is conducted to assess the safety and feasibility of this therapy.

Inclusion and exclusion criteria are set to find eligible candidates for the HIFU therapy. Whether the
plaque can be targeted with this specific HIFU is determined from the plaque characteristics, including
plaque depth, amount of calcification, and stenosis severity. The depth of the target vessel is dependent
on the focus length of the DMUA transducer, which can be set between 45 and 55 mm. Because the
transducer cannot be placed directly on the skin due to its concave shape, a water bolus cover is needed
to enable good coupling between the skin and transducer. This dictates that the distance between the
skin and the HIFU target area cannot exceed 35 mm. The bolus cover can be adjusted to increase the

distance between the transducer and skin to allow the target to be in the focal point. Furthermore,

1 https://www.ccmo.nl/onderzoekers/klinisch-onderzoek-naar-medische-hulpmiddelen/tijdens-en-na-
onderzoek-naar-medische-hulpmiddelen/resultaten-onderzoek
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altering the pressure in the groin with the transducer can aid in getting the target within therapeutic

window.

For the current study, the amount of calcific content in the culprit lesion, arterial depth and stenosis
severity are essential for inclusion or exclusion. Severe calcification is considered as a contraindication
for the HIFU therapy because the expected therapeutic benefit of this thermal therapy is uncertain.3®
Calcification is an acoustic barrier for US progression and diffusion and can potentially reflect the US
beam to non-targeted tissue and therefore highly calcified lesions may not be suitable for HIFU
targeting.3940 Therefore, for this safety study, highly calcified lesions are contraindicated. Furthermore,
in case of a stenosis grade larger than 90%, there may be a risk of occlusion due to clotting and therefore
considered as contraindication. The effect of this thermal therapy on atherosclerotic plaque is unknown

but in the animal studies some swelling at the targeted vascular wall was observed.2'#!

Plaque rupture, distal thrombosis, and arterial occlusion are considered as potential complications of
this therapy; however, these risks are considered to be low. Preclinical research with this experimental
set-up has demonstrated that the endothelium remains intact at the appropriate HIFU intensities, and
no rise of temperature in the vessel wall leading to thrombosis occurred.2! The closed-loop feedback
control is also a precaution to prevent overexposure and excessive tissue heating. The endothelial cells
of the vessel wall are naturally cooled by the blood flow, thus reducing the chance of plaque rupture.?!
The ongoing trial with this experimental therapy however has to demonstrate that these potential risks

do not occur.
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Figure 1 HIFU/DMUA set-up as used during a clinical procedure
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19 Figure 2 Panel A: Schematic overview of target planes in a vessel. Panel B: Screenshot of the DMUA/HIFU
20 image of the vessel with target area marked by the red dot. The green box represents the skin interface and
21 the yellow box represents the region of interest (ROI). Panel C: schematic overview of the screenshot shown
in panel B.
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Inclusion criteria

In order to be eligible to participate in this study, a subject must meet all of the following

criteria:
1.
2.

Maximal age of the patient is 85 years.

Individual is diagnosed with symptomatic peripheral arterial disease (ankle brachial
index <0,9), with focal localisation in the femoral artery.

Individual has a non-stented, primary target lesion with a 50-90% occlusion or
symptoms with a total lesion length of <40mm.

Presence of CTA-imaging of the target lesion in the patient’s medical file at baseline
(<2 year old), from which the degree of plaque calcification can be measured.

On the CTA imaging an estimation of the arterial depth can be obtained. If the
measured distance exceeds 35 mm proposed is to assess available duplex-
ultrasound imaging for arterial depth measurement. The pressure of the ultrasound
probe used during a duplex is comparable with the generated probe pressure during
HIFU therapy.

The target vessel and/or lesion must be visible on ultrasound-imaging of the
DMUA/HIFU-system.

Exclusion criteria

A potential subject who meets any of the following criteria will be excluded from participation

in this study:

1.
2.

Patient is diagnosed with early onset peripheral arterial disease.

The maximum distance from the skin surface to the dorsal vessel wall exceeds 35
mm based on ultrasound imaging.

The research team is unable to locate the target vessel/lesion with ultrasound-
imaging of the DMUA/HIFU-system.

Volume of calcified areas in the plaque more than 50% of the culprit lesion, and/or
distribution of calcification in the culprit lesion which the research team considers not
suitable for HIFU-treatment after preprocedural assessment of the existing CTA-
imaging.

Plaque that in the opinion of the research team is unsuitable for HIFU-treatment after
baseline screening of patients with MRA and/or echo-duplex. For example, unstable
plaque (e.g. thin fibrous cap, or intraplague haemorrhage).

Presence of any anatomical structures located near the focus of the HIFU beam,
which in the opinion of the study team, would interfere with safe delivery of the
therapy (e.g. nerves, bone, extensive scar tissue).

History of prior femoral artery stenting at the contemplated target location.
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11.

12.

13.
14.

BMJ Open

Recent (<6 months) cardiovascular event (myocardial infarction, unstable angina
pectoris, TIA/CVA) or major surgery.

Contraindication for antiplatelet therapy.

. Any serious medical condition or any other (medical, physical, anatomical)

considerations, which in the opinion of the study team may adversely affect the safety
of the participant in the study.

Individual has any contraindications for any of the study investigations (e.g.
claustrophobia for MRI).

Individual has a known, unresolved history of substance abuse or alcohol
dependency, lacks the ability to comprehend or follow instructions or would be
unlikely or unable to comply with the study protocol.

Individual is currently enrolled in another investigational or device trial.

Individual is pregnant, nursing or planning to be pregnant.
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Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find each of the

items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short

explanation.

Upload your completed checklist as an extra file when you submit to a journal.
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responsibilities:
sponsor contact

information

Roles and #5¢
responsibilities:

sponsor and funder

Roles and #5d
responsibilities:

committees

Introduction

Background and #6a
rationale

Background and #6b
rationale: choice of

comparators
Objectives #7

Trial design #8

Methods:
Participants,
interventions, and

outcomes

Study setting #9

BMJ Open

Role of study sponsor and funders, if any, in study design;
collection, management, analysis, and interpretation of data;
writing of the report; and the decision to submit the report for
publication, including whether they will have ultimate

authority over any of these activities

Composition, roles, and responsibilities of the coordinating
centre, steering committee, endpoint adjudication committee,
data management team, and other individuals or groups
overseeing the trial, if applicable (see Item 21a for data

monitoring committee)

Description of research question and justification for
undertaking the trial, including summary of relevant studies
(published and unpublished) examining benefits and harms

for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses

Description of trial design including type of trial (eg, parallel
group, crossover, factorial, single group), allocation ratio,
and framework (eg, superiority, equivalence, non-inferiority,

exploratory)

Description of study settings (eg, community clinic,
academic hospital) and list of countries where data will be
collected. Reference to where list of study sites can be

obtained
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Eligibility criteria #10  Inclusion and exclusion criteria for participants. If applicable, 9
eligibility criteria for study centres and individuals who will
perform the interventions (eg, surgeons, psychotherapists)

Interventions: #11a Interventions for each group with sufficient detail to allow 11

description replication, including how and when they will be
administered

Interventions: #11b Criteria for discontinuing or modifying allocated na

modifications interventions for a given trial participant (eg, drug dose
change in response to harms, participant request, or
improving / worsening disease)

Interventions: #11c Strategies to improve adherence to intervention protocols, na

adherance and any procedures for monitoring adherence (eg, drug tablet
return; laboratory tests)

Interventions: #11d Relevant concomitant care and interventions that are na

concomitant care permitted or prohibited during the trial

Outcomes #12  Primary, secondary, and other outcomes, including the 8
specific measurement variable (eg, systolic blood pressure),
analysis metric (eg, change from baseline, final value, time to
event), method of aggregation (eg, median, proportion), and
time point for each outcome. Explanation of the clinical
relevance of chosen efficacy and harm outcomes is strongly
recommended

Participant timeline #13  Time schedule of enrolment, interventions (including any 12

run-ins and washouts), assessments, and visits for
participants. A schematic diagram is highly recommended

(see Figure)

Sample size #14  Estimated number of participants needed to achieve study 9
objectives and how it was determined, including clinical and
statistical assumptions supporting any sample size
calculations

Recruitment #15  Strategies for achieving adequate participant enrolment to 11
reach target sample size

Methods:

Assignment of
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: interventions (for g
(&
2 controlled trials) ke
3 g
4 Allocation: sequence  #16a Method of generating the allocation sequence (eg, computer- na =
5 . . A
6 generation generated random numbers), and list of any factors for o
c
7 stratification. To reduce predictability of a random sequence, %
8 . .. . =
9 details of any planned restriction (eg, blocking) should be e
10 provided in a separate document that is unavailable to those T E
11 . . . S o
12 who enrol participants or assign interventions =
13 g 3
14 Allocation #16b Mechanism of implementing the allocation sequence (eg, na g g
. e o
12 concealment central telephone; sequentially numbered, opaque, sealed § °
=]
17 mechanism envelopes), describing any steps to conceal the sequence until @ N
18 . . . 2 N
19 interventions are assigned = 5
O ()]
20 . . . . s =
21 Allocation: #16¢c  Who will generate the allocation sequence, who will enrol na 5 o
«Q o
22 jmplementation participants, and who will assign participants to interventions RN
23 -
U . . . . . . Gms
»5  Blinding (masking) #17a  Who will be blinded after assignment to interventions (eg, na ¢ o N
=0 a5
26 trial participants, care providers, outcome assessors, data %‘:SD N
27 o
28 analysts), and how gg §
-~ "3
29 o . : : : o gwo
30 Blinding (masking): #17b If blinded, circumstances under which unblinding is na ;;D 2
® o
g; emergency unblinding permissible, and procedure for revealing a participant’s ig' s
=0
33 allocated intervention during the trial 553
=2
S0c
22 Methods: Data s
37  collection, > %
- O
38 management, and o 9
39 . =
40  Aanalysis a 3
42 Data collection plan #18a Plans for assessment and collection of outcome, baseline, and 10 o >
43 her trial data, includi I 3 2
44 other trial data, including any related processes to promote 5 ‘5
45 data quality (eg, duplicate measurements, training of g ©
46 .. . = _'5
47 assessors) and a description of study instruments (eg, 3 N
48 questionnaires, laboratory tests) along with their reliability a B
g =
gg and validity, if known. Reference to where data collection ? Z
51 forms can be found, if not in the protocol %
52 )
v9)
gi Data collection plan: 18b Plans to promote participant retention and complete follow- 10 =2
o
55  retention up, including list of any outcome data to be collected for S
2? participants who discontinue or deviate from intervention %
58 protocols E
59 ®
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Data management 1

Statistics: outcomes #20a

Statistics: additional #20b
analyses

Statistics: analysis #20c
population and

missing data

Methods:

Monitoring

H=
)
—_
o

Data monitoring:

formal committee

RiS
\9)
—_
on

Data monitoring:

interim analysis

Harms #22

Auditing #23

Ethics and

dissemination

Research ethics #24

approval

BMJ Open

Plans for data entry, coding, security, and storage, including
any related processes to promote data quality (eg, double data
entry; range checks for data values). Reference to where
details of data management procedures can be found, if not in

the protocol

Statistical methods for analysing primary and secondary
outcomes. Reference to where other details of the statistical

analysis plan can be found, if not in the protocol

Methods for any additional analyses (eg, subgroup and

adjusted analyses)

Definition of analysis population relating to protocol non-
adherence (eg, as randomised analysis), and any statistical

methods to handle missing data (eg, multiple imputation)

Composition of data monitoring committee (DMC);
summary of its role and reporting structure; statement of
whether it is independent from the sponsor and competing
interests; and reference to where further details about its
charter can be found, if not in the protocol. Alternatively, an

explanation of why a DMC is not needed

Description of any interim analyses and stopping guidelines,
including who will have access to these interim results and

make the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing
solicited and spontaneously reported adverse events and other
unintended effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any,
and whether the process will be independent from

investigators and the sponsor

Plans for seeking research ethics committee / institutional
review board (REC / IRB) approval
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Protocol amendments

Consent or assent

Consent or assent:

ancillary studies

Confidentiality

Declaration of

interests

Data access

Ancillary and post

trial care

Dissemination policy:

trial results

Dissemination policy:

authorship

Dissemination policy:

reproducible research
Appendices

Informed consent

materials

#25

#27

#28

#30

=
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—_
o

H+=
w
—_
on

H=
W
—_
o

#32

BMJ Open

Plans for communicating important protocol modifications
(eg, changes to eligibility criteria, outcomes, analyses) to
relevant parties (eg, investigators, REC / IRBs, trial

participants, trial registries, journals, regulators)

Who will obtain informed consent or assent from potential
trial participants or authorised surrogates, and how (see Item
32)

Additional consent provisions for collection and use of
participant data and biological specimens in ancillary studies,

if applicable

How personal information about potential and enrolled
participants will be collected, shared, and maintained in order

to protect confidentiality before, during, and after the trial

Financial and other competing interests for principal

investigators for the overall trial and each study site

Statement of who will have access to the final trial dataset,
and disclosure of contractual agreements that limit such

access for investigators

Provisions, if any, for ancillary and post-trial care, and for
compensation to those who suffer harm from trial

participation

Plans for investigators and sponsor to communicate trial
results to participants, healthcare professionals, the public,
and other relevant groups (eg, via publication, reporting in
results databases, or other data sharing arrangements),

including any publication restrictions

Authorship eligibility guidelines and any intended use of

professional writers

Plans, if any, for granting public access to the full protocol,

participant-level dataset, and statistical code

Model consent form and other related documentation given

to participants and authorised surrogates
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Biological specimens  #33  Plans for collection, laboratory evaluation, and storage of na
biological specimens for genetic or molecular analysis in the
current trial and for future use in ancillary studies, if

applicable

None The SPIRIT Explanation and Elaboration paper is distributed under the terms of the Creative Commons

Attribution License CC-BY-NC. This checklist can be completed online using https://www.goodreports.org/, a

tool made by the EQUATOR Network in collaboration with Penelope.ai
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