ATHERO52, A Proof of Concept Device Design to
Remove and Treat Atherosclerosis with a NonInvasive Surgical Approach
Citation
Eden, Devereaux Linnea. 2021. ATHERO52, A Proof of Concept Device Design to Remove
and Treat Atherosclerosis with a Non-Invasive Surgical Approach. Master's thesis, Harvard
University Division of Continuing Education.

Permanent link
https://nrs.harvard.edu/URN-3:HUL.INSTREPOS:37367706

Terms of Use
This article was downloaded from Harvard University’s DASH repository, and is made available
under the terms and conditions applicable to Other Posted Material, as set forth at http://
nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA

Share Your Story
The Harvard community has made this article openly available.
Please share how this access benefits you. Submit a story .
Accessibility

ATHERO52, A Proof of Concept Device Design to Remove and Treat Atherosclerosis
with a Non-Invasive Surgical Approach

Devereaux Eden

A Thesis in the Field of Bioengineering and Nanotechnology
for the Degree of Master of Liberal Arts in Extension Studies

Harvard University
May 2021

Copyright 2021 Devereaux Eden

Abstract

Atherosclerosis, associated with coronary artery disease (CAD) contributes to one
of the largest reasons for deaths worldwide in 2017 (Center for Disease Control and
Prevention [CDC], 2019a). Commercialized devices on the market focus primarily on the
treatment of peripheral artery disease (PAD) rather than CAD (Fornell, D., 2020, January
3). Divulging into the knowledge of previous atherectomy devices RotaPRO (Boston
Scientific), Pantheris (Avinger), TurboHawk (Medtronic) and Jetstream Atherectomy
(Boston Scientific), SilverHawk (Medtronic), Diamond Back 360 Coronary Orbital
Atherectomy System (Cardiovascular Systems) and CVX-300 Excimer Laser System
(Spectranetics) each contribute in some way to the inspiration and design of ATHERO52.
(Topfer LA & Spry C., 2018, April 1). The goal of this research facilitates creation of a
medical device for the coronary artery atherectomy system that incorporates both new
and former technologies to provide a minimally invasive approach and safe treatment for
patients with CAD. ATHERO52 takes on a fresher approach in atherectomy systems with
the use of optical coherence tomography (OCT) to better visualize the inside of the
arteries during the procedure. Inspired by Pantheris (Avinger, 2020) ATHERO52
incorporates two OCT imaging sensors to provide a clear visual representation for the
location of healthy tissue layers when navigating and performing plaque removal in the
vessels. OCT reduces the potential proliferation of tissue along the vessel wall when
extracting plaque. In addition, with much research ATHERO52 includes the use of
directionality steering to eliminate the need of a guidewire housed within the device and
promotes a greater level of safety and efficacy. Research uncovers guidewires on several
devices such as the Diamond Back 360 Orbital Atherectomy System experiencing

difficulties in placement and removal resulting in harm to the patient (U.S. FDA, 21,
August 2018). Lastly, ATHERO52 addresses the necessity for a plaque removal
component that is employed along the pathway to the target site with the use of a
forward-facing cutter. The forward-facing cutter permits the operator to generate a clear
path to the target site while also enabling easier extraction of the system when the
procedure is complete. The design of this device eradicates harmful components found
on previous systems, shortens procedure and recovery time while focusing on a prevalent
disease that affects individuals worldwide.
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Chapter I: Introduction

Atherosclerosis

Atherosclerosis, a prevalent cardiovascular disease, primarily in the Western
world is the leading cause of deaths worldwide with more than fifty percent of newly
diagnosed patients not resulting in traditional risk factors (Figure 1) (Blum, A., & Nahir,
M, 2013; World Health Organization., 2018, May 24). Atherosclerosis develops in the
coronary arteries where plaque deposits itself in lesions along the vessel walls with
heightened inflammation (Libby, Ridker & Maseri, 2002). Plaque comprises of
cholesterol, fat, calcium, and various substances found in the blood. The hardening and
narrowing of arteries from heightened plaque presence results in limited flow of oxygenrich blood throughout the body (Nordqvist, J., 2017). Myocardial infraction, stroke and
various occlusive vascular diseases relate to the presence of atherosclerosis (Blum, A., &
Nahir, M, 2013). Thrombosis superimposed with eroded or ruptured atherosclerotic
plaque are associative risks for a patient with atherosclerosis and commonly results in a
fatal outcome. Plaque rupture ends in fatality when a defect or gap in the fibrous cap
separates from the lipid-rich atheromatous core as a result of blood flow exposing
thrombogenic core of the plaque (Figure 2) (Falk, E., 2006; Loftus, I., Fitridge, R., &
Thompson, M., 2014).
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Pathogenesis of Atherosclerosis

Atherosclerosis pathogenesis is broken up into three phases: initiation,
progression, and complications (Libby et al., 2019). Beginning in the early stages
of atherosclerosis low-density lipoprotein (LDL) particles accumulate in the
intima activating the endothelium. The endothelial cells of the arterial wall
become damaged resulting from hypertension, smoking, high blood glucose
(hyperglycemia) or increased number of LDLs in the blood (Mannarino, E., &
Pirro, M., 2008). Permeability of the arterial wall increases allowing LDLs to
penetrate the tunica intima of the artery (Libby et al., 2019). In addition, adhesion
protein molecules form on endothelial cells capturing whites blood cells (WBCs)
which would normally pass by but rather enter the intima by means of a
morphological change once bound to the adhesion protein molecule (Glass, C. K.,
& Witztum, J. L., 2001). Research by Mannarino and Pirro (2008) in the
progression of atherosclerosis uncover WBCs produce free radicals interacting
with LDLs generating oxidized LDLs enhancing attraction of WBCs. A positive
feedback loop allows modified LDLs to create more immune cells and modified
LDL macrophages within the intima (Glass, C. K., & Witztum, J. L., 2001).
Oxidized LDLs are engulfed by WBCs and smooth muscle cells forming foam
cells (Falk, E., 2006). Following this event, the amount of lipids in the cell gives
the cytoplasm a foam like appearance. Eventually the foam cell will die and
release the oxidized LDLs which are once again engulfed by more neighboring
WBCs (Glass, C. K., & Witztum, J. L., 2001). Dead cell fragments and
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accumulating lipids create a lipid core leading to formation of plaque and endothelial
cells covering the plaque formation (Falk, E., 2006). Calcium salts deposit into the plaque
in the intima and hardening of the plaque begins. Endothelial cells that are comprised
over the hardened plaque can allow clots to form known as a thrombus resulting in a
patient experiencing life threatening symptoms (Glass, C. K., & Witztum, J. L., 2001).

Symptoms Associated with Atherosclerosis

Doctors monitor specific symptoms linked with atherosclerosis potentially
stemming from a heart attack or stroke. An occluded artery expresses indicators
comprising of chest pain or angina, shortness of breath, fatigue, perspiration,
lightheadedness, nausea, vomiting, and/or a sense of impending doom (Martel, J., 2019,
May 31). Patients in many cases may experience a heart attack as the first symptom
permitting the disease to be “silent” (Martel, J., 2019, May 31). Libby et al., (2019)
describes multiple diagnostic techniques including noninvasive (blood biomarkers, stress
tests, MRI, CT, and nuclear scanning) and invasive procedures (coronary angiography)
that confirm the presence of cardiovascular disease and the best approach for treatment.

Noninvasive and Invasive Diagnostic Approaches

Noninvasive techniques are among the preferred method to diagnosis a patient for
atherosclerosis who exhibit the symptoms as previously described (Libby et al., 2019). A
well-known starting point is a blood test to observe levels of fats, cholesterol, sugar, and
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proteins existing at abnormal levels relating to atherosclerosis (Dunleavy, B. P.,
2018, June 25). Second, an electrocardiogram (EKG) records the electrical
activity of the heart illuminating how fast the heart beats and the occurrence of a
regular rhythm, while also reporting strength and timing of electrical signals
passing through each section of the heart (Hyperarts, R. M., 2019). The benefits
of an EKG verify the previous or current presence of a myocardial infraction and
if coronary artery disease (CAD) is likely (Teramoto, T., 2014). A third
technique, echocardiography uses sound waves to show the movement of your
heart relating to size and shape (Hyperarts, R. M., 2019). Doctors observe
contraction of muscle and pinpoint areas lacking blood flow. A fourth and
common process includes a chest X-Ray, exhibiting organs and structures in the
chest such as the heart, blood vessels, and lungs to establish if heart failure is
present (Dunleavy, B. P., 2018, June 25). Additionally, and relatively helpful in
current technology is the use of a computed tomography (CT) scan allowing
construct of computer-generated images of the heart observing potential
hardening and narrowing of larger arteries (Libby et al., 2019). A final and more
common test is the availability of a stress test to determine how the heart operates
under strenuous conditions. Increase in physical activity implies more oxygen and
blood are essential to resulting in the vasodilation of the arterial tree. A patient
with narrowing arteries will have reduced blood flow and lower levels of oxygen
indicating CAD is likely present and muscles are unable to receive the oxygen
necessary to function properly (Dunleavy, B. P., 2018, June 25). Based upon the
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results from noninvasive methods a patient may need an invasive approach to further
clarify the presence of atherosclerosis.
The invasive method comprises of an angiography also referred to as
catherization, the most common method involves the use of a catheter administered in the
arm, groin, or neck by means of a blood vessel (Libby et al., 2019). A dye is injected into
the arteries where it can then be seen on an X-ray to observe the flow of blood within the
arteries. Following careful review, the doctor will determine the percentage of occlusion
in the artery due to plaque build-up (Teramoto, T., 2014). Patients who undergo this
procedure often find it uncomfortable and anxious since sedation is not necessary.
Anxiety formulates into high levels of stress, offsetting recovery and increasing longevity
at the hospital. (Reed, T., 2008, July 30). The proposed ATHERO52 device will allow the
patient to be sedated for diagnosis and treatment, which is lacking in current cardiac
catherization procedures.

Surgical Procedures to Overcome Atherosclerosis

Current surgical methods to treat atherosclerosis include active or passive
implantable medical devices (IMDs) which either have a source of electrical energy
(active) or are not powered (passive) (Hyperarts, R. M.-., (2019). A common passive
IMD approach, percutaneous coronary intervention (PCI), also known as coronary
angioplasty, includes a stent which opens the artery leaving plaque buildup along the
vessel wall providing a temporary solution allowing for occlusion of the artery to easily
reoccur (Bussooa, Neale, & Mercer, 2018). A second passive IMD method, coronary
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artery bypass grafting (CABG) allows the surgeon to bypass the blocked artery by
means of grafting a blood vessel from another part of the body or a tube
composed of a synthetic fabric located around the blockage (Figure 3) (Libby et
al., 2019; The Society of Thoracic Surgeons., 2020, June 17). CABG seeks to
improve blood flow, relieve chest pain, and potentially prevent a myocardial
infraction (Hyperarts, R. M.-., 2019). Lastly, a passive tactic can include drug
eluted balloons (DEBs) and drug eluted stents (DES) which release a drug and aid
in plaque removal. Innovation of DEBs overcame the limitations present in the
DES approach. (Waksman, R., & Pakala, R, 2009). These methods decrease the
plaque buildup temporarily but do not provide permanent plaque removal as a
long-lasting solution. The focal point of ATHERO52 deliberately removes plaque
along the artery walls to ensure a more permanent approach for the patient.
Inclusion of real time cameras for diagnosis and plaque removal will ensure
successful and permeant extraction.
However, scientists are working in clinical trials where the goal is to
provide a lasting solution for patients suffering from reoccurring plaque buildup
linked with coronary artery disease.

Clinical Trials to Advance Treatment

Clinical trials on atherosclerosis encompass drug therapies more often
than creation of new devices. Lipid-lowering pharmacological therapy
incorporates low-density lipoprotein cholesterol (LDL-C) randomization trials
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demonstrating lowering LDL-C limits CVD disease events (Libby et al., 2019).
Reduction of CVD occurrences in clinical trials combines LDL-C therapy with
statins (Sinning, D., & Landmesser, U., 2017). Results indicate treatment paired with a
statin leads to a log linear 22% reduction for a CVD incident to occur per millimole per
liter reduction in LDL-C (Libby et al., 2019). Patients receiving a high to moderate dose
of statins will have an LDL-C >190 mg/dL, however patients with diabetes expect to see
an LDL-C range of 70-189 mg/dL (Sinning, D., & Landmesser, U., 2017). Furthermore,
clinical trials validate the use of non-statin lipid-lowering drugs to limit the risk of CVD
linked with atherosclerosis. Proprotein Convertase Subtilisin/Kexin type 9 (PCSK9),
binds to LDL receptors promoting regulation of LDLs metabolism and disrupts the cell
both intra- and extracellularly. Studies demonstrate anti-PCSK9 monoclonal antibodies
reduce LDL-C by 60% in high risk patients (Shapiro, M. D., Tavori, H., & Fazio, S.,
2018). Despite all the success in clinical trials, they primarily focus on reducing the
effects rather than eradication of the plaque which ultimately causes high mortality rate
as previously described.
Scientists have begun to design better imaging components to view
atherosclerotic plaque in greater detail known as lumivascular technology incorporating
real-time intravascular images with catheters identifying key aspects of the lumen (Figure
4) (Vascular News., 2018, May 25). However, this once again gives better insight into the
disease but does not provide an approach to remove the plaque from the artery walls. For
all the reasons previously described designing a device with multiple functionalities is
key to overcoming atherosclerosis. Investigation of a device incorporating imagery,
removal and healing component is more beneficial to the goal of completely eradicating
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plaque buildup in patients who are experiencing severe occluded arteries. Our
proof of concept approach in the design of a multicomponent device will be
facilitated by knowledge of current methods and investigations as previously
described in the treatment of atherosclerosis.
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Chapter II. Research Methods

Research Problem

Stroke and ischemic heart disease rank as the prominent cause of deaths
worldwide in the last fifteen years (Figure 1) (World Health Organization [WHO], 2018).
Cardiovascular disease (CVD), in 2016 led the number of deaths worldwide with
approximately 17.9 million people (World Health Organization [WHO], 2017).
Atherosclerosis with 365,914 deaths in 2017, is the largest contributor to this statistic
(Center for Disease Control and Prevention [CDC], 2019a). Narrowing of the coronary
arteries due to plaque deposits in lesions along the vessel walls coupled with heightened
inflammation, defines atherosclerosis (Libby, Ridker & Maseri, 2002). Endothelium
(arteries inner lining) becomes damaged primarily from smoking leading to formation of
fatty deposits accelerating the growth of plaque, hypertension, and elevated levels of
cholesterol and triglycerides found in the blood (American Heart Association., 2017,
April 30). Unfortunately, 34.2 million adults are currently smoking with 15.6% of men
and 12.0% of woman contributing to this staggering number in 2018 (CDC, 2019b). The
methods to reduce the prevalence of atherosclerosis require individuals to choose healthy
lifestyle choices incorporating a nutritious diet, avoiding saturated fats, exercising, and
eliminating smoking (Nordqvist, J., 2017). Nevertheless, it is difficult to invoke these
lifestyle changes within the population and scientists must use medication to control the
symptoms of atherosclerosis.
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Science consistently demonstrates a therapeutic treatment to slow or potentially
reverse, the effects of atherosclerosis. Cholesterol medications, stains, and fibrates
emphasize lowering the presence of low-density lipoproteins (LDLs) in cholesterol to
increase presence of high-density lipoproteins (HDLs). Antiplatelets, beta blockers,
angiotensin-converting enzyme (ACE) inhibitors, calcium channel blockers, and water
pills temporarily relieve patients from the symptoms associated with the disease (Mayo
Clinic, 2018). Nevertheless, a permeant solution to decline mortality of atherosclerosis is
not yet solidified among the science community.
Currently scientists research therapeutic treatments with inhibitors: Cholesteryl
ester transfer protein inhibitors, Cholesterol O-acyltransferase inhibitors, and Microsomal
Triglyceride Transfer protein inhibitors. The natural state of these proteins aid in
formation of plaque and science is seeking to alter their chemical function. Results in
altering these specific protein functions demonstrate the benefit-to-risk ratio is
exceedingly small at this current point in time (Jamkhande et al., 2014). Treatment of
atherosclerosis as previously mentioned requires not only medication but patients to shift
their habits daily. Lack of effort from individuals leads scientists to develop surgical
approaches to remove the plaque buildup in the coronary arteries when medicine alone
does not resolve occlusion in the artery. A coronary artery with 50 to 70% blockage
reduces blood supply beyond the plaque limiting the necessary oxygen demand. The
heart muscle starves of oxygen (ischemic) resulting in measures taken beyond medicine
alone (Fishbein, M. C., 2010).
Surgical procedures include percutaneous coronary intervention (PCI), also
recognized as coronary angioplasty, the placement of a mesh stent restoring blood flow in
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the artery (Bussooa, Neale, & Mercer, 2018). A second form of surgery, a coronary artery
bypass grafting (CABG) bypasses the blocked artery grafting a vessel from another part
of the body or instances where a vessel is unavailable a tube composed of a synthetic
fabric contributes as a new route for restoration of normal blood flow (Hyperarts, R. M.-.,
2019). Well-known treatments as previously described result in a short-term solution for
atherosclerosis. Both surgeries lack a permanent resolution to treating coronary artery
disease since PCI pushes the plaque against the wall of the artery and CABG simply
reroutes the blood flow through a fabricated vessel.
A key element to overcoming the current therapeutic approaches of
atherosclerosis and reduce mortality necessitates an outcome that removes the plaque and
provides a healing component for the artery walls with damaged endothelium. We will
address the need for patients who have a blockage of 60-70% or higher in any or their
coronary arteries where plaque is relatively unstable (Fishbein, M. C., 2010).
In a proof of concept project, we seek to design a device, ATHERO52 that is
capable of three distinct functions. Three functions entail dual imagery and noninvasive
removal. We hypothesize that the construction of a biomedical device with high
resolution images verifying presence of occlusions with a real-time approach will allow
superior and safer removal of plaque buildup in the arteries. ATHERO52 reduces the
need for potential follow-up procedures mandatory of the patient. Restenosis, the artery
narrowing approximately six months following an angioplasty from scar tissue in or
around the stent, is significantly lessened (Michigan Medicine Cardiac Surgery., 2016).
Blood clots, heart attacks, and possible death remain a concern with any medical
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procedure and will be accounted for in ATHERO52 (Kersten, J. R., & Fleisher, L. A.,
2007).
Design of this device will obtain answers to the following questions: Can we
generate a device that includes a camera at the tip for a clear vision of the occluded artery
in real-time? Does the device remove the plaque safely to avoid reentry into the blood
stream? How can we remove the plaque from the vessel walls without creating any
additional damage as the device is navigated to the coronary artery? Can we successfully
reduce the percentage of blockage using this as an outpatient approach rather than an
open-heart surgery technique? Is it possible to construct an atherectomy device using
directionality steering rather than integration of a guidewire?
In our first aim, we propose to have a camera at the tip of a catheter to view the
occluded artery. We hypothesize viewing the occluded artery in real-time allows
determination for how much plaque removal is necessary. Our second aim will
investigate the use of a cutter to remove the plaque aided with a real-time camera for
optimal precision in plaque removal. Aim three we will investigate the construction of an
atherectomy device that does not require the presence of a guidewire. We postulate the
use of a forward-facing cutter with an OCT image sensor placed behind it removes the
need of a guidewire. The forward-facing cutter will aid in removal of any plaque
obstructing the pathway for the catheter where a guidewire may become entangled and
unable to cross. Combined with a directionality and a drive shaft for strong navigation
and steering we believe it will eliminate the presence of a guidewire. Aim four we will
answer the questions: Can we construct a small enough catheter to use a rotatable cutter
as the best approach for plaque removal? We hypothecate using a rotatable cutter will be
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the safest and least invasive approach. We further presume a rotatable cutter with an
OCT-image sensor will prevent the operator from damaging any of the healthy tissue
layers. We further premise the inclusion of an apposition balloon placed underneath the
cutter additionally aids in better control of the cutter once the target site is reached. Our
final aim will answer the question: Can the device support the removal of the plaque by
collecting it into a waste compartment held within the device to avoid plaque reentry into
the bloodstream? We hypothesize the construction of a waste compartment within the
device located near the cutter for optimal capture of debris. We further presume
providing a waste compartment on the device decreases the likelihood for plaque to
potentially deposit itself elsewhere in the bloodstream.
In designing any product implications present themselves and this is no
exception. Designing a device with multiple functions implies each part of the device
must intricately work alongside one another. The imaging component would have to be
scaled down in size but still deliver a clear real-time image uncovering an accurate
percentage of the blockage. ATHERO52 would have to safely remove plaque from the
sides of vessel walls and thus the method chosen to do this specific job would need to be
hand selected very carefully. Use of this device may take some time for patients to be
comfortable with. Design-with-client approach will be necessary to learn of the patients
fears and desires in utilizing the device.
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Commercialized Devices

The intent of this proposal is to investigate a diagnostic and therapeutic
method for coronary artery disease with a minimally invasive approach. Securing
a design with a non-invasive method will allow the device to be more appealing
for patients across all age groups who suffer from atherosclerosis. ATHERO52
will allow doctors to better understand and acquire knowledge of the clinical
problem while addressing concerns in a real-time approach.
Creation of previous atherectomy devices RotaPRO (Boston Scientific),
Pantheris (Avinger), TurboHawk (Medtronic) and Jetstream Atherectomy (Boston
Scientific), SilverHawk (Medtronic), Diamond Back 360 Coronary Orbital
Atherectomy System (Cardiovascular Systems), and Excimer Laser Catheter,
CVX-300 excimer laser system (Spectranetics) aid in devising a new approach to
treatment of atherosclerosis (Topfer LA & Spry C., 2018, April 1). Currently, the
devices on the market mainly treat peripheral artery disease however, limitations
exist in the design for patients suffering with CAD encompassing the
revascularization strategy (Fornell, D., 2020, January 3). The devices mentioned
above will offer insight into the proof-of-concept design of ATHERO52 and how
they can be altered to create a therapeutic approach for patients. Knowledge of
these devices currently on the market is essential to the pathway for atherectomy
systems targeting coronary artery disease. Commercialized devices dimensions
associated with peripheral vasculature will aid in understanding how to construct
a device intended for coronary artery disease.
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TurboHawk, Medtronic

TurboHawk from Medtronic (2017) removes plaque where blood flow and
circulation is constrained (Figure 5a) (Medtronic, 2017, November). The design includes
two cutter models: smooth for soft to mild calcified lesions or the high efficiency cutter
model to tackle soft to moderately calcified lesions (Figure 5b) (Medtronic, 2017,
November). Plaque is removed with either selection of cutters following placement into
the nosecone to avoid reentry into the blood stream (Medtronic, 2017, November). The
drive shaft allows for efficient power transmission to the cutting blading without
changing the depth of the cut. A clinical study revealed after a physician performed two
insertions, a third insertion followed limiting the cleaning of the nosecone due to hard
calcified debris. Secondly, extended time of sheath insertion limited blood flow resulting
in thrombus. Removal of the thrombus was necessary to complete the procedure. The
thrombus likely developed because of TurboHawk (U.S. FDA, 2015). Coupled with this
device is a TurboHawk Distal Flush Tool aiding in cleaning and flushing plaque from the
device after its use (Medtronic, 2017, November). The distal assembly allows for a much
cleaner device however, it demonstrates traces of biological debris inside the distal end of
coiled housing (U.S FDA, 2015).
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RotaPRO, Boston Scientific

RotaPRO, a rotational atherectomy system created by Boston Scientific
(2020b) uses a stable rotation of a diamond-tipped burr to ablate calcium in
coronary arteries (Figure 6a). Multiple burr sizes are available for various
foreseeable lumen sizes (Figure 6b) (Boston Scientific, 2020b). A console helps
to regulate the flow of air controlling rotation speed, the burr, and advancer. Burr
rotation speed and rotational atherectomy procedure time are displayed on the
console. Nitrogen and compressed air are required to operate the console. The
advancer allows for easy controls, an ergonomic dynaglide design giving an easy
removal system and a hybrid harness to better manage the cable. RotaPRO allows
for the use of two different guidewires. The Rotawire floppy guidewire allows for
the burr support to vary under different degrees with a 0.009” of stainless-steel
core. A second alternative is to use the RotaWire extra support which uses a
0.014” distal platinum coil ensuring the burr will not travel beyond the tip of the
wire (Figure 6c) (Boston Scientific, 2020b). MAUDE database reported an
incident on June 5, 2020 of a 1.25mm burr and 330cm floppy RotaWire used in
conjunction for a procedure. Entrapment of this device led to the distal wire
placement lost when introducing the RotaPRO into the patient’s body. Both
RotaPRO and Rotawire were removed from the patient. The burr had become
locked onto the wire and the procedure was incomplete with the device. Other
records indicate multiple gas leaks have occurred causing the procedure to be
incomplete with this device (U.S. FDA, 22, June, 2020). A more severe case
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resulting in the burr and wire breaking off into the patient requiring an emergent intraaortic balloon pump (IABP) surgery performed on the patient reveals concerns with the
guidewire (U.S. FDA, 22, June, 2020).

Diamond Back 360 Coronary Orbital Atherectomy System, Cardiovascular System

Cardiovascular Systems innovated a device to treat PCI known as the Diamond
Back 360 Coronary Orbital Atherectomy System (OAS) (Figure 7a) (Sullivan, M, 2019,
January; Cardiovascular Systems Incorporated, 2017). Diamond Back 360 OAS aims to
treat severely calcified lesions within the coronary artery using a 1.25mm diamondcoated crown (Figure 7b) (Cardiovascular Systems Incorporated, 2017). The classic
crown performs bi-directional sanding producing particles that are smaller than a red
blood cell which are scattered back into the bloodstream giving rise to healthy tissue
flexing away. ViperWire Advance with Flex Tip and Advanced Guidewire, a key facet
on this device permits tracking capabilities for difficult anatomies with easy removal and
seamless repositioning of the device. Nitinol as the core material along with a stainlesssteel core allows for a flexible shape tip when navigating through multi-vessel coronary
lesions with a tip as small as 0.014” and a core diameter of 0.012”. (Sullivan, M, 2019,
January; Cardiovascular Systems Incorporated, 2017). According to MAUDE adverse
database report several concerns with the advanced guidewire were observed when
intentions for deactivation had resulted in an advancement of the wire consequentially
leading to an injury in the patient (U.S. FDA, 21, August, 2018).
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Pantheris, Avinger

Avinger developed one of the first devices, Pantheris to incorporate the
use of onboard imaged-guided atherectomy to treat peripheral arterial disease
(PAD) (Figure 8a) (Avinger, 2020). While not designed to target coronary artery
disease it can give some valuable insight into how imaged-guided catheters can be
applied to CAD. Pantheris uses lumivascular technology to enable physicians to
see the parameters of the artery clearly while navigating within the vessel.
Optical coherence tomography (OCT) entails of an imaging modality that uses
low-coherence light capturing micrometer-resolution in both low- and threedimensional images within optical scattering media. OCT works in conjunction
with Avinger’s proprietary Lightbox console (Figure 8b) (Avinger, 2020). The
use of OCT limits the exposure of ionizing radiation for the patient and healthcare
workers. Restenosis is less of a concern with this approach minimizing the
disruption of the adventitia or media (healthy layers of the vessel) (Avinger,
2020).
Pantheris, however, has dealt with some complications regarding the
guidewire. Several cases reported by the MAUDE database indicate the guidewire
becoming kinked causing the device to resist removal leading to vessel dissection.
Other reports reveal that for patients with stents already in the artery the device
was not easily operated and in most cases was removed and the traditional route
of surgery took place (U.S. FDA, 17, September, 2018).
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SilverHawk Peripheral Plaque Excision System, Medtronic

SilverHawk Peripheral Plaque Excision System by Medtronic (December, 2017)
seeks to provide a minimally invasive treatment to patients suffering with PAD (Figure
9a). The intention for this device focuses on removal of plaque from a blocked artery
rather than compression of plaque against the vessel wall as one would expect in a stent.
Directional atherectomy technology is the chosen method for the SilverHawk where the
use of a directional cutting blade shaves the plaque away to maximize the luminal
diameter (Medtronic, December 2017). A study in 2011 divided patients into two groups
to study safety and efficacy of the SilverHawk system. Group A with patients known to
have atherosclerotic plaque and group B the in-stent restenosis/occlusion lesion patients.
The results from the study states forty-one operations were successful compiling a
success rate of 95.3%. The conclusion for the safety and efficacy of this device regarding
lower limb ischemia of atherosclerosis or in-stent restenosis further satisfied the use of
SilverHawk (Yongquan, G., et al, 2013).
However, MAUDE database noted some severe events regarding the guidewire
and sheath becoming entangled or kinked. Reported on May 19, 2014 the SilverHawk
was placed into a patient but would not advance through the lesion. The sheath located in
the superior femoral artery caught onto the device and wire (Figure 9b). Upon removal
the guidewire kinked and led to a portion of the wire outside the body snapping off
requiring the patient to undergo immediate emergency surgery for removal of the wire
(U.S. FDA, May, 2014). Numerous reports imply removal of the SilverHawk from the
patient after a procedure came upon resistance linked malfunction of the distal tip
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entangling itself onto the wire (Figure 9c) (U.S FDA, May, 2014; FoxHollow
Technologies, Inc., 2007).

CVX-300 Cardiovascular Excimer System, Spectranetics

Another technological approach is the use of Excimer Laser Coronary
Atherectomy (ELCA). The use of these lasers pairs with a mixture of rare gas and
halogen as an active medium to formulate pulses of short wavelength from highenergy ultraviolet (UV) light (Rawlins, J., Din, J. N., Talwar, S., & Peter, O. K.,
2016). Wavelength selection has a direct correlation to the depth of penetration.
Rawlins, J. et al., (2016) also mentions a shorter wavelength will indicate less
heat production concluding a smaller amount of penetration leading to a minimal
amount of tissue damage. The particles that are released from this approach are
<10µm in diameter allowing for reabsorption by the reticuloendothelial system
(UFO Themes., 2017, September 30).
Designed by Spectranetics, CVX-300 Cardiovascular Excimer System
(Figure 10a) uses Xenon chloride (XeCl) as the active medium. The wavelength
associated with light emitted is 308nm and a tissue depth penetration of 0.05mm
for protein lipids. CVX-300 Excimer System is the only laser emitting device that
has approval by the US Food and Drug Administration (Rawlins, J., Din, J. N.,
Talwar, S., & Peter, O. K., 2016). The target in coronary arteries is moderately
calcified stenoses, ostial lesions, lesions previously failed by balloon angioplasty,
restenosis in stainless steel stents, occlusion of saphenous vein bypass grafts, and
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long diffuse disease. Essential for patients and those receiving the procedure precautions
are undertaken. Protective eyewear minimizes the risk of retinal damage by the UV light
and all windows and doors are covered while the instrument is in operation (UFO
Themes., 2017, September 30). The catheter uses a guide wire of 0.014” and advances to
the lesion. Once the target site is reached lasing will begin proximal to the lesion or with
the catheter on (Rawlins, J., Din, J. N., Talwar, S., & Peter, O. K., 2016).
While CVX-300 holds great innovation, some adverse reports were filed against
the device in the MAUDE database. In December 2015, the cavity/beam was observed to
be misaligned resulting in an energy drop in the system failing all attempts of calibration.
The device since it can be moved from one place to another excessive vibration
ultimately led to disruption of the device causing maintenance to fail. It has now been
suggested to perform maintenance on the device once it has been relocated before usage
(U.S. FDA, December, 2015).

Jetstream Atherectomy, Boston Scientific

Jetstream Atherectomy established by Boston Scientific takes a rotational
atherectomy stance supporting concentric lumens facilitating laminar flow above or
below the knee (Figure 11a) (Balazs, T., May, 2019). Debulking of plaque allows for the
treatment of multiple morphological lesions including calcium, plaque, and thrombus.
The front cutter allows for engagement of tight or occluded lesions (Boston Scientific,
2020a). An active aspiration component sits proximal to the cutter giving rise to
suctioning of the debris while the cutter is removing plaque increasing the efficiency of

21

the device (Shammas N. W., 2015). Plaque particles avoid reentry into the
bloodstream minimizing the risk of distal embolization. In contrast to the
TurboHawk there is no directional cutting rather a rotational cutter allowing for a
very selective cutting or ablation. The Jetstream has the option of two cutter
designs. The Jetstream XC (or eXpandable Cutter Catheters) and the Jetstream SC
(or Single Cutter Catheters) (Figure 11b) (Shammas N. W., 2015). Jetstream is
pairs with a control pod and a PV console (Figure 11c and 11d) (Boston
Scientific, 2020a). The control pod activates the device and is only a single time
use. However, the nonsterile console PV, consists of an electric motor and two
peristaltic pumps: saline infusion and blood/saline infusion. The console
component hangs onto an IV pole and connects to a standard electrical outlet with
the capacity to reuse (Shammas N. W., 2015).
Jetstream, however, has experienced some difficulties in the operation of
the device noted by the MAUDE database. Concerns with the Jetstream device
becoming caught on the wire were noted very recently. One record stated the
catheter halted rotation causing the device to be removed immediately from the
patient. Additionally, multiple records indicate that advancement of the catheter
over the guidewire was difficult and procedures were unable to be completed by
the Jetstream approach and reversion to traditional methods were taken (U.S.
FDA, 2020, June 6).
ATHERO52 will include components relevant to removal and treatment
involving different structural parameters and address needs and limitations of
devices accessible on the market with respect to CAD. Comprehension of the
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components is essential for safe and effective removal of plaque in the coronary arteries
ensuring a successful design. We will clearly define and explain components of the
device such as catheter size and dimensions, selection of cutter for plaque removal, and
vacuum space to collect plaque. Once the various components of the atherectomy devices
are explained the proof-of-concept device will be clarified in further detail.
An essential component is the capability for real-time observation inside the
arteries and is a facet to deciding what course of action the patient will receive.
Therefore, two cameras will be included in the schematic of the device. A camera located
at the distal end of the catheter to determine percentage of blockage and if further
treatment is necessary. The second optical coherence tomography camera will be located
by the cutter. Removal of the plaque from the artery wall is essential to the operation of
the device. Careful selection of the cutter and previous FDA approval for coronary artery
exposure is a subject of consideration in the design. Additional reinforcements ensuring
plaque removal proceeds with caution is incorporated on the device. Current approaches
insert a catheter in the arm and ATHERO52 will adhere to this approach.
ATHERO52 seeks to minimize a patient’s hospital stay and recovery time with
one to two days for uncomplicated procedures. The patients will have the capacity to be
mobile within 24 hours and revert to normal habits such as driving and exercising within
a week.
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Chapter III: Results

Construction of ATHERO52

ATHERO52 design arises from an already existing approach known as
optical coherence tomography (OCT) for removal of plaque found in patients with
atherosclerosis. The blueprint for ATHERO52 is inspired by Pantheris, an image
guided device for PAD conceived by Avinger previously explained (Avinger,
2020). Addressing CAD, ATHERO52 will use OCT as a real-time approach for
plaque removal providing a minimally invasive treatment and a clear
understanding when viewing location of healthy tissue barriers within the arteries
seen in Figure 18 (January, 31, 2021).

Rotatable Distal Tip with Forward-Facing Cutter Design

The distal end also known directionally as the tip of catheter includes a rotatable
distal tip that facilitates the device to advance through a vessel past a potential occlusion.
Placement of a rotatable distal tip supports the catheter to function without a guidewire
and easier access to the target site where plaque removal is necessary. Exclusion of the
guidewire will improve safety and efficacy of ATHERO52. The intended distal design of
ATHERO52 merges a rotatable distal tip and a rotational cutter to achieve a clear
pathway to the occlusion. Combining these two features permits a reduction with respect
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to the risk of perforation in the vessel when steering the device and easier retraction post
procedure.
The shape of the rotatable distal tip will be like that of a diamond burr seen on the
RotaPRO. ATHERO52 will use a similar shape with three spiral flutes in a corkscrew
design to aid in removal of calcified plaque in the coronary arteries (Figure 12) (January
15, 2021). The spiral flutes will include a smooth and sharp edge moving in a clockwise
and counterclockwise direction, respectively. The flutes engraved into the cutter will act
as a form of housing and will only cut what extends out from the vessel wall. The distal
tip sits outside of the housing connected to a drive shaft enabling rotations in both
clockwise and counterclockwise directions. Additionally, the cone shape of the rotational
distal tip decreases the possibility of damaging any vessel wall when navigating to the
site of blockage.
Capacity for movement of the rotational distal tip in both a clockwise and
counterclockwise direction can be as high as 5000 revolutions per minute (rpm)
addressing different degrees of calcified plaque that could be encountered when piloting
inside the vessel to the location of the occluded artery. ATHERO52 will have a
maximum of 4000 rpm to address severely calcified plaque when necessary. Combined
with an optical coherence tomography (OCT) sensor ATHERO52 will have a
predetermined number of 300 rpms moving in the clockwise direction and automatically
switching to 300 rpms in a counterclockwise direction. This feature avoids reaching the
tension or resistance threshold. Depending on the anatomy of the patient the default
setting of 300 rpms can be adjusted to allow the rotating distal tip to reach a maximum of
500 rpms before switching direction of rotation.
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Optical Coherence Tomography Sensor Placement

The intent of using OCT in ATHERO52 gives the operator a clear realtime visual of the vessel dramatically reducing potential perforation of healthy
tissue layers. The decision to use OCT imaging rather than an intravascular
ultrasound (IVUS) tip is related to the microns OCT displays in the image. IVUS
displays 100-120 microns however OCT can offer 10 microns of resolution
allowing the operator to see 10x more with a clear distinction of the healthy tissue
layers uncovered in the vessel wall (Pichard, A., 2010, September 10). Evading
healthy tissue in the coronary artery such as the intima, adventitia and media is a
significant benefit of OCT (Figure 13) (American Heart Association., 2017, April
30).
Identification of plaque mass with OCT relies on the directionality of the
crescent-shaped structures and reference markers (Figure 14) (Avinger
Incorporated., 2018, February 5). Crescent shaped markers will reveal themselves
in pairs and may be established around the circumference of the device formed
from the healthy tissue stretching between the adventitia and plaque mass.
Extending from the black circle, representative of the device are three reference
markers supporting the operator’s navigation to the plaque mass for removal
(Figure 15) (Spencer, M. K., Simpson, J. B., & Davies, S. C., 2016). The side
opposite of the reference markers serves as a clear distinction of vessel layers
with respect to the intima, adventitia and media avoiding perforation when the
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cutter is in use. The crescent wings serve as visual cues to help orient the device towards
the plaque while protecting the healthy layers of tissue.
Images are gathered by the constant rotation of an imaging sensor around the
lumen of the vessel in the coronary artery and produce the three reference markers
displayed by the three window regions also known as the chassis (Figure 16) (Simpson, J.
B., et al., 2017). The middle reference marker is aligned with the jog in the device to
support steering and intended direction by the operator to the site of plaque (Figure 17)
(Simpson, J. B., et al., 2017). The fixed jog will have angle anywhere from 10 to 45
degrees working alongside the shaft increasing stability when navigating the catheter.
ATHERO52 utilizes two OCT imaging sensors. Positioned directly behind the
rotatable distal tip on the forward-facing cutter to aid in navigation throughout the vessel
reaching the target site is an OCT sensor. A second OCT imaging sensor rests on a
rotatable cylindrical cutter to visualize the vessel during plaque removal (Figure 18)
(January 31, 2021). Two OCT imaging sensors are essential in the fabrication of
ATHERO52 aiming to reduce the potential damage of the vessel wall at each moment of
the procedure. Presence of two optical tomography sensors necessitates each one to have
an optic fiber. Placement of optic fibers are bound behind the rotatable distal tip and the
rotatable cutter. Hollow and tubular drive shafts will house the optic fiber along with the
drive cables to prevent damage and possible twisting during rotation.
Capturing high resolution real-time images requires the device to have the
capability of clearing any blood from the sensor to see the lumen boundaries. Simpson, J.
B., et al. (2017) and his team included the design of a port or opening where saline or
water will flush away any blood components from the sensor. ATHERO52 includes this
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component for optimal resolution in a real-time image display. The port is located
adjacent to the imaging sensor approximately 2mm for optimal clearing fluid to the
sensor. The closer the port is to the sensor the less fluid is necessary to clear away blood
components. Amounts of 0.2mL of water will be dispensed prohibiting any unwarranted
damage to the sensor or increased amounts of fluid in a small area.
Fluid from the port is drawn in by the proximal end of the catheter and led to the
distal end given by a small space between the drive shaft and outer sheath. A syringe will
aid in pressurizing the water to leave the port clearing any blood from the OCT sensor.

Rotatable Cutter for Plaque Removal

Peripheral artery disease primarily includes the use of a rotational cutter
when addressing occlusions, however as previously discussed rotational
atherectomy is possible in coronary arteries such as the RotaPRO where different
sizes of burrs can address various forms of plaque. ATHERO52, will use the less
common approach of a rotatable cutter design previously seen in the TurboHawk.
Placement of the cutter rests in a trowel shape opening extending distally beyond
the rotatable cutter and proximal to the other side. The use of a trowel shape tip
correlates to how the OCT image is relayed to the viewer. A trowel shaped
structure enforces protection in a portion of the cutter leaving the exposed section
visually seen in the cleft of the crescent. The outer curved surface of the of the
trowel shape structure not only helps protect the vessel wall rather it creates
references markers for the viewer seen as the crescent wings previously described
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(Spencer, M. K., Simpson, J. B., & Davies, S. C., 2016). Configuration of the trowel
shape and the cutter allows for a real-time imaging component to consistently know
where healthy tissue resides in the coronary vessel.
The partial opening of the housing from the trowel shape highlighted yellow in
Figure 18 allows for the cutter to be angled towards the plaque for maximum removal
and control during the procedure (January 31, 2021). Additionally, the cutter at this angle
reduces the risk a patient may face perforation in any of the healthy tissue layers inside
the vessel wall. The cutter moves in a clockwise direction and moves along the plaque
with the help of the drive shaft and engagement of the apposition balloon simultaneously.
Dimensions of the rotatable cutter are to be adjusted to suffice the needs of
coronary arteries rather than peripheral arteries. A round configuration with indentations
on the cutter help place the plaque into the nosecone efficiently (Figure 19) (January 19,
2021).

Nosecone

Multiple catheters now include the use of a nosecone as a means of eliminating
plaque permanently from the patient’s body. ATHERO52 uses a nosecone situated
behind the rotatable distal tip and forward-facing cutter combination. Previously
discussed SilverHawk Peripheral Plaque Excision System includes this design feature as
a means of capturing plaque (Medtronic, December 2017). Deposit of plaque into the
nosecone relies on the cutter advancing with help from the drive shaft control known as
Cutter Optical 2 (CO2) and disposed into a hollow compartment just above the drive
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shaft. A corkscrew like design will support the nosecone structurally and prevent
any reentry into the bloodstream (Figure 20) (January 10, 2021).
A larger dimensional nosecone allows for a greater tissue storage reducing
the need to have to retract the device out of the patient. Intention of a nosecone
eliminates the possibility of plaque reintroduced into the bloodstream causing
potential occlusions elsewhere in the vessels.

Apposition Balloon

Precise cutting from the rotatable cutter requires a system to raise the
cutter to the plaque in a controlled manner. ATHERO52 will integrate the use of
an apposition balloon like that on the Pantheris (Figure 20) (Avinger, 2020). An
apposition balloon placed beneath the cutter allowing elevation for effective
plaque extraction along the vessel wall is incorporated into ATHERO52 (Figure
21) (January, 10, 2021). The balloon can be either inflated or deflated depending
upon when it is required in the procedure. Paired with an OCT imaging sensor
raising of the cutter with the apposition balloon also enhances the depth
modification of the atherectomy while eliminating any need for X-ray exposure
previously needed in other forms of surgery (Katsanos, K., Spiliopoulos, S.,
Reppas, L., & Karnabatidis, D., 2017).
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Drive Shaft

ATHERO52 as with all atherectomy systems requires a drive shaft to facilitate
movement of rotation with respect to the distal tip of the catheter and engagement of the
cutter.
ATHERO52 introduces the idea of a tubular drive shaft to house the optic fibers.
Residing of the optic fibers in the drive shaft eliminates the possibility of having
entanglement and fracturing as it can move easily and freely in the open space during
rotations. As previously mentioned, the device will automatically alternate between
clockwise and counterclockwise movements further prohibiting any destruction of the
fiber.
ATHERO52 must also consider the need for the driveshaft to engage the
rotational distal tip and rotational cutter. The condition of two drive shafts will be
necessary in fulfilling the needs of two OCT sensors and two cutters. Existence of two
driveshafts allows the operator to control two cutters independently (Figure 21) (January
10, 2021). ATHERO52 will disengage the distal tip once it has reached the target site for
plaque removal, allowing for function of the rotational cutter for plaque removal to take
place. Operation of one cutter at a time increases the safety and efficacy of the device.
The first drive shaft will begin at the distal end of the catheter assisting with
rotation of the rotatable distal tip with the forward-facing cutter and the OCT image
sensor aiding in navigation along the vessel walls. Operation of the driveshaft pairs to a
control known as Cutter Optical 1 (CO1). Intent of this driveshaft is to guide ATHERO52
in the artery to the target site without the presence of a guidewire. Secondly, the CO1
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control allows the operator to advance at a pace that works with the anatomy of
the patient and the device itself.
A second driveshaft is essential to allow the rotatable distal tip with the
forward-facing cutter and the rotational cutter to function separately. Location of
this driveshaft starts at the rotational cutter with the second OCT sensor
positioned on the cutter for clear visual representation of plaque removal at the
target site. The control signified as Cutter Optical 2 (CO2) will represent
engagement or disengagement of this driveshaft and thus cutter rotation. Function
of the rotational cutter is only possible when control CO1 has been disengaged by
the operator first and vice versa. Allowing usage of one driveshaft at a time
significantly reduces the possibility that a cutter will not be functioning at a time
it is not needed throughout the procedure. Operation of CO1 and CO2 is the
simple flip of an on and off switch to eliminate any confusion of driveshaft
engagement.
In theory, CO1 control turns on when moving the device through the
vessels to the site that requires plaque removal. Upon arrival to the site where the
occlusion is, CO1 is switched off and CO2 driveshaft is turned on to begin
eradicating plaque from the vessel wall.

Retraction of ATHERO52 from Patient

ATHERO52 will not be using a guidewire and therefore needs to address a
mechanism that aids in removal of the device following completion of the
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procedure. Two small wires will be placed at the proximal end of the device and extend
as the device moves forward with the help of the driveshaft and jog fixture providing
directionality. Upon completion of the procedure a retraction knob set in motion by the
operator allows for the two wires to pull the catheter back and coil the wire into the
handle for storage. The wires will be smooth to prevent any damaged to the vessel walls
when removing the device.
Potential kinks or entanglements of a guidewire that would extend beyond the
distal end of the device no longer becomes a concern with inclusion of this feature in
ATHERO52. The rotatable cutter however is still in motion but dwells partially in the
housing further ensuring any damage to the vessel walls and healthy tissue will not occur
during retraction. CO2 control remains active even when the cutter is placed into the
housing. Intention behind this allows the OCT sensor to function and provide constant
real-time view of the vessels when the retraction process is taking place.

Handle

ATHERO52 will have a simple handle design consisting of controls for both
cutters and optic sensors. CO1 and CO2 will each have a knob to manually turn on and
off the driveshaft and components paired with it. Cases where the procedure needs to be
halted instantly a main power switch will be available. Instantaneously pressing the main
red stop button the cutters will halt and the device stopped if needed.
Discussed earlier the two driveshaft cables and the optic fibers will run from the
distance of the cutter and rotatable distal tip to the proximal connector of the device.
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Configuration of these two incredibly important mechanical and optical
components allows ATHERO52 to increase in function and diversity.

Visual Display and Software

Use of OCT image guidance requires the use of software and a platform to
visualize the software. Previously discussed ATHERO52 inspiration stems from
Pantheris created by Avinger and uses software compatible to the visual display
and design set up allowing the operator to visually capture inside the vessel in
real-time. Noted earlier on the Lightbox for Pantheris, Avinger provides dual
screens paired with OCT. Touchscreens will provide ease for the operator when
trying to view the vessel and continues to have the dimensions of a 27” monitor
display. An HDMI cable can connect with the lab monitor to view OCT images
side by side (Avinger, 2020). ATHERO52 screen functions will automatically
switch depending upon the cutter and driveshaft that is operating at that moment
in time. For instance, navigation through the vessel requires CO1 to be engaged
and the visual display will indicate this with the same acronym on the screen for
operator to further validate. The software will not allow for both cutters to be
viewed at the same time since only one is to be functioning at a time.
Furthermore, the software supports capability of the operator to adjust the
rotations per minute on the driveshaft in use with a simple touch of a button on
the visual display.

34

It is important to note that the software will need adjustments to adapt to the
newly intended usage of two OCT sensors rather than the one integrated on Pantheris by
Avinger. Collaboration of a well-informed team will aid in constructing the software
needed to obtain real-time images with OCT.

Dimensions of ATHERO52

ATHERO52 requires dimensions that are small enough to navigate comfortably
within the coronary arteries to ensure safe plaque removal from the vessel walls.
Rotational atherectomy in conjunction with OCT imagery as previously noted is the
approach for intended plaque dissection. Dimensions of ATHERO52 understand the
necessity of navigation through small vessels and have taken this into consideration when
determining various sizes of the components (Table 1).
Incorporating a larger nosecone of nine centimeters long accommodates no more
than two removals of the device from the patient. Fewer times the device is extracted to
empty the nosecone means the patient would have less complications when re-entering
the device and a shorter procedure time overall.
Effective length of the device is essential to ensuring the device is long enough to
travel to the intended site of removal. Increasing the length of the nosecone would follow
that the length of the device must be longer and still able to provide directionality without
a guidewire. An overall effective length of ATHERO52 will be 145 centimeters. A sheath
with an inner diameter of 6F (given in French size) equating to 2 millimeters will be
compatible when placing the device into the patient’s wrist up the arm and into the artery.
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Drive shafts essential to the functionality of the device allow for the capability to
engage the cutters with a small diameter. ATHERO52 outer diameter of the shaft is
approximately 0.0335 inches with a wire that is 0.011 inches.
Additionally, the fiberoptic wires for the OCT imaging component will be
exceptionally small and housed within the hollow two drive shafts. One fiberoptic wire
will each be housed in a drive shaft to ensure both cutters are able to access the real time
imagery needed. The size of the fiberoptic wires will be 125 micrometers in diameter.
Knowledge and understanding of these exceptionally small dimensions aids in
better understanding for how ATHERO52 can navigate itself through such small vessels
while performing an extraordinary non-invasive procedure.

Preclinical Trials

Addressing the safety and efficacy of ATHERO52 is essential to
performance of the device before it is tested in humans. Noble Life Sciences, a
preclinical contract research organization (CRO) facilitated by scientists whose
background experience covers vaccine, drug, and medical device development
will aid in the preliminary testing of ATHERO52. Essential to this step is good
laboratory process (GLP) and non-GLP services attending to both in-vivo and invitro specialized models. Noble Life Sciences addresses this particularly
important feature when performing preclinical testing (Noble Life Sciences.,
2018, June 20).
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Bench Testing

Cardiovascular and imaging are two sections Noble Life Sciences incorporates as
part of their testing services. ATHERO52 begins with bench testing to assess safety and
performance of the device. Design of the device and the intended function are analyzed
for validity. Each section of the device will have a specific function when entering the
vessel. Classifying the deliberate function and observation of components while in use
will ensure a high-level performance of the device. Noble Life Sciences acknowledges
for a device to pass the preclinical phase all parts of the device in question must function
in the manner to which they previously were designed for.

Technical Testing

Ensuring materials chosen for each function of the device is essential for the
success of ATHERO52 and Noble Life Sciences (2018, June 20) dedicates itself to the
presence of accuracy and reliability of those chosen materials. Biocompatibility is largely
influenced by the types of materials selected in the construction of ATHERO52. Testing
can confirm or refute if the material will create an immune response from the human
body. The device may undergo reconstruction using different materials to guarantee
optimal engineering and quality exists. Following this step, virtual modalities will take
place to indicate how ATHERO52 will function when in the human body.
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Computer Simulations

Computer simulations can predicate function and alert the user to any risks
that may develop when the device is engaged in a procedure. Performing this step
gives humans a close interaction with the device before becoming introduced to
any animals or humans. The user must have the ability to observe the function of
the device when in the human body to further understand if the correct materials
for each component give the desired outcome. Concerns such as navigation,
steering, use of cutters and imaging modalities can all be addressed in this step.
Additionally, experimentation through various anatomy will further clarify if the
materials paired with anticipated functionally is correct.

Animal Studies

Lastly, preclinical trials include the use of animal studies to address
potential safety concerns, toxicology, and biocompatibility. The animal model
chosen for this study is porcine with advantages including anatomy to be similar
in size to that of humans, and can spontaneously develop atherosclerosis when on
a fat atherogenic diet, enabling easier access for imaging modalities (Lee, Y. T. et
al., 2017). However, not commonly mentioned is the use of a LDLR-targeted
Yucatan miniature pigs. Genetically engineered on a small scale and given a
standard swine diet proves advantages including size, consistency, versatility, and
availability (Davis, B. T. et al., 2014). Recent study complied by Davis, B. T. et
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al., (2014) and his team suggests presence of severe hypercholesterolemia in homozygote
animals determined atherosclerotic lesions in the coronary arteries strike a remarkably
close resemblance to human atherosclerosis. Natural sources of fat and cholesterol given
to the Yucatan miniature pigs reveal severe phenotypes causing quicker turnaround time
in plaque formation in the arteries. For these reasons it has been decided to progress
forward with Yucatan miniature pigs for plaque removal with ATHERO52.

Clinical Trials

Ensuring the safety and efficacy of ATHERO52 procedural tasks must be met in
the stage of clinical trials once the pre-clinical studies are fulfilled. ATHERO52 falls into
a Class II medical device classification including special controls and the necessity for a
Premarket Notification also known as the 510K pathway. In addition, ATHERO52 will
present various clinical studies to suffice an Investigational Device Exemption (IDE).
Design of ATHERO52 can be considered substantially equivalent to Pantheris but also
incorporates other medical device components not related to other devices making IDE a
prerequisite for the 510K pathway approval essential. The clinical studies developed for
ATHERO52 are monitored by the Institutional Review Boards (IRB) found within
hospitals or other sites where clinical trials occur for validation of the safety and efficacy
of the device. It is the responsibility of the IRB to determine if the clinical study may be a
non-significant risk or a significant risk to the patients potentially enrolled within the
study. Due to the number of different components in ATHERO52 and its placement in
the coronary arteries the requirement for an IDE is elevated. Device technicians, software
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programmers, nurses and of course the surgeon will all be a part of this study. It is
important to recognize that this process can take anywhere from three to seven years to
reach the market (Institute of Medicine (US) Committee on Technological Innovation in
Medicine., 1990, January 01).

Pilot Study: Navigation of ATHERO52 to Target Site

Objective of this clinical trial is not to remove plaque rather to ensure the steering
and navigation of the device are operating at the desired effect when placed in a human
patient. Essential to ATHERO52 and the patient is to remove the need of a guidewire and
all the complications they impose when performing a procedure. Observations of the
rotatable distal tip are to be monitored and the ability to clear a pathway safely when
approaching the target site.
The first clinical trial will include 30 patients who are age 55 and above and have
been classified as having 50% or higher occlusions within the left or right coronary
arteries. Small selection of candidates serves as a preliminary safety and device
performance where collection of data may lead to modifications of future study design.
The device will ensure its capability of crossing target lesions without any complications
to the patient before attempting to remove plaque away from the vessel walls using a
forward-facing rotatable distal tip.
Subjects to be excluded from this trial are woman who may be pregnant, breast
feeding or not taking preventative measures for pregnancy, target lesion with an in-stent
restenosis, or target lesion with native graft or synthetic graft, clinical/angiographic.
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Furthermore, evidence of distal embolization prior to intervention, significant acute or
chronic kidney disease requiring dialysis and evidence of intracranial or gastrointestinal
bleeding, intracranial aneurysm, myocardial infarction or stoke within two months of
procedure additionally exclude participation in this trial.
Patients will be observed for any complications when navigating the device
through the anatomy. A forward-facing cutter will be set at a low rpm to ensure no
damage to the vessel wall occurs. Upon the approach of the target lesion the device will
be retracted out the patient and review of patient’s level of comfort, pain and ease of
procedure will be reviewed carefully.

Feasibility of Plaque Removal with Rotatable Cutter

A second clinical trial for ATHERO52 will determine how the plaque removal is
accomplished in the human anatomy. The central goal of the trial is to observe the
operation of the rotatable cutter with conjunction of OCT real-time imaging component.
Secondly, the driveshaft linked with the CO2 control and housing of plaque in the
nosecone function will be strictly observed.
Patients who are 55 and above and express chronic total occlusions of 65 percent
or greater are considered for this trial. The size of this trial will be no more than 30-40
applicants. The candidates must not exhibit any complications as previously mentioned in
the first clinical trial to be studied for the safety and efficacy of ATHERO52 while in
operation. Agreeance to this clinical trial will further determine the usage of OCT
imaging in real-time and can reveal a better depth of understanding for the layers of
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healthy tissue that may otherwise go unnoticed. Following the procedure participants will
be closely monitored for the next thirty days to determine if any major adverse events
take place.

Pivotal Study: ATHERO52 Engaged

Once the device is determined to be safe and functional in humans in both aspects
of navigation and plaque removal the next step is to perform the procedure in a larger
study of patients. ATHERO52 will begin with a patient pool of 400 patients all of whom
have prerequisites of 65 years old or greater and atherosclerosis that presents chronic
total occlusion of 70% or greater in the coronary arteries. A study coordinator will remain
as the primary contact personal when ATHERO52 conducts this phase.
Data collected includes age, percentage of occlusion, and location in the coronary
arteries of the occlusion. Each patient will have a file that indicates if any complications
were present. Observation of stability of the patient throughout the procedure is noted.
Clinical efficacy, safety and any potential risks will be declared given by data compiled
from each patient.

Post Market Phase

Construction of ATHERO52 strives to address the long-term effectiveness, safety,
and usage in the general population in this post market phase study and data will secure
this knowledge. Observation and changes in technology as time passes is essential to the

42

success of ATHERO52. Monitoring ATHERO52 continues as it is placed for sale and
begins to be used across various hospitals all over the country. Any issue or concern that
arises in any patient case will be addressed and reviewed.
Long-term effectiveness of ATHERO52 will include how the OCT imaging
components operate among all various individuals and differing anatomy. As time
progress it is expected that the software will need to be updated and possess the
capability of seeing an even greater depth of the vessel wall. However, data collected will
determine how to proceed in this direction when the time presents itself.
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Chapter VII. Discussion

Significance of ATHERO52

ATHERO52 is a device that incorporates former components from previous
commercialized devices with new additions allowing for an even more so minimally
invasive approach to CAD. Currently the market addresses primarily peripheral artery
disease, however, ATHERO52 will address two major concerns found within the already
marketed devices.
First addressing CAD aids in reducing the number of deaths associated with this
disease and will do so using upcoming technology providing ease for the patient and
operator. ATHERO52 is constructed with simple controls allowing the surgeon to operate
efficiently and monitor the vessel. OCT sensors are relatively new and give way to a
greater understanding of the vessel layers throughout the procedure largely reducing the
chances of perforation of the vessel wall.
Secondly, elimination of a guidewire on the device removes the concerns of
entanglement, kinks or possibly breaking off in the patient requiring immediate
emergency surgery. The guidewire on multiple devices as indicated in Table 2 shows the
primary cause of concern rests within the guidewire and/or sheath on the guidewire.
ATHERO52 seeks to support steering and navigation using directionality held within the
device. Additionally, the jog fixture included in the design will support the steering
through difficult anatomy that may otherwise be impossible with the use of a guidewire.
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Study Limitations

With a proof-of-concept design there are always limitations especially when
considering the construction of a device. The idea of inserting a foreign object into the
human body always comes with a level of doubt and fear mainly with respect to the
patients. ATHERO52 is no different and will come with concerns as the proof-of-concept
device is assembled.
The current devices on the market target PAD rather than CAD and thus the
parameters of the device will need to be carefully selected since they will be entering into
a different part of the body. Limited amounts of research exist for a multifunctional
device entering the coronary artery as an approach for treatment will further increase the
amount of time to construct the device properly.
ATHERO52 will require extreme precision when placed in the artery. The cutter
selected consists of one that has never been used in the coronary artery. Rather than the
use of diamond burrs a smaller rotational cutter will be used to remove plaque. Placement
of this cutter in the artery can hypothetically lead to other complications such as possible
symptoms resulting in acute myocardial ischemia including chest pain, ST-segment
elevations, and hemodynamic or electrical instability when performing the procedure
(Sharma, S. K., et al., 2019). The camera positioned on the rotational cutter must deliver
a detailed image to make certain the artery remains unharmed during the procedure.
Many software platforms will have to be explored and researched since this will be the
eyes of the doctor while in the artery. The proof-of-concept device will also have to adapt
to new software as technology is constantly expanding to ensure precision of the device is
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kept. Creating ATHERO52 with the use of specific camera may make it difficult to
transition to new software with cameras that are already configured to a previous
software.
Lifetime of the device falls closely next to precision of the device. ATHERO52
will need to have components on the device that permit accessible and easy maintenance.
If a mechanism on the device such as the cutter is not working properly there will have to
be a plan of who and when can the device be fixed and how this affects the patient’s
health.
Mechanism usability will either make or break ATHERO52. The design of the
device will need to take into consideration validation and testing procedures. Since
ATHERO52 requires input from the person one must consider the background of the
individual and the skills crucial for optimal performance. Since ATHERO52 is focused
on CAD it will be necessary to have a cardiologist be the main user of the device,
however, this limits usability as the doctor may not be available to perform the procedure
at the time needed.
The use of device may also include risks as with any procedure. The risks of using
a catheter become even greater for those who are 65 and older. Atherosclerosis is a
disease that can affect society in a wide age group, but it is more common among older
individuals. Possible bleeding, heart rhythms, and an exceedingly small percentage may
undergo a heart attack during the procedure, while this is unlikely it must be mentioned.
In addition, the insertion site of the catheter must be carefully monitored to prevent
bruising, bleeding, or possible risk of infection.
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Conclusion

In conclusion, ATHERO52 is a medical device that focuses on one of the main
causes of deaths worldwide. Atherosclerosis, a disease that can be treated and allow
patients to live longer and healthier lives is the goal behind the creation of ATHERO52.
A device that works alongside new and former technologies learned from those before to
create a solution reducing time spent in a hospital or recovery that is difficult for the
patient and the family. ATHERO52 confirms the presence of atherosclerosis before a
procedure even begins for removal and when confronted with the plaque can remove it at
that moment.
ATHERO52 strives to provide a greater vision of the coronary arteries healthy
tissue layers, steering and navigating through vessels with two OCT image sensors to
secure real-time images. ATHERO52 goes beyond other CAD devices eliminating the
necessity of a guidewire and taking on a new approach to retraction of the device.
Procedures that are easier and less painful for the patient while providing
treatment changes the way recovery times currently stand. Addressing the patients
concerns during clinical trials will be essential to making ATHERO52 beneficial to all
those facing chronic total occlusions associated with atherosclerosis. Open heart surgery
will hopefully become a distant memory as ATHERO52 can be a member of the device
community changing the way cardiac surgeries are performed.
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Appendix I. Tables

Table 1. Summary of Dimensions for Essential Components of ATHERO52
Component
Nosecone
Sheath
Drive Shafter Outer
Diameter
Drive Shaft wire
OCT fiberoptic wire
Overall length of
ATHERO52 (not including
handle)

Size
9
6
0.0335

Units of Measurement
cm
F
inches

0.011
125
145

inches
µm
cm

Listed above are the various sizes of components in ATHERO52 that are essential to the
operation of the device and functionality. The drive shafts, and OCT imagery sizes are
key knowledge for understanding how ATHERO52 can perform inside the patient and
extract the plaque necessary.
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Table 2. Summary of Commercialized Devices and Concerns Documented from
MAUDE Database

Device

Type of
Concerns from MAUDE
Atherectomy

RotaPRO (Boston Scientific)

Rotational

Burr and guidewire broke off in the patient
causing immediate surgery for removal

Pantheris (Avinger)

Directional

Guidewire became kinked in the patient reverting
to former surgical procedures for removal.

TurboHawk (Medtronic)

Directional

Distal Flush Tool with traces of biological debris
left behind. Contamination if not cleaned
properly

Jetstream Atherectomy
(Boston Scientific)

Rotational

Advancement of catheter over guidewire was
difficult

SilverHawk (Medtronic)

Directional

Guidewire sheath entangled and/or kinked

Diamond Back 360 Coronary
Orbital Atherectomy System
(Cardiovascular Systems)

Orbital

Advanced guidewire faulted when removal was
attempted causing injury to the patient

Excimer Laser Catheter,
CVX-300 (Spectranics)

Laser

Calibration attempts failed from movement of
device from location to another

Summary of various approaches to atherectomy procedures all provide a commonality of
concern noted from the MAUDE database records. Guidewires and sheaths are a
similarity for failure of the procedure in patients. Often the device will kink or become
entangled when attempting to navigate through anatomy. More severe cases where the
entire catheter become stuck or unable to disengage from the guidewire can cause a
patient to undergo immediate surgery for removal of the guidewire, burr, or catheter in its
entirety.
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Appendix II. Figures

Figure 1. Global Cause of Deaths in 2016
The image above illustrates the top ten diseases/illnesses related to global deaths in 2016.
Ischemic heart disease and stroke are the leads causes for deaths globally by a staggering
amount indicated in the first blue bar (World Health Organization., 2018, May 24).

Figure 2. Plaque Rupture
The cause of plaque rupture is shown by the thin cap fibroatheroma leading to nonfatal
thrombus. Subsequent healing is followed with fibrous tissue formation and constrictive
remodeling. Rupture of a plaque leads to variable amounts of hemorrhage in the plaque
leading to thrombosis and allows the lesion to continue to progress (Loftus, I., Fitridge,
R., & Thompson, M., 2014)
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Figure 3. Coronary Artery Bypass Graft Procedure (CABG)
CABG depicted above involves a very invasive approach for repairing the heart from
vessels that are completely blocked and require a new vessel to reroute blood flow and
restore oxygenated rich blood to the muscles and organs that need it. The off-pump
CABG surgery uses a device to stabilize the portion of the heart where the bypass is
required allowing for the rest of the heart to beat on its own. In addition, the procedure
requires surgery to remove a vessel from your leg to create the grafts needed. The patient
is placed on a ventilator (The Society of Thoracic Surgeons., 2020, June 17).
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Figure 4. Lumivascular Approach for a Peripheral Occluded Artery
The above
displays the use of lumivascular imaging technology recently developed. Knowledge of
the true lumen is essential for plaque removal. External Elastic intima is a thin bright
border to be avoided otherwise the body potentially generates an aggressive response
causing possible narrowing of the artery. Adventitia vital is the outermost layer of the
artery offering support as well as increased sensitivity to injury during treatment. Media
muscular layer illuminating a dark band with OCT imaging (Davis, T. P., 2014).
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Figure 5a. TurboHawk Peripheral Plaque Excision System
TurboHawk System created by Medtronic uses two various cutters depending on the
calcified plaque present in the patient’s arteries above or below the knee. It includes a
nosecone to capture the plaque once cut to avoid reentry into the blood stream. This
system however is not designed for plaque removal in the coronary arteries.

Figure 5b. TurboHawk Cutters
Two various cutters are offered with the use of TurboHawk Directional Atherectomy
System. A high-efficiency (1) cutter used to focus on soft to moderately calcified lesions
or a smooth cutter (2) to treat soft to mild calcification in the artery. It is important to
know that this device pertains to only peripheral atherectomy at this time and adjustments
are have not been designed for coronary atherectomy (Medtronic, 2017, November).
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Figure 6a. RotaPRO Coronary Atherectomy System – Boston Scientific.
RotaPRO is designed to remove calcified plaque in the coronary arteries. It includes a
console, an advancer, and a diamond burr in the guide wire using rotational atherectomy
to remove plaque from both side of the lumen. In addition, it allows for a stent to be
placed on the guide wire behind the burr after calcified plaque is removed (Boston
Scientific, 2020).

Figure 6b. RotaPRO Diamond Burr with Various Sizes
The RotaPRO has a range of sizes from 1.25mm to 2.50mm for a predictable lumen size.
Rotational direction is used as the diamond portion spins removing plaque from all sizes
of the lumen simultaneously (Boston Scientific, 2020).
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Figure 6c. RotaWIRE Guide Wires
There are two various designs Rotawire Floppy and RotaWire Extra Support. The
RotaWire Floppy 009” includes a stainless-steel core with tapered distal ends to allow for
varying degrees of burr support. The RotaWire Extra Support uses a .014” distal platinum
coil to ensure the burr does not move beyond the tip of the wire. It is very crucial to know
when in use the rotating burr may not contact the platinum coil tip (Boston Scientific,
2020).

Figure 7a. Diamond Back 360 Coronary Orbital
Atherectomy System Above illustrates the system created by Cardiovascular Systems
Incorporated. The mechanism of action includes the use of centrifugal force combined
with differential sanding to reduce the level of calcium present allowing for stent
placement.
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Figure 7b. Classic Crown – Diamondback 360 Coronary Orbital Atherectomy System
The image above illustrates the classic crown with dimensions of 1.25mm eccentrically
mounted diamond coated crown to reduce the severity of calcium buildup in the arteries.

Figure 8a. Pantheris, Avinger Image-Guided Atherectomy System
The image above displays the Pantheris used for peripheral artery disease. The red light
gives precision for cutter when removing plaque to avoid any possible damage to the
lumen of the vessel. Optical Coherence Tomography (OCT) is used to navigate through
the artery (Avinger, 2020).
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Figure 8b Lightbox for Pantheris, Avinger
The lightbox uses dual screens paired with
OCT. The physician can implore the use of
touch the screens to interact more naturally
with the operating functions of the system.
An HDMI cable can connect with the lab
monitor to view OCT images side by side
(Avinger, 2020).

Figure 9a. SilverHawk Peripheral Plaque Excision System
The device is designed to remove plaque above or below the knee that has built up in the
artery. This device is not intended for the use of coronary arteries. The cutter is placed on
the left side of the device where the plaque once cut is then pushed into the nosecone to
capture the plaque indicated by the one in the image (Medtronic, December, 2017).
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Figure 9b. Anatomical Location of Superior Femoral Artery (SFA)
The image above displays a clearly identified location of the superior femoral artery. It is
known as the longest artery with the fewest side branches. The artery is exposed to
external mechanical stresses, including flexion, compression, and torsion. Complications
from restenosis, thrombosis and stent fracture are the major concerns after SFA
intervention (FoxHollow Technologies, Inc., 2007).

Figure 9c. Simple Schematic of SilverHawk Product
The purpose of this image demonstrates the guide wire and where the distal tip is placed
on the device. In addition, it displays how the blade is seen in house (not in use) versus
when the blade is exposed (activated for use) (FoxHollow Technologies, Inc., 2007).
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Figure 10. CVX300 Excimer
Laser System
Designed by
Spectranetics.
The images above
illustrate the
control panel used
which helps to
monitor the pulse
rate being
generated and
where the
controls are
placed for
operation of the
device. Panel 2iii
helps to demonstrate the two orientations possible for the laser fibers which are
concentric or eccentric (UFO Themes., 2017, September 30).

Figure 11a. Jetstream Atherectomy Catheter Components and Design The image above
displays the two types of Jetstream atherectomy methods. Jetstream single cutter (SC)
and Jetstream eXpandable (XC). Each method includes active aspiration with front end
cutting (Balazs, T., May, 2019)
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Figure 11b. Jetstream Varying Catheter Tips
XC or eXpandable cutter catheters come in two sizes. The first one is 2.1mm/3.0mm and
is used in a vessel size larger than 3.0 blade down and 4.0mm to 5.0mm blade up. The
second size includes 2.4mm/3.4mm and is used for vessels from 4.0 to 4.0mm blade
down and 5.0mm or higher with blade up. The single cutter lacks a blade up feature
(Shammas N. W., 2015).
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Figure 11c. Jetstream Control Pod by Boston Scientific
The control pod is designed to be used with either the Jetstream XC or SC catheters with
easy use. The control buttons can operate the blade switch down, blade switch up,
activation switch and retraction switch on the mouse. The Wire GARD activation button
is located on the side of the control pod with the wire GARD integrated into the pod for
ease of wire management (Boston Scientific, 2020a).
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Figure 11d. Jetstream PV Console
The Jetstream console gives the operator a view of how the device is functions when in
use. The PV console indicates whether the blade is up or down. In addition, pumps for
infusion of saline and aspiration are included with a waste container to collect debris
from occluded arteries
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Figure 12. ATHERO52 Rotational Distal Tip
The rotational distal tip of ATHERO52 formulated in TinkerCAD presents itself with a
cone shape structure with flutes (1) circling around the end to support any plaque
elimination that may be necessary during navigation of the device to the coronary
arteries. Resting behind the cutter sits the OCT sensor (2) with windows to allow the laser
to pass through collecting the real-time imagery of the vessel wall. Lastly, ATHERO52
incorporates a small water port (3) to assist in clear imagery with injection of 0.2mL of
water at a time removing any blood or fibrins possibly blocking clear sight of the vessel
walls. (January 15, 2021)

Figure 13. Vessel Wall of Coronary Artery
Simplified image indicating healthy tissue layers of the vessel wall in the coronary artery
including the intima, adventitia, and media (American Heart Association., 2017, April
30).
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Figure 14. Optical Coherence Tomography from Pantheris of Avinger
Aids in revealing the disease location, media, adventitia, and EEL to avoid cutting into
the vessel wall (Avinger Incorporated., 2018, February 5).

Figure 15. Crescent Wings Created by Optical Coherence Tomography.
Markers 101a and 101b reveal the placement of crescent wings formed from a trowel
shaped opening. Between the wings indicates the smooth portion of the trowel that
protects healthy tissue from potentially being damaged (Spencer, M. K., Simpson, J. B.,
& Davies, S. C., 2016).
64

Figure 16. Chassis Connected to a Rotating Distal Tip and OCT Image Sensor
A chassis designated by 405 is connected to a bushing, 394 and a shoulder,445 to reduce
friction of the system and allow for stability when engaged in rotation. (Simpson, J. B., et
al., 2017).

Figure 17. Location of Fixed Jog and Middle Reference Marker
Highlighted in yellow indicates the placement of the fixed jog. Commonly located in the
shape of the J-bend of the device and is aligned with the middle reference marker
indicated in green (Simpson, J. B., et al., 2017).
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Figure 18. Overall Schematic of ATHERO52
Software design tool, TinkerCAD fostered the creation of the overall schematic of
ATHERO52 revealing the placement of essential components to the structure. A
rotational distal tip (1) uses flutes to remove any small amounts of plaque that may be
found along the pathway to the coronary artery where the blockage is present. Sitting
behind the cutter is the OCT imaging sensor (2) providing a real-time view of the vessel
wall. The black horizontal lines on the OCT sensor allow for the laser to scan the vessel
wall providing imagery. A second rotational cutter (3) intended for the extraction of
plaque in the coronary rotates clockwise and counterclockwise. An apposition balloon (4)
expands to raise the cutter (3) into the correct position for optimal removal of plaque. A
second OCT imaging sensor (5) located behind the rotational cutter (3) allows for realtime view of the vessel wall when the cutter (3) is engaged. (January 31, 2021).
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Figure 19. ATHER052 Rotational Cutter for Plaque Removal in the Coronary Arteries
Depicted above the rotational cutter for ATHERO52 to aid in removing calcified plaque
in the coronary arteries. The three indentations in the cutter aid in helping to support the
shape of the cutter to allow the plaque once extracted to be stored in the nosecone of the
device. An OCT sensor with three black windows represents where the laser will reflect
out onto the vessel wall for imagery. A small water port sits adjacently to the sensor to
remove any blood or fibrins that may obstruct the operators view. (January 19, 2021)

Figure 20. Pantheris Apposition Balloon
Depicted above shows the apposition balloon inflated with the rotatable cutter raised and
the OCT imaging sensor located on the cutter. The apposition balloon works to raise the
cutter to the plaque intended for removal and is deflated upon completion of removal
(Avinger, 2020).
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Figure 21. Inside Components of ATHERO52
ATHERO52 portrayed above using TinkerCAD software reveals some key wiring
components to the functionality of the device. A spiral structure nosecone is located
between the two cutters and OCT sensors. The nosecone acts as waste compartment for
the plaque that is removed from the coronary arteries. Additionally, long tubular wires
are seen extending from behind each of the cutters. The thicker wire represents the drive
shafts needed to engage the cutters while the thin tubular structure is the connected to the
water ports behind each OCT sensor. Not seen in this image is the optic fibers connected
to the OCT sensors and are housed within the hollow tubular drive shafts. (January 10,
2021).
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Appendix III. Definition of Terms

Angiotensin-converting enzymes (ACE) inhibitors: heart medications that widen, or
dilate, your blood vessels and aid to increase the amount of blood your heart pumps
resulting in lower blood pressure.
Antiplatelet: a collection of medications which seek to prevent platelets from gathering or
clumping to create a blood clot.
Beta-blockers: class of medications to regulate abnormal heart rhythms and reduce the
occurrence of a second heart attack.
Calcium channel blockers: antagonists that disrupt the movement of calcium throughout
the body to reduce high blood pressure. Increases the blood flow and oxygen needed to
the heart.
Cholesterol Ester transfer protein inhibitors (CETP): allows the exchange of triglycerides
and cholesteryl ester among high-density lipoprotein and apolipoprotein B100–containing
lipoproteins.
Coronary Artery Disease (CAD): results in the narrowing or blockage of the arteries
within the heart.
Coronary Artery Bypass Grafting (CABG): surgical procedure to restore normal blood
flow caused by an obstructed or occluded artery.
Computed Tomography (CT) Scan: combines X-ray images observed from different
angles around your body and processes images into cross-sectional slices of either the
bones, blood vessels and soft tissues inside your body.
Drug Eluted Balloons (DEBs): angioplasty balloons coated with an anti-proliferative drug
that is released into the blood vessel of the wall.
Drug Eluted Stents (DES): coronary stent composed of a mesh like substance that
provides an opening for blood flow to return while slowly releasing a drug to block cell
proliferation.
Echocardiography: action of the heart is measured with the use of ultrasound waves.
Electrocardiogram (EKG): measures the electrical activity of the heart. The waves
generate muscle contraction and pump blood from the heart.
Endothelium: a single layer of cells lining multiple organs and cavities of the body,
specifically blood vessels, heart, and lymphatic vessels.
Fibrates: a group of medications that seek to lower the level of triglycerides in the body
by reducing the production generated by the liver.
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Low-Density Lipoprotein (LDL): also termed as the “bad cholesterol” which becomes
part of the plaque leading to heart attacks or stroke.
High-Density Lipoprotein (HDL): referred to as the “good cholesterol” transporting
cholesterol from various parts of your body back to the liver.
Implantable Medical Devices (IMD): devices used to control the function of your heart
and restore normal rhythm. Examples include pacemakers or stents which have no
electrical function.
Intra-aortic balloon pump (IABP): mechanical device to increase myocardial oxygen
perfusion and indirectly increases cardiac output through afterload reduction. It uses a
cylindrical polyurethane balloon that sits in the aorta, approximately 2 centimeters from
the left subclavian artery.
Intima: the innermost coat of an organ typically a blood vessel with an endothelial layer
supported by connective tissue and elastic tissue.
Microsomal Triglyceride Transfer Protein Inhibitors (MTP): an essential protein in the
secretion of apolipoprotein B-containing lipoproteins. Pharmacological inhibition
demonstrates a decrease in LDL cholesterol (LDL-C) and triglycerides.
Percutaneous Coronary Intervention (PCI): nonsurgical procedure that uses a catheter to
place a stent where in occluded artery is present allowing normal blood flow to continue.
Proprotein Convertase Subtilisin/Kexin type 9 (PCSK9): protein controls the number of
low-density lipoprotein receptors present on the surface of cells. The receptors have a
critical role in regulating blood cholesterol levels.
Restenosis: occurs after valve or corrective surgery occluding the artery abnormally.
Reticulo-endothelial system (RES): a system that includes a heterogeneous population of
phagocytic cells in systemically fixed tissues with a vital role in the clearance of particles
and soluble substances linked with circulation and tissues.
Sheath: protective covering to assist with guide wires and catheters thread through the
artery.
Statins: class of drugs to aid in the reduction of cholesterol levels in the blood to reduce
the risk of heart attack, stroke, or death.
Superior Femoral Artery (SFA): is a continuation of the common femoral artery at the
point where the profunda femoris branches. It is the main artery of the lower limb and is,
therefore, critical in the supply of oxygenated blood to the leg.
Thrombosis: formation of a blood clot.
White Blood Cells (WBCs): also referred as leukocytes, are necessary for the immune
system fighting infections by attacking bacteria, viruses, and germs when present in the
body.
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