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Abstract:

Introduction:

Swept source Fourier domain optical coherence tomography, also known as the optical
frequency domain imaging (OFDI), is a key tool for intracoronary assessment. The aim
of the study was to determine whether there was a difference in terms of artefacts and
image quality during a pullback process between ABBOTT (using the DragonFly
OPTIS® catheter) and TERUMO (using the FastView® catheter).

Materials and methods:

The design was a historical multicentric cohort study with retrospective data analysis
extracted from the PERFECTO study, from March 2018 to January 2020. Motion
artefact, residual blood artefact and technical specifications were collected and

evaluated by a single proofreader in open label.
Results:

Ninety-three patients from the PERFECTO study were included. An OFDI control was
performed at JO and at 3 months after percutaneous coronary intervention (PClI),
resulting in a total of 338 pullbacks since a control could imply one or more pullbacks.
The pullbacks were divided into two groups based on the catheter used during the
PERFECTO study (ABBOTT n=61, TERUMO n=277). There was no statistically
significant difference in the proportion of artefacted frames per pullback between
ABBOTT and TERUMO (20% vs 18%; p = 0.81), and in terms of pullback image quality
(85% vs 89%, p = 0.37). The studied artery length was greater in TERUMO group (54
vs 74mm; p <0,001).

Conclusion:

Both medical devices seem to be similar in terms of artefacts and image quality of
pullback. However, TERUMO provides higher artery length, which could have clinical

implications.

Keywords: OCT, OFDI, ABBOTT, TERUMO, artefact



Optical frequency domain imaging

A. DragonFly OPTIS® catheter B. FastView® catheter
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Professeurs des Universités-Pr

LISTE DES ENSEIGNANTS
Année universitaire 2022 — 2023

SECTION MEDECINE
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opératoire
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BURUCOA Christophe, bactériologie-virologie
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2" cycle
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médecine péri-opératoire

DEBIAIS Francoise, rhumatologie
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GERVAIS Elisabeth, rhumatologie

GICQUEL Ludovic, pédopsychiatrie
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RICHER Jean-Pierre, anatomie
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tropicales
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SAULNIER Pierre-Jean, thérapeutique

SCHNEIDER Fabrice, chirurgie vasculaire

SILVAIN Christine, gastro- entérologie, hépatologie —
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BONTOUX Daniel, rhumatologie (ex-émérite)

BURIN Pierre, histologie

CARRETIER Michel, chirurgie viscérale et digestive (ex-émérite)
CASTEL Olivier, bactériologie-virologie ; hygiéne

CASTETS Monique, bactériologie -virologie — hygiéne
CAVELLIER Jean-Frangois, biophysique et médecine nucléaire
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KLOSSEK Jean-Michel, Oto-Rhino-Laryngologie
KRAIMPS Jean-Louis, chirurgie viscérale et digestive
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émeérite)

MORICHAU-BEAUCHANT Michel, hépato-gastro-
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CARATO Pascal, chimie thérapeutique
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OLIVIER Jean-Christophe, pharmacie galénique, biopharmacie et
pharmacie industrielle
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e SARROUILHE Denis, physiologie humaine — Directeur de la section

pharmacie
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INGRAND Sabrina, toxicologie
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* Pr PERDRISOT Rémy, section médecine
« Dr RIOUX-BILAN Agnés, section pharmacie
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moment, chaque conversation a tes c6tés me rappelle a quel point j’ai de la chance
de t'avoir parmi mes meilleurs amis. Si j'en suis la c’est en partie grace a toi et grace

a tes conseils pertinents. Merci.

A Nathan pour étre mon ami. Ta rencontre a probablement changé ma vie. Sans toi
je ne sais pas si j’en serais la aujourd’hui. Tu m’as toujours tiré vers le haut, dans ton
sillage sans jamais te dépasser j’ai progressé tant sur le plan humain que sur le plan

professionnel. Je n'oublierai jamais ce que tu représentes pour moi.

A Simon. Tous ces moments inoubliables et oubliés passés a tes cbtés resteront a
jamais gravés dans mes souvenirs. J'ai vraiment de la chance d’avoir croiser ton
chemin en deuxiéme année de médecine. Toi aussi a ta maniére tu m’as tiré vers le

haut et m’a permis de toucher du bout des doigts mes objectifs. Merci a toi.

A Lucas. Mon ami allemand avec lequel jai partagé tant de bons moments. Avec
lequel j'ai découvert les plaisirs de 'alcool, de la féte. Merci de m’avoir emmené dans
un stade foot pour la premiére fois. Merci a ta famille pour m’avoir tout de suite accepté
dans leur entourage comme si j'avais toujours été la. Tu resteras un ami malgré les
années qui passent et nous continuerons de converser en anglais en raison de notre

niveau lamentable en Francgais et Allemand. Danke Schon.

A Matthieu. Merci de m'ouvrir sur le monde au travers nos conversations
enrichissantes. Merci d’accepter et de comprendre que jai parfois besoin d’étre seul
pour me sentir bien. Je suis sincérement heureux de t’avoir découvert méme si fut
tardif (trop tardif). Tu es une personne sur lequel je pourrai toujours compter et

inversement.

A Pierre. Mon presque grand frére. Merci pour m’avoir tant appris quand nous étions
petits. Merci d’avoir choisi mes vagues quand nous étions dans I'eau. Merci de m’avoir
réconforté lorsque j’en avais besoin, merci d’avoir veiller sur moi lors de mes premiéres
soirées. Merci d’avoir passés des nuits blanches avec moi a parler de tout et de rien.
Sincerement merci. Méme si nos chemins se sont éloignés, tu pourras toujours
compter sur moi. Je suis vraiment heureux que tu sois désormais avec une femme

comme Lou.

A Peyo. Merci pour ces grosses cigarettes de fin de soirées et ces conversations

parfois décalées. Je te souhaite d’arriver a tes fins toi aussi.
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A Fx. Content de voir que la famille de médecin s’agrandit et heureux de voir la

personne que tu deviens.

A Christopher. Malheureusement j’ai fait ta connaissance trop tard mais je sais qu'il
nous reste encore beaucoup de moments a partager. Tu es vraiment une personne

avec lequel je partage beaucoup de valeurs et de points de vue. Vivement la suite.

A Kevin. Merci pour ces moments justes incroyables au collége, devant AOE,
Wolfenstien, les balades en VTT, le foot, le basket et jen passe. Quand je t'ai rencontré
tu voulais déja devenir militaire et toi aussi tu as réussi les objectifs que tu t'étais fixé.

Je suis fier ton parcours et je te prends souvent comme exemple.

A Ophélie. Quelle rencontre incroyable ! Déja 13 ans. Le bac, la premiére année, la
6e année. On a grandi ensemble. Sache que tu pourras toujours compter sur moi.
Merci de m’avoir toujours soutenu. Je suis heureux que tu sois avec une personne
comme Denis. Merci de m’avoir supporté au cours de ces derniéres années en

particulier lors de nos multiples séjours en Allemagne.

A Melina. Merci d’étre venu a Contis cet été de 2015. Merci pour toutes ces
merveilleuses vacances passées a tes cotés. Bien que notre amitié soit ponctuée de
quelques mauvais moments, j’ai le sentiment que c’est aussi grace a ¢a que I'on reste
si proche. Tu es une personne sur lequel je pourrai toujours compter. Je suis heureux
que tu te diriges vers la radiologie interventionnelle et j’ai hate que I'on puisse partager

nos expériences tous les deux.

A Mathilde. Ma presque Maman. Probablement la personne la plus sincérement
attachée a ses amis que je connaisse. Ta douceur et ta bienveillance qui te
caractérisent font de toi une personne unique a mes yeux. Jamais je ne t'oublierai
méme si j'ai parfois du mal a prendre des nouvelles. Merci d’avoir pris soin de moi

quand j’en avais besoin.

A Alice. Je n'oublie pas que tu me devras une caisse de champagne si tu te maries
avant moi comme tu sembles en prendre le chemin. Merci pour toutes ses soirées

passées a tes cotés.
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A Mathilde mon ami franco-américaine désormais. Ta détermination a toute épreuve
en fait de toi une personne inspirante. Méme si plusieurs milliers de kilométres nous

séparent, je sais que je te compterai toujours parmi mes amis.

A Camille. Méme si la distance nous éloigne, je reste profondément attaché a notre

amitié et jespére te revoir bientbt.
A Sam, sans qui ma thése n’aurait probablement pas la méme saveur.

A Adeline. Merci d’avoir débarqué dans ma vie sans prévenir. Merci de compter parmi
les personnes les plus importantes a mes yeux désormais. Merci pour ta patience
fasse a mon caractére pas toujours facile. Je sais que tu es un soutien sans faille et je
te remercie pour ta spontanéité, ta joie de vivre et ton sourire. Merci de rendre chacune

de mes journées meilleures. Merci mon B.
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Acronyms:

PCI
IVUS
OCT
TD-OCT
FD-OCT
SD

SS
OFDI
ACS
MINOCA
ESC
CTO
NURD
IQR

Percutaneous coronary intervention
Intravascular ultrasound

Optical coherence tomography
Time domain OCT

Fourier domain OCT

Spectral domain

Swept source

Optical frequency domain imaging

Acute coronary syndrome

Myocardial infarction with non-obstructive coronary arteries

European society of cardiology
Chronic total obstruction
Non-Uniform Rotational Distortion

Interquartile range
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1. Introduction:

a. Background :

Angiography is the cornerstone for coronary imaging but it has several limitations. It
provides two-dimensional images, which can limit the visualization of intricate coronary
structures and subtle lesions. It cannot directly characterize plague composition,

making it difficult to differentiate stable plaques from vulnerable ones.

It leads to the development of cross sectional and high-resolution image allowing a
precise evaluation of the coronary arterial wall to guide the percutaneous coronary
intervention (PCI). Intravascular ultrasound (IVUS) imaging and Optical Coherence
Tomography (OCT) were designed to overcome the weakness of angiography (figure
1). The first one allows a deeper penetration in the arterial wall while the other offers a
higher resolution with less penetration. Both are based on the principle of wave
propagation and echo reception applied for sound concerning IVUS (speed 3 x 102

m/s) and for light concerning OCT (speed 3 x 108 m/s) (1).

Coronary scan Angiography

800-300 400-200 150-100 20-15 um >

Figure 1 : Cardiac imaging spatial resolution

b. History and OCT classification (figure 2):

OCT has revolutionized medical imaging since its inception in 1991 (2). First, it was
applied to ophthalmology in 1996 to evaluate glaucoma and macular degeneration at
an early stage (3,4). Then, its applications have expanded, leading to its use in various

medical disciplines, including cardiology since 2004.
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At the beginning, the system was limited to a certain scanning speed because of
physical constraint: a moving reference mirror. Changing the location of the mirror
allows backscattered tissue intensity levels to be detected from different depths in the
tissue sample. It was called Time Domain OCT (TD-OCT). In cardiology, TD-OCT
required a temporary artery occlusion to make a quality pullback due to the low speed

of image acquisition which is its principal limitation.

In 2006, a breakthrough significantly increased the speed of acquisition by using
broadband light, frequency encoded information and a fix mirror. It is called Fourier
Domain OCT (FD-OCT) referring to the mathematic principle (5,6).

FD-OCT could be performed in two ways: either by using a spectrometer (called
Spectral Domain OCT (SD-FD-OCT)) or a wavelength tunable laser (called Swept
Source FD-OCT (SS-FD-OCT)). The last one is also called Optical Frequency Domain
Imaging (OFDI) (7).

OFDI was used for the first time for coronary imaging in 2008 and still remains the

gold standard for intra coronary OCT imaging (8).

There are three companies that share the market: ABBOTT using the DragonFly
OPTIS® and OPSTAR® catheters, TERUMO using the FastView® catheter, and
PHILIPS using the Volcano® catheter.

oCT

[ ]
Time Domain OCT : TD-OCT | | Fourier Domain OCT : FD-OCT \

—vl Spectral Domain FD-OCT ‘

—+ Swept Source FD OCT = Optical Frequency Domain Imaging

|, FastView® catheter ;

»iDragonFly OPTIS® | and OPSTAR © catheters

L Volcano® catheter

Figure 2. OCT classification
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c. Physical principles of OFDI:

OFDI uses near-infrared light emitted from a tunable laser whose wavelength swept
approximately between 1250 and 1350nm (9). The light crosses a beam splitter called
Michelson interferometer that divides it in two: the reference sample and the target
sample. The light that is being part of the target sample goes through a catheter and
is partially reflected and backscattered by tissues whereas the reference sample has
a 100% fix reflected light (figure 3). During one laser sweep, each wavelength is
sequentially detected by a high-speed photo detector. Optical coherence between the
reference and the target sample is collected and analyzed which implies the correlation
between two wave trains. The result is an interferogram. One wavelength sweep
constitutes a spectral interferogram with fringes pattern for each depth z. Itis integrated

to the reference interferogram from the fix mirror.

Fourier transform, a mathematical principle, determined the tissues depth from the final
interferogram. Indeed, the modulation frequency or fringe spacing is linked to the depth

position z by z = 1i/k, where K is the fringe spacing (10-15).

Fix reference mirror

Narrow
¥ line width Artery wall
2
S
5

t Al

Swept source laser ———————————— &

Artery depth z

Spectral coherence analysis
between the two for each depth z
<> Interferogram

Photo detector

Interferogram
z=m/k

R A-lines
<
—) S
z 5
Fourier transform z . l *
&
3

Figure 3. OFDI physical principles

20




Different from TD OCT, the interferogram simultaneously contains information for all
depth layers (A-lines) of the sample. It allows high speed acquisition of the artery
constitution and consequently a non-occlusive technique. Thus, image acquisition is

limited by both the laser sweep rate and the data transfer.

d. OFDI hardware:

OFDI catheter is first advanced over a regular guide wire (0,014 inch), distal to the
region of interest. No specific OFDI guide wire exists. A dedicated marker, located

distal to the OCT lens, enables the pullback staring point selection (figures 4 and 5).

TRANSPARENT WINDOW

CUT AWAY VIEW

ARTERY

Guide wire

MICRO PRISM

GRIN LENS

CATHETER SHEATH

ROTATING SHAFT

Figure 4. OFDI hardware, modified from GJ Tearney et al.

OFDI catheter contains an optical fiber that is terminated at its distal end by a gradient
index lens that focuses on the prism to direct it sideways to the arterial wall. The
catheter is connected to a rotary junction that uses a motor to make the optical fiber
rotate within the transparent catheter. The rotary junction is mounted on a translation
stage that allows automated pullback. OCT console provides near infrared light and
collects backscattered light from the vessel through the catheter. The blood must be
flushed from the vessel lumen because the backscattered light by red blood cells is
high and creates an artefact. Flushing is performed during the pullback through the
catheter (figure 5).(1,16)
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Optical fiber Lens Prism Outer sheath Radio opaque

‘ k marker
A —
360° rotation \\
Pullback Flush in the artery lumen
Artery wall

Figure 5. OFDI catheter distal composition

By scanning the light beam across the sample, a series of A lines (= A scan) are
captured, and together they produce a 2D image called B-scan (= frame = cross
sectional image = axial view) (figure 6). A pullback corresponds to a succession of

frames (figure 7).

Thus, the rotational speed determines the number of A scan (=A lines) per frame and
the rate at which cross sectional frames (=B scan) are obtained. The pullback speed

influences the spacing between consecutive frames (figure 7).

Optical fiber

l‘ EEEER

“A-lines

. 1
o
]

Figure 6. B scan = frame = cross sectional image
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Distal Proximal

Figure 7. Pullback in L mode display

e. Practical application of OFDI:

There are two key moments when OFDI can be useful for physicians.

First, it helps to precisely diagnose the culprit lesion, especially in acute coronary
syndromes (ACS). Indeed, there are as many forms of ACS (such as plaque rupture,
plaque erosion, calcified plaque, dissection, intraplaque hemorrhage and
embolization) as underlying physiopathologies and histologies. Currently, practitioners
face myocardial infarction with non-obstructive coronary arteries (MINOCA) that
account for 6-15% in ACS(17). The findings that lead to an etiology are often
angiographically inapparent. The therapeutic attitude should be carefully analyzed to
avoid overfully stenting. OCT provides precious pros and cons through an accurate
evaluation of histologic characteristics in each depth layer. It is already used and will
probably become essential for MINOCA evaluation.

In 2023, the European Society of Cardiology (ESC) released guidelines for the
management of acute coronary syndromes (18) . These guidelines endorse the
utilization of OFDI for guiding PCl in ACS (grade lla), as supported by the DOCTORS
study led by Meneveau et al (19). Moreover, they suggest its application to enhance
diagnosis precision, particularly in cases where uncertainty surrounds the culprit lesion

(grade lIb) as shown by Souteyrand et al. through the PESTO register (20).

The second key aspect involves post-PCl assessment, allowing for precise evaluation
of stent underexpansion and malapposition (figure 8, A), as demonstrated by Levesque
et al (21). This capability facilitates post-angioplasty optimization (22,23).

In 2018, an expert consensus led by Raber et al. from the ESC recommended the
application of OFDI, particularly in cases of restenosis, stent thrombosis (figure 8, B),

and PCI-guided angioplasty in CTO (24). Additionally, it serves as a valuable tool for
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guiding complex bifurcation PCl as recently shown in the OCTOBER (OCT or
Angiography Guidance for PCI in Complex Bifurcation Lesions) trial led by Niles R et
al. PCI guided angioplasty for complex bifurcation significantly decreases death from
a cardiac cause, target-lesion myocardial infarction, or ischemia-driven target-lesion

revascularization at a median follow-up of 2 years (25).

Figure 8. OFDI assessment after angioplasty

A. Stent malapposition (arrows) B. Intra stent thrombosis (arrow)

f. Main artefacts in OFDI:

Several OFDI artefacts exist, which can be classified into categories such as artefacts
stemming from light propagation within the catheter, lumen or vessel wall, artefacts
due to catheter positioning, and artefacts associated with PCI (figure10)(26—-28). The

main artefacts remain the residual blood artefacts and the motion artefacts (29).

Motion artefact is defined as an apparent misalignment of the lumen border due to
rapid axial rotation of the catheter during pullback (figure 9, A). It is usually caused by
mechanical resistance in the catheter due to either a tortuous or narrow vessel, a

crimped catheter, or a defective catheter.

The residual blood artefact is a result of an insufficient blood flush, leading to
interferences that decrease the signal intensity emanating from the arterial wall (figure
9, B). Additionally, blood swirling especially at the beginning or end of pullback can be

mistaken for thrombus.
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Figure 9. The two main artefacts in OFDI :

Pullback Speed: 34
Pullback Length:
02

pth: 45
sh Media: Contrast (100%)

A. Motion artefact = sew up artefact = seam
artefact (arrow)

Figure 10. Summary of OFDI artefacts:

B. Residual blood artefact

A. Guide wire

The guidewire (star) obstructs the OFDI light beam
and creates a shadow, preventing the visualization of
tissues and stents located behind the wire.

B. Gas bubbles

Within catheters, gas bubbles (arrow) can be
identified as focal bright areas distinct from the
surroundings, causing a reduced signal in the portion
of the OFDI image along the path of the catheter's
affected region (circle).



C. Non Uniform Rotational Distortion D. Catheter prolapse

NURD results from the non-constant angular velocity The catheter might collapse in on itself if excessive
of the optical fiber catheter and is evident in OCT force is applied.

images as lateral blurring or smearing (circle)

E. Fold over F. Beam Divergence

It is noticed when the vessel diameter exceeds the When the imaging catheter is positioned near the
field-of-view capacity of the imaging catheter. arterial wall, the OFDI signal appears comparatively
Aliasing of the OFDI signal takes place, causing the brighter (circle) adjacent to it than the light that is
image to seemingly fold back upon itself, creating an backscattered from tissue areas situated farther away
inverted reflection of the tissue (arrow). from the catheter.
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G. Pseudo erosion

Swirling motion of blood might be misinterpreted as
pseudo-erosion (circle).

l. Saturation

When incident OFDI light interacts with an object that
generates a substantial backscattered signal, it can
lead to saturation (arrow).

H. Macrophages

Light attenuation due to the accumulation of
macrophages can create shadows in OFDI frames,
which can falsely appear as an underlying lipid pool
(dotted circle). It could be interpreted as the tangential
artefact.

J. Sunflower effect

When the OCT catheter is positioned eccentrically
within the vessel, metallic stent struts can give the
impression of bending towards the OCT catheter. This
artefact can lead to the misperception of a well-
apposed stent as being malapposed (arrow).

27



Zoom: 1.8x

K. Merry go around artefact L. Blooming
Bright-line segments representing stent struts appear An increase in strut reflection thickness in the axial
elongated in the lateral direction. direction leads a stent to appear thicker (white arrow)

than normal (blue arrow).

g. History and comparison of catheter characteristics:
DragonFly OPTIS® versus FastView®:

Both were introduced in 2010 (figure 11). Currently, ABBOTT offers two OFDI
catheters (OPTIS® and OPSTAR®). The Dragonfly OPTIS® catheter, along with the

FastView® catheter, remains the two most commonly used options in French centers.

The summary of catheter characteristics is presented table 1. The primary distinction

is that the FastView® catheter achieves a greater maximum pullback distance.
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Figure 11. Coronary OCT catheter history
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DragonFly OPTIS® | FastView®
(ABBOTT) (TERUMO)

Maximum pullback length (mm) 54 or 75 0to 150
Pullback speed (mm/s) 18 or 36 510 40
Axial resolution (um) 15 20
Frame rate /s 180 158
Frame density per mm 50r10 4t010
Alines / frame 500 512
Field of View = scan diameter (um) 10 8-10
Length between lens and distal marker (mm) 1-2 2-4
Catheter length (mm) 135 137
Outer diameter (French) 2,7 2,6
Guide wire (Inch) 0, 014 0,014
Artery diameter : minimum — maximum (mm) 2to6 2to 6
Release date 2010 2010
Price (euro) 1110 1260

Table 1. Technical specifications between DragonFly OPTIS ® and FastView ® catheters

h. Objective:

In this study, we will regard ABBOTT as representing the Dragonfly OPTIS® catheter

and TERUMO as representing the FastView® catheter.
The aim was to know if there was a difference in terms of artefact and pullback image

quality between the OFDI from ABBOTT and the OFDI from TERUMO.
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2. Materials and methods:

a. Study design and ethics:

The study design is a historical multicentric cohort with a retrospective data collection
(figure 12). Data were screened from the Perfecto study afterwards. It includes seven
French centers which are university hospitals, general hospitals and private clinics.
Centers were required to realize more than 50 OCT per year to be included.

This study was conducted in accordance with the Declaration of Helsinki.

Our study includes patients with angioplasty-treated chronic total occlusion (CTO)
immediately controlled by OFDI and at 3 months, no matter what was the number of
pullbacks per control. Patients were allocated in 2 groups according to OFDI
companies used during the PERFECTO study: ABBOTT (Dragonfly OPTIS® catheter)
or TERUMO (FastView® catheter).

CTO angioplasty 3 month follow up
OFDI OFDI

v
PERFECTO Stu>
\ J

|
Retrospective pullbacks analysis

Figure 12. Study design

b. OFDI implementation:

Every center used a single type of OFDI. Both medical devices use a non-occlusive
technique with automated pullback. One pullback is composed of multiple frames

depending on the coronary artery length studied and the pullback speed.
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c. Data collection:

OFDI pullbacks have been sent to the independent Corelab investing center in Poitiers
for a post processing analysis. Specific software was used for each company.
Pullbacks were reviewed by a single proofreader in open label. Only the presence of
motion and residual blood artefacts was collected from all frames in each pullback, as
they are by far the most common. It should be noted that one frame could present both

artefacts, and therefore one pullback could present both kinds of artefacts as well.

Proportion of artefacted pullback was compared between the two companies. A
pullback was labeled as an artefact if it contained at least one frame with artefacts

among its frames

Motion artefact was defined as an apparent misalignment of the lumen border due to
rapid axial rotation of the imaging catheter during pullback (figure 8, A).
Residual blood artefact was defined as light dissipation caused by the residual blood

due to inadequate replacement preventing from analyzing the frame (figure 8, B).

The pullback image quality was graded on a predefined four-category-scale
proposed in the coronary literature (table 2) (30,31).

If less than 10% of frames in a pullback were considered suitable to be analyzed, the
image quality was defined as grade 0; if 10-50% of frames were suitable, image quality
was defined grade 1; if 50-90% of frames were suitable, image quality was defined

grade 2; and if 2 90% of frames were suitable, image quality was defined grade 3.

A pullback was considered successful if the image quality was graded 2 or 3.

Grade 0 Grade 1 i Grade2 Grade 3
% of frames per pullback suitable to analysis <10% >10% - <50% 250% - < 90% 2 90%

Table 2. Pullback image quality scale freemsssssssesssseeeerrereerreenennnnnnnnnnnsd ;

Technical specifications including pullback number per procedure, pullback length

(mm), and number of frames per pullback were collected from the replay software.

32



d. Statistical analysis:

Continuous variables were described by mean and interquartilie range (IQR).
Categorical variables were described by proportions. The distribution was
nonparametric. The univariate analysis used the Mann and Whitney test to compare
quantitative variables and used Fischer test to compare qualitative variables. Values

of p<0.05 were considered statistically significant. The software used was BiostaTGV.
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3. Results:

a. Patients and pullbacks selection:

A total of 118 patients have been enrolled between March 2018 and January 2020.
Twenty-five patients were excluded because of data lack or an incomplete 3-month
follow-up. There remained 93 patients that were divided in 2 groups according to
companies: 15 in ABBOTT group from 2 centers and 78 in TERUMO group from 5
centers. There were 61 OFDI pullbacks in the first group and 277 in the second group,

resulting in a total of 27 333 and 137 151 frames, respectively.

PERFECTO study
118 patients screened

| 25 patients not included :
| - 12 lost to follow up
- 13 lack of data

A4

93 patients included

l l

ABBOTT group : TERUMO group :
15 patients 78 patients
61 pullbacks 277 pullbacks

Figure 13. Flow chart
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a. Artefacted pullback assessment:

Results are presented table 3. There is no statistical difference concerning the
proportion of artefacted pullbacks between ABBOTT and TERUMO groups (69% vs
71%: p value = 0,87).

ABBOTT TERUMO P value
Proportion of artefacted pullbacks, 42 (69%) 196 (71%) 0,87
n. (%)
Proportion of pullbacks with motion 24 (39%) 94 (34%) 0,45
artefact, n. (%)
Proportion of pullbacks with residual 27 (44%) 157 (57% ) 0,09
blood artefact, n. (%)

Table 3. Artefacted pullback proportion : comparison table

b. Artefacted frame assessment:

Results are presented table 4. There is no statistical difference between ABBOTT and
TERUMO concerning the average number of artefacted frames per pullback (89 [0 -
111] vs 76 [0 — 103], p value = 0,69) including both subgroups (motion and residual

blood artefacts). The maijority of artefacts are represented by residuals blood artefacts.

ABBOTT TERUMO P value
Mean number of artefacted frames per run, 89 (0-111) 76 (0 - 103) 0,69
n. (IQR)
Mean number of residual blood artefacted 85 (0-100) 72 (0-100) 0,43
frames per run, n. (IQR)
Mean number of motion artefacted frames 5(0-38) 3(0-5) 0,20
per run, n. (IQR)

Table 4. Mean number of artefacted frames per pullback : comparison table

As the frames number was slightly different in these 2 groups, we compared the
proportion of artefacted frames per pullback that was not statistically different between
ABBOTT and TERUMO (20% vs 18%; p value 0,81). We noticed that the distribution

was similar in both groups (figure 14).
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c. Pullback image quality assessment:

Results are presented table 5 and figure 14. There is no statistical difference between
ABBOTT and TERUMO (85% vs 89%, p value =0,37) concerning the pullback image
quality.
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d. Technical specifications assessment:

Results are presented table 6. The studied artery length was significantly greater in

TERUMO group (74 vs 54mm: p value <0,0001).

ABBOTT TERUMO P value
Mean length studied per pullback (mm) 54 74 <0,001
Mean number of pullbacks per control 2,1 1,8 0,10

Table 6. Technical specifications : comparison table
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4. Discussion:

a. Key results:

There is no difference in terms of artefacts and pullback image quality between the two
medical devices. Nonetheless, TERUMO provides a significantly greater studied artery

length.

b. Principal strengths and clinical implication:

To our knowledge, it is the first study comparing the OFDI from ABBOTT versus the
OFDI from TERUMO in terms of quality. It could help physicians to make their choice

between these two companies according to their practices.

The study could lead to more research about the quantification and characterization of
artefacts. Indeed, our results confirm that residual blood artefact must be considered

in OFDI to improve the quality.

c. Perspectives:

While designing the study, we came to the realization that assessing artefacted frames
remains subjective. Introducing a severity-scaled index for each of them could

potentially provide a more impartial approach.

Yamaguchi et al suggests a classification based on the visible proportion of the lumen
border for each frame to assess their quality (32). A frame was considered as suitable
for analysis if there was a visible boundary between the lumen and the vessel wall
along a continuous arc of at least 270° around the center of the lumen. These data
remain difficult to collect and assess in a precise way as the artery lumen is not a
perfect circle. A severity-scaled index based on the suitable lumen border length could
be another approach (figure 15, A). However, all these classifications do not include

the presence of motion artefact.

Motion artefact severity index could be evaluated as the distance of the lumen border

misalignment in relation to the diameter of artery studied on the frame (figure 15, B). A
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severity-scaled index higher than 5% would mean that the frame is not suitable for

analysis.

In the following years, these tools could be integrated in software and read by artificial
intelligence to know the proportion and severity of artefacted frames for each pullback.
In this regard, Lauermann et al. suggests that the utilization of deep learning could
present a promising approach for automatically identifying artefact OCT images within
the field of ophthalmology (33). Similarly, Pengling Ren et al have recently conceived
a pixel-to-pixel generative adversarial network aimed at eliminating motion artefacts in
OFDI (34).

Figure 15. Frame quality assessment:

0 Pullback Speed:
Severity index : ho Severity index : Pullback Length: |
/Length /+ E) X100 (0,39/3,41) x 100
=11% S

A : Residual blood artefact severity index B : Motion artefact severity index

Finally, it is worth to notice that the experience of the practitioner remains a cornerstone
of the pullback quality. Indeed, subgroups analysis stratified on centers revealed a

significant difference between each of them.

d. Several limitations:

The fact that data were analyzed afterwards by a single proofreader and that groups
were truly unbalanced caused the decrease of the internal validity. The studied
population was only post PCI patients, but it did not include MINOCA population that

remains an OFDI target.
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e. Conclusion:

As far as we know, it is the first study to compare OFDI from ABBOTT and TERUMO.
Both medical devices seem to be similar in terms of artefacts and pullback image
quality. It should be noted that TERUMO provides a greater length of studied arteries,
which could have clinical implications.

As indicated in the literature, our study confirms that blood artefacts remain one of the
main issues of an intra-coronary OFDI process. Furthermore, assessing the influence
of artefacts on the pullback continues to be an aspect that requires more precise

evaluation in order to enhance the quality of OFDI.
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Abstract:

Introduction:

Swept source Fourier domain optical coherence tomography, also known as the optical
frequency domain imaging (OFDI), is a key tool for intracoronary assessment. The aim
of the study was to determine whether there was a difference in terms of artefacts and
image quality during a pullback process between ABBOTT (using the DragonFly
OPTIS® catheter) and TERUMO (using the FastView® catheter).

Materials and methods:

The design was a historical multicentric cohort study with retrospective data analysis
extracted from the PERFECTO study, from March 2018 to January 2020. Motion
artefact, residual blood artefact and technical specifications were collected and

evaluated by a single proofreader in open label.
Results:

Ninety-three patients from the PERFECTO study were included. An OFDI control was
performed at JO and at 3 months after percutaneous coronary intervention (PClI),
resulting in a total of 338 pullbacks since a control could imply one or more pullbacks.
The pullbacks were divided into two groups based on the catheter used during the
PERFECTO study (ABBOTT n=61, TERUMO n=277). There was no statistically
significant difference in the proportion of artefacted frames per pullback between
ABBOTT and TERUMO (20% vs 18%; p = 0.81), and in terms of pullback image quality
(85% vs 89%, p = 0.37). The studied artery length was greater in TERUMO group (54
vs 74mm; p <0,001).

Conclusion:

Both medical devices seem to be similar in terms of artefacts and image quality of
pullback. However, TERUMO provides higher artery length, which could have clinical

implications.

Keywords: OCT, OFDI, ABBOTT, TERUMO, artefact
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