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Szeged

Percutaneous Coronary Intervention:
One the most frequently performed procedure in the world
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Intravascular ultrasonography
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Adventitia

12.64 mm?3
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e Lasersin Medicine and Life Sciences ISLELL =
Intracoronary imaging & physiology pot

in ESC guideline 2014

Recommendations

FFR to identify
haemodynamically relevant
coronary lesion(s) in stable
patients when evidence of

ischaemia is not available.

50,51,713

2018

Recommendations on intravascular imaging for proce-
J dural optimization

FFR-guided PCl in patients
with multivessel disease.

IVUS in selected patients to

. : ) la
optimize stent implantation.

Recommendations Class® | Level®

IVUS to assess severity and
optimize treatment of la

WUS or OCT should be considered in

UﬂPl'OtECtEd left main selected patients to optimize stent lla
asion implantation 60612651653

IVUS or OCT to assess IVUS should bese®®sidered to optimize

mechanisms of stent failure. ent of unprotected left main lla

. 35
lesions.™

OCT in selected patients to
optimize stent implantation.

b

IVUS = intravascular ultrasound; OCT = optical coherence tomography.
*Class of recommendation.

Eur Heart J. 2014;35:2541-2619  “Level of evidence.
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Optical Coherence Tomography (OCT) in coronary arteries

Today’s State of the Art - 2019
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Evolution of intracoronary OCT imaging

3.0mm/s — 40.0mm/s

1991 2002 2004 2007

Through ImageWire ImageWire
balloon “occlusive” “non-occlusive”

Fourier Domain OCT
(OFDI/Frequency/Spectral Domain/Swept Source)
Monoralil Imaging Catheter
Non-Occlusive

\| : A —
i »
ahtlah Volcano
£ B HUNGARIAN

i BIOPHYSICAL,

ROLAND EOQTVOS
/ PHYSICAL SOCIETY
(HUNGARY)




Trans-
ducer

(optical
lens)

. Object 2

Object 1

relative power P(z)/PO(z)

-
o

-
o

o

C7a00ad _

0 100 200 300

depth (um)

— - =fibrous

<+« lipid
—— calcified |

Attenuation

400 500

Low signal

F

Backscattering

High signal

Y



Lasers in Medicine and Life Sciences y{J:{l!

EDC

Dynamic range 40-60dB 90-110dB
Resolution (axial) 100-150um 10-15um

(lateral) 150-300um 25-40um
Penetration (tissue) 4-8mm 1.5mm
Frame rate 30/sec 100/sec
Pull-Back Speed 0.5-1.0mm/sec 20mm/sec
Wire artefacts ++ +

Tanigawa J, Barlis P, Di Mario C. Eurolntervention. 2007
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Pullback
length: 5 cm

Markers

4\20me apart
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o Fast, safe & easy imaging procedure

o 2 OCT vendors

o Reliable diagnostic tool

o Important lesson's learnec
6F guide catheter

Guidewire of choice!
Sleek OCT catheter!

Imaging within 3 seconds

€ romoeonos  Limited contrast ~ 15ml
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Image Generation

* Measure echo time delay
of reflected light waves

* One pixel > 5x 19 um

 One axial line = 1024
pixels

* One frame - 500 axial
lines

* Optical resolution 2 15
axial, 20 to 40 um
transverse
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Image: pitfalls and potential artefacts

Lateral resolution

1 Axial

resolution

Tangential signal drop-
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doi10.1093/eurheartj/ehp433
L eumeart/enp: wumal of the Amedcan Callege of Cardialegy

» 2012 by the Amerion College of Candiology Foundation
'whhshed by Elsevier Inc.

@ European Heart Journal REVIEW

Expert review document on methodology, MINIFOCUS ISSUE: OFTICAL COHERENCE TOMOGRAFHY

terminology, and clinical applications of optical
coherence tomography: physical principles,
methodology of image acquisition, and clinical
application for assessment of coronary arteries
and atherosclerosis

Consensus Standards for
Acquisition, Measurement, and Reporting of
Intravascular Optical Coherence Tomography Studies

A Report From the International Working Group for Intravascular
Optical Coherence Tomography Standardization and Validation

Guillermo . Tearney, MD, PHD, Writing Committee Co-Chair,

Evehm Regar, MDD, PHDD, H":l'.il‘.l'ng Compatter Co-Chasrt Takashi Alkasalka, MD, H"n'.l‘iﬂg Committes Co-Chairgd
Tom Adriaenssens, MD, Peter Barlis, MD, Hiram G. Bezerra, MDD, Brett Bowma, PHD,

Nico Brining, PHD, Jin-man Che, MD, PHD, Sagib Chowdhary, PHD, Marco AL Costa, MD, PHD,
Ranil de Sitva, MD, PHD, Jouke Dijkstra, PHD, Carlo Di Mario, MD, PHD, Darius Dudeck, MD, PHD,
Etlin Fall, MD, PHD, Marc D). Feldman, MD, Peter Fitzperald, MD, Hector Garcia, MDD,

Mieves Gonzalo, MD, Juan F. Granada, MD, Giulio Guagliumi, MDD, Niels B Holm, MD,

Francesco Prati'*, Evelyn Regar?, Gary S. Mintz3, Eloisa Arbustini4, Carlo Di Mario?®,
Ik-Kyung Jang$, Takashi Akasaka’, Marco Costa®, Giulio Guagliumi?,

Eberhard Grube!?, Yukio Ozaki'l, Fausto Pinto'2, and Patrick W.). Serruys? for the
Expert’s OCT Review Document

CARDIOLOGY®

Expert review document part 2: method ology, Yasuhiro Honda, MD, Fumiaki Tkeno, MD, Masanori Kawasaki, MD), Jamusz Kochman, MD, PHD,
R . . R R R Lukasz Koltowski, MD, Takashi Kubo, MD, PHD, Teruyoshi Kume, MD, Hiroyuki Kyono, MD,
terminology and clinical applications of optical Cheung Chi Simon Lam, MD, Guy Tamouche, PHD), David P. Lee, MD, Martn B. Leon, MD,
Aliko Mashara, MD, Olivia Manftini, MD, Gary 5. Minrz, MD, Kyiouchi Mizuno, MD,
COherence tomography for the assessment Marie-angéle Morel, MDY, Seemantini Nadkarni, PHD, Hiroyuld Olura, MD, Hiromasa Otake, MD,

Adeadiusz Pietrasik, MD), Francesco Prati, MD, Lorenz Biber, MDD, Maria D). Radu, MD,

Johannes Rieber, MDD, Maria Riga, MD, Andrew Rollins, PHD, Mireille Rosenberg, PHD, Vasile Sitbu, MDD

Parick W. J. C. Serruys, MD, PHD, Kenel Shimada, MD, Toshiro Shinke, MDD, Junya Shite, MD,

Elict Siegee], MDD, Shinjo Sonada, MDY, Melissa Suter, PHD, Shigeho Takarada, MDD, PHD,

Arsashi Tanaka, WMD), PHD), Mitsuyasu Terashima, MDD, Thim Troels, MD, PHD, Shiro Usrmra, MDY, PHD,
Giovanni J. Ughi, PHD), Heleen ML van Beusekom, PHD, Antonms FAW. van der Steen, PHD,

PN HUNGARIAN € Motreffl?, Fernando Alfonso 3, Kostas Toutouzas!?, Nieves Gonzalo??,

Gerrit-Ann van Es, PHD, Gijs van Soest, PHD, Rem Virmani, MD, Sergio Waxman, MDD,
. ) _ . I
) o Egg?ﬁ'm'-do Tamburino?!, Tom Adriaenssens?, Fausto Pinto2, Patrick W.). Serruys®7, B TR Byl D,

and Carlo Di Mario?*5, for the Expert’s OCT Review Document Boston, Massmchusctts; Rofterdam, the Netherlands; and Wakayama, Japan

of interventional procedures

Francesco Prati'?*, Giulio Guagliumi?, Gary S. Mintz?, Marco Costa®,
Evelyn Regar®’, Takashi Akasaka®, Peter Barlis?, Guillermo ). Tearney'®™,
Ik-Kyung Jang'?, Elosia Arbustini'3, Hiram G. Bezerra®, Yukio Ozaki'4,
Nico Bruining®7, Darius Dudek!®, Maria Radu®7, Andrejs Erglis',

ROEAWE@'W@S"-'O'“'" 10L. e Exbmw OC1 KEAIEM pocMueus ponon’ PjurEcpn POUeUEwm’ LB POpLEigl any g eealaung’ uhu
L ey EHJ 2010 & 20127/~ oo J Am Coll Cardiol. 2012

I

bH]



Lasers in Medicine and Life Sciences y{J:{l!

>

4 LA,
% &

&
&
v ,\\'-,‘;‘\
AN

Optical Coherence Tomography (OCT)
Today — 2019: Reliable Diagnostic Tool !

High Evidence Level

Normal vessel wall Atherosclerosis Thrombus

€22 ROLAND EOTVOS J Am Coll Cardiol. 2012

7 PHYSICAL SOCIETY
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High Evidence Level

Atherosclerosis

Fibrous Fibrocalcific Lipid pool Fibrous cap Rupture

2 EBTVS J Am Coll Cardiol. 2012
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“Potential tool for detection of TCFA - pathological substrate
for future myocardial infarction !

== Lipid core
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Optical Coherence Tomography (OCT)
Today - 2019: Reliable Diagnostic Tool !

OCT is superior to angiography in LM
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Today - 2019: Reliable Diagnostic Tool !
OCT is superior to angiography in LM
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Today - 2019: Reliable Diagnostic Tool !
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Today — 2019: Guidance in PCI (after stenting)

High Evidence Level

Prolapse Apposition Dissection Thrombus
Malapposition

g NOCANODTOTVOJ

- J Am Coll Cardiol. 2012
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Today - 2019: Guidance in PCI (after stenting)

Suboptimal acute stent result is frequent
and missed by angiography
z o

Edge Intra-stent Tissue Strut
dissection dissection prolapse malapposition
26.0% 87.9% 07.5%

mgﬁgﬁm Gonzalo N et al., Heart 2009
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Suboptimal acute stent result is frequent
and missed by angiography

o G S o —_— thsu

e Ehrombus gap malapposition optimal
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Today - 2019;

Coverd stent
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Guidance in PCI (long after stenting)

Uncoverd stent

» Stent Strut Coverage Patterns

UNCOVERED

Incomplete
Apposition

Strut = 2200pm

Complete _
Stent Apposition

——
.

——= + 200um
—_—

Complete Stent App
osition with irregula
rity

AR BEI

CHUNG-ANG UNIVERSITY BOSPITAL

COVERED

Rhombus

Dr. Suzuki, Toyohashi Heart Center
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Today - 2019: Guidance in PCI (long after stenting)

» Qualitative neointimal Evaluation

(A) Homogeneous , (B) heterogeneous , (C) TCFA-like neointima (arrows) and lipid laden neointima (a
| rrowheads), (D) intracoronary thrombi (arrow), (E) neovascularization (arrows).
ROLAND EOTVOS
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Today - 2019: Lesson’s Learned
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Szeged

Restenotic tissue structure

Neoatherosclerosis

Intervention

Paclitaxel-eluting stent restenosis shows three-layer
appearance hy optical coherence tomography

Heterogeneous: restenotic

tizaue hez fo

abluminal low

Shuzou Tanimoto, MD; Jiro Acki, MD; Patrick W. Serruys, MD, PhD; Evelyn Regar®, MD, PhD ) 00 Jyer

T par i f - The Ketbard

& 73-pearcid woman with byperiendon, hyperlpldemi and pesl-
tive famitdl History of coronary artery disedse presentsd wih
Canadian Cardkwascular Scclety chass 111 angina and undenwent
corchary angkgraphy, which showed 3 chronk scoluded right

coronary artery (Panel &), The vessel was recanalzed and fraated
wiih fhres pacitzxekeiing stents (TAXUS®, Boston Sclantific:
4.5 ¥ 22 mm diskally, 3.5% 28 mm In the midde par, 2.52 12 mm
praimaly). Postimersention coronary anglography showad a gocd
result (Fanel B). Twaive-monih folow-up angkgraphy reveaked
Toz:al In-sherk restznasis (Panel C). nfracoronary oplical cohersncs
fomegraphy (OCT: LighiLabimaging™, Boston, MA, USA) pulback
displayed well-expanded slamts coverad wih 3 1hin, Remoganaus,
highly reflactive necimimal layer (Fandl D, E). In conitrast, e rar-
rowest leshon ske (minimal umen ares 1.1 mmé; stant area
9.0mnF) showed a Hreedayer appearance of fhe nedntima
{Panel F). The Inner lumiral kayer appesred concentriz, homoge-
nous and sigralTich (maxmel thickness 027 mm). A second layer
conzisting of 3 lw-reflective arsa wilh poorly delinesked barders fdl-
fowzsd. The third Izyer wers i direct comact with the stent stnuts and
revaled only minimal signal imdensity. Thess signakpoor areas
[ma¢imal thizkriess 118 mm) might represent acelular fibendid
depostion hak hias been wel described In sxparimental studes, The
patient was re-trestad wih repast pacHauekauing stent mplintstion,
OCT k5 an anakgue of Infravascular ukrasound wih an uira-high
resaluticn {10 pm suparior by any cumant avalleblk Imaging meda-
Hes. This Imaging devicz may be uzelul In vEualEing neantimal
growdn In dnag-ebing stems and mprove our understanding of Hs
underiying physkpatholagy In e futurs,

Tanimoto et al. Eurointervention 2006
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Restenotic tissue backscatter

r and appears
0r black

Irregular: wmen

Regular: lumen
b border Is imegular with
th and ssue protrusions from
| into the

lumen

Microvessels visible

Yes: there
matenal Inside
lumen

Gonzalo et al. Am Heart J 2009
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Optical Coherence Tomography (OCT)
Today - 2019: Lesson’s Learned

i
'

Accepted Manuscript

------------------

Intracoronary thrombus on optical coherence tomography in a patient with
variant angina: treatment and follow-up

Peter Hausinger, Imre Ungi, Gyula Szanto, Laszlo Hajtman, Tamas Forster,
Evelyn Regar, Attila Thury

PII: S0167-5273(14)01242-X -
DOL: doi: 10.1016/j.ijcard.2014.07.050 Intra-Coronary OCT Publications
Reference: IJCA 18368
Estimated Total # Publications
To appear in: International Journal of Cardiology EEE >
1000 -
Received date: 18 May 2014 ey
Accepted date: 5 July 2014 £ o
— |
4 BIOPHYSICAL 300 -
& M sociery fgg 1 0 s m 2 4 70 100

{ % ROLANDEOTVOS 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
MASSACHUSETTS

°\ / PHYSICAL SOCIETY MnssicuseTTe
ST JENERAL HOSPITAI
(HUNGARY) Year INSTITUTE FOR HEART,
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Clinical data

80-year-old male
Risk factors:
-hypertension
-smoker

Three-week history of occult gastrointestinal
bleeding (active peptic ulcer)

One-week history of unstable angina (CCS4)
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On admission

Baseline ECG on
admission:

- - Twaveinversion
| . e In precordial leads

e . - Patient free of
s L E e angina
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Diagnostic Cardiac




200 ug NTG +
240ug adenosine

FFR: 0.97
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' Patient discharged to step-
down unit with complete
medication

- ASA 1x100mg

- Clopidogrel 1x75mg

- LMWH 2x0.6ml s.c.

- Ramipril 1x2.5mg

- Rosuvastatin 1x20mg

- Nebivolol 1x5mg
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Recurrent angina at rest

A - Immediately relieved by
s.l. NTG

+

- Complete resolution on
ECG
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- ASA 1x100mg

- Clopidogrel 1x75mg
- LMWH 2x0.6ml s.c.
- Ramipril 1x2.5mg

- Rosuvastatin 1x20mg

—Mabivolol 4xEma

Szeged

Nisoldipin 2x10mg
I
Iv NTG
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Interventional
Management

- - ——

<<54.0 mm, 20.0 mmisec
| , |
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Patient is free of angina

initial 9-month FUP
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9/5/2012 3:03:44 PM
0175

Neo-
atherosclerosis ?

6/4/2013 10:00:47 AM

i ~ 0155
Neointima-
development
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Optical Coherence
Tomography (OCT) in coronary
arteries

Today - 2019: Reliable Diagnostic Tool !

= Extremely fast (a couple of seconds!)
* Reliable * Provides a clear answer
= User-independent ™ Superior to angiograpy

= All relevant quantitative/qualitative data
» As physician, | can focus on therapy!

BBBBBBBBBBB

E£€GL 3 ROLAND EGTVOS
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