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Percutaneous Coronary Intervention:
One the most frequently performed intervention/operation in the world
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result

HUNGARIAN
BIOPHYSICAL
SOCIETY
f

% ROLAND EOTVOS
7/ PHYSICAL SOCIETY
(HUNGARY)

== .
_— HUNGARY'S RENEWAL

The project is supported by
the European Union and co-financed
by the E Social Fund.




_ @ SZECHENYIPLAN
-4 Coronary angiography

Normal left main  Non significant left anterior

\ /descending stenosis
PR [fr=lelU I Eld left anterior
/ o[ eiltling artery

M. : Thrombus & ectatic
Critical circumflex ) . .
: malformation in the circumfle
artery stenosis

_
HUNGARY'S RENEWAL
=51
- The project is supported by

the European Union and co-financed

by the Eu cial Fund.



,Preparation of the concerned sectors for educational (= -
and R&D activities related to the Hungarian ELI project” g SZECHENYIPLAN

Intravascular ultrasonography
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Intracoronary imaging & physiology  ienvirLan
in ESC guideline 2014

Recommendations

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

ischaemia is not available.

FFR-guided PCI in patients
with multivessel disease.

50,51,713

IVUS in selected patients to
optimize stent implantation.

702,703,706

IVUS to assess severity and
optimize treatment of
unprotected left main

IVUS or OCT to assess
mechanisms of stent failure.

B OCT in selected patients to
P BIOPHYSICAL . . . . Ilb
ML optimize stent implantation.
* *I ROLAND EOTVOS
@Rp PHvsicaLsoCEN Eur Heart J. 2014;35:2541-2619 Sy
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Optical Coherence Tomography (OCT) in coronary arteries

Today’s State of the Art - 2016
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Evolution of intracoronary OCT imaging

3.0mm/s — 40.0mm/s

1991 2002 2004 2007 2008

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

2"d Generation OCT
Fourier Domain OCT
(OFDI/Frequency/Spectral Domain/Swept Source)

Monorail Imaging Catheter
Non-Occlusive

Volcano
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Dynamic range 40-60dB
Resolution (axial) 100-150um

(lateral) 150-300pum
Penetration (tissue) 4-8mm
Frame rate 30/sec
Pull-Back Speed 0.5-1.0mm/sec
Wire artefacts ++
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" OCT

90-110dB
10-15um
25-40um
1.5mm
100/sec

20mm/sec
+

Tanigawa J, Barlis P, Di Mario C. Eurolntervention. 2007
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o Fast, safe & easy imaging procedure

o 2 OCT vendors
o Reliable diagnostic tool

o Important lesson‘s learned

6F guide catheter
Guidewire of choicel
Sleek OCT catheter!

Imaging within 3 seconds
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Image Generation

 Measure echo time delay
of reflected light waves

* One pixel 2 5x19 um

* One axial line 2 1024
pixels

* One frame = 500 axial
lines

* Optical resolution 2 15
axial, 20 to 40 um
transverse
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Pullback —
Image generation
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Pullback Pullback vs. Image Display

length: 5 cm
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Pullback vs. Image Display

® 09102013_132359,

ID: 09102013_132359

N
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V¥ Procedure

OCT Pullback

September 10, 2013 1:53:53 PM

End Review
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Lateral resolution

Image: pitfalls and potential artefacts

—— Axial
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Tangential signal
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Optical Coherence Tomography (OCT)

Today - 2016: Reliable Diagnostic Tool !
Ojp— v

dol10.109 3 eurheartj/chp433
o eumears/enp wurnal of the Ameriesn Callegr of Cardholegy Vel 59, Na. 13, 201

» 2012 by the American College of Cardiology Foundation I55M 0735-10074340
whihshed by Elsevier Tnc. A0 1018/ jace. 2301 1.05.07

Expert review document on methodology, MINFFOCUS ISSUE: OFTICAL COHERENCE TOMOGRAFHY
terminology, and clinical applications of optical
coherence tomography: physical principles,

Consensus Standards for
Acquisition, Measurement, and Reporting of

method.ology of image acquisition, and d'"'c.al Intravascular Optical Coherence Tomography Studies
appllca’tlon for assessment of coronary arteries A Report From the International Working Group for Intravascular
and atherosclerosis Optical Coherence Tomography Standardization and Validation
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Optical Coherence Tomography (OCT)
Today — 2016: Reliable Diagnostic Tool !

P High Evidence Level R |

Normal vessel wall Atherosclerosis Thrombus
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Optical Coherence Tomography (OCT)
Todav — 2016: Reliable Diaanostic Tool !
. High Evidence Level

Atherosclerosis
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Fibrous FibrocalcificLipid pool Fibrous cap Rupture
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2. Assess Plague Composition

« Cutting

Rotablator Balloon

« High
Pressure
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~ Optical Coherence Tomography (OCT)

Potential tool for detection of TCFA - pathological
substrate for future myocardial infarction !

J

; '

' Fibrous/cap: 40 um)
Thin fibrou(fv;bf‘, i ‘4

oo TCFA: lipid-rich atheroma with thin (< 65 um) fibrous cap
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Optical Coherence Tomography (OCT)
Today - 2016: Reliable Diagnostic Tool !

OCT is superior to angiography in LM

Is there a left main lesion?
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Optical Coherence Tomography (OCT)

Today - 2016: Reliable Diagnostic Tool !
OCT is superior to angiography in LM
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Optical Coherence Tomography (OCT)

Today - 2016: Reliable Diagnostic Tool !
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"‘""’“’"“"’@JGOpticaI Coherence Tomography (OCT)
Today - 2016: Guidance in PCI (after stenting)

P High Evidence Level 1
Prolapse Apposition Dissection Thrombus
Malapposition

g NOEMND LOTYOD

5 PHYSICAL SOCIETY TAMOP-4.1.1.C-12/1/KONV-2012- — ST
- (HUNGARY) 0005 project JAm Cm Cardiol. 2012
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Optlcal Coherence Tomography (OCT)
Today — 2016: Guidance in PCI (after stenting)

Suboptimal acute stent result is frequent
and missed by angiography

Edge Intra-stent Tissue Strut
dissection dissection prolapse malapposition
26.0% 87.5% 97.5% 65.5%
£ 3 sorsca Gonzalo N et al., Heart 2009
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Today - 2016: Guidance in PCI (after stenting)

Suboptimal acute stent result is frequent
and missed by angiography
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Today — 2016: Guidance in PCI (long after stenting)

Coverd stent

Uncoverd stent

» Stent Strut Coverage Patterns

UNCOVERED COVERED

Incomplete
Apposition Rhombus
Strut = 2200pm —
Complete _
Stent Apposition Rhombus with Cover
= + 200pm —
Complete Stent App Full Cover
osition with irregula
rity
%2 HUNGARIAN 2 Of llr 819
. .;BIOPHYSICAL c#w cz.i.sm(:u[;:ul!musﬂla‘s)nm " ’
L.’ SOCIETY Dr. Suzuki, Toyohashi Heart Center
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Today - 2016: 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).
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Optical Coherence Tomography (OCT)

Today - 2016: Lesson’s Learned
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Neoatherosclerosis

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

Shuzou Tanimoto, MD; Jiro Aoki, MD; Patrick W. Serruys, MD, PhD; Evelyn Regar®, MD, PhD

A 73-year-i wormen with hyperendon, ryperipidemi and pos-
tive famild Mistory of coronary artery disease presentzd wih
Canadian Cardknvascular SIZ(H'J' class Il :II'ISJI'I:I and urdenwent
coronary angkgraphy, which showed a chronkc socudad right

coronary artery (Fanel &), The vassel was recanalzed and frated
wiih hree pecikawekending slents (TAXUS®, Boston Scienific:
3.5 %32 mm distally, 3.5% 28 mm In he middie par, 2.5% 12mm
praximally). Pastimervention coronary snglography showsd a good

Restenotic tissue backscatter

SZECHENYIPLAN

Restenotic tissue structure

.

&

Heterogeneous reste i consists
p hez focall ¢ i ¢ erent
luminal high
bluminal low

Microvessels visible

/

result (Fanel B). Twelve-monin falow-up anghgraphy reveakd y
focdl In-stert resbenasts (Panel C). Inirscoronary aplical coherence i
tomegraphy (CCT: LighiLabimaging™, Bastan, MA, USA) pulback AR  §

displayed well-expanded slents coverad wih a hin, hemoganaus,
highly reflactiea necintimal layer (Pand D, E). In contrast, the rar-
rowest Jeshn stz iminmal Lmen @ea 1.0 mmd st ares
3.0miF) showed @ Hreedaysr appearance af fhe nadntima
{Panel F). The Innar lumingd kayer sppeared concentric, homoge-
nous and sigralich (masmal thickness 027 mm). A second Layer
conslsting of 3 ow-rafiective arsa wih poorly delinested banders fol-
ke, The third layer was in direct comtact with the stent stnts and
revagled only minimal signal inlensity. Thess signakpoor areas
Imaximal thizkness 1.18 mm) might represent acelular fbrinad
depozition that has teen wel descrbed In sxparimenal sudes. The
patient was re-tracted wiln repest peckianehslutng stent mplantation,
OCT ks an anakgue of Intravascuiar ukrzseund wiin an uira-high
resalLtion {10 umi suparior teany cument avalksblz Imaging medal-
Hes. This Imaging devics may bs useld In vEualzng neartimal
growth In drug-eing stents and improve cur Lnderstanding of s
undertying physkpathalagy In the fture.
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Today - 2016: Lesson’s Learned

Accepted Manuscript
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Intracoronary thrombus on optical coherence tomography in a patient with
variant angina: treatment and follow-up
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Severe, persistent variant angina caused by
intracoronary thrombus detected by
optical coherence tomography

Peter Hausinger, Imre Ungi, Gyula Szanto, Attila Thury

Cardiology Center, University of Szeged, Hungary



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)



On admission
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Baseline ECG on
admission:

- T wave inversion

in precordial leads

- Patient free of

angina



Diagnostic Cardiac




200 ug NTG +
240ug adenosine

FFR: 0.97




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



Recurrent angina at rest

| - Immediately relieved by
s.l. NTG

+

- Complete resolution on
ECG




- ASA 1x100mg

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

- Rosuvastatin 1x20mg

—Mabivolol 4xEma

Nisoldipin 2x10mg
I
Iv NTG




Despite medical therapy
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No angina
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Repeated Cardiac




09/05/2012 14:48:30
0092

OCT Interrogation

09/06/2012 14:48:30 g

S

09/05/2012 14:48:31
0174







Interventional
Management

<< 54.0 mm, 20.0 mmisec
| \ |




Nine-month follow-up ?

Patient is free of angina

initial 9-month FUP
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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 - 2016: 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!
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'‘ELITEAM'- ESTABLISHMENT OF THE ELI INSTITUTE AT THE
UNIVERSITY OF SZEGED: FOUNDATION OF INTERDISCIPLINARY
RESEARCH IN THE FIELD OF LASERS AND THEIR APPLICATIONS
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