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Welcome Message

On behalf of the Organizing Committee of the Cardiovascular Imaging in
Computed Tomography Summit (CIVICS 2018), it is our great pleasure and
honor to invite you to the 3rd meeting of the CIVICS, which will be held from
May 12 to 13, 2018 in Seoul, Korea.

The CIVICS 2018 will deal with the up-to-date and practical knowledge and

share academic achievements on cardiac CT images. This year, we will include
cardiac MRl and echocardiography as well. The organizing committee designs a full two-day program that will
cover the educational programs and the latest trends in cardiac imaging field. We invited many distinguished
speakers in cardiovascular imaging field from Asia and the United States. Prof. U. Joseph Schoepf will give us

the excellent talk in the plenary session.

The 3rd meeting aims at the good relations among all participants and speakers in Asian countries and
domestic areas. | am sure that the CIVICS 2018 will be valuable and beneficial to all participants, and will
contribute to the improvement of scientific standards and quality in our field. In addition to providing valuable
scientific knowledge, the organizing committee will provide opportunities to socialize and communicate with

colleagues and friends in Korea and Asian countries.

We believe that this conference will become the basic network and working environment for cardiac CT
images in Asia. | sincerely want to invite all of you to join us in the 3rd annual meeting of the CIVICS in Seoul,

Korea.

Tae Hoon Kim
President, CIVICS 2018 Organizing Committee
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About CIVICS

Our Objectives

We seek to accomplish the following:

Update our members on the latest research findings in the field of

Cardiovascular Imaging and Computed Tomography;

Facilitate academic exchange;

Provide training and professional development for our members;

Develop networking opportunities for our members;

- Promote the growth of our field; and

Strengthen scientific and mutual benefits by cooperating with other similar associations

History of CIVICS

Over the last decade, rapid technological advancements in Computed Tomography (CT) has made it possible
for us to get contrast-enhanced images of coronary arteries in high resolution with just small amounts of
radiation. Because so many experts find the use of CT to be highly appropriate and efficient, the rate of CT's
usage in Korea, despite its high cost, is now the second highest among OECD. As of October 1, 2012, the
Health Insurance Review & Assessment Service (HIRA] recognized the appropriate indications of the CT for
coronary artery. In light of these trends, and the everchanging medical world, CIVICS was founded to meet the
needs of those medical specialists who focus on the study of cardiovascular imaging in CT. CIVICS endeavors
to enhance the effectiveness and clinical usefulness of the cardiovascular imaging of CT. We try to accomplish
this by promoting academic activities throughout Asia, for experts from a number of disciplines including

cardiology, radiology and other specialists who study in this field.
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CIVICS 2018 Organizing Committee
| Executive Committee

Executive Committee

President Tae Hoon Kim
Vice-President Sang-Chol Lee
Secretary General Sung Min Ko
Auditor Byoung Wook Choi
Planning Chair Hwanseok Yong
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Meeting Information

General Information

Title Cardiovascular Imaging in Computed Tomography Summit
Date 2018. 05. 12(Sat.) ~ 13(Sun.)

Venue Konkuk University Hospital, Seoul, Korea

Hosted by CIVICS 2018 Organizing Committee

Endorsed by North American Society for Cardiovascular Imaging (NASCI)

Society of Cardiovascular Computed Tomography (SCCT)
Asian Society of Cardiovascular Imaging (ASCI)
Korean Society of Cardiovascular Imaging (KOSCI)

Official Language English

Floor Plan

Konkuk University Hospital, B3

Conference ﬁ
o e 3
% 2
v ol ¥
|
Registration Desk
Conference Room - CIVICS Main Lecture
Lecture Room 1 - Workstation
Lecture Room 2 - Secretariat

- Speaker’s Lounge
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Industrial Exhibition

Place Date & Time
Konkuk University Hospital, B3 Lobby

May 12(Sat.) 08:30 ~ 17:30

May 13(Sun.) 08:30 ~ 17:30

Booth Layout

B3 Lobby
16
Conference Room
15
R
3
4 5 6
r C 2 | Y
7 Registration
8 9 10 1" 12 13 14 Desk /
1 SANOFI-AVENTIS KOREA 7 Canon Medical Systems Korea 12 GE Healthcare Korea
2 Imaging Solutions Korea Ltd. = 8 LG Chem 13 Guerbet Korea
3 Bracco Imaging Korea 9 Bayer Korea 14 Siemens Healthcare
4 Dongkook Lifescience 10 Philips 15 Terarecon
5 NK&DCO,, Ltd. 11 Central Medical Service 16 ViewKorea
6  Shinkisa
Join us at EXHIBITION STAMP! o
p—
Collect all the stamps from 16 Exhibition booths and gain a chance to win : <P

Starbucks gift cards worth of 30,000 won!
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Sponsor

The Organizing Committee of CIVICS gratefully acknowledges the support by the following companies.
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Scientific Program

Time Session & Lecture Chairperson & Speakers
08:40-10.30  ession 1. From Request to Image Presentation Bae Young Lee (The Catholic University of Korea, St. Paul's Hospital, Korea)
: ‘ (Korean Language) Yun-Hyeon Kim (Chonnam National University Hospital, Korea)
08:40-08:55  CT and CMRin clinical practice Iksung Cho (Chung-Ang University Hospital, Korea)
08:55-09:10  How to get good cardiovascular CT, particularly in challenging patients Doo Kyoung Kang (Ajou University Hospital, Korea)

09:10-09:40  CT2| reconstruction % &A1 - hands on (workstation 0/2)

- coronary artery, valve, cardiomyopathy Dong Hyun Yang (Asan Medical Center, Korea)

09:40-09:55  Checklist and preparation of patient before the MR Sung Ho Hwang (Korea University Anam Hospital, Koreal
09:55-10:10  How to get appropriate protocol of cardiac MR Cherry Kim (Korea University Ansan Hospital, Korea)
10:10-10:30  Panel Discussion Hong-Mi Choi (Seoul National University Bundang Hospital, Korea)

Kyongmin Beck (The Catholic University of Korea, Seoul St. Mary's Hospital, Koreal
Hyun Woong Shin (Daegu Fatima Hospital, Korea), Byeong Ryeol Park (Cheomdan Medical Center, Korea)

10:30-10:45  Intermission
10:45-10:50  Opening Ceremony Tae Hoon Kim (Gangnam Severance Hospital, Koreal

Jae Hyung Park (Myongji Hospital, Korea)

10:50-12:00  Session 2. Present and Future of Cardiac Imaging from Leaders
Jae-kwan Song (Asan Medical Center, Korea)

10:50-11:15  Plenary Session | :
Recent update on comprehensive role of cardiac CT

11:15-11:40  Plenary Session Il :

U. Joseph Schoepf (Medical University of South Carolina, USA)

The future of cardiac imaging: Expectations and concerns - Cardiac Tae-Hwan Lim (University of Ulsan College of Medicine, Korea)
Imaging in the era of artificial intelligence: Hopes, hypes, and caveats
11:40-12:00  Panel Discussion Jongmin Lee (Kyungpook National University Hospital, Korea)

Yong-Jin Kim (Seoul National University Hospital, Korea)

Tae Hoon Kim (Gangnam Severance Hospital, Korea)

12:00-12:20 ium [ - Si
Luncheon Symposium |- Simens Healthcare U. Joseph Schoepf (Medical University of South Carolina, USA)

12:20-13:20  Lunch

Hweung-kon Hwang (Konkuk University Hospital, Korea)
Yeon Hyeon Choe (Samsung Medical Center, Korea)

13:20-15:00  Session 3. Ischemic Heart Disease

13:20-13:40  FFRCT - challenge and limitation Bon-Kwon Koo (Seoul National University Hospital, Korea)
13:40-14:00  CT-perfusion - challenge and limitation Akira Kurata (Ehime University, Japan)
14:00-14:20  Clinical impact of plaque characteristics Eun Ju Chun (Seoul National University Bundang Hospital, Korea)
14:20-14:40  SPECT and PET for ischemia Sang-Geon Cho (Chonnam National University Hospital, Korea)
14:40-15:00  Panel Discussion Hyung-Bok Park (Catholic Kwandong University, International St. Mary's Hospital, Korea)

Yeonyee E. Yoon (Seoul National University Bundang Hospital, Korea)
Kyoung Sook Won (Keimyung University Dongsan Medical Center, Korea), Jin Hur (Severance Hospital, Korea)

15:00-15:20  Intermission

15:20-17:00 Session 4. Expanded Role of CT in the Evaluation of Hyun-keun Chee (Konkuk University Hospital, Korea)

Valvular Heart Disease Kee-Sik Kim (Daegu Catholic University Medical Center, Korea)
15:20-15:40  Echocardiographic evaluation of VHD (TAVI $I%] - possibilities and limitation Geu-Ru Hong (Severance Hospital, Korea)
15:40-16:00  Expanding role of CT in VHD Young Jin Kim (Severance Hospital, Koreal
16:00-16:20  Interventionist's expectation of VHD (TAVI $iF) - pre- and postop Jung-min Ahn (Asan Medical Center, Korea)
16:20-16:40  Surgeon’s expectation of VHD - pre- and postop Byung Chul Chang (CHA University Bundang Medical Center, Korea)
16:40-17:00  Panel Discussion Young Joo Suh (Severance Hospital, Korea)

Jae-Hyeong Park (Chungnam National University Hospital, Korea)
Jung-Hee Lee (Yeungnam University Medical Center, Korea), Soonchang Hong (Wonju Severance Christian Hospital, Korea)
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Scientific Program

Time

08:40-10:20

08:40-09:00
09:00-09:20
09:20-09:40
09:40-10:00
10:00-10:20

10:20-10:35

10:35-12:15

10:35-10:55
10:55-11:15
11:15-11:35
11:35-11:55
11:55-12:15

12:15-12:45
12:45-13:25

13:25-15:05

13:25-13:45
13:45-14:06
14:05-14:25
14:25-14:45
14:45-15:05

15:05-15:20

15:20-16:50

15:20-15:35
15:35-15:50
15:50-16:05
16:05-16:20
16:20-16:35
16:35-16:50

Session & Lecture Chairperson & Speakers

. . . . . i CHA University Bundang Medical Center; Ki
Session 5. Beyond the ACS in Patients with Acute Chest Pain S Vs TS SR PSS oreal
Akira Kurata (Ehime University, Japan)

Update of new cardiac biomarkers Jang-Whan Bae (Chungbuk National University Hospital, Korea)
CT diagnosis of ACS and mimics - focusing the heart Ji Won Lee [Pusan National University Hospital, Korea)
CT diagnosis of acute aortic diseases- significant mimickers of ACS Takuya Ueda (Tohoku University Hospital, Japan]
MR diagnosis of ACS mimics Sung Mok Kim (Samsung Medical Center, Korea)
Panel Discussion Sung Gyun Ahn (Wonju Severance Christian Hospital, Korea)

Sang Min Park (Chuncheon Hallym University Medical Center, Korea)
Kwang Nam Jin (SMG - SNU Boramae Medical Center, Koreal, Young Jun Cho (Konyang University Hospital, Koreal

Intermission

. . . Sang-Chol Lee (Samsung Medical Center, Korea)
SEEET e W B O T ECT W B T T ) Tae-Hwan Lim (University of Ulsan College of Medicine, Korea)

How risk stratification and prevent the SCD (overall - family hx, gene, sx, ECG, echo..) Jun-Bean Park (Seoul National University Hospital, Korea)

L,
Surgical treatment of HCM -preop evaluation and follow-up Joonhwa Hong (Chung-Ang University Hospital, Korea)
Role of CMR for risk stratification Seung-Pyo Lee (Seoul National University Hospital, Korea)
Differential diagnosis of HCM mimics using CMR Chul Hwan Park (Gangnam Severance Hospital, Korea)
Panel Discussion Dong Jin Im (Severance Hospital, Korea)

In-cheol Kim (Keimyung University Dongsan Medical Center, Korea)
Ki Seok Choo (Pusan National University Yangsan Hospital, Korea), Wook Sung Kim (Samsung Medical Center, Korea)

Luncheon Symposium Il - Central Medical Service, GE Healthcare Korea

Lunch

Session 7. Cutting Edge Techniques in Cardiovascular ~ Jung Im Jung (The Catholic University of Korea, Seoul St. Mary's Hospital, Korea)
Imaging Soon Jun Hong (Korea University Anam Hospital, Korea)
Dual and multi-energy CT U. Joseph Schoepf (Medical University of South Carolina, USA)
T1 mapping beyond delayed MR Xiaohai Ma (Beijing Anzhen Hospital, Chinal
Viability assessment with minimal or non-contrast imaging Hyuk Jae Chang (Severance Hospital, Korea)
Myocardial functional assessment by CMR and echocardiography Eui-Young Choi (Gangnam Severance Hospital, Korea)
Panel Discussion Gong Yong Jin (Chonbuk National Universtiy Hospital, Korea)

Hongseok Ko (National Medical Center, Korea)
Heesun Lee (Seoul National University Hospital Healthcare System Gangnam Center, Korea)
Hyemoon Chung (Kyung Hee University Medical Center, Korea)

Intermission

Byoung Wook Choi (Severance Hospital, Korea)

Session 8. SCCT - Beyond the Horizon o .
Takuya Ueda (Tohoku University Hospital, Japan)

New contrast agents for spectral CT U. Joseph Schoepf (Medical University of South Carolina, USA)
Myocardial microcirculation Akira Kurata (Ehime University, Japan)
Cardiovascular molecular imaging Xiaohai Ma (Beijing Anzhen Hospital, China)
Onco-cardiology imaging Yoojin Hong (Severance Hospital, Korea)
Research Progress of Cardiac CT on RSNA 2017 Jian Cao (Peking Union Medical College Hospital, China)
Panel Discussion Hwanseok Yong (Korea University Guro Hospital, Korea)

Hyun Jung Koo [Asan Medical Center, Korea)
Eun-Ju Kang (Dong-A University Hospital, Korea), Jin Young Yoo (Chungbuk National University Hospital, Korea)
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SESSION 1

From Request to Image Presentation (Korean Language)

Chairperson  Bae Young Lee (The Catholic University of Korea, St. Paul's Hospital, Korea)

Yun-Hyeon Kim (Chonnam National University Hospital, Korea)

Presentation

CT and CMR in clinical practice
Speaker lksung Cho (Chung-Ang University Hospital, Korea)

How to get good cardiovascular CT, particularly in challenging patients
Speaker Doo Kyoung Kang (Ajou University Hospital, Korea)

CTQ| reconstruction %! 5HAd - hands on (workstation 0|&]) - coronary artery, valve, cardiomyopathy
Speaker Dong Hyun Yang (Asan Medical Center, Korea)

Checklist and preparation of patient before the MR
Speaker Sung Ho Hwang (Korea University Anam Hospital, Korea)

How to get appropriate protocol of cardiac MR
Speaker Cherry Kim (Korea University Ansan Hospital, Korea)

Panel Discussion

Panel Hong-Mi Choi (Seoul National University Bundang Hospital, Korea)

Kyongmin Beck (The Catholic University of Korea, Seoul St. Mary's Hospital, Korea)
Hyun Woong Shin (Daegu Fatima Hospital, Korea)
Byeong Ryeol Park (Cheomdan Medical Center, Korea)
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CT and CMR in clinical practice

Iksung Cho (Chung-Ang University Hospital, Korea)

CT and CMR in clinical practice 15
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How to get good cardiovascular CT, particularly in challenging
patients Doo Kyoung Kang (Ajou University Hospital, Korea)

Contents

. Patient preparation
. Acquisition parameters
. Acquisition modes (Scan techniques)

. Contrast medium injection

Instructions for patients

Awvoid solids for 4 hours before the CT examination and caffeine
for 12 hours before CT examination.

Adequate oral hydration with drinking clear fluids up to 1 hour before the

examination.

Check allergies to contrast agent, renal insufficiency (serum
creatinine > 1.5-2.0 mg/dL), pregnancy, severe heart failure and
contraindications of b-blocker and NTG.
Stop Viagra® (sildenafil), Levitra® (vardenafil) for 24 hrs and Cialis®
(tadalafil) for 48 hrs, if patient has a plan to administrate NTG.

Administration of B—blocker

Oral administration
50-100 mg of metoprolol administered orally 1 hour prior to CT
scanning. _ After 1 hour, if the heart rate is not in the desired range,
additional intravenous B-blocker administration should be considered.
IV B-blocker administration
Initially 2.5 mg dose of metoprolol IV over 1 min
a second dose of 2.5 mg of metoprolol
up to two additional doses of 5§ mg each of metoprolol

Calcium channel blockers
Ivabradine

Patient preparation

. Instructions for patients

. Heart rate control

. Intravenous access, ECG lead attachment ,
and patient education

. Nitroglycerin (NTG)

Heart rate control

B-blockers are the first-line treatment agent.

Metoprolol and then atenolol: cardio-selective B-blockers

Effect of B-blockers
Reduce the heart rate
Helpful in patients with iregular heart rates
Prevent the heart rate variation following contrast injection and

nitroglycerine administration.

IV access, patient positioning
and ECG lead attachment

Intravenous (IV) access in antecubital vein using 18-G catheter or larger.
ECG leads placement outside scan range.

Mid-clanicular line + between 2 and 4* intercostal space Mid-clandcular line + directly below the clavice
Ledt mid-abdomen + 10cm from the umbilicus Mid-clavicular line + 6% and 7% intercostal space

How to get good cardiovascular CT, particularly in challenging patients 17




Patient education

Redundant breathing instruction and breath-hold exercise
Breathe in - breathe out — breathe in = hold your breath
Comfortable breath in about 75% of full inspiration

Maximum inspiration and Valsalva maneuvers
1 intra-thoracic pressure | delay in systemic venous retum
suboptimal opacification of the coronary arteries

Increased anatomic coverage
High-pitch DSCT in patients with HR < 60bpm
Use wide detector CT

Nitroglycerin NTG)

Nitroglycerin is a potent vasaodilator, which dilates both
normal and abnormal coronary arteries by relaxing

vascular smooth muscle.

actually improved diagnostic accuracy of coronary CTA

Administration of NTG
Single tablet of nitroglycerin (0.4-0.6mg)
sublingually 1-2 minute before CT scanning
2 puffs (400-800mcg) of sublingual spray 5
minutes before initiation of scanning

Optimal tube voltage and tube current

Balance between sufficient image quality and low radiation dose

SCCT guideline
100 kV: =90 kg or BMI 30 kg/m?
120 kV: =90 kg and BMI > 30 kg/m?

_ Tube current (mA) may be manually selected or protocolized
based on the patient’s BMI and chest circumference.
Range: 300 ~ 800 mA.

Higher tube current
heavily calcification / Intracoronary stent / obese patients

18 Cardiovascular Imaging in Computed Tomography Summit

Respiratory motion artifact

Patient’s breathing during scanning

Blurring, gaps, overlap (double contour) and also stair-step artifacts.
Shown as across the scan field
Stair-step (misregistration) artifacts of stermum or chest wall

»
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Acquisition parameters

1. Tube voltage & Tube current
2. Gantry rotation time (speed)
3. Table increment (feed) and pitch

4. Field of view (FOV) and scan range

Gantry rotation time (speed)

For cardiac CT examination, the fastest gantry rotation
time is typically selected.

The gantry rotation times of the most recent scanners
range from 270 to 350 msec.




T Mo M 64 bgm STIX 1 Bpen

- e
Concept of minimal heart rate for each pitch value
to aveid interpolation artifact when using doal-sonree CT:
a phantom study

JoanWon Kang.
Je-Yeom (hung

Int | Cardiovase

MinHR for the pitch value 0.2 was 37 bpm
MinHR for the pitch value 0.5 was 91 bpm

If the heart rate of the patient drops below 37 bpm (| prospective method

Acquisition modes (Scan techniques)

. Prospective ECG-triggering (step-and-shoot or
sequential mode)

. Retrospective ECG-gating

. Volume CT technique using 256 or 320 slice

wide detector

. High pitch technique

8 crvics

Table increment (feed) and pitch

Pitch is defined as the longitudinal (z-axis) table increment
during one gantry rotation (360°) to total x-ray beam width.

In retrospective ECG gated CT, typical pitch factors for cardiac
MDCT range from 0.2 to 0.4.

If pitch is too high for HR " gaps in data ' banding artifact

The field of view (FOV)
FOV of 200 — 250 mm or less is
suitable for cardiac CT.

Scan range
For coronary CTA: from the
carina to the bottom of the heart
(approximately 10-12 cm long)
In patients who underwent
bypass grafts: extended upper
range to the middle of the

clavicle (18-25cm)

Prospective ECG-triggering

(step—and-shoot or sequential mode)

The x-ray tube is turned on only during a certain previously
defined phase of the R-R interval, but no radiation is delivered
during the remainder of the R-R interval.

Maximum heart rate threshold

: 60-65 bmp of single-source CT and = 75bpm for dual-source CT

Functional information is not available.

How to get good cardiovascular CT, particularly in challenging patients 19
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Retrospective ECG-gating Retrospective ECG-gating

Images are acquired throughout the entire cardiac cycle during Less dependent on heart rate, and allow ECG editing retrospectively.
simultaneous ECG recording. Evaluate cardiac function

Image reconstruction is performed in specific periods of the cardiac Higher radiation exposure of between 12:and 20mSv.
cycle retrospectively referencing to the ECG signal.

A low pitch (0.2-0.4) is needed to avoid gaps in anatomic coverage.

| I

ESEC e SR T TS

. M J LA

Volume CT technique

using 256 or 320 slice wide detector

Acquire images of the whole heart in a single heart beat.
No table movement during data acquisition is able to

eliminate the stair-step artifacts.

The lack of slice overlap leads to low radiation exposure.

- Minumum rotation time: 0.275 sec
- Minumum slice thickne: mm
320 x 0.5 = 160mm coverage

- = 75bpm | two beat scanning

[P
SIS 58 M
P

ECa0

High pitch technique High pitch technique

Prospective ECG-triggered helical scan (Flash mode or _A‘F/L, J\j(/LﬁAﬂ/\ Ah/\_v

high-pitch technique) with dual-source CT system

Rotation time of 280-330 msec [ temporal resolution of 75-83 msec. L\ /\L )\}
Gapless z-sampling with a high pitch (up to 3.4) enables complete A\~ L‘/\— HR: 59bpm
FPhysician: 100211

coverage of the heart in a single heart beat. Operiton

Total mAs 841  Total DLP 145 miyem

Stan WY mAs Srefl

Radiation dose can be reduced to ; i s SN

= v n 1n
1mSv and below. 6
' 7 n
Requires heart rates of les (il | o w1

60 - 65 bpm.
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Selection of optimal CT scan protocol

Prospective ECG-triggered techniques
in patients who have stable sinus rhythm and low heart rates
If the cardiac anatomy or coronary artery disease is the main concern

Retrospective ECG-gated techniques
in patients with irregular heart rhythm or high heart rates or both
If cardiac functional information is the main concern

Large (wide) detector array of 256-or 320-slice or dual-source

CT system || prospective ECG-triggering
in patients who cannot breath hold
low radiation exposure

Optimum coronary artery enhancement

The optimal vascular attenuation for stenosis detection in
coronary CTA ranges from 250HU to 350HU.

Higher attenuation > 500HU [ significant underestimation of stenosis in
smaller vessels.

Lower attenuation < 200HU I poor coronary 3-D image.

Injection protocol

Uniphasic (monophasic) injection protacol

Streak and beam-hardening artifacts.
Biphasic injection protocols

Pure (or undiluted) contrast media + Saline bolus of 15-20mL

Biphasic concentration protocel: Inibial undiluted confrast bolus + diluled conftrast bolus
Triphasic injection protocols

Initial pure contrast media bolus + 30% : 70% contrast-saline mixture + pure saline flush

- - —
- e

e .
£\

B X J

- "d‘

Pure contrast only 40% contrast flush

Pure saline flush

& civics

Contrast medium injection

1. Optimum level of coronary artery enhancement
2. Contrast concentration, volume, and injection rate
3. Saline chasing technigue and injection protocol

4. Contrast timing methods

Contrast agent

Concentration of contrast medium
High iodine concentrations (e.g. 350, 370, or 400mgl/mL)

Contrast volume
As the speed of CT data acquisition increase, smaller amount of contrast
media is required.
With 64-slice scanners, the required contrast volume is as low as 50-70ml.

Injection rate
Injection rates of up to 4-6mL/s via an antecubital vein are commeonly used

for coronary CTA.

Contrast timing methods

The test-bolus (timing-bolus) method
Based on test-bolus IV injection of 10-20ml of contrast media, followed by a 30-
50ml saline flush during dynamic low-dose monitoring scans.
Scan start delay: time to peak + additional 3—4=sec delay
Practice breath-holding / experience confrast agent / test I\ access patency

How to get good cardiovascular CT, particularly in challenging patients 21




Contrast timing methods Simulated contrast enhancement curves

Automated bolus tracking (bolus triggering) technique
Acquisition of a series of dynamic low-dose (e.g. 120 kVp, 20 mAs)
certain trigger threshold = 100-200HU
diagnostic scanning after 4-8sec frigger delay

ITITIREY

More convenient with less contrast volume and radiation _ SR 5 o
-;._\,.\(-.‘.-..._\.,...\ » X O35 M 45 G0 TS SO B 100 1N 150 16S 188

Trna aoar the s1art of ngrction o)

HR: 53 bpm, 120 kVp
CO: 3,95 L/min, No NTG

HR: 58 bpm, 100 K
co: 3.
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~

CT2l reconstruction 2 5§44 - hands on (workstation 0|&)
- coronary artery, valve, cardiomyopathy

Dong Hyun Yang (Asan Medical Center, Korea)

Contents

« Coronary artery disease
« Coronary plaque, CT perfusion
+ Coronary stents
+ Metallic stents, BVS
+ Native valvular heart disease
* Aortic valve, mitral valve
+ Prosthetic valvular heart disease

* Hypertrophic cardiomyopathy

Coronary Artery Disease: Live Demo

+ High risk plaque morphology
« Low attenuation, Napkin ring sign, Positive remodel
+ Plaque regression after medical treatment
+ Coronary artery dissection
+ Recanalized organizing thrombus
+ CT perfusion
+ Comparison between CT and OCT

Coronary Stent: Live Demo

* In-stent restenosis

» Stent neoatherosclerosis

» Mechanical deformity of the stent

* Bioresorbable Vascular Scaffolds

» Comparison between CT and OCT

Valvular Heart Disease: Live Demo

 Aortic stenosis
« Aortic regurgitation
» Mitral regurgitation

« Infective endocarditis

Prosthetic Valve: Live Demo

» Subvalvular pannus
* Valvular thrombus

» Paravalvular leakage

Hypertrophic Cardiomyopath
| yp P yop y

* Left ventricular geometry using CT
» Systolic anterior motion of the mitral valve

» Papillary muscle abnormality

CT9] reconstruction 2! 34 - hands on (workstation 0&] - coronary artery, valve, cardiomyopathy 23
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Checklist and preparation of patient before the MR

Sung Ho Hwang (Korea University Anam Hospital, Korea)

Keywords & Key Questions

[! Cardiac Pacemaker & MRI

|| Can patients with pacemaker perform MRI?

|| Can patients with pacemaker perform cardiac MRI?

Cardiac Pacemaker-Arrhythmia

RadioGraphics
2011;31:1669-82

Under MRI Environment

_| Cardiac pacemaker (ferromagnetic material)

- Tissue heating, pacing leads
- Movement and vibration
- Inappropriate pacing, reset

_ Contraindication to MRI (?)

Patients with Pacemaker

[ MRI need 1, over the lifetime
' MR safe: no hazards in all MRI environments

. MR conditional: no hazards in specific MRI environments

PACE 2005;28:2878-91

MR-conditional Pacemaker

Company Device Model Approved Range
pacemaker EVIA DR-T 3.0T
pacemaker EVIA SR-T 3.0T

Biotronik pacemaker SAFIO § 30T
pacemaker SOLIAS, T,JT 3.0T
ICD IFORIA 7 DR-T 1.5T
ICD IFORIA 7 VR-T 15T
pacemaker Accolade MRI SR 3.0T
pacemaker Accolade MRI DR 30T

Boston P

Scientific pacemaker Ingevity MRI lead 3.0T
pacemaker Fineline Lead 1.5T
ICD Autogen MRI SR 1.5T

Marker of MR-conditional Pacemaker

Neth Heart J 2014; 22:269-276

Checklist and preparation of patient before the MR 25
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MRI for Patients with Pacemaker

' Not absolute contraindicatior

4957 4 BR2 MR TR

a0 eltEe

Roles of Arrhythmia Center

_ MR conditional pacemaker
At least 6 weeks after implantation
No device damage (fracture of lead)

| Pacemaker VVI mode, fixed rate pacing

Roles of Radiologist

_ MR system magnetic field strength (1.5T vs. 3T)
| RF energy, SAR (specific absorption rate) < 2W/kg
_ Design MR protocol

- MR scan time < 30 min

- Cardiac MR image quality

Artifact by Pacemaker

" Magnetic susceptibility
- leads and generator of pacemaker

" MR sequence with long TE, remarkable artifact
- Steady-state free pression (SSFP), cine MRI

- Inversion recovery sequence

Cardiac MR Sequence & Artifact

Spine echo MRI <<<< SSFP

A T2WI B. Perfusion C. Cine D.LGE E.T1map

Cardiac MR Sequence & Artifact

" Anterior LV wall (generator), Right ventricle (lead)

['Four chamber view <<< Short-axis, Two-chamber view

26 Cardiovascular Imaging in Computed Tomography Summit
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Location of Pacemaker, Generator

In Summary

[J Cardiac pacemaker is not absolute contraindication to MRI.

[ With appropriate screening and application of a safety protocol, MRI
can be safely performed in patients with pacemaker.

[} Cardiac MRI can offer diagnostic information in most cases of

pacemaker.

" Thank you for your attention.

Checklist and preparation of patient before the MR 27
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How to get appropriate protocol of cardiac MR

Cherry Kim (Korea University Ansan Hospital, Korea)

Introduction

Difficulties in Cardiac MR

Takes time
Poor image quality

Functional analysis
Heart Beats eV

Respiratory Motion
Blood Flow
Complex Structures

Complex sequences
| Post-processing?
Brand-new sequences?

Cardiac CT

Cardiac MRI

p

Major
Sequences

Major 6 Sequences for Cardiac imaging

Quantification

Cine images
Balanced GE (True FISP, B-FFE, FIESTA, True SSFP,

Ejection fraction (EF)

LVEF
2 55%:normal
Z 50-55%:Borderfine

40-49%: mildly decreased
I 30-39% moderately
decreased

= EDV-ESV/EDV = SV/EDV

< 30%: severely decreased

How to get appropriate protocol of cardiac MR 29
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Cine images

- Regional assessment

O Wall thickening = average thickness ES — average thickness EDfaverage thickness ES

Regional wall motion abnormality

Normal: Systolic wall thickening > 40 %
Hypokinesia: Systolic wall thickening 10-40%
Akinesia: Systolic wall thickening < 10 %

Dyskinesia: Segment moving outward during systole
Aneurysm: Fixed defect

Myocardial Tagging Imaging

Z  Variant of cine imaging
_ Cine image + tagging pulse
To measure regional myocardial strain

Can identify scars or regions in the

myocardium which are not contracting

-

|apes~aameas

E

httpsffwwwevhlobumin. ecky/athas/cordiac-me
tuteviclfure tianal-aue

rnent.shem]

-

Retained contrast in regions of fibrosis or infarction
Increased in the interstitial spaces by cell damage
Washout time of contrast agent was prolonged

Mo contrast in normal myocardium

Kim RI, et ol. Girculation 1999

Delayed enhancement_LGE

Ti-weighted ultrafast GE or S5FP with 180 inversion pulse

_ NE@ean o o

‘4

+Me
Infarcted myocardium
5 W
i >
-
z
“Me

K-space center

Phase-sensitized Inversion Recovery (PSIR)

-

=

- CEESAA O
fr— :,: Infarcted myocardium

i :

| |
! i
! I

e | i
i

Phase Reference Read

K-space center

Delayed enhancement_LGE

J cardiovase Utresound 2013
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CIVICS 2018

T2 weighted image Delayed enhancement_LGE

Ti-weighted ultrafast GE or S5FP with 180 inversion pulse

1 Determining age of infarction

| Edema in acute Ml or cardiomyopathy

71 Consistently larger than the area of irreversible necrosis shown on LGE
image

* Area at risk
Hypoperfused during coronary ion

T2 High SI

Figure 1:  Diagram shows that an image of the area a risk iblack) and infarct T Mierovascular obstruction: Dark enhancing area within the enhancing scar
size fwhie) can b used to determing the ameunt of myocandial sakage {buse).

Red circla represants short s of left veniticle, and gray crole represents biood [ Severe microcirculatory damage
Aroi AE, Rodiology 2012 |Within the: cavity. {Adapted and reprinted, with permission, from reference 1)

LGE and T2WI Perfusion

Steady-state free precession (TrueFISP, balanced turbo field echo, turboFIESTA)

Scar size
quantification

Mol myocardium

Infarcted myocardium

First-pass Perfusion Delayed

Comtrast
Injection

VENC Cine MRI

Perfusion
Contrast bobus eyecton Contran! bolus ryecton
003=0 1 menolg 003=0 1 mmobig
Slan adereune Siop aderoune

5mn 1211 min nterval
sy T Creex
T

Continuous adenosne riluson
140 Uy kgymin

O post: icand i flow

Practical textbook of Cardiac CT and MR
Regurgitant fraction (%) = Retrograde volume/antegrade volume x 100

C Pulmonary artery and vein blood flow

T Qp/as

How to get appropriate protocol of cardiac MR 31
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T1, T2, T2* mapping

Quantifi-
cation

Vvqu9¢444\

‘Quantifi-

cation

T1, T2, T2* mapping

I |

Absolute value (time)
] Quantification of tissue value
‘] T1mapping [ Pre-contrast enhancement

[l Post-contrast enhancement
[ Extracellular volume fracture (ECV)

7| T2mapping [ sensitive than T2WI in edema

"1 T2* mapping [ Susceptibility
0 Hemoct

is, iron

Hwang SH, Korea Cir four 2013

i

Eosinophilic nvpocarditis

3

Clinical
Application

It J Candiovanc Imaging (3040} 26187202
DOI 181007 OSS4-01 09708y

ACCF/ACR/AHA/NASCL/S!
2010 Expert Consensus

Cardiovascular Magnetic
: <, ASCI 2010 standardized practice protocol for cardiac

imaging: a report of the Asian society
1 tomography
ideline working

ORIGINAL PAPER

r e

of cardiovascular imaging cardiac
and cardiac magnetic r e i

Review Article | Cadiova:

Seegory Hamdley, MDD, |

e
204008 - ol

2014 Korean Guidelines for Appropriate Utilization of
Cardiovascular Magnetic Resonance Imaging: A Joint
Report of the Korean Society of Cardiology and the

Korean Society of Radi

Yeonyee E. Yoon, MD"", Yoo Xin Hong, MD™, Hyung-Ewan Kim, M, Jeong A Kim, MD®,
Jirs Oh Ma, MDY, Deng Hyun Yang, MO, Young Jin Kim, MO, PhD’, Eul-Youns Chol, MO, PHD

Ischemic heart Disease

Acute myocardial
infarction

| LV function and structure
0 LGE
0 T2wi

| Repeat perfusion study
and/or early post-contrast
GRE with long T1 (400-
600ms) for MVO

Chronic ischemic heart
disease

[ LV function and structure
1 LGE

1 Stress perfusion

Arrythmogenic right ventricular cardiomyopathy (ARVD)

] LV & RV function and structure

0 LGE

1 T1WI (with/without fat suppression)
J T2wl

‘1 Transaxial cine images including RVOT/RV & vertical long axis RV with

tricuspid inflow
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CIVICS 2018

Non-ischemic cardiomyopathy

=0 =k =]

LV & RV function and structure

LGE

Stress perfusion

T2WI (Triple IR if acute edema/necrosis is suspected)
T2* for myocardial iron in Thalassemia

VENC (outflow obstruction)

CIVICS 2018

Valvular heart disease

7 LV &RV function and structure
0 LGE

7 VENC (according to the valvular lesion of interest)

O Myocardial o
and replacement fibrosis in AS
Chin €, CC img 2017

CIVICS 2018

Cardiac masses

LV function and structure
LGE

T2WI (with/without fat suppression across the mass & surrounding

structure)
T1WI FSE and turbo SE with fat suppression

First pass perfusion through the mass

Thank you

How to get appropriate protocol of cardiac MR 33
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Present and Future of Cardiac Imaging from Leaders

Chairperson  Jae Hyung Park (Myongji Hospital, Korea)
Jae-kwan Song (Asan Medical Center, Korea)

Presentation

Plenary Session | :
Recent update on comprehensive role of cardiac CT
Speaker U. Joseph Schoepf (Medical University of South Carolina, USA)

Plenary Session Il :

The future of cardiac imaging: Expectations and concerns

- Cardiac Imaging in the era of artificial intelligence: Hopes, hypes, and caveats
Speaker Tae-Hwan Lim (University of Ulsan College of Medicine, Korea)

Panel Discussion

Panel Jongmin Lee (Kyungpook National University Hospital, Korea)
Yong-Jin Kim (Seoul National University Hospital, Korea)
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Plenary Session I : Recent update on comprehensive role of
Cal'diac CT U. Joseph Schoepf (Medical University of South Carolina, USA)

Disclosures

Consultant for / research support from

. Astellas + Structure

L : + Function

- GE Healthcare 1 ,

. Guerbet - ' * Innovations
. HeartFlow Inc.

- Siemens Healthineers

Structure - We Have It Down Function — We Have It Down

C.N. De Cecco, Schoepf Ul et al., Circulation, 2014

Where we are coming from

Subjects in Subjects Comect

Classic efficacy trials to establish S Mot

55 52
172 142

baseline CCTA accuracy compared to ' g "

143 142

catheter angiography e - -

196
60
164

Plenary Session | : Recent update on comprehensive role of cardiac CT 37
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Core 64

Patient-Based Analysis for Predicting Revascularization
1.05

0.94 |
Measure of Accuracy
0.3+

0.74
AUC — median [35% CI)
Stenosss by CCA— mo.
Stenosis by MDCTA —ro
False pesitive — no,

0.6+

Sensitivity

False negative — no.

Single Vendor

Multicenter Trial n=291

Patienit-Based Detection

Quantaative  Visual MDCTA
MOCTA(N=291)  [N=291)

093 {0.90-0.96) 0.93 (0.59-035)
163 163
152

Sensitivity — % (95% 1)
Specificty — % (3% C1)
Pasitive predictive value —

% (5%

Negative predictive vakoe — % (95% C1)

.0 — T T T T T T
00 01 02 03 04 05 06 07 0% 09 1

LoSpecthchy

Table 1 Patient-Bazed Evalustion of Significant [>50% or
250%) Stenosin

Fost Authar  Mumber of 4758ty
(Reference)  Patiests /N

0 i 2/ {90
51 ¥ ) 1213 (92)
] BHES  (100) 90 (30}
& io8) &7 (84)
5 ! ) 30/36  (83)
L V: 12 (m)

nl /24 12515

=

5055
) 1218
125/149
Hacker™
Oncel™
Pundziute"
Shabestari™
Schagt”
Leschka™

104
a2
%
L]
100

a2/48
20/%0

#2F

wn
3/
2/101
W
i o0
) 4407510 (87

»n

1217/1245 (98)

15 (79-90) 43 (76-58)
90 (83-94) 91 [§5-96)
91 {86-95) 92 (87-96)
13 (75-89) 81 (73-87)

Miller JM et al., NEIM 2008

41 Meta-Analyses

Mowatt G et al., Health Technol Assess. 2008

Where we are we going

Efficiency trials to establish the clinical

utility of CCTA beyond accuracy

comparisons with catheter angiography

38 Cardiovascular Imaging in Computed Tomography Summit

Standard Dose CCTA - Meijboom

Multivendor, Multicenter 64 Slice CT Trial - n=360

Patient-bhased analysis

Stable angina pectors.

Non-STsegment slevation acute
cornary syndrome

Men

Women

Typical angina pectons

Atypical angin pecterss

Unstable angina pectons

Non-ST-segment devated
myocardial infarction

Sensitivity

Atherosclerotic
Plaque Burden
Quantification

99 (97-100)

99(97-100)

100 (200-200)

99(97-100)

100 (200-200)

B4 (55-73)
B4 53-T4)
63 (45-81)

66 (53-T8)
63 (50-T5)
67 (54-81)
61 (46-T6)
68 (48-89)
50(15-85)

Specificity

B6 (82-90)
94 (84-100)
96(88-100)

100 (100-100)
97(91-100)

Meijboom EB et al,,
JACC 2008

|mDECHO




Plaque Characterization by Cardiac CT

& 1vics

o
S

Event-Free Surival Probability
o

Patients at risk

»3 Segments 117
1-3 Segments 179
OSegments 162

a0 4

CT provides information on plaque composition and allows for

0 Segments with Any Plaque

1-3 Segments with Any Plaque

1 - .
3 Segments with fny Plaque

8
1256

identification of vulnerable plagues, which currently do not cause
stenosis but have the potential to rupture

0

Tesche et of,, JCCT 2016

Anatomical vs. Functional Testing: PROMISE

Anatomical (CCTA) vs Functional

+ exercise electrocardiography
* nuclear stress testing
* stress echocardiography

For initial evaluation of
symptomatic patients with
suspected CAD

0 "
Time [months]

Nance et al. Radiology 2012

159 prstomical w. functional testing

1471 azard atio, 104 (35% €1 0.43-1.34)
U por

14

104

1t T M 0
Manthy since Randomization

4362 5 282 1708
s il 2388 1518

Standard case and CTCA Standard care

Cancellation New Cancellation

SCOT-HEART s

eniacive cosonary angioguaphy
Total

Medical treatments
Preventive bieatment
Antianginal treatment

Tota

CTOASCT oorosaey angiesgraphy

+ Confirmation of diagnasis and'reclassification of the severity of CHD

+ Modification of the therapy regimen (less diagnostics, targeted drug
therapy and coronary revascularization)

+ Reduction of MACE in follow-up

Plenary Session | : Recent update on comprehensive role of cardiac CT 39
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Clinical Assessment

UK - NICE Hoctinore Core Excelence el chstdisconortasteg <I5mintes

PProvoked by exertion or emotional stress
2010 NICE Guideline 2016 NICE Guideline
Relieved by rest or nitrates Update
1343 Offer 64-slice (or above) CT coronary angiography if: [
Noranginal pain _ ’aﬁamﬁ\
* clinical assessment (see recommendation 1.3.3.1) indicates typical or atypical angina f:':: ;','::, < brdpek e > www:
or * No cardiac * ECG ST/T changes.
testing indicated ‘ Typical Angina ‘ ‘ Arypical Angina \l_l_rﬂwam:ﬂt.\j
* clinical assessment indicates non-anginal chest pain but 12-lead resting ECG has been ‘
done and indicates ST-T changes or Q waves. [new 2016] [
1351 Offer non-invasive functional imaging (see section 1.3.6) for myocardial Typical or atypical angina: calculate probabity of
. o . i coronary artery disease
ischaemia if 64-slice (or above) CT caronary angiography has shown CAD of ! ' ! ' !
) ) o . ) : 0% 1029% 060N BLOK  »50%
uncertain functional significance or is non-diagnostic. [2016] .I; wlr * ¢ Jv

1352 Offer invasive coronary angiography as a third-line investigation when the
results of non-invasive functional imaging are inconclusive. [2016]

DIAGNOSTIC TESTING 2010 DIAGNOSTIC TESTING 2016

Nene Calium Functional Inwvasive  Noae € 4-slice [or above) CTCA for all patients
secore  imaging  coronary
+CTCA anglogram diagnosis k in in patients with k AD

Lesion-Specific Ischemia with CT &

Anatomical, structural imaging with any
modality cannot determine functional
significance of lesions

Patient outcomes are improved if

|only relevant lesions are treated

Traditional methods to determine lesion-
specific ischemia: Nuc-perfusion, invasive FFR
(CT-based methods: CT-based perfusion, CT-FFR

Perfusion CT: An Old Idea...

Control

BV=0.004F +0.130F
T

-

Perfusion {mLg-min"|
Mohlenkamp, 5. et al. Circulation 2000
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CT Myocardial Perfusion: Approaches

Dynamic Time Resolved Perfusion

ECG-triggered sequential shuttle mode, coverage 12 cm

& 1vics

CT Modalities for MPI

* Dual Energy CT
o Layer Detector
o Rapid KV Switching
o Dual-Source CT-Based
+ Static Single Heart-Beat Acquisition Techniques
0 Wide Detector CT Techniques
o Dual-Source CT Ultra-High Pitch Acquisition
« Dynamic Myocardial CT Perfusion

Structure / Fuﬁt@ntompr ensive

Dx

3 2
oo P
"

s

Vad#

Plenary Session | : Recent update on comprehensive role of cardiac CT 41
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Absolute MBF Quantification

~

MBF: 124mi/100 ml/min

MEF: £0ml/100 mlfmin /

CA stenosis Stress

Blood flow in defect:
65 cc/ 100 cc/ min

Blood flow in healthy
myocardium:
112 cc/ 100 cc/ min

Ho et al,, JCCT 2011

CT Perfusion vs SPECT - Cost Effectiveness

Cost-effectiveness of substituting dual-energy CT for SPECT in the assessment
of myocardial perfusion for the workup of coronary artery disease
Mathias Meyer™<, John W. Nance Jr.", U. Joseph Schoepf*+, Antonio Moscariello®9,

Markus Weininger?, Garrett W. Rowe?, Balazs Ruzsics?, Doo Kyoung Kang®®,
i ki sedab Crafan ) Coboank Lheictian GiokC Thomae L

Table 4
Mean costs, health and st th CAD at dalerent poe-test likeliboods.

Pre-tesd likelihood Cost (LSS QALY 802 ICER per QALY KCERjcomee IERIQALYs 40% ICERNQALYs 6%

per patient
SPECT 298 1149 057
DECT n61 Wun 5191
pValee 00002 00004

42 Cardiovascular Imaging in Computed Tomography Summit

Solving Clinical Dilemmas...

Intermediate stenasis High grade stenosis

Monitoring Therapeutic Effects...

Patent stent

Blood flow in former
defect:
118 cc/ 100 cc/ min

Blood flow in healthy
g b myocardium:
J| 112 ccf 100 ccf min

|
Hoetal, JCCT 2011

£oronaries

\

et




Coronary Fractional Flow Reserve

FAME Il

NEW ENGLA \I

Conclusion: | Conclusion:
no intervention for stenoses with FFR > 0,80 intervention for stenoses with FFR <0.80

D Bruy et al, NEIM 2012 - Tosino et al, NEIM 2009.

Servsitivity

PR AUC: 090 95N CEOET 08 | |
CTAUC 081 98N CEOTG 087
(LTS 005 WRCE0aL0M | 4
Pe0.0008

———— ]
= TN " i

& 1vics

Heart Vessel Fractional Flow Reserve

it
L

Norgaard et al., JACC 2014 — 1l Douglas et al, JACC 2016

Plenary Session | : Recent update on comprehensive role of cardiac CT 43

| Aeqg



FFR,; Validation: PLATFORM

Usual Care FFR-Guided

73%
83% reduction
Canceled

B Obstructive CAD Non-obstructive CAD

61% of diagnostic cardiac catheterizations canceled due to FFR results
Doughas et al., Eur Heart | 2015

Radiomics - “Feature Extraction” of Plaques

CORONARY EXTRACTION OF
SEGMENTATION VOXELS

DISCRETIZATION GLRLM

Schoepf| fff-.l, a Irgifg;fgoﬁ;pri@r 2018 - in preparation

44 Cardiovascular Imaging in Computed Tomography Summit

Cost-Effectiveness & Quality of Life

Ervolled anct Comented Pytentsy (N = 584)
1

Hiatky et al., JACC 2015

Al: CT Radiomics

RADIOLOGICAL RADIOMIC
IMAGES FEATURES

BIG DATA INFERENCE

Datamining

| —

'Dan.fdxmn ckifid

Eid, Schoepf et al, RSNA 2017
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CUNICAL RESEARCH
Corenry areey hoese

Machine learning for prediction of all-cause
mortality in patients with suspected coronary
artery disease: a S-year multicentre prospective

registry analysis
Combined clinical and CCTA features with ML
performed better than the FRS or CCTA aHp
- ot /i 0,64 062065
features alone in the prediction of 5-year all sahisah
cause mortality P

ML can analyze a bigger number of more

complex data (clinical, radiological, lab...] to
detect previously unknown predictors and
improve clinically used prognostic scores 'Motwani et al, European Heart Journal 2017

0N [OTI-08

Intervention

Summary
|
F—

Coronary CT Angiography - We Have It Down!
+ Efficacy established
« Gentler techniques without losing efficacy
« Efficiency evidence is reaching critical mass
« Structure and Function - Getting There!

—oeut 1ESTING
« Lesion specific ischemia imaging with CT-MPI or CT-FFR enhances cCTA

] | i |
Normal [ Moderate Severe [ CA % FFR o T :
- - - specificity and decreases unnecessary invasive diagnostic work-up

Discharge Optimized Medical Therapy Optimized Medical Therapy < Willincreasingly guide patient management and inform appropriate
¥ =+ Risk Factor Counseling / Modification + Revascularization

De Ceceo, Schoepf et al., Circulation, 2014 revascularization

Plenary Session | : Recent update on comprehensive role of cardiac CT 45
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Plenary Session II : The future of cardiac imaging : Expectations and
concerns - Cardiac imaging in the era of artificial intelligence : Hopes,

hypes, and caveats

Tae-Hwan Lim (University of Ulsan College of Medicine, Korea)

Artificial Intelligence:
Brief History

» In 1950, Alan Turing asked in his paper
“Can machines think?"

| computing Machinery and Intelligence

+ In 1956, Terminology first came out
“Artificial Intelligence”

ALAN TURING

“Singularity” |

Once the “singularity” has
been reached, Kurzweil says,
machine intelligence will be
infinitely more powerful than
all human intelligence

|| combined.

The Singularity is also the
point at which machines
intelligence and humans
would merge. (2005)

4th Industrial Revolution

Characterized by new technologies fusing the
physical, digital and biological worlds, the fourth
industrial revolution will impact all disciplines,
economies and industries

-Klaus Schwab

egree ot
esmpncy

@ Elon Musk &

If you're not concerned about Al safety, you
should be. Vastly more risk than North Korea.

IN THE END
THE MACHINES
WILL WIN

Artificial Intelligence

« Weak artificial intelligence
- Narrow Al, applied Al
- Al focused on narrow task
+ Go, Chess, Spam filtering, shopping assistance,
autonomous car
« Strong artificial intelligence
« Artificial general intelligence (AGI)
+ with consciousness, sentience and mind
+ ability to apply intelligence to any problem

Innovations with Al

/- GOLDN Medsc
e iy e o wer]

Apsy T Al Boosts Cancer Screens to Nearly

ownst FPGA /4 100 Percent Accuracy

Goliman $a
A

[
[een—

Cardiac imaging in the era of artificial intelligence : Hopes, hypes, and caveats 47
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Revolution in Al: Deep
Learning

IBX|S 7140 HAL Yol Role of

Artificial Intelligence
in Cardiac Imaging

Hopes

BIGDATA T —
1 ALGORITHM i R o
i‘.r(\. LB —~4 -

Al in Imaging Diagnosis

Al Application in Medical

Imagin . Segmentation /
ging Quantification Interpgate

+Almost all aspects
*Image conversion, denoising
+Isolation of lesion, measurement
*Detection of abnormality o e 30 Srtace Moseng
«Classification of disease » :
*Retrieval of similar case

Left Ventricular Myocardium- thltt_Ve:lltl'icma[l; MyoEardil.!m—
i- i ulti-atlas vs. Deep Learnin
Multi-atlas vs. Deep Legrmng _ | _ P ‘ 9

Deep learning

150 patients . 150 patients
I . - Train 50 pts - Train 50 pts (17,135 images)
AR | - Test 100 pts - Test 100 pts (32,276 images)

Training time: 20 hours
Test running time:
-1 =2 min/case

Test running time:
- 70 — 80 min/case

= T +  Dice similarity coefficient - Dice similarity coefficient
Manual Multi-atl | Deep learning - 0.65 - 0.93 (mean 0.87) ~0.84 - 0.95 (mean 0.90)

Lee JG, Yang DH et al. Unpublished Data Lee JG, Yang DH et al. Unpublished Data
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CT Perfusion
—

CT Perfusion

Summed Stress Score
> 14

% Ischemic Burden
=> 35.8% of LV myocardium

[ = b |
= = - aiZEEES o
A B,
t i — i —— r—
o8 /*“' ""’._",-— o /‘-ﬁ “*"". -
-~ —" | J——)
& j‘ - e L v et -::_

-
per-vessel

FiRy AUC: 093 95%CE0.91.0.95

i b f‘ﬁ; per-patient i
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Incremental Value for detecting FFR = 0.80 over CCTA grading m

www. heartflow com

Machine Learning based CT-FFR
i

From the MACHINE consortium

Erasmus University Medical Center, The Netherdands

Asan Medical Center, Korea

Medical University of South Carolina, USA
Linkoping University, Sweden
Institute of Cardiology Warsaw, Poland

Sensitivity

1-Specificity

Coenen Aet al. In submission

CT-FFR, CFD vs. ML

i Computational Fluid Dynamics (CFD)
- 10 min (1D)
1 - ~hours (3D)

+ = Machine Leaming (ML
e - 1~2 seconds

3D Printing Technology:

From Virtual to Reality

Cardiac imaging in the era of artificial intelligence : Hopes, hypes, and caveats 49
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+ 59/M
+ DORV with remote VSD
+  L-malposition of great artery.

Want to See the Reality !

+ 59/M
+ DORV with remote VSD
+ L-malposition of great artery.

Segmentation

STereoLithography (STL) File

Va

3D Printing for Structural Heart
Disease

50 Cardiovascular Imaging in Computed Tomography Summit
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Cardiac CT: myocardium
—

« Asymmetrical septal hypertrophy
« Extent of hypertrophied myocardium

End-dhastole, 80% of R-R interval

I 11yocardium = 15 mm thickness

| Yang DH et al. Circulation 2015; 132:300-301

Cardiac CT: papillary muscle
pap y

* Accessory papillary muscles
* Prominent muscle bands around PM

Yang DH et al. Circulation 2015; 132:300-301

Myocardial 3D Printing
—

Yang DH et al. Circulation 2015; 132:300-301

Myocardial 3D Printing
—_

The surgeon could handle and disassemble the myocardial
3D model.

Yang DH et a. Circulation 2015; 132:300-301 |

Operative treatment Of
TAA Aneurysm

ACQUIR

Op. mortality: 9.5%
Brain damage: 11.6%

Spine damage: 13.9%

Severe Cx.: 19.0%

Cardiac imaging in the era of artificial intelligence : Hopes, hypes, and caveats 51
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Another Challenge 3D Printing for TAAA
— —_—

> DICOM >> Segmentation >> Modeling >
v : il
i b

3D Printing Guided Graft Design
W

- Q J. B. Kim, MD
*:-; Cardiac Surgeon
< Asan Medical Center

g

Role of

Artificial Intelligence
in Radiology

Hypes

Op. time: 6hr 50m
No complication
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Predicting the Future — Big Data, Machine Learning,
and Clinical Medicine

ad M. ard Ezehinl |. Emanued, MO Ph.D

N ENGL J MED 375:13 SEFTMBER 29,
2016

“Radiologists focus largely on interpreting digitized
images, which can easily be fed directly to algorithms
instead.”

“Massive imaging data sets, combined with recent
advances in computer vision,

*Machine learning will displace
much of the work of radiologists’

Emergancy Medicine

Brigham & Women's Hospita
y Healthcare <

Harvard Medical School

Oncologist and Bicethi
Architect of the "Affor
University of Pennsyivania
Harvard Medical School

Emergency Medicine
Brigham &

Healthcare Policy
Harvard Medizal School

ci
'omen’s Hospital

But | think if you look at all of the enthusiasm and hype
all around how machine learning will contribute to
medicine, | think it's quite striking how little machine
learning has contributed to medicine already.

“one of the things that | am most excited about it and
most urgent so far exactly is to:

- finding models that can leverage those technologies
- validating them in randomized trials.

v,

"Watson Al will change everything in Healthcare:
Radiologists will lose jobs soon”

* “People are going to be overloaded by flood of
information. Radiologist will be liable to make
fatigue errars.”

« “| think it is inevitable that things that are
repetitive and can be automated,
here, you will have a job impact.”

* “The goal is help make better decision.
You will be aided by this sort of technology.”

* CREATIVE®

-

Geoff Hinton:
On Radiology

Moderotor: Steve Jervetion, DFJ

Let me start by just saying a few things that seem obvious.

| think if you work as radiologists you're like the coyote
that's already over the edge of the cliff but hasn't yet looked
down so it doesn’t realize there’s no ground underneath
him.

People should top training radiologists now. It's just
completely obvious that within 5 years deep learning is going
to do better than radiologists.

MNow

Big Data Bust: MD Anderson-Watson Project Dies

Top Cancer Genter Spent S42M

Epert |

7o has made it clear that the Oncology Expert
Advisor should not be used with patients.” -
Medscape

What Went Wrong?
The answer lies in a 48-page audit the UT made on the project

. Data from incompatible systems: it's comparable to sticking a pie and
a 20-pound turkey in the same oven, and expecting them both to
come out perfect at the same time.

. Wanting to believe in miracle cures: as the same mistake as for human
intelligence itself,

. Exaggerated early tests results. The system was used to limited forms
of cancer that may have been easier to diagnose and treat. For
instance, the early version of OEA targeted just one group of cancer
patients-those with a lower-risk form of leukemia, called
myelodysplastic syndrome.

[

W

FULL TEXT ARTICLE o
Artificial intelligence in health
care: within touching distance
BN

The Lancet

e, F0VTA-25, Vioume 300, ssue 10114, Pages 2130273,
Copyright © 2017 Blsever it

THE LANCET

Lancet, The

There is no doubt that Al in health care remains
overhyped and at risk of commercial exploitation.
Despite the excitement around these sophisticated
Al technologies, very few are in clinical use.

Al requires thorough and systematic evaluation
prior to integration in routine clinical care.
Translating technical success to meaningful clinical
impact is the next great challenge.

Cardiac imaging in the era of artificial intelligence : Hopes, hypes, and caveats 53
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Medicine:
Science-based Art

Science Art
Latin: scire (to know) Latin: ars (craftsmanship)
- Purely theoretical Greek: 1éxvn (téchne)
- Contemplative “Ars Medica”
= téchne iatriké

= the art of medicine

“analytical” “accountable”

ELSI

Ethical,
Legal,
Social,
Implications

Software as a Medical Device (SAMD):
Clinical Evaluation

Guidance for Industry and
Food and Drug Administration Staff

Document issued on December §, 2007,
The draft of this document was issued on October 14, 2016,

For questions about this document, contact the Office of the Center Director at 301-T96-6900
or the Digital Health Program at digitalhealbir fda b g

5. FOOD & DRUG

FDA News Release
FDA permits marketing of artificial

intelligence-based device to detect certain
diabetes-related eye problems

IDx-DR, is a software program that uses an artificial intelligence
algorithm to analyze images of the eye taken with a retinal camera
called the Topcon NW400

"+ yet many patients with diabetes are not adequately screened for
diabetic retinopathy since about 50 percent of them do not see
their eye doctor on a yearly basis,”

“Today's decision permits the marketing of a novel artificial
intelligence technology that can be used in a primary care doctor's
office. The FDA will continue to facilitate the availability of safe and
effective digital health devices that may improve patient access to
neaded health care.”

Malvina Eydeiman, M.O..

Director of the Division of Ophthaimic, and Ear, Nose and Throat Devices

Canter for Devices and Radiclogical Health, FDA

Re-Claiming the Heart of
Medicine

+ Patient care becomes fragmented and sluggish:
due to multi-sector involvement: health economics,
biotechnology, medicolegal, protocols, and programs:

+ Patients are tired of being treated as a commodity:

+ Reclaiming the heart of medicine:

+ not a scientific concept,
+ but all humanitarian mission!

“Medicine is a Science—based Art”

Levi E_ hitplericlevi com/2015/1 228 biggest chalenge facing mecicine/
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Chairperson  Tae Hoon Kim (Gangnam Severance Hospital, Korea)
Speaker U. Joseph Schoepf (Medical University of South Carolina, USA)

The Cutting-Edge: Cardiac CT Imaging with Dual-Source
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The Cutting-Edge: Cardiac CT Imaging with Dual-Source

U. Joseph Schoepf (Medical University of South Carolina, USA)

At the Forefront of Innovation...

The Cutting Edge: Scanning Speed

Others

Image Gently

+ Validating new imaging standards
« Prospectively ECG-triggered acquisition
« Single heart beat acquisitions — ultrahigh pitch applications
« Iterative reconstruction techniques
* Reducing invasiveness without losing efficacy
- Lower tube voltage and tube current modulation

« Reduced contrast media volumes

The Cutting Edge: Scanning Speed

Conventional Technology Dual-Source CT Technology

+ Image Gently
+ Challenging Scenarios

* From Structure to

Function

+ New Horizons

Reduced Dose - Prospective ECG Triggering

Traditionally
for slow
(<80bpm),
regular heart rates

1.5-3 mSv
Effective Dose

The Cutting-Edge: Cardiac CT Imaging with Dual-Source 57
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Radiation Protection - Low kV

54 yo Woman,
Equivocal SPECT,
100kV Scan,

4.6 mSv

Reduced Calcium Blooming Artifacts

Iterative

M. Renker et al., Radiology 2011

« 45 years, male

. Chest pain
HR: 64 BPM
70kV /

« 0.21mSV

Meyer, Haubenreisser, Schoepf, Henzler et al,, Radiology 2014

58 Cardiovascular Imaging in Computed Tomography Summit

|terative Image Reconstruction

Improved signal / noise ratio
Lower radiation dose (e.g. pediatric CT)
Improved image quality (e.g. obese patients)

Decreased artifacts (e.g. stents, implanted devices) ”
X :

G Bastarrika et al., Radiology 2009~ LL Geyer et al;, Radiology 2015

Improved Specificity for Stenosis

n =55 Patients with Agatston Score >400

Specificity (%)

Negative predictive value (%)*

PPV (%) b2.2, 89.9)
Sanaithvity (%" 52@a8, 904 96.2 {518, 90,
v s e 66700, 31)

PN 61,1822, 809 TH.5$80.0, 44
e — 341 (98.1,99.7)
o of tabse-postive tndrgs. [3] 0
e e > Casgksi,e86)
Ho. of talse-regatve findings. 5 4 [ 1

Mot I = ot sgpiicant.

0v (08.4, 99.8)
(85.7)8.56,837)

] e=70kv3® a=80kv2™ *=100 kv 2"

Meyer, Haubenreisser, Schoepf, Henzler et al., Radiology 2014



Low kV Scann?ng'%r Everybody!

e T 7

-+ 49mLCM
- /26 DLP

[ ~0.4mSv

Effect of Automated Attenuation- H
based Tube Voltage Selection
on Radiation Dose at CT: An
Obsenvational Study on a Global

Scae’

P T bt o oot o svsmtrd b ki et
PP

Gentle Techniques -
TAVR Workup with <40cc Contrast

5 BMI: 39 kg/m?
7 HR:72

0 J0kV

5 737 mm/sec

% 39mlCA

Harris, Schoepf et al., Radiology 2015

& 1vics

70kV - 150 kv
Voltage

CARE kV: %
Automated
Selection [ d

Bucigmund Rad Cres iy DisgnCam Fetomosctve Protpectve Pospeche « B HghPiss ghachs R DTV RSTol  Tlom PelDTod8Stems FOGPET

on bty

C.N. De Cecco, Schoepf Ul et al,, Circulation, 2014

. - P e ]
o
.

,i_,.,q.ﬂ

The Future of
Lontrast Media Administration?

The Cutting-Edge: Cardiac CT Imaging with Dual-Source 59
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Challenging Scenarios: Metal Artifacts High Attenuation Artifacts

STENTS - INTEGRATED CIRCUIT DETECTOR
T 1 b
(!
4
il

logy,

[+ 2.25 mm

L A A
.

!l

5 4 » P e *

. -
e - e v .

*
Geyer et al,, Radiology, 2015

Challenging Scenarios: Beam Hardening

Bucher A. et of, EiF Radiof 2016
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On Site - CT FFR

FFR10.96 CT-based FFR 0.95

Novel Algorithm for On-Site Evaluation
CT-FFR, fluid dynamic modeling

Renker et al., Am J Cardiol 2015

Constrained CFD Model-On-Site-CT-FFR

*1""Mean total _ti'nié for CT-based
FFR determination =
51.9%9.0 min

[:4
it
b
@
w
&
4
7]

0.7 0.8 0.9 1.0

s [ [ [wv i [ e [ o]
8B 8 7 93 NR 092 002
(0.72)

083
(0.64)

& 1vics

e A A FFR=0.76 CT-based FFR=0.76
Novel Algorithm for On-Site Evaluation

CT-FFR, fluid dynamic modeling

Baumann et al,, Eur Radiol 2015

Mean total time forCT-based FFR
is37.5+ 138 Eninutes

Y / o4
— Clbased iR 0 CTrbased FiR

Inclusian 122 patieats
CCTA followed by invaswe FFR
measurement within 50 days

Exchusion 16 patients:

# 10 paterts with 3 CAC score
>3

o4 patients non-diagnast CCTA
mage quaity

+1 patients crarial part of LAD
net covered by CCTA scar.

106 patients, 189 vessels
incuded in analyss

Invasive FFR 5 0.80 Invasive FFR > 0.80
B0 wesels (42.3% 109 wessels (57.7%)

Coenen et al.,, Radiology 2015
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On Site - CT FFR

Lesion-based Diagnast Char
00 Gratp and P o WPy Aoy (4
Hisosip=19 il
=50% Stenosts al connary CT & 732 (4156 56.1 (106149)
/ [97.042 90,832
p S qatianen x| NABIND A1 (40
g / , CTAEER
oy CTangogpy-dved & | — s e wIMm)
d | s m5%Y
et esons 1= 144 “1 | e
=% Stenists ot connary (T o IATE  ATAENe
.0 — | MORTBS)  [9451)
250% Senoss el pentiabe ) 02, — | THOGATY 61 0H
Ouarsttm coorary | 65 [} J
Coronary CT ngagraphy-<rived Rty CA | [ |
, : C] | “‘[ » M5%5 42789
(1] [ ¥] 4 06 (1] 10
1 -Specificity Coenen ot ol, Rodiology 2015

Al - Deep Machine-Learning CT-FFR

EE Fall FaN
TR\ )

CFD—bésed CTA-FFR calculation of synthetic models, and
extraction of CT angiographic features that induce

trans-coronary pressure gradients e

Patient-Centered Precision Medicine

Unparalleled acquisition speed

Powerful x-ray tubes q
Lowest radiation in class

Minimal contrast media

Maximal control

Success in challenging scenarios

Structure - function conundrum
solved

Exciting new developments

62 Cardiovascular Imaging in Computed Tomography Summit

On-Site CT-FFR - Intermediate Lesions

3605 Subjects undergoing coranary
CTA in Institute of Cardiology, with
sutpected significant coronary

ey StENCHS

Prospective
single-center

study n=98
180 (4.9%) Subjects screened for
inclusion in the study (50-90%
stencsi diagnened on coronary CTA,

scheduled for invasive ICA and FFR)

“Intermediate
stenosis”

(50-90%)

!

98 Subjects qualified forthe study

CCTA:  ALC 062 (S5%C1 049073
QCA:  AUC 0.69 (35501 0.56-0.80)
FFRg: AUC 0B (901 073092)

CFFRy: AUC 085 [35%C1 0.73093)

Tesche C. Radio

%
| ;J.
| ¢
i 0 /
| i
{ i
0 i
i
| i
4
{ i/
/
1 i CTRFFR
24 ==+ Siencnn Dameter CTL
1 MUCTA
| ;' = Swnces Damwer 20T
! Swos bn LT

f.?,'Lea"r_ i
SR N

CCTA
QCA
CFFR-CFO
CFFR-ML

Trus pesitive rate (Sensltivity]

4

71— T T
L] a o ® 9w W
Faloe positive rate |100- Specificity)

CCTA:  AUC 064 (35%C1 0.500.77)
QCA:  AUC D.ET [95%C1 0.530.80)
eFFRess: AUC 088 [95%C1 0.77-0.96)
cFFRy: AUC 0. [95%C1 Q7T0.96)




SESSION 3

Ischemic Heart Disease

Chairperson  Hweung-kon Hwang (Konkuk University Hospital, Korea)
Yeon Hyeon Choe (Samsung Medical Center, Korea)

Presentation

FFR CT - challenge and limitation
Speaker Bon-Kwon Koo (Seoul National University Hospital, Korea)

CT-perfusion - challenge and limitation
Speaker Akira Kurata (Ehime University, Japan)

Clinical impact of plaque characteristics
Speaker Eun Ju Chun (Seoul National University Bundang Hospital, Korea)

SPECT and PET for ischemia
Speaker Sang-Geon Cho (Chonnam National University Hospital, Korea)

Panel Discussion

Panel Hyung-Bok Park (Catholic Kwandong University, International St. Mary's Hospital, Korea)
Yeonyee E. Yoon (Seoul National University Bundang Hospital, Korea)
Kyoung Sook Won (Keimyung University Dongsan Medical Center, Korea)
Jin Hur (Severance Hospital, Korea)
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FFR CT - challenge and limitation

Bon-Kwon Koo (Seoul National University Hospital, Korea)

FFR CT - challenge and limitation 65
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CT-perfusion - challenge and limitation

Akira Kurata (Ehime University, Japan)

CT perfusion (CTP)
» Stress CTP

Disclosure of conflict of interest . Rest CTP

I have nothing to declare for this presentation. + Dual-energy CTP

_oncs 201%

Role of CT Perfusion: diagnostic test Stress static CTP (16 MDCT)

. Preliminary test

. Establishment of methodology (scan protocol)

. Clinical safety and efficacy assessment (radiation, contrast)
. Diagnostic performance (lesions, vessels, and patients)

. Impact on diagnostic thinking (incremental value?)

. Assessment of its extent and severity

. Clinical indications (patient selection)

5

B,

7. Impact on patient management, clinical outcome, and prognosis
8

9

. Definition of standard of truth
10.Benefit/risk balance (of CTP) compared to widely accepted
comparators (SPECT, MRI, and echo)

11. Multicenter trials

Stress dynamic CTP (64MDCT)

Severity of the hypo-perfusion area at stress and rest

p <0.05

Sub-endocardial
HPA

Transmural

Stress image Rest image

CT-perfusion - challenge and limitation 67
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TIPG per sageient)

ATP stress static CTP (64MDCT)

Transmural perfusion gradient in ATP stress static CTP

i3

Smmed MPS Strows Scon [par seian) [P —

P Sireas Boors (per segrent]

Transmural extent of perfusion defect in ATP stress static CTP image correlated
to SPECT score.

ATP stress dynamic CTP (64MDCT)

Regional CT-MBF before and after CABG

Whgarcs B0eng Fiim rigrment
—1
v w

=

Uyt Bcal Foow (g

2024053 1.95:0.52 1881045
1511058 AE" ] 1A

0
Pre-CA0 PratCARD PreCABD PostCABG FreCABD PoutCABG.
ACA LAD LCx

arison thows, sigrvlcart impravarmant aher verws balors CABG

+ CT-MBF quantified the post-treatment effect by CABG

(Shikata et al. Am Heart J 2010; 160: 5

(Rochitte CE, et al. European Heart Journal

68

FARTTHACK SLIMIS AL RESEARCH

Computed tomography angiography and
perfusion to assess coronary artery stenosis causing
perfusion defects by single photon emission
computed tomography: the CORE320 study

H’:"’j_aﬁ— |

Anpatrn
CTLCTPROC Avea » 057 (8291

Priee Myixestl baret
CTCTP RO Aves « 056 087.88)

WaPrise Caromary Actry Dot
T CTPROC Avwa = 030 (8 47)

4; 35: 1120-1130)
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Wider and faster MDCT

Brilliance iCT
+ 0.27 s/rotation

+ 80 mm Coverage (256-
slice)

Brilliance 64
+ 0.42 s/rotation

» 40 mm Coverage (64-
slice)

ATP stress dynamic CTP (256-sliceCT)

Differentiation of myocardial ischemia and infarction assessed by

%%

Bt ot e
[ = P vy S -

a
SPECT

1.

el patAsd M e
B B

MEF {miligimin]

MEF (miig/imin]

ol

CT-MBF has a potential to detect abnormal perfused myocardium and severe
infarction assessed by SPECT/CMR

(Tanabs

SCCT guidelimes for the Inserpretation and

reporting of coronasy ET angiography: A report

of the Soclety of Gardiovascular Gomputed
aphy Guideines

| —

fusion scan to assess the hemodynamic
y artery disease. Myocardial
erfusion imaging is performed by imaging the heart dur-
‘1‘.,p]an'1ca\og|c lation, that is, the ionof 9. Introd

. and dipyri -
ment of n’yxald T e T e
dial ischemia. There are growing data from both several
single-center studies and, most recently, multicenter trials
which indicate that stress CT perfusion is noninferior to single
photon emission CT myocardial perfusion imaging to detect
wocardial ischemia and infarct."™ """ In case of a single




Stress dynamic CTP

Comsen ot of.

T M CTA FER i Work-Lip of AT

Integrating CT Myocardial Perfusion and CT-FFR in
the Work-Up of Coronary Artery Disease
Adriaan Coenen, MD,"" Alexia Rossi, MD, P«D,* Marisa M. Lubbers, MD,*" Akira Kurata, MD, PuD,

‘Arsushi K. Kono, MD, Pal,” Raluca G. Chelw, MD," Sabrina Segreto, MD,” Marcel L. Dijkshoom, RT,
Andrew Wragg, Pub)," Robert-1an M. van Geuns, MD, Pul),*" Francesca Pughiese, MD, PuD,” Koen Nieman, MD, Pl

Incremental Diagnostic Value of Stress
Computed Tomography Myocardial
Perfusion With Whole-Heart Coverage CT
Scanner in Intermediate- to High-Risk
Symptomatic Patients Suspected of
Coronary Artery Disease

Gianluca Pontone, MD, Pel,” Daniche Andreird, MD, PD, " Andrea I, Guaricci, MD, ' Andrea Baggianc, MD,
Fabéo Fazzari, MD,” Mareo Gugliclma, MD." Giuseppe Muscogiuri, MD," Clusdio Maria Berzovini, MD,
Annalisa Pasquini, MD." Saima Mushtaq, MD,’ Edoardo Conte, MD,” Giuseppe Calligaris, MD,

Stefano De Martini, MD," Cristina Ferrari, MD," Stefano Galli, MD," Luca Grancini, MD," Psolo Ravagnani, MD,
Giovanni Terazzi, MD," Danieta Trabattoni, MD,* Franco Fabbiocchi, MD," Alessandro Lualdi, MD,

Fiero Montorsi, MD," Mark G. Rabbat, MD,™ Antosio L. Bartorelli, MD,"™ Mauro Pepi, MDY

one G, et al. JAC c Imaging. 2018 Feb 9. PMI

Stress static CTP

TABELE 2 Image Quality and Overall Evaluability of Rest Coranary CTA in a Segment-based Model

Overall Breath  Blocmdng Motion  lepaived Sigral-te..  Likert  Mon-svalusble
" Artifacts  Artifacts  Effects Artitaty Noise Ratie Seore segments

Rest cosonary ETA
™ £l n o 3 o o w07

2 c 109

All segments 1,526 323(24) 12(1) 327 190 15(1) 3409 39(2)

computed ety ingoyichy 61

ey LK e e cononiry 4%y,

2 no2 LD
LM et s ey ey, M1 et g by M3 . e il v, PO . puseror desconding concrary by LA . praterolater covoeary artery, BCA - rght

TABLE 2 Image Quality of Stress CPT in a Segment-based Model
N Score 1 Scare 2

Stress £TF
1. Basal antorice 98 2 7

All myocardial segments 1274 9(0.7) 153 12) 326 (26) 786 (62)

Valars aow 5, 1 {36, o ramam 30,

computed tomegraphy myocasdil perfision; Soore | - very uncertain, Soare 3 - unceriain; Sowe 3 - rather ertain; Score 4 - very certain

Imaging. 2018 Feb 9. PMI
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Integrating CT Myocardial Perfusion and CT-FFR in the Work-Up
of Coronary Artery Disease

FISURE 3 Recsiver-Operating Charactaristic Curve

Analysis per vessel or terricry, using invasive fracticnal Aow reserve (FFR)
23 refevence, The aes under the curve (AL for computed tomogeaphy
(CT) myecardial perfusien imaging (MPY) asd FFR (0.85) wis signifcantly
highear than for T WP (0.78; p ~ 0.01), computed tomagraphy
anglography (CTA) FFR (0.78; p = 0.03), and CTA (0.70; p = 0.003).

Stress static CTP

Incremental diagnostic value of stress CTP with whole-heart
coverage CT scanner in intermediate- to high-risk symptomatic
patients suspected of CAD

e

(Pantone G,

Stress static CTP

TABLE 4 Blagaestic Accuracy n  VesselBaved and Fatieat-Based Wadel Between RADIATION EXPOSURE.

Rest Coroaary EFA and Buat Corsaary £TA Flus Stress ETF Compared Witk Fusctionslly

Signitcast CAD
Sp— + Coronary CTA: 2.8 £ 1.4 mSv

Streua CTP

P |- StressCTP: 2.5+ 11mSv

True pasizve L
True negensve ]
False uition u
Falie regitivn 2 ]
e 58 (351000 a1 57
Spwcihcny 6 (71-82) @097
Pagativg pendiciive vt 501000 96 (33-99)

Patee cavdcirvs valow LT L
Aecuracy 0o 1650961

Fatnt Saved anatyis

Trae pasitoe “ &

Tra g » 0

Fatse unithon » ]

False regutive 1 1

Sevwtrary 98 (H-100) 58 (54-300) 1
Spacihony 54 4a0-68) LT 2001
Pegative pendiciie v 96 (30-000) 58 (31004 or
Ptve crrdeinvs vilov ea i 807795 oo
ccuracy ™ 6884} ot o004

Cumulative mean: 5.3 mSv

Invasive CAG: 10.3 £ 2.5 mSv

Ve e 1 o 2 09 0. Pereorely styvhciet 6D s et s e S80% o Bactondl o
Friarvn <05 tarmdate s 7% 82 B
1= o it s st i T b 1.

vasc Imaging. Feb 9. PMID:
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Stress dynamic CTP

Eur Rasdiol (2014) 24:1547-1 556
DO 101007/ 500330-014-3164.3

CARDIAC

Quantification of myocardial blood flow using dynamic 320-row
multi-detector CT as compared with '*0-H,0 PET

Vasuka Kikuchi « Norike (yama-Manabe - Masanao Naya - Osamu Manabe -
Vuuki Tomiyama « Tsukasa Sasaki - Chictsugu Katoh - Kohsuke Kuda -
Nagara Tamaki - Hiroki Shirato

»

" et al. Eur Radio

Quantification of myocardial blood flow using dynamic 320-row
multi-detector CT as compared with 150-H20 PET

10.0 y=0.T75x+1.41
=067
P=00126

80

0
Validation group  CAD group
{n=13) n=7)

i Y, et al. Eur Radiol 2014; 24:1547-

Stress dynamic CTP

Prognostic value of stress dynamic CTP in a multicenter
population with known or suspected CAD

g

—

3

&

Event-Froe Surerval (%]
L]

L

Stress dynamic CTP

Quantification of myocardial blood flow using dynamic 320-row
multi-detector CT as compared with 150-H20 PET

y=1.02x+023
S mean + 1.96 S0
ﬁ—mean

oSN - 1,96 SO

- MBF 2y
{mlfmin/g)

MBF . (miimin/g)
MBF

00
0.0 1.0 2.0 30 40 5.0 6.0 00 1.0 2.0 30 4.0 5.0 60
MEF g (miiminig) (MBFpcr+ MBF )2 (miiminig)

@ at rest status )
4 at stress slalus ®: al rest status
A 8l stress stalus

" et al. Eur Radio

Stress dynamic CTP

Prognostic Value of Stress
Dynamic Myocardial Perfusion CT
in a Multicenter Population With
Known or Suspected Coronary
Artery Disease

T
Faliow-Up jmo)

Phussber ot risk

™ etect
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Systemic review papers

» Stress CTP

+ Dual-energy imaging
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Role of CT Perfusion: diagnostic test

. Preliminary test

. Establishment of methodology (scan protocol)

. Clinical safety and efficacy assessment (radiation, contrast)

. Diagnostic performance (lesions, vessels, and patients)

. Impact on diagnostic thinking (incremental value?)

. Assessment of its extent and severity

. Impact on patient management, clinical outcome, and prognosis
. Clinical indications (patient selection)

. Definition of standard of truth

10.Benefit/risk balance (of CTP) compared to widely accepted
comparators (SPECT, MRI, and echo)

11. Multicenter trials

Thank you very much for your attention

; The 12+ Congress of the Asian Society of Candiovascular Imaging
The 11 Baing Medical imaging Cevelopment Fonm
T) Chira IRC

‘@
o EESS

acurata@m.ehime-ua

8 crvics

Take-home message

Recent studies showed that
— Stress CTP is non-inferior to SPECT and MR to
detect myocardial ischemia and significant CAD
— Incremental value of CTP to coronary
CTA
Clinical value of CTP is expanding for not only

diagnostic performance, but also the severity and

post-treatment assessment, and prognosis.

CT-perfusion - challenge and limitation 71
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Clinical impact of plaque characteristics

Eun Ju Chun (Seoul National University Bundang Hospital, Korea)

Contents

in Stable angina vs. ACS
[ Vunerableplaque

SNUBH

Atherosclerosis

Atherosclerosis Atherosclerosis

—_—ea 104
B VUS/OCT
— CAC
I MR
N CCTA

s000004

Stenosn

®

Stable
Anging

Plaque on
Coronary CT Angiography
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CT for evaluation of plaque
Interpretation of CCTA for lesion

Stenosis
Plaque composition
Degree of Stenosis
[
= [ 1- { A+ B)Q}J N IOO{%)

Remodeling

Minimal Mid Moderate Severe
(1-2a%) (25-49%)

i)

Stop 1: Grada severity of luminad stersiis

Visual analysis of the plaque type

plaque

Plaque type
calcified plague
Mixed (partially calcified)
Spotty calcification
Non-calcified (soft) plaque
Lipid-rich vs. fibrous
Thrombus

0 HU
calcified plaque
Calcified lesion with plaque area < 5 mm?
No calcium
50 HU vs. 100 HU

20 HU
Napkin-ring sign

Plaque Area/remodeling

+ Positive remodeling: vulnerable plaque...
+ Negative Remodeling: fibrous plaque, spasm...

(-) Remodeling

74 Cardiovascular Imaging in Computed Tomography Summit

Definition of plaque in CT

= Plaques ; structures >1 mm?2 within and/or adjacent to the vessel lumen,

which could be clearly distinguished from the lumen & surrounding
pericardial tissue.

Positive remodeling

* Remodeling Index (RI):

= EEM area lesion/EEM area reference
=b/a

Early pasitive Late positive

Imaging parameters & plaque detectability

Temporal resolution
Motion artifact




Imaging parameters & plaque detectability

Spatial resolution
«  With large voxel volume in relation to the vessel size  averaging artifacts
+ Averaging with adjacent pixels causes overestimation of the calcified
plaque (blooming artifact)

+ Averaging causes underestimate for low-density lesions, especially if the plaque
is surrounded by high-density luminal contrast agent

Imaging parameters & plaque detectability

Contrast agent-related factors

+ volume of contrast agent, iodine concentration, injection rate,

+ heart rate, cardiac output,

» exposure parameters, slice thickness, and reconstruction algorithm

Non-contrast enhancement
0.5-mm slice
with soft kernel

Vulnerable plaque

1. low-aftenuated plaque
2. Positive remodeling

3. Napkin-ring sign

4. Spotty calcification

5. Plaque burden

& 1vics

Imaging parameters & plaque detectability

Contrast agent-related factors

» volume of contrast agent, iodine concentration, injection rate,
»  heart rate, cardiac output,
» exposure parameters, slice thickness, and reconstruction algorithm

Contrast
L

Effect of
on average noncak

Imaging parameters & plaque detectability

Image resolution

+ Improved temporal resolution;
- large z-axis coverage
- scanner rotation speed
- faster scan technique; high pitch technique
- use beta-blocker

+ Improved spatial resolution
- thinner collimation
- smaller detector size (small FOV)
- special reconstruction algorithm

- control; quantum noise (statistical fluctuation in the number of x-ray
photons), patient size, quality of detector & reconstruction algorithm

Clinical
Manifestation Management

Local Therapy/
Revascularization
<PTCA
lschemia +Stent
oA

Systemic Therapy
« Lifestybe Modification
= Drsg Thesapy

&

./'

Non-Stenotic Infarction
o
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Four diverse mechanisms cause ACS Vulnerable plaque

Criteria for Defining Vulnerable Plagues
Major

Active inflammation: monocyte and macrophage and sometimes T-cell
infiltration

Thin c ith larg tic core

Endothelial denudatio superficial platelet aggregation

Fissured plague

Stenosis 90%

Minor
+ Superficial calcified nodule
in llow pl seen at angioscopy
emorrhage

Naghavi, M. et al. Circulation

Vulnerable plaque Vulnerable plaque

I. Low attenuation plaques

PR and LAP (22.2%)
PR or LAP (3.7%)
No PR or LAP (0.5%)

Logrank <0.001

Cumulative evenl-free rate:

20 30 40 50

Months of fallow-up

LAP; <30HU 135 kVp
PR; > 1.1

[ trial 1T - Puchner et a

Vulnerable plaque Culprit plaque

49Y/M, Acute chest pain (D;3h) with elevated cardiac enzyme = 55Y/M, Acute chest pain (1HA), normal range -- >elevated cardiac enzyme

2 years ago; health
SCreening

T
B o T

e L |
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Vulnerable plaque vs. Culprit lesion (occlusion)

I. Low attenuation plaques

Journal of Cardiovascular Computed Tomography

el hessepag: wwrwsisevier com

8 crvics

Vulnerable plaque

2. Positive remodeling

» Remodeling index (PR 21.0) is correlated with higher plaque burden,

a larger amount of necrotic core and a higher prevalence of TCFA
assessed by VH-IVUS
Differences in the CT findings berween vulnerable plaque and culprit lesions in acute
coronary syndrome Tablc 2
. Vil hisologic intravasculer ultrasousd characteitics between lesions 100
Fun i Chumn® ? Hew Han™ ', Senng Min Yoo *, Hwa Yeon Les®, In Sup Song®, Charles 5. Whire® with and withews positive remodeling o8 compesed tomographic
angiogram 2
“;:,:In\.]w vum::-“puqm Plage Presence of Positive Absence of Positive p Valee g% .
Chanscteristics e Memodelingon  Remwodeling on 2 = 1
o b o VH IVUS Image CTA CTA 3 = 1)
L3203 Minimal lumsn Bed 925 038 'L (=145
arca {mem’} £
6710080 Veecl o ot Lo ek 004 £
6100800 4l = ST | g
MPA $322304 L TIE 5
Degree of stenosis 18 = 13 5% =
Normal 47100400 =7 [T |
505 4100400 T=11 [0 8
2100200
il Dsts presentod as mean + S1
o104 * AL munimal lemen area
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Vulnerable plaque
3. Napkin-Ring sign

Vulnerable plaque

3. Napkin-Ring sign

el
+ Defined by a low attenuation plague core surrounded by a circumferential area
of higher attenuation.

* Early Athen 5i5:
ith sheet calcificatio - AIT (adaptive intimal thickening)
S :Pm:V by - PIT (pathological infimal thickening)
CRRNEARER - Fib (fibrous plague)

ey EP T = Advanced atherosclerosis

E) Heterogeneo EFA with intraplague hemarrhz NS (Early fibroatheroma)

(F) Napkin-ring sign / LFA with large necrotic core - LFA (Late fibroatheroma)

- TCFA (Thin cap fibroatheroma)

Vulnerable plaque Vulnerable plaque

3 .Napkin-Ring sign; thin cap Fibroatheroma

A W

4. Spotty calcification

+ Coronary calcification assess _T is highly associated with plaque
burden and related to poor dlinical prognosis.

+ However, the

K-M curves for ACS

Proportion of NRS
0.4% in overall plagues

3
!
;
i
§

mm) on CTA were related to

Plaques with small spotty calcifications
TFCA on IVUS-VH
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Vulnerable plaque

5. Plaque burden

<%

Sensitivity

— FRS: AUC 0.59

FRS+calcium score: 0.87

FRS+conventional CT: 0.64
— FRS+conventional+CT quantification: 0.79

Plague component; complex

VH

-IVUS
Green; fibrous
Red; necrotic core

T T T 1
0.4 0.6 0.8 1.

1 - Specificity

Yellow; fibrofatty
White; calcification

Low-attenuation plague;
- What is cut-off value?
— 30 HU (135 kvp? 120 kVp? 100 kVp?)

Measurement method;
- mean value of total plaque ?
-- Lowest pixel value?
- Mean 5 pixel value?

Plaque characteristics
Using by DECT/Multi-energy CT

Positive remodeling of calcified plague
-- blooming artifact?
-- True positive remodeling?

Napkin-ring sign; What is the cut-off value of densit
between low central portion and peripheral high
attenuation?

Dual energy and Multi-energy

Why need the Dual Energy or Multi-energy?

80 k¥p
Tissues of different chemical compaosition but the same X-ray
attenuation have the same Hounsfield Unit (HU) values, therefore
making it challenging to differentiate between tissue types.

SIEMENS

Dual Source Dual-source DE

3 S(_,
Hotd

Different elements absorb x-rays with different frequency signature

RS ; e Spactm P ™ si o
due to their individual electron configurations. : o B & Siet'a solice DE
= 9 L 24 With fast switching
BkVp 3 kV Switching

of tube voltage

Between uric acid, hydroxyapatite & calcium in renal calculi or gout Enorgy

Calcium-containing plaque, hemorrhagic plaque & iodinated blood in ¢ "“‘L"":“"‘” PO T

cardiac imaging o %}“'\li H N GPHILIPS
.‘-" - Dual-Layer layer detector
- S

Advantage 2 X

- Reduction of iodinated contrast dose, ) L‘:i"lt:w"

- less beam hardening artifact = | Ganiry Rotations

esion characterization
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Material decomposition

Monochromatic imaging

On the of the mass attenuation coefficient properties of the materials, a
linear combi ngno_n of the iodine-water materia images it sed to create calcium removed
monochromatic CT images at any energy level ranging from 40 to 140 keV.

+ Jodine-calcium; « Calcium-Iodine;
iodine removed (virtual noncontrat)

Lower energy levels ;
- higher intraluminal enhancement
- noise is higher.
- blooming artifact aggravate
Charts showing progressive decrease in size of calcu
improvement of luminal size at higher monoenergies
& 1
-
50 eV

70 keV 30 kaV/ PAF LSS

Thank you very much
for your attention!
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SPECT and PET for ischemia

Sang-Geon Cho (Chonnam National University Hospital, Korea)

Visual analysis of perfusion defect *?
Interpretation  gyess rest
Visual and
. " ; . normal
semiquantitative analysis o o FIgRTER:
reversible
perfusion defect c ° ischemia
fixed
perfusion defect c o infarction

slide courtesy: Pf. Hee-5eung Bom

Visual analysis of perfusion defect * Perfusion scores

apex mid-1V 8% ’

® 9

n defects in mid and basal inferolateral segments = o 2
0= ne E 3 ion in uptake
take

Total perfusion deficit (TPD)

Ischemic TPD =12.6 -5.1 = 7.5%

et 1% L1 - tarst 8 Y

Slomka P et al. ) Nucl Med 2005;46:728-35
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Visual/semiquantitative analysis

Treatment decision

[ Medical R [[] revasc

Cardiac death rate

L] 1=-5% 5-10% 11=20% >20%
% Total myocardium ischaemic

Hachamovitch et al. Circulation 2003;107:2900-7

Limitations

h r=-029,P<0.01 100
< 50 ° 80
: :
T 40+ = 60
= i
58 2] ° e Z a0
= 2 aeo o @ s
g =
§ 204 20
% 10+ 0
& Angiography MPI FFR
0

3 Owvessel disease E=3 2-vessel discase
3 1-vessel disease &SR 3J-vessel disease

0.2 0.4 0.6 0.8 1.0
Per-vessel FFR

Melikian N et al. JACC Interv 2010;3:307-14

Limitations

Visual and semiquantitative evaluation of SPECT
images is not effective for:

1) multivessel disease with balanced ischemia
2)left main disease

3) pure microvascular dysfunction

Quantitative analysis

Why quantification?

MBF measurement

Compartment method

% mL/minfg
100 RETENTlON o UPTAKE —_ FLOW 4
(nfx - oMl
80 25
P 12
15
40
d 0s
] o

Improved Disease-to-Mormal Contrast

Fig. 124 Polar-maps of MBF (flow), "Rb uptake (K1 influx rate), and retention (net
influx —efflux) demonstrating the effects of nonlinear tracer extraction and washout. MBF esti-
mation restores the true disease-to-normal tissue contrast and increases the sensitivity to detect
focal disease relative to areas of maximal flow

dekemp RA & Beanlands RSB, 2016

CFRups”

reasm g
(2001 = 0,808 (et 0001)
[] 05 18 15 20 28 L] 10 10 10 40 S0 (] 2 4 L] ]
st
A MBF B wmef " CFR

Lee BI, ... Bom HS. Nucl Med Mol Imaging 2007;41:194-200
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CZT cardiac dedicated SPECT CZT cardiac dedicated SPECT

MBF quantification MBF quantification
Table 2 Myocardisl blocd fow vakoes Bt rest 85 Siess in pabients with comectly L b
idertified and misidentfied PET myocardial how rate indax whan using SPECT CZT .
Sy Bl PETMGF  PET MG GZ1 MBr G2l MG “ *
PETWFR n !
MR e et LELLY sl an
=082 (p<0.001) ] e e awein
1 (LIS Bu P
= high Hgh W 238048 1204023 0878 0I5 3 o — e =
o017 B v
H ta -
Boe . 0882
. JE w4 230078 1148045 1032 032
8 — 0z
5, * f08a . PR "« s
ow o 7 1STs088 1045 004 0963047
i o2 b
o (1 B
{ korw high 3 1192 043 1182 017 082s 022
o1r
| 5
) (] 20 as a0 1 i
: High PET MFR: myccardial fiow rate = 2 s assessed by PET {13W.ammonia): Low PET | { e
Glsbal MBF PET |mi/gimin) Y {
e MFR: myocardial fow rate < 2 a3 assssed by PET. High CZT MFFi: myccardial fow 5 i i
rate x 1.2 ad by SPECT CZT (BomTe-betrok Low CZT MFR : T :
myocardial Sow rate < 1.24 as assessed by SPECT CZT. Vakuss given are mliginin & ream
A Cavaton <@
AT —
Niousou et al. | Nudl Med 2016 Agostini D et al. EINMM| 2018

MBF parameters

CZT cardiac dedicated SPECT * :
MBF quantification b Hyperemic MBF vs CFR vs RFR

Tablke 4 Concordance between FFR and MFR by PET and CZT in 90
artery termitories in 30 patients 1. Hyperemic MBF:

N=00 FFR <0.8 FFR>08 MBF measured during stress

TMFR<21 7 12

CZT-SPECT MFR>2.1 5 66 2. CFR (=MFR):

PETMFR <2 8 9 hyperemic MBF

PETMFR>2 4 69 resting MBF

MFR vs. FFR PETMFR<2  CZT-SPECT<2.1

Accuracy 86.7% 31.1% i

Sensitivity (%) 66.7% 58.3% 3. RFR: ' . . .

Specificity (%) 88.5% 84.6% hyperemic MBF in region of interest

Positive predictive value (%) 47.1% 36.8% hyperemic MBF of reference area without stenosis
Negative predictive value (%) 94.5% 93%

* CFR, coronary flow reserve
MFR, myocardial flow reserve
RFR, relative flow reserve

Agostini D et al. EINMMI 2018

Characterization of CAD
Diffuse atherosclerosis

Focal stenosis

SPECT and PET for ischemia 83
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Characterization of CAD

Severe stenosis

Hyperemic MBF

CFR

RFR

Cho SG etal. Ann Nucl Med 2017,31:144-52

p <0001 = P = 0002 m' I p = 0135
T o 1T &
Hyperemic MBF CFR RFR

Diffuse atherosclerosis

Cho 5G et al. Ann Nucl Med 2017,31:144-52

Characterization of CAD

RFR - the best correlation with FFR!

Lee JM et al, Circ Cardiovasc Imaging 2016;9:e004768

Corenary Flow Reserve (CFR)

® RFR s 0.80
Ischemic zone defined by Macrovascelar Discase
CFR and stress MBF
RFR > 080
N MM?*‘H
Microvasculas Dsease

[ 1 ] 3 ] s
Stress Myccardial Elood Flow (MBF, miimin/g)

Lee JM et al, Circ Cardiovasc Imaging 2016;9:e004768

Resting MBF variability

Table2 Mumber of patients according to coronary flow reserve and
myocardial blood flow

Resting MBF (mlimin/g)

CFR<2.0 (n=236) CFRz20 (n=34)

>1.0 <1.0 >1.0 <1.0
Stress MBF (ml/min/g)
220 16 0 17 12
<20 13 7 0 5

CFR, coronary flow reserve; MBF, myocardial blood flow.

Cho 5G et al. Nucl Med Commun 2015;36:619-24

A. Unadjusted

Freedom from Event (%)

100

B. Adjusted’

100)

2

g
o = 9
=
H
@
L § 0|
" -— -
— CPRhigh, CADPIlow = H N 2:”33:?"‘
" CFR high, CADPI high HE. « 1 blz‘ b"l:
=== CFR low, CADPIlow T gh\n ml:mﬂ .
== CFR low, CADPI high 0 J higl
w P TP R T P T | w IEP TP B PO P P |
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Days Days

Taqueti et al. Circulation 2015;131:19-27
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ong prognostic marker!

e ~FFR>0.80 / CFVR22.0
A B Ao canac svent bos sunival A _ o] TImEATe) Cmaze B FFR>0.80 / CFVR<2.0
: o £ 707 ~FFReD 75/ CFVR220 ap PREOB0/ CFVRZ2Z0.
T { : i
! o G0 — = 1=
L [ Taw{ B o o 5o
Lt Eﬂ) _— éao ~ §
i g r'J L %0 o
fos fon . Pl £ —_
= 3 ] J
% B9S8R 7 2 BR3P E L g™ e l_,—f'_f
pp| R s s R s R A2 P L} 321w f 5
: i A ok A4 AP EREN TR o == —t—
) - SR 3 INo. ot risk: Time since procedure (years) I EEEFEYERER
% 0 10 w0 20 w0 m0 e R T FFR20.75/CFVA220 100 95 S0 83 74 61
Days FFR20.75/CFVA<20 22 12 12 11 10 8 e, atrisk: Time since procedure (years)
FFROD.7S/CFVA220 26 24 21 18 14 11 FFM080/CFVR:20 78 75 71 66 57 48
FFA=0.80 / CFVR<20 10 3 3 2 2 2
FFASDBO/CFVR:20 48 44 40 35 31 24
Farhad H et al. Eur Heart J Cardiovasc Imaging 2013;14:1203-10 van de Hoef TP et al. Circ Interv 2014,7:301-11

ong prognostic marker!

CFR: strong prognostic marker! * :

5] — CFR < 2, maximal MBF < 18
> CFR < 2, maximal MBF 1.8
= 5] = = = CFR2 2, maximal MBF < 18
é v CFR 2 2, mandimal MBF 2 18 .07 (4.72:10. Grop Tnadjusted Adusied”
Forest it HR (95% C1) _pvalue | Forest Plot_ HR (9% C1) _ p-value
Indepemdent Progaostic ¥alue*
g 154 001 CFR + e <o -+ 1147227 <dool
> Mavimal MBF - 2250194-262) <0001 - 1350113-161) 0001
[3] 390(250.6.01 Incremsental Proguestic Value®
— 104 CFR - 2400189304 <0001 - 1.79(1.38-231)  <0.001
S ]—F’om Mavimal MBF - 1490126177 <0001 10304127 08
° 213“1&"!_1___
5 59 e e Tee0.02
o ‘_-----" e RIEOCE [T R T [T B B
-|t...,.....--..(....|....,.....v...,...v.x.,.
0 1 2 3 4 5 6 7 8 9
Years CFR = stronger prognostic marker, even as compared to hMBF!
Gupta A et al, Circulation 2017,136:2325-36 Gupta A etal, Circulation 2017;136:2325-36

MBF parameters Future perspectives

Characteristics and applications

Flow vs. Pressure

MBEF (flow) FFR (pressure)
- Characteristic features Clinical applications Invasiveness MNon-invasive Irvasive

Stability by
Reflects both focal stenosis and diffuse atherosclerosis hemodynamic/metabolic Variable (esp., at rest) Stable
Superior to CFR in the diagnosis of significant coronary stenosis : . changes
Affacted by both epicardial CAD and microvascular diseaza || | SCcenIDg for multivessel CAD
The most sensitive MBF parameter Assessment Absolute Relative

Normal value Variable 10
Stronger prognostic prediction than any other MBF parameters Cutoff for PCI Variable 0.8(0.75)
Reflects both ep CAD and mi. lar disease Prognestic stratification -
Mainly reflects diffuse atherosclerosis Marker of diffuse atherosclerosis Anatomical information Nene Yes
Superior diagnostic accuracy to relative uptake analysis I of mic function (lesion-specificity)
May indicate diffuse atherosclerosis in need of bypass surgery Treatment decision + +
Specifically reflects epicardial, focal CAD gw"’:“fia' ﬁ"““";‘ d‘.‘f LLETENE Independent from No Yes?
Best Jation with FFR NG MicroAescUlarn dlsease microvascular disease

Decision of revascluarization
Cho SG et al. Ann Nucl Cardiol 2016;2:99-105

SPECT and PET for ischemia 85
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FFR is not perfect

Invasive procedure

van e Hoef et 3. Eur Heart ] 2015

Smaling et ol roulation 1985

5

FFR alone is not the whele pict:

stenasis in a low-flow setting

AP =£fQ +sQ? i

maging 3115193302

A need for noninvasive, flow-based, lesion-specific physiologi ofCﬂD.b'.lPET

Summary

Evaluation of myocardial ischemia using SPECT and PET

1) Visual/semiguantitative analysis: perfusion defect, perfusion scores, TPD

2) Quantitative analysis: hyperemic MBF, CFR, RFR (also available for CZT
SPECT)

3) MBF parameters: different characteristics and clinical applications
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SESSION 4

Expanded Role of CT in the Evaluation of Valvular Heart
Disease

Chairperson  Hyun-keun Chee (Konkuk University Hospital, Korea)
Kee-Sik Kim (Daegu Catholic University Medical Center, Korea)

Echocardiographic evaluation of VHD (TAVI $|3) - possibilities and limitation
Speaker Geu-Ru Hong (Severance Hospital, Korea)

Expanding role of CT in VHD
Speaker Young Jin Kim (Severance Hospital, Korea)

Interventionist's expectation of VHD (TAVI ${3*] - pre- and postop
Speaker Jung-min Ahn (Asan Medical Center, Korea)

Surgeon’s expectation of VHD - pre- and postop
Speaker Byung Chul Chang (CHA University Bundang Medical Center, Korea)

Panel Discussion

Speaker Young Joo Suh (Severance Hospital, Korea)
Jae-Hyeong Park (Chungnam National University Hospital, Korea)
Jung-Hee Lee (Yeungnam University Medical Center, Korea)
Soonchang Hong (Wonju Severance Christian Hospital, Korea)
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Echocardiographic evaluation of VHD (TAVI ¢I1F)
- possibilities and limitation

Geu-Ru Hong (Severance Hospital, Korea)

Image Guided DlagnOSlS & Intervention - g -
B Tools in Interventional Imaging

* Echo
-TTE, TEE
- Contrast, 3D Echo
- ICE
CT
Angiography
CMR

Multlmodallty Imagmg

Echocardiography & Cardiac Intervention

Disadvantages A
= g

Requires experience

I J .7‘-.. -d"""" &.“ -( 3D TEE in Cath Lab
g é & ¥ Hy . Advantages

Shortening of procedure time
Less radiation More equipment in the room

Improves visualization of structures Needs team work (mare peapla in the room)

Improves operator confidence Anesthesia
Image probe in the angio screen

ATA

Specific Roles of Cardiac Imaging in TAVI

Pre-TAVI
- Assessment of valvular & LV function (Echo)

| Aeqg

Imaging is a fundamental
component for performing
TAVI procedure

- liofemoral evaluation (CT)

- Aortic size (CT/Echo)

- Annular sizing (CT/Echo)

- AV morphological assessment (CT/Echo)
- Annular/LVOT calcium (CT)

During TAVI

- Angle of intra-procedural fluoroscopic projection (CT)
- Monitoring of complications (Echo)
- Assessment of valvular function-PV leak (Echo)

Post TAVI

- Follow-up of valvular function (Echo)
- Long term evaluation: migration/stent fracture (CT)

Echocardiographic evaluation of VHD - possibilities and limitation 89



Echo in TAVI

Determining severity
Assessing etiology

Excluding other cause of LV outflow tract
obstruction

Device selection

- Annular sizing

- Aortic root and STJ sizing

- Position of the coronary arteries

Annulus Sizing is Crucial

* Undersizing
- Paravalvular regurgitation
- Valve embolization
* Oversizing
- Reduce valve durability
- Conduction disturbance

- Annular rupture

Annulus

" M-
N

Echo Guidance

Echocardiographic guidance has evolved from

relatively intensive to limited role.

There may be significant inter-institutional
VEUELNY

Still very important when new devices are

introduced.

SEVERANCE CARDIIVASCULAR HOSPITAL Q YONSE UNIVERSITY COLLEGE OF MEDICINE

TAVI-Annulus measurement

Easy to underestimate the annulus diameter
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New Imagings for TAVI

Improving TAVI outcomes

Reducing the risk of complications

Pursuit of Perfection

Quantatative Automated

Real-time

3D TEE vs. CT Automated Quantitative Modeling
Annulus-Commissure Distance- AS

Left 15. 4 mm

Perimeter: 78 (24.8m) mm Perimeter: 77.6 (24.7m) mm b

Area: 440 mm? (23.7 mm) Area: 443 mm? (23.8 mm) . ' h

|Annulus | 21 mm |

F"H Calleja A, Paaladinesh Thavendiranathan et al,, Circ Cardiovasc Imaging 2013:6;99-108

Automated Quantitative Modeling
Annulus-Coronary Ostia Distance- AS

Left 8.0 mm

b

TEE for TAVR Guidance

Calleja A, Paaladinesh Thavendiranathan et al,, Circ Cardiovasc Imagng 2013:6;99-108

SEVERANCE CARDIOVASCUILAR HOSPITAL @ YONSEI UNIVERSITY COULEGE OF MEDICINE
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418 patients
(18 centers)

STS score 1421115
General anesthesia 84%

TEE guidance 70.6%
Access TF 96.2%
Moderate/Severe PVR  9.2%
Tamponade 4%

LV perforation 2%

Evidence for Intraprocedural TEE

Brazilian TAVR Registry

Outcomes and Predictors of Mortality After
Transcatheter Aortic Valve Implantation: Results of the

Brazilian Registry 2008-2013
Fabéo 5. de Brito ) iz A, Carvalho,” wo, Rogerio Sarmanto-Ledte,” uo,
 Pedro Lemaos, nnedre Sic o,
iz Sao Thiago,” w E
i bohkall of the Br

Brito FS et al. Cath and Cardiovasc Int 85:153-162, 2015

Paravalvular Regurgitation after Transcatheter () conss
Acrtic Valve Replacement: Comparing
Transthoracic versus Transesophageal
Echocardiographic Guidance

Retrospectively reviewed 454 consecutive patients
transfemoral TAVR (balloon expandable) at Emory Healthcare
from 2007 to 2014.

TTE guidance (TTE-TAVR, n=234, mean STS score 10%)

TEE guidance (TEE-TAVR, n=220, mean STS score 11%)

Hayek S5 et al. J Am Coll Cardiol 2017;30:533-40.

Valve Assessment during TAVR

Valve position and orientation
Leaflet motion

Transvalvular and paravalvular AR
Integrity of the ascending aorta
Mitral regurgitation

Ventricular wall motion abnormalities
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Cumulative Mortality (%)

Brito FS et al. il e ':.mmm,l,

Fig. 4. Koplan-Moier cumulative all-cause mortality curves

Cath and Cardiovasc Int
LR ERS P AFINEN for TEE guided and non-TEE guided procedures.

TTE-TAVR TEE-TAVR P-value
Second Valve
Balloon post-dilatation

PVR at discharge
Mild/Moderate/Severe

Malposition

29211 (%) 35/3/0 (%) 0.120

Severe Central AR

Minimalist TTE-guided TAVR is increasingly performed in cardiac
catheterization laboratories

Patients undergoing TTE-TAVR were more likely to receive balloon
postdilation and second valve implantation

Paravalvular regurgitation at discharge was not increased with TTE-
guided TAVR.

Hayek S5 et al. J Am Coll Cardiol 2017;30:533-40.

Mechanisms of Aortic Regurgitation

Malposition of prosthesis
Undersizing prosthesis
Underexpansion of prosthesis
Malapposition of prosthesis
Aggressive pre-dilatation during BAV

Guidewire or pigtail catheter interfering
with leaflet coaptation



Paravalvular AR After TAVI

B
el %}

Mitral
wahe
W
Left
Heavily calcified wentriche
cusp Calcification

%

Deep Implantation

Shallow Implantation
D
oy
5
L\

Annulus Prosthesis Mismatch

Sinning et al: JACC 59:1134, 2012

PVR Grading

A Proposal of Unifying Grading Scheme

Philippe Pibarot, DVM, Pul),* Rebecca T, Hahn, MD, | Neil J, W

3class Trace Mild Mild Moderate  Moderate Severe

4 class 1 1 2 2 3 4

Sclass Trace Mild Mild-Mod Moderate Mod-severe Severe

J Am Coll Cardiol Img 2015;8:340-60

SEVERANCE CARDHOVASCULAR HOSPITAL [INIVERSITY COLLEGE OF

Color Doppler Parameters

= TEE

Mid-esophageal SA

SEVERANCE CARDICVASCULAR. HOSPITAL

® civics

Clinical Impact of PVR

Moderate/severe PVR
3-fold increase in 30 day mortality

Mild PVR

Conflicting

CoreValve US

PARTNER Pivotal Trial

N=3,762

Mutariable Analysis

 MEARLIS pOD4L
"7 ModAR 202 <0001

Characteristics of PVR jets

Multiple, eccentric, irregular shape
Confined along LVOT
Masked by calcification of native valve or

stent

Irregular vena cava contracta

SEVERANCE CARDICVASCULAR. HOSPITAL

Determination of PVL Severity
Circumferential Extent

Mild

Moderate Severe

S
>30 %
(> 108°)

<10 %

(<36°) (36-72°)
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LD Pitfalls in TTE measurement of PVL

Too high plane The posterior jet is not well visualized and
Undereatimation largely underestimated in the parasternal

views!

The posterior jet tend to merge with the mitral

inflow.

SEVERANCE CARDIOVASCULAR HOSPITAL NONSE] UNIVERSITY COLLEGE OF MECHCINE

Pitfalls in TTE measurement of PVL Over-estimation of circumferential extent
due to eccentric jet

The anterior jets are often
eccentric because when
they enter into the LVOT,

they are deviated

posteriorly by the
prominent septal bulge

SEVERANCE CARDIOVASCULAR HOSPITAL @ YONSE UNIVERSITY COULEGE OF MEDICINE
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Echo in Management of PVR

Regression of Paravalvular Aortic
Regurgitation and Remodeling of
Self-Expanding Transcatheter Aortic Valve ! nsany! E”l’“ W

Any Degree of AR

An Observation From the CoreValve U.S. Pivotal Trial

TEE / TTE for quantitation of AR severity and identification
of AR kocation (paravalvular vs. central) and etiology

I
-b— - ....mim.m., Jﬂ‘@#

= Of 137 mild PVR patients at discharge, ! ! :
Presence of vulnerability factors to ART Corrective Procedures

89 (65%) had none/trivial at 1 year andior ¥es| Balloon post-diation
Absence of high risk features/ low likelihood =" Vahe-in-valve

= 0Of 36 moderate PVAR at discharge, of success with corrective procedurest Closura of the leak with a plug
30 (83%) had < moderate at 1 year [no |

Mo More Procedures Reassess

Oh etal. JACC CVImaging 2016

Intraprocedural Complications from Partner Trial Hypotension during TAVI

Cardiac tamponade

thic Imaging of Procedural @

During Balloon-Expandable gt Aortic dissection

_jortic Valve Replacement

MD," E. Murat Tuz

Myocardial ischemia

Major bleeding

Total 49 /527 (9.3%)
Etc....(arrythmia, MR, AR......)

Aortic Dissection Cardiac Tamponade

* Aortic dissection can occur followmg valve * Pressure rapidly recovers after pericardiocentesis

deployment or delivery * Tamponade can occur at each step of the

Use caution with procedure

] ] - Pacing wires

- Severely obliterated sinuses of Valsalva )
- LV wires

- Significant valve oversizing (= 4mm) - Annular disruption/ LV perforation

- Atheroma in aortic arch - Aortic dissection

SEVERANCE CARDHIVASCULAR HOSPITAL SEVERANCE CARDHOVASCULAR HOSPITAL
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TEE-Guided TAVI Automated Quantitative Modeling
Aorto-Mitral Relationship
Q1. Is there Pericardial Effusion?

(After stiff wire passing into LV)
Q2. How much AR?
(After predilation)
Q3. How about the Valve Position?
(After valve deployment for deciding retrieve the valve)
Q4. Is there Paravalvular AR?
(Before deciding post-dilatation)
Q5. Is there MR?
Q6. Something wrong What Happened?

SEVERANCE CARDIOVASCULAR HOSPITAL NONSE] UNIVERSITY COLLEGE OF MECHCINE

Automated Quantitative Modeling Automated 3-D Modeling (3-D TEE/CT)
Aortic Root Calcification Simulation of Valve Deployment

SEVERANCE CARDHIVASCULAR HOSPITAL YONSEI UNIVERSITY QOLLEGE OF MEDICINE YERANCE CARD YONSEI UNIVERSITY QDLLEGE OF MEDICINE

Cardiac Imaging for SHD Take Home Message

+ Cardiac imaging has an essential role in the

The Future is here planning and provision of valve intervention

s Toam otk The imaging specialist must possess procedural

knowledge, and precision in quantification, and
+ Multiple modalities communication in order to be part of a team that
delivers good outcomes

* Interventional imaging cardiologist SHD Intervention = Art. Science
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Expanding role of CT in VHD

Young Jin Kim (Severance Hospital, Korea)

Recently the role of CT is being expanded according to development of CT technology especially in the field of

structural heart disease.

Although echocardiography is the primary and essential modality for the evaluation of patients with valvular
heart disease, cardiac CT has distinct advantage in the evaluation of anatomical features of the cardiac valves,
including the extent of calcification, the geometry of the annulus and the evaluation of biological and mechanical

prostheses.

CT provides abundant anatomic and functional information that complements the information from echocardiog-
raphy, making it possible to characterize the etiology of the valve disease and its repercussions on the heart and

aorta, as well as to quantify the severity of disease.

It is important for cardiologists, radiologists and other cardiac imaging specialists to recognize the features of

normal and abnormal valves in patients and potential role of CT.

Expanding role of CTin VHD 97
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Interventionist's expectation of VHD (TAVI #/=) - pre - and postop

Jung-min Ahn (Asan Medical Center, Korea)

Interventionist's expectation of VHD - pre - and postop 99
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Surgeon's expectation of VHD - pre - and postop

Byung Chul Chang (CHA University Bundang Medical Center, Korea)

Surgery for Heart Valve Disease

Adult Heart Surgery in Korea

4000
; 4000 3,825 E 3000
g 3,000 E 20m | 2557 2346
i . = — 1737 017
; 1000 1422
Q
2012 2013 2014 2015 2016
—cctic Vahe  SEMMitral Valve e Tricuspid Valve  SEPulmoni Valve  —a—Mean Age =—\alve ==Aorta ~—CABG HIRA, 2017
Besource : 23 84 AL AR Heakth Insuance Beview & Assessment Senvice)
Number of Valve Replacement Number of Heart Valve Repair
in Korea in Korea
2,500 1,200
2179
2,000 1,000
1'500 1531 1541 = I o
600
2000 ______—.——-—._ 1100
= e 861 939 400
500
200
0 - 0
2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
==AVR e=sMVR —TVR —PVR HIRA, 2017 =#=-portic <@Mitral =@eTricupid HIRA, 2017
Etiology of Left Valvular
Diseases Heart Valve Team
Euro Heart Survey
g 100% n—
£ ooul Cardiologist
g [ Other
| M Ischemic
E 0% B Congenital .
S 40%) Clinflammatory Anesthesia Imaging;
5 O Endocarditis Patients
£ ORh . Echo e
@ eumatic ;
E 20%1 [ Degenerative Echo(TEE) MR
0%
AS AR MR MS
Type of valvular disease

lung H et al Canadian J Cardiol 2014;30:562-70
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What do Surgeons want to
know before surgery?

= Anatomical abnormalities

= Functional abnormalities
- Functional regurgitation; AV, MR, TR
- PPM
= Tethering of mitral leaflets

Role of CT for HVD

v CT for coronary and/or aorta evaluation
- Aorta; aneurysm, calcification
- Arterial branches for atherosclerosis

v Anatomical abnormalities
- Systole/diastole; valve, ventricle and atrium
- Prosthesis
(prosthetic valve or annuloplasty ring)
- Adhesion for redo

¥ Functional abnormalities
= Native valve function; AV, MR, TR
- Prosthetic valve; pannus, pavavalvular leak, PPM
- Tethering of AV valve

Preoperative Coronary CT

= Screening for ages more than 40 y-o
= Evaluation of sternal adhesion

= Evaluation of bypass graft in redo
- Patency
— LIMA, RIMA course

Preoperative CT for Aorta

= Dilation of ascending aorta
- requiring aorta surgery; 40%

= Aortic arch and branches
— connective diseases(Marfan, Ehlers-Danros)
— Dissection; acute or chronic

= Aortic root, annulus and aorta
* |nflammation

Role of CT for HVD

v CT for coronary and/or aorta evaluation
- Aorta; aneurysm, calcification
— Arterial branches for atherosclerosis

Choo PJ, 77IF, 10622733
2018-4-18

CC: Chest pain and palpitation
D: 1 day
s/p AVR with Epic 21mm, 2011-3-2
Echo(2018-2-7),

— mild AR with good LV systolic function

— LVEF; 75%(38/21), AVPG: 31/15mmHg
Echo(2018-4-25);

— mild to moderate AR with good LV systolic function

— LVEF; 74%(39/23), AVPG: 33/14mmHg
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Aorta Calcification

Choo PJ, /77, 10622733
s/p AVR with Epic 21mm 2011-3-2

2018-4-28

Aorta Calcification

Choo PJ, F/T7, 10622733
s/p AVR with Epic 2lmm 2011-3-2,

Aorta & lliac A. Calcification

Choo PJ, F/77, 10622733
s/p AVR with Epic 21mm 2011-3-2,

Severe atheromatous plaque in aortic arch
« Adhesion of RV, mild

Aor’ta & lliac A. Calcification

¥ Choo P, F/77, 10622733
‘ s.-fp AVR with Epic 21mrn 2011-3-2,

Abd Aorta
Bifurcation
- Cale nodule

Commen 1A — It total, it near
Total calcific obstruction

Aorta & lliac A. Calcification

oo PBJ, F/77, 10622733
R with Epic 21mm 2011-3-2,

Bifurcation
- Calc nodule

Common IA - It total, rt near
Total caleific obstruction

Joo PJ, 77/F, 10622733

2018-4-18

Problems:
— s/p AVR with primary valve failure (AR)
— Severe aorta calcification
— Atheromatous plaques in the aortic arch
— Moderate adhesion of pericardium on RV

— Severe abdominal aorta and iliac artery calcification
and narrowing
— Poor femoral and iliac artery for TAVR

Choice of procedure for redo?

Surgeon'’s expectation of VHD - pre - and postop 103
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Aortic Valve

= AS for evaluation
— Aorta
— TAVI, Sutureless AVR, sAVR
= AR
- Aorta
— Causes, other valve lesions
— Endocarditis; extent, abscess
= Annuloaortic ectasia
— for root replacement with/without prosthesis

AGS 79/F, 11926406

= CC: Chest tightness

= D: 1 month

= PI: known aortic stenosis for 5 years
— Recent echo at femur fracture surgery
2017-11-1

Sever AS with good LV systolic function
+ LVEF-86%, AVPG: 110/74mmHg
+ STS score: 2.58%

AGS 79/F, 11926406

AGS 79/F, 11926406

AS Evaluation for Suture-less AVR

Ahn GS, F/78, 11926406
AS s/p AVR with Perceval 2017-12-4,

STS Score; 2.57
AVPG: 120/68mmHg

02

' ”‘P‘ 29
AORTIC ANNULUS AORTIC ROOT SINOTUBULAR JUNCTION
DIAMETER (mm) = A HEIGHT (mm) DIAMETER (mm)

21s A <23 <22.5 £27.3-299

YHS 84/F, 8452024

2014.10.28 CT: Severe AS, Severe MAC
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8452024 YHS, 84/F
2017.6.30 post op CT

Aortic Root, Valve and Aorta

| Aeq

Cuellar H, Radiologia 2013;55:24-36

3313336 F/43

Marfan Syndrome, Annuloaortic
ectasia
Aortic root replacement with aortic
valve preservation

CT

3313336 F/43

2015-02-11 postop CT

3313336 F/43

Surgeon's expectation of VHD - pre - and postop 105



Park GY, M/33, 8264363

+ Park GY, M/33, 8264363

+ S/P BAV repair — raphe division and adjust
coaptation margin using interruptted
Prolene suture 2016-7-19

Park GY, M/33, 8264363
S/P BAV repair - raphe division and adjust coaptation margin
using interruptted prolene suture 2016-7-19

Park GY, M/33, 8264363

« Park GY, M/33, 8264363
S/P BAV repair — raphe division and adjust
coaptation margin using interruptted
Prolene suture 2016-7-19

+ Redo AVR due to DOE with AR 2017-3-28

Role of CT for HVD

v Anatomical abnormalities
- Prosthesis
(prosthetic valve or annuloplasty ring)
- Adhesion for redo

v Functional abnormalities
= Native valve function; AV, MR, TR
- Prosthetic valve; pannus, pavavalvular leak, PPM
- Tethering of AV valve

o—KJR

Measurement of Opening and Closing Angles of Aortic
Valve Prostheses In Vivo Using Dual-Source Computed
Tomography: Comparison with Those of Manufacturers’
in 10 Different Types

YYoung Joo Suh, MD, Young Jin Kim, MD, PhD, Yoo Jin Hong, MD, Hye-Jeong Lee, MD, PhD,
Jin Hur, MD, PRD, Dong Jin Im, MO, Yun Jung Kim, MD, Byoung Wook Chei, MD, PhD

All authors: Depertment of Radiology Research [nstitute of Radiolagical Science. Severance Hespital, Yonsei University Coliege of Medicise, Seoul
03722, Kerea

Original Article | Cardiovascular Imaging

bitepe e, o oo 10 3368 k. 2015.16.5. 1012
PESH 1223-6529 - #1558 20054330
Korean J Radiol 2015:16(5):1012-1023
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Normally Functioning Valves

Tabla 3. (T Measurement for Opening and Closing Angles in Rormally Functioning Valves Accerding to Valve Type

T Measurement Manfacturers’ Value I:*
Opening angle (cegeee) 79.1 (76.5-83.3, n = 36}
SR [n = 23] 81209 &5 <0001
Carbomedics (n = 15) 121 " 0121
AT {n = 12) 695428 = <0001
00X {1 = 10} 90421 0 0,001
Sorin (n = ) M3z 15 o 0225
MIRA {n = B) 8.6 2 0.6 & <0001
Deromedics (n = 5) 7.0 (760-71.1] T 0,063
S (n = &) 83,4 (83.1-818) = 0125
Ml (=1} 598 @ NfA
Clasing angle [degree) 745 (13.0-20.8, n = 84)

SR (n = 23] 8.6 26 o 0016
Carbomedics {n = 15) %3z13 E=3 0038
TS {n = 11) 747413 ] 0.407
00X {n = 10} 403105 0 0108
Serin (n = 8) 2.7 411 o 0004
MIRA {1 = 8) 19112 El 0.003
Deromedics (n = 4) 19.3 (17.9-20.4) El 0625
S (n-3) 2.5 (28.7-30.2) Y] LX)
M [ - 1) [ o MR

CT = computed tomagraphy, MH = Medtronic-Hall, S = 51, Jude Medical, SIR = 5t. Jude Medical Regent

Jin Hor® + Byoung Wook Choi' « Byung-Chul Chang’

Inu J C3
NN 1010

H15) 30:1271-1 280 - N
A 506831 CrossMark

ORIGINAL PAPER

Utility of cardiac computed tomography for evaluation of pannus
in mechanical aortic valve

Young Joo Suh' - Young Jin Kim' - Sak Lee” + Yoo i

En face view

Long axis view|

Valve type On-X

Valve size (mm) 23

Mean PG (mmHg) 12

GOA (em?) 191

LOM absent

Opening angle (%) 82

Etiology bicuspid rheumatic
Age at AVR (years)  50.3 513

FU CT Evaluation

Aortic prosthetic valve

Intereaciesal joumal ofC

ology 214 (2096] 454-460

Coments lists available at ScinceDirect .
ooy
International Journal of Cardiology
journal homepage: www._alsevier_com/locatesijcard .
Added value of cardiac computed tomography for evaluation of @ s

mechanical aortic valve: Emphasis on evaluation of pannus with surgical

findings as standard reference

Young Joo Suh ™', Sak Lee ™', Dong Jin Im ', Suyon Chang **. Yoo Jin Hong ', Hye-Jeong Lee *, Jin Hur ',
Byoung Wook Choi*', Byung-Chul Chang ™', Chi Young Shim © . Young Jin Kim ***!

. ol b I

FU CT Evaluation for AV

Suh ¥J et al 1) Cardiol 2016;454

[4

R

Role of CT for HVD

¥" Anatomical abnormalities

- Prosthesis
(prosthetic valve or annuloplasty ring)
- Adhesion for redo

v Functional abnormalities
= Native valve function; AV, MR, TR
- Prosthetic valve; pannus, pavavalvular leak, PPM
- Tethering of AV valve

Surgeon'’s expectation of VHD - pre - and postop 107
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HOCM and Mitral Valve Rim TY, /45, 8051902

= C.C. : Presyncope and intermittent dizziness

= Anatomical abnormalities " D. :2weeks
= LV shape = Associated factors: Exercise
- Morphology of mitral valve (Running across a crosswalk)
- Subvalvular structure = PHx.
= Functional abnormalities HTN/ DM (- /-)
- Native valve function: AV, MV, TV Severe MR due to Flail PML Dx. (Outside Hosp.)
- SAM => Referred to CS Dept.

= MV repair with C-ring #30 (4 months ago)
under lower sternotomy
* Post-CPB TEE; mild SAM was noted

MDPG: 6.4mmHg
(HR: 73 bpm)

What happened?

53mmHg
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MR with SAM

Kim TY, M/46, 8031902

MR with SAM

Kim HT, M/46, 8031902

LA Appendage

= Morphology
= Size
= Thrombus; small or large

25 avislabile ot SciervcaDiect

International Journal of Cardiology

journal homepage: www . elsevier.com/locate/|jcard

Correspondence

Significance of left atrial appendage filling defects on cardiac CT prior to @lw,.“
pulmonary vein isolation for atrial fibrillation

Arushi Madan®, Warren Yan*, Peter Byrne ", Michael Ward **, Peter Hansen *, David Whalley *,
garatnam *, Gemma A Figtree **

Mitral Valve

Annuloplasty Rin

Suh Y, J Thorac Cardiovasc Surg 2015;150:1082-90

RV and Tricuspid valve

= Functional evaluation of RV

= Tricuspid valve
— Morphology
— Annular shape and diameter

Surgeon's expectation of VHD - pre - and postop 109
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CT for HVD

* Progression of valve diseases
= Paravalvular leakage
= Pannus formation

Mitral Valve

Acquired Cardiovascular Disease: Mitral Valve

Assessment of mitral annuloplasty ring by cardiac computed
tomography: Correlation with echocardiographic parameters and
comparison between two different ring types

Young Joo Suh. MD," Byung-Chul Chang, MD, PhD.” Dong Jin Im, MD." Yun Jung Kim, MD."
Yoo Jin Hong, MD," Geu-Ru Hong, MD, PhD," and Young Jin Kim, MD, PhLY

Valvular Heart Disease

Assessment of Mitral Paravalvular Leakage After Mitral
Valve Replacement Using Cardiac Computed Tomography
Comparison With Surgical Findings
Young Joo Suh, MD; Geu-Ru Hong, MD, PhD; Kyunghwa Han, PhD; Dong Jin Tm, MD;
Suyoen Chang, MD: Yoo Jin Hong, MD, PhDy: Hye-Jeong Lee, MD, PhD:; Jin Hur, ML, Phi:;

Byoung Wook Choi, MD, PhD); Byung-Chul Chang, MD, Phi); Chi Young Shim, MD, Phi;
Young Jin Kim, MD, PhD

The diagnostic perfformance of cardiae computed tomoy
nitral valve replacemient has not been investigated inal
accupacy of CT for diagnosis of mitral PVL using =
performance of CT with those of horacic echocan

phy (CT) for desection of paravalvular leakage
population. We aimed to investigate the di i

standard reference and to compare the d
hy (TTE) and transesophageal ect liography (TEE).

Suh ¥J Circ CVI 2016;9:2004153

CT in Heart Valve Disease

Circulation: e 0 )

Cardiovascular Imaging

HOME  ABOUTTHISJOURMAL v ALLISEUES  SUBJECTS v BROWIEFEATUAES +  RESOURCES AWAJOURNALS =

CRIGINAL ARTICLE

Comparison of Cardiac Computed Tomography With

Transesophageal Echocardiography for ldentifying Vegetation and
Intracardiac Complications in Patients With Infective Endocarditis

in the Era of 3-Dimensional Images

Ir-Checl M. Juran Charg. Seu-Re Hoag. Seeng Hyw Lee. 30k Lt Jongrfion Ha. Byung-Chal Chang. Yeusg An Kim ON Yourg Shie
Conclusions—Cardiac CT shows a comparable diagnostic performance with
TEE for large vegetation and several IE-related complications. TEE is better
for detecting small vegetaticn, valve perforation, and intracardiac fistula,
whereas CT is more useful for detecting perivalvular abscess and coronary
artery disease.
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What do surgeons want to know
after surgery?

* Anatomical abnormalities

- Progression of native valve disease
* Functional abnormalities
» Stenosis

— PPM; prosthesis and/or pannus

» Regurgitation; valvular and paravalvular
— Endocarditis with/without abscess
— Tethering of mitral and tricuspid valve

» Ventricular function

Thank you very much
for your attention!

Surgeon'’s expectation of VHD - pre - and postop 111
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May 13 (Sun.)

SESSION 5
Beyond the ACS in Patients with Acute Chest Pain

Chairperson  Seung Min Yoo (CHA University Bundang Medical Center, Korea)
Akira Kurata (Ehime University, Japan)

Presentation

Update of new cardiac biomarkers
Speaker Jang-Whan Bae (Chungbuk National University Hospital, Korea)

CT diagnosis of ACS and mimics - focusing the heart
Speaker JiWon Lee (Pusan National University Hospital, Korea)

CT diagnosis of acute aortic diseases- significant mimickers of ACS
Speaker Takuya Ueda (Tohoku University Hospital, Japan)

MR diagnosis of ACS mimics
Speaker Sung Mok Kim (Samsung Medical Center, Korea)

Panel Discussion

Panel Sung Gyun Ahn (Wonju Severance Christian Hospital, Korea)
Sang Min Park (Chuncheon Hallym University Medical Center, Korea)
Kwang Nam Jin (SMG - SNU Boramae Medical Center, Korea)
Young Jun Cho (Konyang University Hospital, Korea)
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Update of new cardiac biomarkers
Jang-Whan Bae (Chungbuk National University Hospital, Korea)

Conditions to be good biomarkers

Austin Bradford Hill’s guidelines that increase the likelihood that an
association is causative

Guidelines Characterstics of useful biomarkers
Srength A strong association between marker and outcome, o between the effects of a trestment on each
Consistency The associztion perssts in different indniduals, in different places, in different ceoumstances, and at different tmes.
Spedficty The merker s associated with 2 specfic disease
Temporality The time-courses of changes in the marker and outcome ooowr in parallel
Biological gradeent Increasing exposure o an intervention produces increasing effects on the marker and the dissase
{doseresponsiensss)
Plausbity Crechble rechais S naiE e o T M
Coherence The association s consastent with the natural history of the disease and the marker

imental eidence  An i on gives results consstent with the assodation
Aoalogy There s a similar resulk to which we can adduce a relationship

New biomarker should be superior than older one, or at least addictive.

New biomarkers in cardiovascular diseases

microRNA
Omentin-1
Galectin-3

sST2

microRNA: overview

microRNA (miR)
Short (17-25 nucleotides) non-coding RNAs
Main function: regulate gene expression by hindering the translation of specific mRNAs at the post
transeription level
Nuclear RNA polymerase I1: transcription of the primary microRNA (pri-miR) from the genome
Enzyme complex of Dirosha-Dger8: pri-miR into an 60~70 hairpin structured preaursor miRl (pre-miR)
RanGTP-dependent nuclear export factor, exportin-5: export pre-miR into cytoplasm
RNAse Il complex: deaves pre-miR into the mature duplex mill
Ome stramd: incorparated into the miB-induced silencing complex (miRISC)
The ather stramd: degraded
Prevent target RNA translation or degradation

Non-canonical pathways for miR biogenesis
Dirosha-independent pathway, Dicer-independent pathway
Fine RT-PCR: not easy in the House-lab setting

microRNA: biogenesis

L——

Deftosa 5, Indalfi C etal. Cire [ 2014, 78:567-75.

microRNA: vulnerable plaque detection

Transcoronary miR gradient and OCT
Aortic bulb and coronary sinus level of diverse miR
Vasculo- and Atheroprotective: miR-126-3p, miR-126-5p, miR-145-5p
Anti-angiogenic, proatherosclerotic: miR-92a-3p

Breinfl I
F ¥,

oI
ocCT
Plague characters: fibrotic plague, atheroma, fibroatheroma, caleific fibroatheroma
Thin-cap fibroatheroma (TCFA)

lerotic: miR-155-5p, miR-29b-3p

Rupture plaque

Leistmer D, Zeher AM et al. Fur Heart | 2006;37: 173549,

microRNA: vulnerable plaque detection

dhtinct plaque characteritics
Tranucoronary cancentratiors ([CVSAD) of

Bulp Thdp flkdp 1lip 1GSp WSSy AMdp Sihlp Ghelp STeSp NEJp 1 BNP proscin
Plague s WG AN ANE 3% 0P 0B ON1 017 G0N -0 LM -GN o0@ 0o
Fake WOIT 05T GBR AME 081 0N QT a7 G0 08 Q9 W% e TR
Flronc plagees. - AT -000 -0 01 -00% 0 -0 QN A 0N e 06 -0 e
Pk G A5 AN 03k 01 @M 06 0N amd o o N L [0
Aderoma. O 40 G NS oD GBS -0 -0 AIN WY A We e oo™ am
Poden G AN aXe 0M0 G G 0N oW AW u M o L e
Firo shoroms 0354 -A0m s M W e -0ET oo a0 -0 oM o s T oW
Fake WL G5 OME OI® 0NN 01 MW 0SB Q51 086 MM @ e an
i Romsthessen L A6 0E OM0 G0 BB -0ES -00 W A0 OOM WD -GW1 00w
Poaen 066 e GTH 0O OOM MM 0T oMY aw s o e LT s
Har wphage g 06 GG -0 <0001 OS5 -000 OO0 OIS Q0 -aml - o LUV am
Poken 0S5 A WM O G S OMG S e o ol wa L M
TE TR S R T E P T E I T T T - T . S T = T 111
Faake WSS 00 GBS WMD OGNS 00N 0N O 082 0T OE9 G GO QO oem
Rugnuree slage 00T 481 OO OO 00 -G0M OO} -00  -Q1M -0 OGNS G0N G -0O08 O
Poden G AEM G 0D MW W OOM O AIM e O g L L)
Syt s i

-

Leitmer DM, Teiber AM el Fur Heart |. 2006;37: 171849
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microRNA: vulnerable plaque detection

L I ]

i" | + Relation to existence of TCFA
u/ * miR-29b-3p

i * mik-126-3p

U e U * mik-126-5p
Bisy L miR-H-S-Sp

o * mik-155-5p
]" - * CRP

Lestmer DM, Zedher AM etal, Bur Beart . 2016:57:1738-49,

microRNA: STEMI
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' Abessandra Y, Capogrossi MC etal. Fur Heart ], 2010;31:2765-75,

Combination of multiple miR in ACS diagnosis
332ACS suspected patients (symptom onset to door time: 3.2 hours)

A miR-1 B miR-208a c miR-<499
! B 0001 P <0801
P | A=
H i i
1
o ACS ACS Wer-ALS A5 hen ACE L=
D miR-21 E miR-146a
Pt —Feonot
fo !
i B
5
¥ NenACS L] Lt=3

Crerlensans MIF], Shter JPG et al. EMBO Mol Med, 2002:4:1176-55,

Combination of multiple miR in ACS diagnosis

miR showed earlier elevation in ACS even negative of hs-troponin,

Table 2. Rel spression of cirgulati © " 4 ACE math ith a negative h

<3 h n=152) compared to nen-ACS patieats (n = 226)
MideRNA  NonACS rummmnpﬁnmw--' pvalue rasmmmmmdn-' porale

i 1 = 1941 ¢ with

i ome WREmm===d gy pmmmmm——d gy
miR-208a 10402 1807 0.03 4108 001
miR-459 10403 M0 0.00 FLUELLY 000
miR-21 10403 15508 000 11005 000
miR-1462 10404 61413 0 119408 0.00

Data are presented as mean+ SEML pvalue mersas non-AS patients.

Oerlemans MIF]. Shaijter PG et al. EMBO Mol Med. 2012:4:1175-55.

Combination of multiple miR in ACS diagnosis

Combination of miR increased AUC upto 0.9 even at the time of negative hs-
troponin,

Table 5. ALICs and Odds raties of miRNAS in suspected ACS patients with a negative hs-troponin in a dinical model (n = 194)

Marker AuC 5%a o %0
=

Clinical mode () fose 07603 W “

M candiac troposin I oss | 017084 m "

M+ cardiac hs-rogenin T Joss | 0.79-093 A m

M+ cardiac hs-troponin T with bmmd
miRk-1 I 0sr I 0.87-096 14 118173
miR-2082 I 087 I 0.78-0.95 m 095-135
miR-459 I 093" I 0.87-0.95 118 118-161
miR-21 I (11 I 0.88-097 1M 115-155
k1462 ] oss | 07805 106 097-115
miR-1+miR-459 + mik-11 I D.E I 0.83-099 KA L'}

Chealemnans MIF], Shufter [PG et al. EMBO Mol Med. 2002:4:1176-85.

miR-145: inverse relation with atheroma burden

Serum miR-145 and coronary atheroma burden in CCTA.

miR-145
an 3>
ST

02
as

al
ao +

o~ .

P Nopleme  Nonocsohed  (akfefpiiee  Meedplsgee  lenglepne 0 pleee
.

Riwe |, Dimmeler 5 etal, Ciroulation, 2011:126:A1306.2,
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miR-145 suppression & coronary plaque burden

miR-145 overexpression reduced aortic root atherosclerosis in ApoE“' “motse

Ravwrem F,Verma § et al. Circulation. 2012;126[suppd 1):581-50,

miR-146b in acute human stroke
Increased serum miR-146b within 24 hours after stroke
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Chen 7, Wang . et Cell Fhysiol Biochenn, 2018:45: 397405,

Candidate miR in cardiovascular diseases

miR-134, miR-2107
miR-115, mif-290,
miR-252-5p, miR-324

Heart Failure
miR-107, miR-126,
mifl-124, miR-139,

miR-142.5p, miR-423

Acute Myocardial Infarction

Figare2. The g micsoRN

ising biornarkers for cardiovascular diseases ane lusirated

DieBosa 5. Indolfi C etal, Circ | 2014:78:567-75,

microRNA therapeutics

LNA-modified Anti-miR15 reduced ischemic cardiac injury
c o

L by 10 eons

58
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Hullinger TG, van Rocij E et al, Cire Res, 2012,110:71-81,

Omentin-1: overview

Omentin-1
Adipokines from adipose tissue
Leptin, adipenectin, TNF-A, IL-1, IL-6, PAL-1, angiotensin, endothelin, resistin

Omentin-1
From adipocytes in lung, intestine, and heart tissue
Anti-inflammatory action
|m|'1m\'r insulin sr.n.-aili\;ily via aytocrine and para(rinr actions

Negative correlation with waist circumference, BMI and insulin resistance

ELISA, Immunoassay

Mot easy in the House lab

Omentin-1: carotid atherosclerosis in MS

Table 1-T aaterials between MetS a

MetS+AS (30) MetS-AS (30) (30)
Ap 5993 = 944 L RcES LY 5403 £ 943
Gender male/fmals) 1614 m 17
Waist circumference fcm) 3NN 9657+ 580 B35+ 438"
B kg/me) W 2341 %699429 034256
SEF (mm Hg) 15367 £ 13583 pUF:ES LY 12600 + 68
DEP fmm Hg) S03z11m Byi15 79331515
TC {mmollL) 5292090 490:18 442:0620
HDL {mmal/l) 138044 1444037 153037
LDL {manckl) 2722067 265417 1240430
TG {rmol’l) 1952100 1915 13077
FBG (mmo¥L) 6302087 SE5 40674 5114052
HOMA-R. AN:1% EESE Y 1731098
Omentin-1 fng'ml) 10564341 B4+ 580 34584423
Data were showed a5 means £ SE. MetS group Ap <0.5; MetS group ‘p < 0.03; Mets goup
AP < (L05; MetS-AS versus MetS+AS group [p < 0.01. BMI, body mass index; SBP, systolic blood pressure; DEF, diastolic blood pressure; TC,
total cholesterol; HDL, high-density Epoprotein; LDL, low-density lipoprotein; TG, triglyceride; FBG, fast blood ghucose; HOMA-IR, insuln
resistance index.

van Rooij E, Levin AA et al, Circ s, 20121 10:496-507.

Lin B, B P et al, Diabetes Ries Clin Pract. 2010:83:21-5,
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Omentin-1: severity of CAD

CAD vs control,and CAD severity measured with SYNRAX score

Table 2. o » AD) [ ) .
B - ‘ll'l—l'tﬂklla‘ﬁ;hﬂm- :;HK;* G Between SYNTAX Score, Omentin |, and
[ 1] ¢
Usivariace analyss (varables) Correlation
Fasnidy history 1% loxide  <dts || Variables Coefficient (r Values) P
Dabetes melius FE IS ST
Hyperseraicn 163 1314 L]
Hypergatenea m oam om ||Ae 197 008
Smokig . :: :ﬁﬁ ::: Dizbetes mellius 398 <001
Mk logink reresion walyis fasable) Smioking ) Je4 ol
Famiy Noory 5 m;:‘ J.is Hypertension 1l 005
Dibetes melinss i e
Hyperianiien s omis s | |peripdema 056 i
Haperigidema 4 LS o || BMI b 8
Seoking 1 M || Omen =
Omentn | levels 1] 110 ] i leves o <0l

wam Fuooij E, Levin AA etal. Circ Res, 2012:110:496-507.

Omentin-1: risk of AMI and stroke
From EPIC-Potsdam cohort study: 2084 sub-cohort for 8.2 years follow-up

Table 1
Churacerstia Quarties of cmesti-| i the subeshent” ploewbesd s vmd’
a [ o o
] 519 ) 19 ]
Omensind ogfeif 265(506-3005 11 (M24-303]  LIEAN0-4H] 5B (5174-606)
e 1] an 186 na ns o L1}
g ean] CAMESALI)  ABI-BS)  SIO9(EI-5E  S9(825 a0 a0
Wit cirmionce 0| BARET)  OABS-RY)  WAISIES  S)M2E e <At
Prysical acthey, [ijwort] 0B{ET-I0) DSVTE-105)  QSRELE 12S{L-141 [ an
Semoling [¥] o [}
Hoe-smker aw aw wy s
Esks < Syeas b n ma 8
bk 8 peury u 6 Y s
Smoler < Wogmenedyy 160 rt] "2 126
Seuer : Mopimenidy 73 B o L]
Eduioos [t] o LY}
Ureked o skibed o 0 w2 B
Techwical Cllege 4 pit) ns ni
deprte @ 45 2 ol
Prevadent dubenes 1] o ] “ 1] o 00
Antdiahetic medhcation [1] 15 15 u k] om 00004
Prevadest hyperension [3) ar i A s s [
Aethyerteashe mediation[1] 194 160 166 1an L] o
Upddowring medicssen [t 47 4 ) w 05 [
ot choeerai [mmal 524515533 526 (517-5.36) 526 [817-535) 537(527-5.46] (] o4
[ IGEAN] R LA 153(150-15 o0 [
Trghycerde |mancd] L8471 1[I LN L1 e a1
el %28 ISLI-19) LBLS-2N] s8] s
Adiponedn fsgimi] BOS[BET-TNY  TW(LA-RI0)  RN[IM0-RSS)  MNRST-RY el <At
Aol [/ 146 (128-163) 165 (M48-182) 165 (149-182) 194{177-211) Ao 00004

Menzel |, di Giuseppe B et al, Athercsclerosis. 2016; 131:415-21,

Omentin-1: risk of AMI and stroke
From EPIC-Potsdam cohort study

Table
Hazard rascs of M and 2ok according o quastibes and per doubling of omertin-1 kevels.
Qurtles of omestin-1 evels plortrend  Per doubling of omentine1
L @ @ L) pake
Omentie-1 [’ 265 (1506-3074) A2 (MD-1905) 4396 (4200-4622) 5719 (5195-6426)
Subcobent particpasts (n) - 519 5 519 s
Folowaptime [yean| 4458 ams 4 LT
Mz = 2267)
n) a 5 54 @ -y,
Sexand g adpted Reference Q9(0E-154) 091 [06-1E) 095|061 050 056(058-135) 'h!\
2 Referene 0oj0se-141)  ogTe-1st)  ueenfCisn o 119(081-175) 037
¥ Referense UB0S-14)  0S0E-L)  nEINY 08 L7eN-T yl
Stweke [a = 2051) -
Caes (] H EL] 55 5 - ————
Seadageadied  Referenz 19075220 AT 29015000 T Q000 202(15H4-2)
Modd2* Releren u6-22)  se-2n) reafios)  oton 231(15-335)
Modd 3 Referenc IM(071-216)  1SB(004-286) 2201 00N 122(12-32) o

T ——

Menael |, & Giuseppe Bt al. Adberoaclerosis, 1016;151:415-21.

Galectin-3: overview

Galactin-3
B-ga]a(.‘ll)side ])inding lectin
Released by activated macrophage, leukocyte and mast cell
Regulate [ibrogenesis, inflammation, cell proliferation, and tissue repair
Clinical implications
Inflammation, scar formation
High expression in acute and chronic IV everload
Associated with LV remodeling
Predict major event in acute and chronic HF
Immunoassay, ELISA
Still net in the House lab

wvan Rooij E, Levin AA ctal. Cire Res. 2012:110:496-507,

Galectin-3 in moderate to severe symptomatic HF

Deventer-Alkamaar Heart Failure study
NYHAFel/IV, IN-EF 30.9%, 6.5 years follow-up

Table | Bael - icy of e wudy pop quasie of pleci ) veh
Busehne duncimsic Mwbecs  Galectine} guartle vl
=R Tde nnens weeae ipum
apal) el ) o)
A =8 e g

Age eese (D) ) WIMH  MENLD  TMEAR  TEEN  MeOm  am
Ml (%) ™ ™ %1 i ™ i
Inchemic esology (%) 1] b n o L] oy
IR Tl s £

m * L w L} [} S

I ] H " ] 1 N
LVEF, mean (500 WG4 NN RIED  MAED HAODG NS
BAL mess 50 g’ BIAN nRAY BRA Baan p-LITE T T
Disbeies el %) 0 u z £} n s
CoRD ) » -] E:} 4 8 NS
Sk (3) " " © " 5 s
GHR, e (51} (mLimisi S0l IO MeiLs LM ales Qo
NT-grob b, s (50 LEOWIET BUINE NS0T SKSSEL) @I2eN4 oS
Iy

Galotind vl mean (D ingial) 186078 I30& ISR LI L]

F s p—prpr—r

) By ma e, dewe, LVEF et TR New Yok Hean Ao
catn. NS ot s

Lok DY, vam Vebdhuisen D] etal, Clin Fees Cardiol, 2010;99:325-5,

Galectin-3 in moderate to severe symptomatic HF
Deventer-Alkamaar Heart Failure study

1

___'_____,_,._._—-—-—-—;“\rl
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Follow up fyears)

Fig. | Kaplao-Meier curves acconting b0 quares of baseline
plecied vabes, Lopnsk P= 008, 01 piktind ke
<1363 nghul. O 13431760 nghal., 0 1764-2062 nghnl. (4
2162 nghal.

a3,
gl
Lok 1], wan Veldhuisen D] etal, Clin Res Cardiol, 2010;99:523-5.
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Galectin-3 in HF with preserved EF

419 admitted patients with HF and EF > 45%

[T Table3
i v i in-3 > matian (138 ngimi)
‘with all-cause mortality at 1-year blow-up.
g"' BRI brgaecind  Prakie
E Univariat (galectin-3 aly) 187(131 - 267) A0l
e 0s +hge 17518 - 251) pa
H gt R 163(LM - 234) 0087
H A+ R+ anemia G115 - 236] 0006
= +Age + G + anemia + K" 163(1H - 234) 000
e +Age+ G + anemia + KT+ 154107 - 200) 049
H NT.
H +hge + eCR + anemia + N0© + 142107 - 201} anst
Y 02 NT.pecBNP + KYHA
| +hge + R + anemia + N7 + 14600 -211) 0040
NE-pecBP + NYHA + Urea
| ——— ~rae)
G123 45 6T 8 9 0N || IR ot R MHA
Follow up (months) cation clas; Na”, serum sodium.

Carrasco-Sinchez T, Pérez Cabvo [l tal, It Cardio, 2013,169:17-82,

Galectin-3 in repeated check
Cohort with CORONA and COACH studies

— bigh High B 47 — Hgi—Hgh
— High+Low w
0l — Low=tagn
— Low +Low

Log-Ranik Test, Pvalue<0 001

Log-Rank Test, Pvale<0.001

R 2 % & 8 ] ]
Time ko event {morits)

van der Vebde AR de Boer BA etal. Cire Heart Fail, 2003:6:209-26..

ST2: overview

8T2, as a cardiovascular risk biomarker
Member of the IL-1 receptor family
Released from cardiomyocyte under mechanical strain

ST2L: transmembrane form, s5T2: soluble form

512
Martality prediction in heart failure and AMI
Causal role in chronic cardiovascular disease, eg atherosclerosis, heart failure
IL-33/5T2 pathway in chronic heart failure

Can be performed in the House lab ALREADY !

ST2in acutely decompensate heart Failure

s$T2: high in systolic dysfunction,and high in mortality patients

Characterisics of stdy patients o function of kel weatriculsr cjection fracticn
Variathe Overall Leh Ventricuar Eyection Fracion Vil
{n =40 —zm 8
n = 197) n = 250

Left ventricular ejection fraction (%) 0260 60 (85-45) sy <ol
Adstizion New York Heat Ausociation hunciosal class 0

u Lidei o) s 53%)

m 156055 B302%) 90 07%)

Iy 160 G050 T 00 (0L
Estimated glomenalar filintion rae (mbima/. 73 m') (e 61 4083y &5 4590 (]
Bhood wrea sitroges (mphl) il U8 X (1435 03
Coreactive protcin {mgidl} KL TRTE) - 2465 NB0-99%) a3
Troposia T nglsl) 001 1001004 001000 0006 (010062 [
Plasma amino lerminal B-iype natsforctic peptide (ppfmll ~ 13SR(1AA60250)  LMS(IMAEM)  AN9OMLILISY <00
Soluble ST (el 04780840 0380260 055 030-108) <00

Dt are. = mea + 5l medun ora (%L

Manzano-Fernandez S, Mueller T et al. Am | Cardiol. 2011:107: 23967,

ST2 in acutely decompensate heart Failure

s8T2: high in systolic dysfunction,and high in mortality patients
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Manzano-Fernandea 5, Mueller T et al. Am | Cardiol 2011;107:239.67.

ST2 in STEMI treated with primary PCI

Early risk stratification with ST2 and NT-proBNP in well-treated STEMI
CV death, non-fatal M1, non-fatal stroke, ischemia-driven revascularization
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VUL |, Kang W et al. PLoS One, 2017:1 2:e0152629

Update of new cardiac biomarkers 119



ST2in prediction of late LV remodeling after MI

S§T2and NT-proBNP in early, late and non-LV remodeling after ant. wall MI

Siollng merpuryment; Bamcuth soppsrpsnati
ST2 (gl NT-5euBNP (ng/L) $72 [mg/ml) NT-proBNP ng/L)
s . e 0T g 00 g
- | & : -
L] o o e & ® %
8 ;3 i 4T e s & e -
o 4 2 , 8 J 3w 3 - & &
+¥V¥y Txged| L_°° T ==
Hn[‘-’:‘: Ll |:: hnmmn Ll Mf:-,\:“ mn:: Mﬂ:m;:

Biere L, Prunicr F etal. Int | Cardiol. 2018:Epub abead of print.

ST2 in predict m«ortalit}r in TAVI

401 patients treated with TAVI for symptomatic severe AS in Germany
Independent predictors for 1 year mortality
S1S score
LY ejection fraction
.\'Ilme.\'I’
ST
but, no incremental prognostic value on STS score and NT-prolNP

Stumdl A, Lunetedt N5.et al, Am | Cardiol, 2017:120:986-93,

Serial ST2 in MADIT-CRT trial

Mildly symptomatic HF patients who implanted CRT
Prognostic power of sST2 and BNP at baseline

Table2 E d mutivariable risk adjusted of ventricular ambythmias, death or VA, death or HF, and death by levels of $5T2 and BNP
Endpoinini¥ (%) VA evemis 120684 Desth or VA 184684 Death or HF 150684 Death 74634
event rafe (1R9%) 7.0 {.0-84) (269 %) 10,1 RE-10T) (20.9%) RO jA5-9.3) (108 %) 362945

HRESHC)  prbe HROSECH  prbe HRESGCH  pude HREGSGC)  puake

ST LIS 09-140 0058 L3NLI150) 0000 L3100L14-152) <0001 LA5(120-176) <0000
ST17 LI3054-135 o212 123(106-143) 0007 L26(108-148) 0,004 LAL(LI3-LTG) o0
ST LOOS-I30) 037 LI90AMI3Y 003 I2000-141) 003 135(0S-16H 000
BNP 122001147y 04 132(L12-156) 0001 L4320 <0001 17R(135-236) <0000
B 1600159 00 1200081559 0006 LSBO28-185) <0001  1SSLI2I) 0008
BN 124(100-152) 046 L25(14-14%  amT LE3(IM-189) <0001 LAT(LOR-15%) OIS
Event e per 100 patict-yees, HR (95 % CT) asd devistion of g : ST e BP)

* Model 1 aused for tratment arm, age, pender, ischemsic eiobgy, dbotes, hypericnsion, LBES, QRS duraion, LVEF, oGFR, ssd NYHA class
* Model 2, mode] | (above) and baseline $ST2 or BNP

Skali H, Gerwien Retal, | Cardiorase Trandd Fes. 2016:5:421-8.

Serial ST2 in MADIT-CRT trial

Mildly symptomatic HF patients who implanted CRT
Prognostic power of sST2 change at 1 year after CRI-D

A (Ventricular Archythmia): B (Deathor Ventricular Arthythmial:
Kaplar-Meier talure estimates Kaplan-Meier estimales
! — i change8T2  —— »10% nowase i £T2 s ‘: =
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gty o e o VA
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e e e e Al
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Skali H, Gerwien R etal. | Candiovase Trand Res, 2016:9:421-5.

Conclusions

microRNA
Cardiac specific miR: early ACS detection, therapeutic target
House lab capability 7

Omentin-1
Eflective marker in metabolic syndrome or diabetes
Vulnerable plaque

Galectin-3
HE ACS and event prediction
ELISA, Immunoassay, but house lab (-)

sST2
HF diagnosis, LV overload/remodeling in AMI
Possible in house lab
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CT diagnosis of ACS and mimics - focusing the heart

Ji Won Lee (Pusan National University Hospital, Korea)

Z feq
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CT diagnosis of acute aortic diseases- significant mimickers of ACS

Takuya Ueda (Tohoku University Hospital, Japan)

ER patients with chest pain
Intestingl . e (Critical 3 diseases
— Acute coronary syn. (ACS)

Acute aortic syndrome (AAS)

L Acute aortic syn. (AAS)
- T nc (4]
ponary embolism (PE)

- bronchi

Chest pain Imaging
in ER Strategy

— herpes zoster Misc_.
AAS | Aortic diseases etc. 51%

concept Pathophysiology

-
9 Fam Pract 2001; 18:586

Recent consensus
Acute Aortic Syndrome

Acute Aortic Syndrome (AAS)

Vilacosta and Roman. Heart 2001;85:365-368 : ) )
Aortic Dissection (AoD)

—< Communicating type (Classical AoD)

— ‘Non-communicating type
= Intramural Hematoma (IMH)

Penetrating Atherosclerotic Ulcer (PAU)

Acute life-threatening aortic conditions
in ER characterized by chest/back pain

ICOs

— Life threatening, in-hospital mortality 25%
— Not based on pathological definition
- Heterogeneous diseases with different etiology

Aortic Aneurysm Impending rupture
— (Traumatic Aortic Transection)

— (Aortitis)
‘I'.'ta!u..-. e

@ 16 MDCTI D ——————
' Do not skip non-con CT

Imaging Strategy of AAS ;
Th

elIntramural hematoma
eHemorrhagic pleural effusio
e Calc.—Atherosclerosis

® Non-contrast CT 3mm/.
- Detection of calc./hemorrhage

Tmm/0.7mm

- CTA chest-abdomen-pelvis
Thoracic inlet ~ Femoral a. !

O SasslSh)
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l Motion Free Imaging
More static !

= Intima

elastic lamina

] - Media

elastic lamina

Elastic Lamina of Aortic Wall
Fedak, P. W.M. et al. Circulation 2002

pri ey .0

"Pathogenesis of Aortic dissection

Elastic Fibers

> M:?
® Loss of 3D bridging of
elastic lamina o

2 G :
& "l‘i‘z; Nakashima ¥, Annals of Vascular Dise
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- Dilemma of applying
ECG-gated chest CTA in ER situation

® PROS
- High Image Quality
entry detection, flap motion
coronary assessment
® CONS
- Complicated procedure
Long scanning time in ER
Postprocessing time

| know ECG-gated CTA is good tool,
but.... difficult to apply in ER situation..

Takugalaia e
LRSS AR

{ Vulnerable
[

® Loose connection bwn
intima/adventitia

Essential pathophysiology
i T i |
f Vulnerable Medial Layer! ’.

b . . )
Loose connection
bwn intima/adventitia

Trigger of onset
“Entry” formation =tear of intima
(mechanical force, athrosclerosis, infection....)

'Intimomedial flap’
=inner 2/3 of med + intima




Recent result of
surgical outcome of AoD

Perioperative
maortality

JCS 2011 Guideline

* Gen Thorac Cardiovasc Surf

@ Intramural Hematoma (IMH)
Traditional Concept

® Definition
- No open flow channel
- Hematoma within media
® Pathology
- Rupture of vaso vosorum ?!

Many controversial issues!?

@ Non-com. type AoD = IMH
54 yo male w/ acute chest pain
T S

Takugalaia e
e

m Surgery  I(B) [ R “ © ”

& 1vics

Level
JAMA 2016 Grade

I(B) Surgery I(B) Surgery I(B)

RS Medical Tx 1(B) ":{5:'{,‘ uﬁ:} "“r'g.r'n? o llli(\?t)

TEVAR IC

/ Medical Tx  1IA(C)

1A(C) Surgery I(C) Surgery HA(C)

Medical Tx I(B)

HAC) |

Medical Tx I(C)

Medical Tx  NIA(C)
e || 5 =

Dissection & Variants

Classical AoDp Non-com. Non-com.

Dissection w/ULP Dissection
hematoma w/i media
no flow channel

=IMH

hematoma w/i media
entry (+), reentry (-)

. N\

medial channel
entry/reentry (+)

True
lumen

1 mm
complicated=unstable

Stanford Trgen~ A
IMH "

.'

ULP on Asc. Ao
av A,
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Aortic aneurysm

e Segmental, full thickness dilatation of Ao
. greater than its normal @
® TAA >45 mm , AAA >30 mm

- Atherosclerosis (true aneurysm)

- Infection (Mycotic An, Siphyris) > 30 mm

- Inflammatory AoAn (s1gG4 related aortopathy
- Marfan/Loies-Diez syn.

- Congenital (ex. aortopathy in TOF, BAV.)

- Trauma

@II

'»\f.l.tu. n

@ . .
Abdominal aortic aneurysm
at risk for rupture

® Suspect AAA rupture in pts with
- sudden acute abdominal or flank pain
- shock or syncope
- pulsatile abdominal mass
- hematuria or Gl hemorrhage
— known-An to expand > 0.5 cm in 6M

Talgubin ne &

CT Signs of rupture

Periaortic
stranddling

Extravasation
of IV contrast

Retroperitoneal
hematoma

Taltugelide ne _L
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® (Atherosclerotic)
Aneurysm

® Pathophysiology

. mucoid degeneration
» smooth-muscle cell los$

slow growing &
/y .

L

i
Mucoid degeneration g
smooth-muscle cell loss in MediaZss
Loss of Elasticity of aortic walls

Age-related

Aneurysm

Various condition of rupture

® Rupture
® |mpending rupture

- acute, L! to rupture ? or not to rupture ? |
{ Thatis the question... > < |

e Contained/concealed rupture
- chronic, An was sealed after acute rupture

- high ri"po not miss an ambush, that |
might kill your patients !! _E

Talgubin ne &

CT Signs of impending rupture

High-attenuating crescent sign

#® Famous finding !!
' — Sens. 77%, Spec. 93%
- Mehard WB, Radiology. 1994
e But in later cohort study....
- PPV is just 10% !

— Boules TN, et al. Vasc Endovascular Surg. 2006

Talgaliie e @
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@ ®
~ CT Signs of impending rupture ' CT Signs of contained rupture

. . : draped aorta
Tangential calcium sign

Focal dis€entinuity of intimal calgification

Schwartz 5A. et al. AJR. 2007

Talgulbin ne &

CT Signs of contained rupture

Soft tissue density

surrounding Ao Vertebral erosion
- x

® Age: Elderly men (over 70)
® Location: Arch - Desc.

Often multiple
* Prognosis: rupture 5-25%

* Tx: Surgery/Follow/EVAR

aluE
Ando M.et al. Ann Thorac Cardiovase Surg 2003 a/w Systemic atherosclerosis!!
25% in contained rupture coronary disease, aneurysm, renal diseases, ASO etc
Taktugelede ne _L

@

e Ulcerative plaque
- Confined into intima

)
v

4 el '
- Penetrates to media =

e PAU impending rupture
- Penetrates to

e
e Leaking PAU S

- Penetrates through Progressive
lesion

Talugabin ne &

(+) wordwig
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[wntramural blood e !
. uStretch—mark 179?_5_13‘___3___4

p—
pools (IMPBS)™ |

—

ﬁ

° Seikeikai Chiba Medical Center

Limited intimal tear
(Subtle/discrete dissection)

Classical AoD Non-com (focal dissection)

Dissecti

Hematoma w/i media
No flow channel

Intimal defect

medial channel wall ballooning

entry/reentry (+)

7N e N\
\! 4 X A\
3 \ A
True { False | L Clot/ |
lumen 'Iumen! Hem. |
] ¥ )
F \
/ \ F/
. 7,

- veinll o el e
S—— S ot

0 Seikeikai Chiba Medical Center
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&

ESC guideline 2014
Acute Aortic Syndrome
e Class 1: Aortic Dissection (AoD)

- Communicating type

- Thrombosed type (Non-communicating)

e  Class 2: Intramural Hematoma (IMH)

e Class 3: Subtle/Discrete Dissection

e C(Class 4: Plaque rupture/ulceration
= Penetrating Atherosclerotic Ulcer (PAU)

e (Class 5: Traumatic/latrogenic Dissection
Taktuyalbudunr \G!

et




SESSION 6
Debate - Hypertrophic Cardiomyopathy

Chairperson  Sang-Chol Lee (Samsung Medical Center, Korea)

Tae-Hwan Lim (University of Ulsan College of Medicine, Korea)

Presentation

How risk stratification and prevent the SCD (overall - family hx, gene, sx, ECG, echo..)
Speaker Jun-Bean Park (Seoul National University Hospital, Korea)

Surgical treatment of HCM -preop evaluation and follow-up
Speaker Joonhwa Hong (Chung-Ang University Hospital, Korea)

Role of CMR for risk stratification
Speaker Seung-Pyo Lee (Seoul National University Hospital, Korea)

Differential diagnosis of HCM mimics using CMR
Speaker Chul Hwan Park (Gangnam Severance Hospital, Korea)

Panel Discussion

Panel Dong Jin Im (Severance Hospital, Korea)
In-cheol Kim (Keimyung University Dongsan Medical Center, Korea)
Ki Seok Choo (Pusan National University Yangsan Hospital, Korea),
Wook Sung Kim (Samsung Medical Center, Korea)
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How risk stratification and prevent the SCD (overall - family hx,
gene, Sx, ECG, eChO..) Jun-Bean Park (Seoul National University Hospital, Korea)

Hypertrophic cardiomyopathy (HCM) HCM pathology: gross

Morphologically, increased LV wall

LA enlargement / remodeling
= atrial fibrillation t

thickness with/without LVOT dynamic

obstruction

Abnormal myocardium / MV
= LVOT obstruction t

Genetically, mutations in genes b e E s rater
= myocardial ischemia

encoding components of the sarcomere

HCM pathology: microscopic HCM-related morbidity and mortality

den cardiac death (SCD
Heart failure including LVOT obstrunction

Arrhythmogenic substrate

Ventricular tachyarrhythmia

Arrhythmia, esp. Atrial fibrillation

Embolism

bundle di

e 82 SndISimoStifequent eALSEDESURISH ICD indications for secondary prevention
death in young athletes

Cardiac arrest

Spontaneous sustained VT

Maron BJ et al. Circulation 2010;121:445-56

How risk stratification and prevent the SCD (overall - family hx, gene, sx, ECG, echo..) 135
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Risk factors for primary prevention Family history of HCM-related SCD

History of sudden cardiac death in relatives

FHx of HCM-related sudden death

Unexplained syncope

Abnormal exercise BP response

Non-sustained VT

Severe LV hypertrophy

Moolman JC et al. JACC 1997;29:549-555

Family history of HCM-related SCD Family history of HCM-related SCD

SCD risk ratios Appropriate ICD shock rates
MLYWT g 8
o E | 50
NSVT % & |
EE 49
pEHsymeope éi B | 25 28
Aba BP %&‘i 3] 20
2 o mare RF 4 11
— § N
Massive  Family 5D NSVT Symcope
LvH {Holter)

Elliott PM et al. JACC 2010;36:2212-28  Marron BJ et al. Heart Rhythm 2016;13:1155-65

2011 ACCFfAHA Guideline

Family history of HCM-related SCD Gene: A long way to go......

A family history of SCD was variously

qualified to deaths in those aged >40 years

Ratio of VUS 10 P and LP variants Ratig of VUS to P and LP variants

or to deaths among first-degree relatives

Number of Varnants

only.

Family history-SD in first-degree
relative or
LV wall thickness =30 mm or
Recent unexplained syncope

ICD reasonable

Primary electrical disease Cardiomyopathy
Gene category

M Pathogenic (F) M Likely Pathogenic (LP) B Variant of Unknown Significance (VUS)

Sen-Chowdhry S et al. Nat Rev Cardiol 2016;13:651-75 Lahrouchi N et al. JACC 2017;69:2134-2145
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X

Unexplained syncope

When it occurred in circumstances not clearly

consistent with a neurally mediated event,

i.e. without apparent explanation at rest or
during ordinary daily activities, or during an

intense effort

Unexplained syncope

=l

2

&

i3

;
i
i
!
!

Spirito P et al. Circulation 2009;119:1703-10

Unexplained syncope

=
=

W Unexplained Syncope <6 mo.
Unexplained Syncope > 6 mo.
No Syncope

g

Sudden Cardiac Death Rate
per 1000 person-years (95% CI)

Abnormal exercise BP response

Arise in SBP from baseline to peak
exercise of <25 mmHg or a fall of >10
mmHg from baseline or the maximum

achieved BP.

Normal BP

]
s "7 ABPR

Cumulative Survival (%)

Cunwikative Survival

2
Time After Exercise Test (years)

Prediction of SCD according to abnormal BP response in patients <40 YO with HCM
Sensitivity Specificity NPA
Abnormal BPR 15%

Sadoul N et al. Circulation 1997;96:2087-2991
Olivotto L et al. JACC 1999;33:2044-2051

Abnormal exercise BP response

Table 2. Prevalence and Type of Perfusion Abnormalities in i
Patients With Normal and Abnormal BPR Al G

response is associated
with sub-endocardial

ischemia during exercise

Yoshida N et al. JACC 1998;32:1938-1042
peiLig!

Abnormal exercise BP response is

associated with exercise-induced LV

systolic dysfunction, causing

Ejection Fraction (%)

hemodynamic instability associated with a

high risk of SCD sclin
Ciampi Q et al. JACC 2002;40:278-284

How risk stratification and prevent the SCD (overall - family hx, gene, sx, ECG, echo..) 137
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Abnormal exercise BP response Non-sustained VT

The presence of an abnormal response was

Three or more consecutive ventricular extra-

only considered as a risk factor in patients

systoles at a rate of 2120 bpm, lasting for <30

aged <4o years of age seconds in Holter monitoring of ECG.

Non-sustained VT Non-sustained VT

5 r—— 00, achisied E
2" - g M . f
£ "l ™ 1+ % J NSVT during exercise is associated
E L | | gl e . . - :
2 1 i- é % I — - Ml with an increased risk of SCD in
g L= — i i ol ) i
5 ¢ Fralaend YT T A wE ———————————————
= » ] e o [yar) Pl i

141030 311045 461060 G1to7s [~ [weeem——

Age at Holter (years) e RN N i aipleds

P-value

Exerclse NSVT/AF 3.14
Holter NSVT 5

NSVT is associated with a substantial increase in SCD risk in

young patients with HCM. A relation between the frequency,

0,008

duration, and rate of NSVT episodes could not be demonstrated.

Monserra L et al. JACC 2003;42:873-879

Severe LV hypertrophy Severe LV hypertrophy

The LV wall thickness in any myocardial

segment of 230 mm in two-dimensional § —
S F £z
. é § 1" 7_:&
echocardiography it £5
§ ; gg m:.ilr;uumnl
= N A £3 16-19 e
N w15 g1 -2 2598 w0 = -l
faximal Left-Ventricular. N —
Thickness imm]}
Follow-up [yr}
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Severe LV hypertrophy

Tass 4. Resvrits oF Mutnvassts Cox Prorormrosas-Hazanns Axaurss oF ik Reames mrmwees Base- Liss Cuieca
Vasaanies axn ne Rex or Drang, Appustn ron Ace®

Mo, o
Visumg Susomours Suseim Diarn IN=23) Duarm D 1o Hies Faovim (N=15)  Darw ricm Aarr Caus (N =080
o AQD  WTLATVE IBE (%R 1) FUALT  KLATO MK (9% CI) P wam

L Lo 141 (189-18 anos
wou 28511 e
L3 L85 (L08-319) L1
ale - 08l
on 0T (4TI 00T

Spirito P et al. NEJM 2000,;342:1778-1785

and sumber of risk factors

The risk of SCD associated with a wall thickness of 230 mm in
patients without other risk factors is insufficient to justify
aggressive prophylactic therapy. Most SCD occurred in patients
with wall thickness <30 mm, so the presence of mild hypertrophy

cannot be used to reassure patients that they are at low risk.

Elliot PM et al. Lancet 2001;357:420-424

Severe LV hypertrophy

The LV wall thickness in any myocardial
segment of 230 mm in two-dimensional

ec hocardiog raphy Accurate assessment of LV thickness?
i\ e

LVOT obstruction (LVOTO)

Abnormal exercise BP
response

Unexplained syncope

LVOTO is associated with an increased risk of SCD/ICD that is related to the

severity of obstruction and the presence of other recognized risk factors for

SCD. The low SCD in asymptomatic patients with LVOTO and no other SD risk
markers suggests that aggressive interventions to reduce LVOTO are

unwarranted in this group.
Elliot PM et al. EHJ 2006;27:1933-1941

SCD prediction with risk factors... It’s good?

ORIGINAL ARTICLE

0.30

020
L

of SCD or appropriate ICD shock (D

ORF 1RF  2RFs 3RFs

O'Mahony C et al. Heart 2013;99:534-541
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HCM Risk-SCD Calculator
Age Years At ovakison
The rate vs. absolute number problem T e G
EUROPEAN wall thickness
i Lelt airisl size m et Tt
Despite low incidence of SCD in patients with o or 1 risk factors, s LT o b
. . . . radient
these two subgroups contributed the majority of SCD/appropriate =5 o
Grackants 4¥¢
ICD shocks (57%) ! — s
Pembylioteey e L Yan 55D s St
Ay g (powt tr st rovters digecum|
Monsustmined . ye e and
s o 1 evahuabon
Unexplained gy ygy sy ofinessianed smoope af ov pace 10 evakuanon.
syneepe
|mols|=nn5\-nnr\i]: |
| ESC recommendation: ]
2014 ESG vy £ Crags 20
10 R TR
E e http:/fwww.doczdo.com/hemfwebHCM. html
HEM Rise-SCD showid not De used in:
A R R
Anoual rate of SCOMppropriate IO shocks (%) prsrmindirmyl i il
" daases jo.g ceasel i Moonan
.+ Patients Wi 4 previous Aistory of 4Doried SCO or sUSIVT enESCUar BTNTINTAS w0 Sho B%
O'Mahony C et al. Heart 2013;99:534-541 B TP
PRIMARY PREVENTION SECOMDARY PREVENTION . - ~ .
Independent Assessment of the European Society m
S| +Cardac v s of Cardiology Sudden Death Risk Model for Hypertrophic
VTarVF . R L )
e achecandogam e 1629 HCM patients Cardiomyopathy
4B-hour ambudstory F0G wusaned VT cauing.
m:‘ Barry J. Maron, MD™, Susan A. Casey, RN", Raymond H. Chan, MD, MPH", Ross F. Garberich, MS°,
compromar
HOM Rk SCD warbles:
-m-.-mum §
cardac deadh g
+ Unexplined sepe ga
ek vty oucflw 5§
e e 3
il theire L expectuncy | year <y
ek 3l dameteet £2
et $§
L] E ";’
recommended P a
g
comm, [ e
| s-,umm - ESC Risk Score - |
Appropriate No Appropriate Survivors
Ko Ico Without
icl}mm ff..:’.i' 1CD shoukd be. Intervention Intervention ICDs/Events
ESC 2014 guideline for HCM Maron Bl et al. AJC 2015;116:757-764
Risk stratification of SCD in HCM

Sudden Cardiac Death in HCM

Family history (+ gene)
Symptom: unexplained syncope

TMT: Abnormal BP response

Holter: Non-sustained VT

Echo: severe LV hypertrophy,

LVOT obstruction
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Surgical treatment of HCM - preop evaluation and follow - up

Joonhwa Hong (Chung-Ang University Hospital, Korea)

* Nothing to disclose

ASYMMETRICAL HYPERTROPHY OF THE HEART IN YOUNG
ADULTS

BY

DOMNALD TEARE
From the Department of Patkology, S1. George's Howpiral
Received Jusuary 7, 1937

1958, British Heart Journal

Operative Treatment in Hyp phi
Subaortic Stenosis

Techniques, and the Results of Pre and Postoperative
Asscssments in 83 Patients

By Asnnn €L Vom0, B 4. Besre D, Seerne

Myotomies palpaled
>‘z’mmi extended if
necassary

Second
nyotamy in
hypertrdphiad

1V septum

Transverse myoclomy
below rac lgaftet

Circulation, Volume 52, July 1975

The Heart of Dr. Morrow

Preoperative Image Studies
* Echocardiogram

* MRI

*CT

* And others

As a HCMP surgeon, what | want to
know about the heart before surgery

* Is the patient indicated for myectomy?
* Symptom
* LVOT pressure gradient
+ Setal thickness and location
* SAM and MR
* Does the patient have combined cardiac disease?
+ Coronary disease
* Valvular disease
* Does the patient need ICD?
* Family Hx of SCD
+ Septal thickness
* Delayed enhancement or scar
* Hx of syncope

Surgical treatment of HCM - preop evaluation and follow - up 141
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As a HCMP surgeon, what | want to
know about the heart before surgery

* |s the patient indicated for myectomy?
* Symptom
* LVOT pressure gradient - E
+ Setal thickness and location - C, E, M
* SAMand MR-E, M
* Does the patient have combined cardiac disease?
* Coronary disease - C
* Valvular disease —E, C, M
* Does the patient need ICD?
* Family Hx of SCD
* Septal thickness—C, E, M
* Delayed enhancement or scar- M
* Hx of syncope

Most patients are referred after
* Echo

+CT
* MRI

* Holter
* Treadmil

* Coronary angio

cMR (AHA 2011)

5.3.3. Cardiac Magnetic Resonance—

Recommendations

CLASS |

1. CMR Imaging Is Indicated In patients with pected HCM
when mam@x Is Inconclusive for diagnosis (180,181).
(Level of Evidence: B)

2. CMR Imaging Is Indicated In patients with known HCM when
additional information that may have an Impact on manage-
ment or declslon making regarding Invasive management, such
as magnltude and distribution of hypertrophy or anatomy of the
mitral valve apparatus or paplllary muscles, |s not adeguately

defined with echocardlography (15,180-183). (Level of Evi-

dence: B)

cMR (ESC 2014)

cMR for Risk Stratification

On balance, the extent of LGE on CMR has some utility in predicting
cardiovascular mortality, but current data do not support the use of LGE

Recommendations for cardiovascular magnetic
resonance evaluation in hypertrophic cardiomyopathy

= — — — in prediction of SCD risk. ——
It is recommended that CMR

dies be and
mﬂm - ot CLASS IIb
RPN NI M 1. In selected patlents with known HCM, when SCD risk stratifi-
In the absence of contraindications, catlon Is Inconclusive after documentation of the conventlonal
ﬁ”:ﬂm 'f,f":u““’""“'"“ frebow risk factors (Section 6.3.1), CMR Imaging with assessment of
who bave inadequate 126127 late gadolinium enhancement (LGE) may be considered In
A e resolving clinical decision making (184-188). (Level of Evi-

dence: C) AHA 2011
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CT (ESC 2014)

* The high contrast resolution of CT provides clear
delineation of the myocardium and accurate
measurement of wall thickness, ventricular
volumes, ejection fraction and LV mass

* Cardiovascular CT permits the simultaneous
imaging of the coronary arteries and valves

Cardiac CT should be considered
in patients who have inadequate
echocardiographic imaging and
contraindications for CMR.

CT (AHA 2011)

* For patients with HCM with chest discomfort, CTA
would be a reasonable strategy to assess for
possible concomitant CAD

Class Ila

1. Assessment of coronary anatomy with computed tomographic angi-
ng{aeh[ (CTA) is reasonable for patients with HCM with chest dis-
comfort and a low likelihood of CAD to assess for possible
concomitant CAD. (Level of Evidence: C)

Myocardial Bridge in HCMP

* Systolic compression of the muscular investment of
a portion of an epicardial coronary artery

« Little information exists about its clinical
significance
* Most often over the left anterior descending artery

* No symptoms to angina to myocardial infarction to
sudden death

* As many as 15% of HCMP patients

* There are no recommendations or guidelines in
patients with HCMP

Summary — Surgeons view

* Echocardiogram is the most important initial image
study tool, and enough most of the time.

* ¢MR and CT can be used as supplementary image
study when echocardiogram is not adequate.

* Personally, CT is preferred over MRI.

Surgical treatment of HCM - preop evaluation and follow - up 143
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Role of CMR for risk stratification

Seung-Pyo Lee (Seoul National University Hospital, Korea)

Key Features of Hypertrophic Cardiomyopathy

* LV hypertrophy

* In the absence of 2° cause of
hypertrophy

* Generally a genetic defect in the
sarcomeric proteins

* In any segment of the LV or even
the RV

Diagnosis of HCM with 2D-echoCG

Septal

Diffuse

Contents of the Talk Relevant to CMR

+ Cine-CMR, why they are the ‘bread-and-butter’ of CMR in HCM
* LGE-CMR, the part of CMR that has gained evidence in HCM

* New techniques of CMR for HCM

- T1 mapping, extracellular volume (ECV)
- Diffusion tensor imaging

Measurement of LV Thickness in HCM

~Q 00

Base Mid/PM  Apical

* Localization of hypertrophy
* Severity of hypertrophy

* Must include the measurement
of maximal wall thickness

* In multiple segments
+ At multiple levels

Degree of Hypertrophy, Essential for Predicting SCD

elextrogrars ractionusion®"
= Prior alcshol sepal ablation

Sen-Chowelhry § et al, Nat Rev Cardial 2016

= Barrt-cut diseune

Maron M5 et ol., | Am Coll Cardiol 2009

Role of CMR for risk stratification 145
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Accurate Assessment of LV Thickness? Accurate Assessment of LV Thickness!

Basal Septal Hyp
N ‘ .- ’ /
é 40 -
[1] 1

Scgments with Hypertrophy (n)

Maron MS et al,, J Am Coll Cordial 2009

Cine-CMR, Helpful for Planning Myectomy

/
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Credible Visualization of Apex with CMR

Similar EchoCG features, similar HCM?

No Way! It’s Totally Different in Terms of Scar!

LGE, Regions of Increased Myocardial Collagen

Cine Gadolinium Explant Sirius Red

Base

Mid

Apex

Moon JC et al.  Am Coll Cardiol 2004

LGE Reflects the Degree of Myocardial Fibrosis

280 vs. Pathology 450 vs. Pathology

550 vs. Pathology

0 L ®1
red 9 2 04
E&- 9wy e I::‘ am
™ § 7 L
W w nd w
M ] Q4
- 4 21 < 104
€ x4 |- 3. 1
5 3 01 5 5
L L L) Bt
] EE ] I [T A A
L] hology | L] heo koo % Total Fibrosis [Pathology)
650D vs. Pathology 105D vs. Pathology FWHM vs. Pathology
8 @7 Eg . ®q -
82 im - 8 B o
§ 27 LB o 1 *]
W wi e (M)
. | R » -
| 4, T .
HER g] " <
s L . il S T
0 4 § W oM N 5 ¥
b (Pathology) ~ (Pathology)

Maravsky G et al, MCC Cordiovase Imaging 2013

LGE, a New Prognosticator in HCM?

Kapha e Sl Carvec

Sodden Cardioe Death
1
‘!FI_‘_\-\_‘—L
o
£ g ramk o 125
élﬂ
g = LGE prewest e LGE c 1
u
. - - §;§ a1
Dy i VR iiﬂ
2 am
A e i!g
s T it
o] N P
1 . it
% om0y am ]
| Al 1] E] L w
i:”' T ta evere jmonths|
i | W a0 - w n
L o bt o " »
o F——
o] — 108
e Bruder Ot ol Am CalCoril 2010
e s ) . OfHanlon A et ol ) Am Coll Cardial 2010
TN Rubinshtein et o, e Reart Fail 2010
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LGE, a New Prognosticator in HCM!

LGE, Gathering Evidence for Prediction of SCD

Primary prevention
+ Farsily istory of SCD

4 * Maimal LV wall thickness'
+ Unesplained syncope

L o & * Normustained VT
|  pr—
: " I | | toerche
H | s
; ]
i s w e { « LVOT ebstruction
E | | lrestiValsabal*
: - WIREr H— * Extensive LGE on CMR
= ik fctoror I | e
o w !.'{::" " pLLs - ‘ IﬂLblL-'lammd‘\r'iplcl
* LY apical anevrysm
' i g D 1 i,
e w Estimates probabiliy of SCD at * Microvascular ichaemia
§ years from these risk factors I P vack ik
whectrogram facticnation™
(Chan RH & Marew MS et al. Clrcolation 2014  Prioe slcohol septal sblation
Green 1 8 Solemo M et o L Cardovasc imagiog 2012 +But ot deae  ferChowciuy St ol Not Rer Candiol 010
Apical HCM with Apical Aneurysm on Cine-CMR What’s Happened to the Apex?

t‘.i

LV Apical Aneurysm, it’s not Benign!

L NN
ny vy YT ™
L et o= T = -_'mrml'n'"‘[""" amtic
R L ‘::.“ J\ EI;’: I\ oer e
L\ A 4 4 4

Maron M5 et ol, Greulation 2008

Challenges Remaining for LGE

* Dichotomizes the myocardium into normal vs. abnormal
- Less cohesive fibrosis in HCM

* Method of quantification not established
- 25D ~ 65D or even full-width half-maximum method

- Reproducibility issues

* Black, ‘normal’ myocardium really ‘normal’?
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LGE Quantification, what’s the Gold Standard?

250 vs. Pathology

B8 WX BN
S Total Fibrosls (Pathology)

1050 vs. Pathology

Mortvsky G et o, JACC Cardiovase Imaging 2013

How are we going to Quantify the ‘Fuzzy’ LGE?
-a r N

ECV Calculation using T1 Mapping

s
i i f f
i w w
v IW, lw” wwwww
[ |1 EEEE
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L .%"' 4
SENNEENEEEm -

Rarw e avthered by imeerion time (T1) T fms}

White SK et i, MCC Cordiovesc Imoging 2013
Everett A et of. Clin Rodkol 2015

ECV Expansion in HCM-Variation Carriers

A KVnans02 BV 036 BV mtan =041
£ NTEROR LAY et (O LGE+ mgmanti 0t ECY
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Control  GYLVH GV
il n=29 n=37

He CY et al, Cire Cardiovase imaging 2013

ECV, Superior to Conventional Parameters?

Sudden Cardiac Death  Syncope or Nonsustained VT

L -
-8
£l :
= i 2 — 5CO risk scom [AUC=0.5%)
g ol P Tu — Global ECY (AUC=0.52, 'Pens)
§ ol e H T R e
il . £ ECW 238% (AUCS0 31, TPens)
ol o SS04LGE (AUC=0.T0, "Pen o] LR

=-= FWHMLGE [AUC=0.70, "Pa3.05)
L]

R
100 - Specificity (%)

O STy
G
100 - Specificity (%)

Avanesov M et of. Eur Rodiol 2017

No Doubt of the HCM Dx. on cine-CMR?
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No Doubt of the HCM Dx. on LGE-CMR?

Cardiomyocyte Fiber & Sarcomere Orientation

Nielles-Vallespin § et ol. J Am Coll Cardiod 2017

Fiber Disorientation & Decreased Rotation in HCM

Niefles-Vollespin § et al. | Am Coll Cordiol 2007

Clinical Utility of CMR in HCM

Cardiac
magnetic
resonance

Markers of

increased

SCD risk

— | }
Soptal Obstruction
v apical HCM morphalogy I localization
Mitral vave
Extensive LGE Extensive LVH

Geske JB et al. JACC Heart Fail 2018

Clinical Utility of Various CMR Techniques in HCM

Cine imaging

Late gadolinium
enhancement

ECV & Native T1
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Differential diagnosis of HCM mimics using CMR

Chul Hwan Park (Gangnam Severance Hospital, Korea)

Hypertrophic cardiomyopathy (HCM), the most common genetic cardiomyopathy, is characterized by left ven-

tricular hypertrophy (LVH) in the absence of an obvious cause.

However, various conditions including athlete’s heart, hypertensive heart disease, glycogen and lysosomal storage
disorders, cardiac amyloidosis, and mitochondrial cardiomyopathy mimic HCM. These HCM mimics present with
LVH, which is a characteristic they share with HCM, and therefore, these conditions should be excluded before

diagnosing HCM.

The differential diagnosis of HCM mimics is occasionally difficult to establish in daily routine practice. Cardiac
magnetic resonance (CMR) imaging, which provides significant information about the myocardial condition, could
serve as a useful tool to determine the differential diagnosis. However, conventional CMR uses a signal intensity-
based qualitative technique including T1- and T2-weighted magnetic resonance images, as well as late gadolinium
enhancement. The primary drawback of these techniques is a lack of quantitative assessment in that these methods
only allow a comparison between the signal intensity of the remote myocardium and normal-appearing tissue or
skeletal muscle. However, rapid technical innovations have offered newer cardiac MR techniques such as T1 and
T2 mapping. These mapping sequences could provide quantitative values of the myocardium including the native
T1 value, post T1 value, T2 value, and the extracellular volume fraction, which allows multiparametric myocardial

analysis.

In this session, I will briefly review the usefulness and limitations of CMR for the differential diagnosis of HCM

mimics, focusing on quantitative analysis of the myocardium.

Differential diagnosis of HCM mimics using CMR 151
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(A=)
Installed base
an 0
w207 SRR
Thof s 4 8 16 o

Pedestal version
3%

Ceiling version
69% cr
W 206 M 207 W28

CT zration”

Hardware

N Tt

!%! £ Bluetooth

Ceiling version l X

INJECTOR
COMPOMNENTS

Integrated Heater
Optimized patient comfort

Spike Holder

3 Media Sensors

Pump Tube Holder

Air sensor
Fatient tube side

Bottle Guide
Media rod is available for bag

-

W-valve
Open and close media flow

Pressure sensor
Auto control flow rate by 0.1mi
Auto stop when pressure e

Air sensor
Rotate only one direction ektep
Control pressure and flow

Roll pump
Rotate anly one direction excagt vénting
Control pressure and flow rate

CT zaration”

Disposables
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DISPOSABLES
PUMP TUBING AND PATIENT TUBING

CT zaration”

Pump TUBING([XDE003)

Hour use multi

Software

PATIENT TUBING(XD2040)

Check valves (No back-flow)

Manual Venti . Features -

Tandem ON Tandem OFF

Manual Injection

Independent
Injection Auto Switching
up fo 1,000ml e up to 2,000ml tota

100 Saved Proy

Approved combinations of contrast medias

CERTIFICATION
Visipagque sovue Ultravis Optiray SAFETY WITH RINSING PROGRAM
B | | ] [ | | | [ ] [ | ) Hereby we confim ¥ CT contrast agent injector XD 8000 CT meticn™ is save to be used on
“ multile patient using several dtinel contrast agenis sequantially, without changing the XD B0 pump
[ToT
5] u] =) 5] u) | o et
s mesmes | Ty approach this question ulrich medical authorized the GLP laboratoey UL MOT GenbH to make an
| | o [ | | | ] | | [ | 2 commanly used in clrical practics
o ] L] | | L] | ]
[ | [ | [ ] [ | | [ ] ] is pharmacological investigation leads 10 the conclusion thal, when using the special rinsing program
! as describad in the uger manual 1o wash the pump tube system, the ulrich INJECT CT motien contrast
O ] n | | | | | ] i 2 D LG i sequentiall, There
Tubing. This is valid for the seven investigated
] ] L] || ] || ]
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In pEmAND WORLDWIDE anp
recoMmenDeD BY RADIOLOGISTS

+ High Level of Hygiene

«+ Time Efficient Workflow

+ Safe and Reliable Application

+ Advanced German Technology

« Economical and Environmentally Friendly

158 Cardiovascular Imaging in Computed Tomography Summit




® civics

GECT information introduction
- focus on the development and features of CCTA -

Stable coronary diagnosis

How to make true anatomical and functional assess

Diagnastic performance results’ cosT

vary greatly with the
differant methods

combinatian for
accurate and cost-
effective diagnosis CAD

CCTA is being recommended as part of chest pain guidelines

“The message fram this trial is that, if we wse coronary CT angiography a¢ a gatekeeper 1o the catheterization
labin stable symptomatic patients with suspected cosonary artery disease, we'll reduce costs with sufficient
L safaty "investigator Hyuk- Jae Chang, MD, PRD

In CONSERVE there was a >$3000 cost savings per person in this trial over 12 months using medicare
«costs. If we account for the 4.6M caths that are done [3.5in the outpatient sett ng A\ecanswthal matl‘
works out 1o >$108 each year bt/ faww stiencanewsing BZ9161B0045 herr

In conchusian, |npat|an 54 “lhsus;e(leda gina duse Iocc anan yhpartdls@as@ Cl’cn(lariﬁesthedlagnasns
and lead: W

Astrategy inwhich CCTA is used as the first imaging test for bow-to-i d patients p ing to
= gency department with a possible acute coronary syndrome app Hlow i
of patients after a negative test Bt A SENE

Diagnestic testing for peopbe in wham stable angina cannat be excluded by dinical assessment alone, Offer
64-slice (or above] CT coronary angiography if: Clinical assessment indicates typical or atypical angina, or the
clinical assessment indicates non- angmalthestnmrtn:lz Ivaarestmgnasneeﬂcar and indicates ¢ nangm
or waves. vk pidencel g5 chapterrec dat

Problems of CCTA
M Arrhythmia

High dose
du veral heart beat data :
Unstable 1Q

Low throughput
due to the difficulty to choose the best phase

Select optimal scan pratocol im Select the mest mationless
automatically from patient il e phase automatically
heart beat condition heart rate variability

M High heart rate

Declme of spatlal resolutlon

GECT information introduction 159
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Smart Arrhythmia management Smart Arrhythmia management

SnapShot Freeze

Target Phase
Himsec » H0msec

Y
ID\"- B i -

r( r( r A

f
Automatically choase the best phase i

lung/coronary/myacardium Detection of the mation artifact of
mentation only coronary

Smart Cardiac with Smart Arrhythmia management

> Smart Archythmia )} i SnapShm
Auto Gating Management / SmartF Phase / Freeze
bl T 3

*r"‘f‘L’Jr',.' / ‘(JK m -, 7

Wl LMLl

Select optimal scan protocel Sean in i imal Sedact the most maticaless Reduce motion artifact
icalk i ed on phase automatically algerithm using vector
heart beat condition heart rate variabi ility processing
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Wide Coverage CT

* Reduce the difficutty of CCTA Evaluation of the function of
* Improve the throughput of CCTA myocardium, valve

High precision Dynamic Myocardial Perfusion

Dynamic image

Aortic Valve evaluation

® civics

Wide Coverage CT effect of scatter

Scatter removal 3D collimator & 160mm detector

Revolution CT

Free breath CCTA

4D CT follow up

Endo leak Mitral valve kinetic visualization
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Cutting Edge Techniques in Cardiovascular Imaging

Chairperson  Jung Im Jung (The Catholic University of Korea, Seoul St. Mary's Hospital, Korea)

Soon Jun Hong (Korea University Anam Hospital, Korea)

Presentation

Dual and multi-energy CT
Speaker U. Joseph Schoepf (Medical University of South Carolina, USA)

T1 mapping beyond delayed MR
Speaker Xiaohai Ma (Beijing Anzhen Hospital, China)

Viability assessment with minimal or non-contrast Imaging
Speaker Hyuk Jae Chang (Severance Hospital, Korea)

Myocardial functional assessment by CMR and echocardiography

Speaker Eui-Young Choi (Gangnam Severance Hospital, Korea)
Panel Discussion
Panel Gong Yong Jin (Chonbuk National Universtiy Hospital, Korea)

Hongseok Ko (National Medical Center, Korea)
Heesun Lee (Seoul National University Hospital Healthcare System Gangnam Center, Korea)
Hyemoon Chung (Kyung Hee University Medical Center, Korea)
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Dual and multi-energy CT

U. Joseph Schoepf (Medical University of South Carolina, USA)

Disclosures Dual-Energy CT (DECT) Techniques for Cardiac Imaging

Consultant for / research support from
. Major Applications
+ Astellas

- Bayer 70
+ GE Healthcare oy AR + Virtual Monoenergetic Images (VMI)

+  Perfusion Maps

. Guerbhet J AR | 3. Minor Applications
. HeartFlow I P + Virtual Non-contrast (VNC) Images
. Medrad v

; * Plague Analysis
. Siemens Healthcare

Radiation Dose Radiation Dose

16-slice CT DsCT DECT . - i ST :
12£350 mSy 084477 mSy  4.54%187 mSv DIELT radiation doses similar to conventional
' N o ) single-energy CT

NO SIGNIFICANT DIFFERENCE INO SIGNIFICANT DIFFERENCE

W
v
W

ML[Hh

Calculallun Meﬂmd

w 3

H

Effective Dose (mSv)

Chrisiner 14 AIR 2010
Kerl et @l., Eur Radiol 2011

Schoepf, MUSC
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How we do it: DECT data reconstruction Post-Processing of Perfusion Maps
* Llinearly-blended images are the

“standard” CCTA and are used to [ . i 1 * Color-coded DECT
reconstruct curved MPRs - : s perfusion images allow
: for enhanced evaluation
* |n addition, we recommend i \ " of myocardial iodine
routine reconstruction of W P uptake
* VMI+55 keV (improved ¥
contrast) lodine uptake can be

guantitatively measured
inmg/ml

Optional Recensinction
"?‘ * Perfusion maps
h ".. (perfusion visualization
m w and guantification)

Albrecht, Schoepf, MUSC :
Viiegenthart et of,, AIR 2012

*  74yowoman
—  Chest pain
- Abnarmal SPECT

+ Virtual Monoenergetic Images (VMI)
* DECT

3. Minor Applications - 26M0Emm

- B0KV/140KV

* Virtual Non-contrast (VNC) Images - 0335 motation
time

* Plague Analysis

80 kV x-ray spectrum 140 kV x-ray spectrum lodine Map

B. Ruzsics et al,, Circulation 2008 Corresponding short-axis rest SPECT 8, Ruzsics et al, Circulotion 2008
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Image cotrtesy of MUSC Viiegenthart et al,, AIR 2012
Ruszsics et al,, RSNA 2009

Dual and multi-energy CT 167




Reversible Ischemia Quantitative DECT Perfusion

Rest NS Delayed

r"r- e -y . wrn

P &» ¢ ¥
| I\ .l

~ Conclusion: : I

+ Accuracy for ischemia detection g
\ was not increased by delayed ‘ 3

‘ enhancement 1% ! ol [

i\ 1\ + (Can be omitted in rest-stress %' el

protocol to reduce radiation

Meinel, Schoepf et al,, Radiology Koonce J et af, Eur Radiol 2014

Solving Clinical Dilemmas

B o sen' is ’Intermediate stenosis | High grade stenosis |
. - \ —

Ve / Al
@

A

i ¥
s S St | |5

Imuge courtesy of MUSC

DECT vs SPECT: Cost Effectiveness

Cost-effectiveness of substituting dual-enerzy CT for SPECT in the assessment
of myocardial perfusion for the workup of coronary artery disease

Mathias Meyer™, John W. Naace .2, L. Joseph Schoepf™™*, Antonio Moscaniello™,
Markus Weinimger?, Garredt W, Rowe, Balazs Ruzsics?, Doo Kyoung Kang ™,

Evaluation protocol Sensitivity  Specificity  AUC prvalue
%)

oCTA positive i
- Tabled
(at Jeast one stenosis >50%) Increased ared under Wean cost healdhoutcomes, and st of sationts wich CAD) at difeoert pro-test Boebhoods.
the curve (AUC)
S ; Pre- st Blibood (Cost U NCER per QALY WERjomet NERALYs 0% NERQALNs 608
Perfusion defect on DECT % 50% fGF srgnrfrcant stenosis per patient dhagniose 8

mpocardial iodine maps detection PECT 9% 357 255 ey %183
0T 2501 | 319 i 4 i)
P 0000 0004 0000l 001 01

Either positive

Both positive

De Cecco, CN et al, AR 2014

168 Cardiovascular Imaging in Computed Tomography Summit



8 civics

Post-processing - VMI

Dual-Energy CT (DECT) Techniques for Cardiac Imaging
1. Dose and Image Reconstruction The iReliaofriiege: OB it aspeateriiow ¥ diffighermnéiergidyeh
K- [oN riBRkTgetier biRedaPimaga R MR RO enseTE et By e
100KeV 120 KeV

Major Applications
+ Perfusion Maps 40 KeV 60 KeV 80 KeV
d . b d
. Minor Applications E
* Virtual Non-contrast {VNC) Images ™~
* Plague Analysis R A
Secchi et al,, Acta Radiof 2015
L] . .
VMI+ for Cardiac CT VMI - Artlfact Reduction
30 I(e‘ul' 180 KeV 120 KeV
Manual adjustment of window settings is crucial - increase both width and center for low-keV/ i " b ¢
:‘ ,
’3 "‘ ‘1: *?‘i ye
Width 600HU . :
Center 150 HU A'
Width 1100HU ‘
Center 500 HU
s : Secchietal, Actq Rodlol 2015

o
VR 0key  VMHTOkeV VM 100keV

VMI - Greater Late Enhancement

Linearly-blended

VMI - Artifact Reduction

40 keV 55 keV

.

This 64 year-old patient had history of prior Ml and underwent delayed-phase

CCTA
Low-keV VMI+ reconstructions improve the visualization of iodine late-

enhancement indicative for chronic infarct

Secchi et al, Acto Radiol 2015
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Dual-Energy Techniques in Cardiac imaging

Major Applications
I, Myocardial Perfusion
Il Reg ction of Virtual Mono

images (VMI)

Minor Applications

I Virtual Non-Contrast [VNC) images

Il Plague Analysis
Il Calcium Subtraction
IV.  Extracellular Volume Fraction (ECY)

Myocardial Iron Quantification

Dual-Energy Techniques in Cardiac imaging

Major Applications

I Myocs

Minor Applications

. Virtual Non-Contrast [VNC] images
Plague Analysis
Calcium Subtraction

IV. Extracellular Volume Fraction (ECY)

V.  Myocardial Iron Quantification

Plaque Analysis

SSCT vs DSCT vs DECT: sensitivity 89.6%

5T T DECT o 5T ot DECT  pgo- 55CT L5CT DECT

Fig. & Maa, modian s seandind devlation of deasity vabues of differeat atbermchsotc plaqees assessed with SSCT, 10T 2o DELT

— ' Hmder Tet aﬂ' Eur J Radiol 2011
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DECT VNC Calcium Quantification

VNC Calcium Score Excellent correlation

Calclum Volume
(eonventional nen-contrast)

Ol il i i il i)
M 01 1 10 100 1000 10000
Calcium Volume (BISE_YNC)

DECT may obviate the need for dedicated CT calcium scoring studies and may

decrease patient radiation exposure and cost
Schwarz et al, Radiology 2012

Au-HOL meal

Cormode et al., Radiology 2010

Plaque Analysis

Plague Composition - Dual Energy Index (DEI)

" Dl Esesgy CT HOCHIAACR)

Table 2 - Ix vivo diagn aracterization of necrotic coce.

Sensitirity comectly Specil ety PRV, S GS%CH) NPV %[(SRCD  Accumdy,
entibed, % (355 O) [WN]  excluded, % fB5% CT) juN] X%

25 {11-45) 2 9885100 3 HW-H nE-R TLR-E)
501168 |14 S4B - nE-E RE-E
B0 5630} [ 6 H-E) B3 -

B f-11) 2] -100) jonie] 3 [4-5) 31151 85 -5 |

DECT, duad-energy CT, DEL dual emergy index; NPV, negative pondctive value, PRV, positive pondictive vadur, SICT. single-eneegy CT,

Bnlian Phomfgs Cliaifings N lom B Pama Coched e o Vi Page ot P
P et [ s Lopoeert

“..With the use of the attenuation at 2 energies to create DEls we found that the
DEI of necrotic core was significantly lower than fibrous plaque and calcified
plaque, and, importantly, there was no overlap in necrotic core and fibrous
plaque DEIs”

Obaid DR et al., J Cardiovasc Comput Tomogr 2014
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Dual-Energy Techniques in Cardiac imaging

Major Applications
I, Perfusion

I R ction of Virtual Monoe

" e A new algorithm uses soft tissue, iodine,
Minor Applications and calcium as the reference materials (b)

mages (VM)

. Virtual Non-Contrast (VNC) images

Complete subtraction of
m) calcium and blooming from
dual-energy CT image series.

Il Plague Analysis
Il Calcium Subtraction

IV.  Extracellular Volume Fraction (ECV)

V. Myocardial Iron Quantification De Santis. et al, investigotive Rodiology, 2017

Calcium Subtraction Calcium Subtraction

Fixed W/L Settings Increased W/L Settings Calcium Subtraction

De Santis. et al, investigative Rodiology, 2017

Dual-Energy Techniques in Cardiac imaging CT Extracellular Volume Fraction

Major Applications ' Fpr asse_ssmen_t_of
diffuse interstitial

myocardial fibrosis

i + Previously shown on
e MRI LGE and T1-
Minor Applications mapping

CT correlates (r=0.82)
with T1-mapping cMRI

I Calcium Subtraction DE-capabllltv - oM Do Qomke [@sas ™

: currently explored s i
| V. Extracellular Volume Fraction (ECV) i

V. Myocardial Iron Quantification Kellman et al, JCMR, 2012 Nacif. et al, Radiology, 2012

I Myocardial Perfusion

n of Virtual Monoene

. Virtual Non-Contrast (VNC) images

Il.  Plague Analysis

Dual and multi-energy CT 171
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CT Extracellular Volume Fraction Dual-Energy Techniques in Cardiac imaging

Non-contrast Delayed

Major Applications
I Myocardial Perfusion
Sarcoidosis " g I, Reconstruction of Virtual Monaenergetic
images {VMI)
Minor Applications
I, Virtual Non-Contrast {VNC} images
Il.  Plague Analysis

Il.  Calcium Subtraction

IV,  Extracellular Volume Fraction (ECV)

van Assen et al,, MUSC 2017 '-'- Myocardial Iron Quantification

CDECT [septum
H0EV 80KV Weighted average

-0.525 =071
0021

cDECT seems to be capable to quantify
025 5 75 100 125 150 175 200 226 myocardial iron content in pediatric

' e —— patients with thalassemia.
mapping.

El-Soyed et al,, IEEE 2014 Hazirolon et of,, EIR 2008

Conclusions and Outlook

« DECT provides morphological
information + functional
information

May enhance visualization of
ischemia using DECT perfusion

Quantification of perfusion (mg/ml)
beyond subjective evaluation
Contrast optimization using VMI+
Dose reduction using VNC

Exciting new applications: ECV, iron

172 Cardiovascular Imaging in Computed Tomography Summit



& c1vics

X

T1 mapping beyond delayed MR

Xiaohai Ma (Beijing Anzhen Hospital, China)

@
£REN

* 20M, Viral Myocarditis, Heart Failure

Onset, EF: 47%

&m later, EF: 47%

Onset 6m later

©
EREN )

Beyond this, ...

Acwts  Comalescent

100054 Controls  Miyecaeditis  Myoarditis
- (n=40)  (n=61) (ne &7 pValue

el -

z Native T1, me

| e 15T 940 420 1064 437 9954 WOt <0001

]

.
= F 30T 1045 423 1,189 £ 52° 1,099 £ 22t <0.001
oz 15-T 422468 Wiiar 33+ 43 0.03
_X 1
s Myocsnite 30T “U2+68 97462 426 +73 0.06
Lambda, %

15T 4244 5047 2649 0.005
10T 415 S3:8 4 i8t 0002
oo wmde (CELSCHRISS  ppnormalnative T1, 0 (%) O(0)  60(981 47 0%6)F 0,001

Native T1 in Discrimination of Acute and ®
Convalescent Stages in Patients With b
Clinical Diagnosis of Myocarditis

A Proposed Diagnostic Algorithm Using CMR
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Cited publications on PubMed about T1 mapping

0

~
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@
0
n
[

005 W06 2007 2008 2009 010 M1 A2 a3 2008

Number of publications

Year

4 ANZHEN HOSPITAL
LR LY )

T1 Mapping - ‘;H:T .
y
« What is T1 Mapping? - v
A
+ Why do T1 Mapping? A e
4
+ How to do T1 Mapping? ( o “‘)
* How about the results? — ) —
( RESULTS )
) ) SUa
Knowledge gaps? - IS
" prospecTs )
» Future directions? .

ANZHEN HOSPITAL
#AEH

Consensus of T1 Mapping and ECV

Moo ot ol Jouraal of Cardiovanculer Magaesc Roonsece T3, 1552 o Journal of Gardiovascular
httpvjome-onlinecomcontent 141192 "U Magnetic Resonance

POSITION STATEMENT Open Access

Myocardial T1 mapping and extracellular volume
quantification: a Society for Cardiovascular
Magnetic Resonance (SCMR) and CMR Working
Group of the European Society of Cardiology
consensus statement

i ANZHEN HOSPIT,
£REN ]

What is T1 Mapping

+ Native T1: longitudinal relaxation time (T1) values of a given
tissue when no contrast agent has been applied

* T1 mapping: a CMR method providing a parametric map
whereby the T1 value is encoded in each pixel. T1 maps arise
from a series of co-registered images acquired at different
times of T1 recovery

* ECV: reflects the volume fraction of heart tissue that is not

taken by cells

Moon JC, JCMR, 2013
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""""""" How to do T1 Mapping

Fibroblast activation pathway

Mormal myccardium =
\.’t}ﬂn

Blood sampling

gvacom art of hew atncet

...

Native T1 mapping

Singie-traathhad cardac T1 macping pulte taauene
Bae doaticineis, £nn i i sua

Parlvascular flbrosks

Toz mems lor wach seient aralyied

Fibrootast activation

l Administration of contrast agent
Guckbrvare-based, eitvaelbie, morrirten rbirdog

== o

Replacement Tibrosis Post-contrast T1 mapping
Total myocardial mass decreases

Intorstitial {reactive) fibrosis with
myocyte hypertrophy and loss

Itraerns b

Interstitial and replacement fibrosts

with myocyte hyperirophy
Moon JC, JCMR, 2013
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£AER EAE Y. ECV t
b-ffe T, map Contrast Late T, map
cine pre-contrast agent enhancement | | post-contrast m ea s u remen
3 long axes 3 short axes 0.2mme Ylong axes 3 short axes ECVj000= 1 - HCT Native T1 Post-contrast T1
and3short || (base, midcle, | | gadebutrel | | and shod axs || (base, middle,
anes (base. apex) kg bady slack apex)
middle, apex) weight

« ECV maps can be generated on a pixel-wise basis if native and
post contrast T1 images are coregistered, quantified, and
adjusted for the hematocrit
)

ECV = (1 - hematocrit) -

1
(T]m\: s rl,,_m_m]

m
EAER

Shortened Modified Look-Locker Inversion

LY

T1 Mapping sequence

Z keq

+ T1 mapping is based on inverting the magnetization and acquiring
images at different times during the magnetization recovery

+ The acquisition is ECG triggered and all images are acquired at the
same cardiac phase in late diastole using a Modified Look Locker

Inversion Recovery (MOLLI) approach

recovery T1 mapping
ShMOLLI method uses sequential inversion recovery measurements,
permitting a T1 map to be acquired within a short 9-heartbeat single
breath-hold
ShMOLLI is a stable and reproducible method for T1 mapping
ShMOLLI sequence uses a fixed post R-wave trigger delay of 340
ms and the resultant trigger time of ~600 ms equates to readout in

mid-diastole for typ /L

|m."nl. 3

map gensrason
o B3
S,
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~ Saturation Recovery Single Shot Acquisition
T1 mapping

+ SASHA method using SSFP readout is very similar to the earlier
Short Acguisition Period - T1 (SAP-T1) method which used a
spoiled gradient recalled echo (GRE) readout

", TE, T

s, s e TR
. = 1
) ] Sl i b ) e o
4 W e L
| f f | | I I
15

O

Vo

ootk wite it . 1

AeAIL A IVTIN Fpatmads &

Eod Bl BT gt =

——— 15 (s 11 mag

e
MOLLI ShMOLLI SASHA

:' . % i gr

Each technique has a different normal range and color display

Pl Inaccurate
wurale  roystematic error

Frecise

Imprecise
\reproducibility
error)

Keliman and Hansen JCMR 2014, 16:2

ANZHEN HOSPITAL

processing

ﬁm

How about the results

al Magnetc Resorarce 2013, 1553

on
NapicmeonbnecomicoetenISINES (@ Journal of Cardiovascular

RESEARCH Open Access

Myocardial T; and T, mapping at 3 T: reference
values, influencing factors and implications

hoff' %', Marcel Prothm
nke®, Thoralf Miendorf'

', Matthias A Dieringer', Ralf Wassmuth'?,
and Jeanette Schulz-Menger'

Florizn von Knobelsdorff-8
Andreas Greiser, Carsten Schy

ANZHEN HOSI

T1 mapping reference values

Table 1: Select Reported Myocardlal T1 Relaxation Tmes In Healthy Subjects

Contrast-

No.af Native T1 enhanced
Magnet Technique Subjecu®  Age(y) {msec)? T1 {msec) Authors Year
15T (B} 14 (R) 3Rt I09 1000.4 * 126 5233+ 728 Nacfersl (27) i
15T MOLLI  15(9) 331485 98246 KR Miessroghli eval (1%) 2008
L5T MOLLI 107 LT 976 2 4680 KR Piechnik etal (1) 2010

15T MOLLI 1408
15T MOLLI 13 (7)

364109 102941568 $624162.2 MNaciferad (27T) 011
ARSI NR 6 E 14 Sibley ct ol (23) 2012

LT SEMOLLI 107 LT 966488 NR Piechaik ctal (15) 2010
15T SuMOLLY 21 (8) 55%13 M 217 NR Ferreira et al (40] w12
15T ShMOLLI 45 (32) 214 MLE1E NR Ferreira et al (41) 013
L5T SEMOLLY 342 (170) ‘LIS 962425 NR Piechnik ctal (14) 2013
15T SEMOLLYL 36 (22) L EX] 958+ 20 NE Karamutsos et al (42) 2013
T MOLLI 10 (7) 87 1169 £ 4573 NR Piechnik etal (19) 2010
T MOLLY 24(8) 326 11590 % 39.2 NR Liuetal (21) 2012
L Mo &0 (30) w17 11587 4112 von Knobelsdoetl- 2013
Beenkenbol¥ et al
(4 l:.
ST SEMOLLI 100D WET 118626091 NR Pischaik ctal (19) 2010

Mote.—~NR = not reported,
“Number in parentheses indicates niumber of male subjects.

Healthy subject: T1=900~1000ms (1.5T), 1150ms (3.0T)

ECV reference values

Table 3: Select Reported ECVs In Healthy Subjects

Maogner  Technique  No. of Subjects® Age (¥) ECV Authors Year
15T MOLLI 9 (NR) 20-50 0.217-0,262 Wong et al (24} 2012
15T MOLLI 62 (30) 4361174 025430025 Kellmanetal(48) 2012
15T MOLLL 30(15) 45213 0.255 £ 0.026  Miller cral (4% 2013
13T MOLLI 17 (17) 3313 0.24%0.02  Florian et al (50) 2014
30T MOLLI 11 (8) 36413 0267 £0.01  Lecetal (51) 2011
3.0T L 9(3) 4511 0.24 Mongeon etal (32) 2012

Note.—NR = not reporied.
*Number in parentheses indicares

Healthy subjects: ECV=0.21~0.25
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Clinical Application of T1 and ECV

Mesioghl ef ol Jound of (ondiovascular Mognetic Resorance (201711975 " "
D01 10118651 296601703898 JOUrl'h':‘m of Clerc'goxfasculaa
lagnelic Resonance

REVIEW Open Access

W e

Clinical recommendations for
cardiovascular magnetic resonance
mapping of T1, T2, T2* and extracellular
volume: A consensus statement by the
Society for Cardiovascular Magnetic
Resonance (SCMR) endorsed by the
European Association for Cardiovascular
Imaging (EACVI)

Native T1

Normal  Myocarditis  Amyloid

w

Measure  Decrease

Mild increase Moderate or
severe increase

Native T1 Anderson-Fabry, iron  diffuse fibrosis,  amyloid, acute

overload, fat,

hemormhage (athlete's  inflammaticn acute ischemia,

hearm)

ECV athlets's heart

scar, subacute inflammation,

necrosis

diffuse fibresis  amyloid, necrosis,
scar

Messroghli et al. JCMR 2017 18:75

b
* MI: Native T1 1, Post T1 | ECVt £},
+ T1, ECV correlated with EF
+ T1 Mapping is helpful for
understanding post MI LV

Post- T1

remodeling

LGE

o) i

Extracellular volume fraction mapping in the §
myocardium, part 2: initial clinical experience

s b e AN, Pt B s ¢ St LV B’
et U s e © i

(=1

Myocarditis

Progn

AESEARCH

« Native T1 1, Post T1 |
ECV 1
Detect early fibrosis changes

ostic significance

Extracellular volume fraction mapping in the g

myocardium, part 2: initial clinical experience i A%
e b ot | P A b e i S ¥ el e, B D ﬁ T 5
e (a) Chronic M1 (b) Acute (¢} Hem ¥

o) e

E Darvel R. Messrogh ¥, James C Moon', Vanessa M. Ferreira”, Lars Grosse-Wortmanri, Taigang He', o e ————————————————
*"_ Ischemic Cardiomy ANZHEN HOSPITAL *"‘Nonischemic Cardiomy ANZHEN HOSPITAL

Post- T1

LGE

[

Myocarditis

#A0N m

T1 mapping & ECV in various myocardial
processes

4
High

Amyloid

ECV/ %

Diffuse
forosis

( - - 'II
~

Low 1/ ms High

2AER

Hypertrophic Cardiomyopathy: LGE vs. T1 mapping

Martin Ugander SCMR 2014

m
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Zhao L, et al. JCMR. J Cardiovasc Magn Reson. 2016 Mar 1518113,

ANZHEN HOSPIT,
RN )

Persistent AF with HFmrEF,
EF = 49% , LGE (),

native T1=1295 ms,
ECV=27.1%

Paroxysmal AF with HFmrEF,
EF = 48%, LGE (-),

native T1=1271 ms,
ECV=27 4%

Persistent AF with HFrEF,
EF = 38%, LGE (),
nalive T1=1311 ms,
ECV=31.4%

Persistent AF with HFpEF,
EF=68%, LGE (+),
native T1=1300 ms,
ECV=30.0%

| ANZHEN HOSP
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T1 mapping for predicting AF recccurrence
Left Ventricular Myocardial Fibrosis in Patients with Atrial Fibrillation and
Ventricular Dysfunction - Evaluation with Cardiovascular Magnetic Resonance T1
Mapping

£AEN

Fracuancy (%]

£ n 0 o £ 40
Finrons Maasurod by Fatme iy Yoluro Fraction [} Fibeonia Moanueed by Famcoiuler Volume Faction (%)

Vulnerability appears to be
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z mc.aawmﬁ\"“-“ﬁwm governed more by myocardial
3 fibrosis measured by ECV
E than exposure to a particular
disease category !
c = = - EB, etal. qy. 2016 Mar, 278365876,
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Knowledge gaps

+ Relaxometry assumptions: the simplified model is affected by more complex
molecular composition of tissue and pathelogy Is unclear

» Confounding factors: measurement of a parameter of interest such as T1 may depend
on other variables such 25 T2 or heart rate, and numerous other confounding factors

= Partial volume effects: depends on aspects such as wall thickness or angulation of the
slice prescription

* Post-processing: influence the quality of parametric results, can equal or even exceed
that of the acquisition strategy

* Map analysis: assessment of average parameter values of septal ROIs is regarded as
appropriate for diffuse myocardial disease, patchy presentation require more detailed

analysis of regional behavior

ANZHEN HOSPITAL

#

+ Future developments in cardiac mapping will likely focus on
standardization of data acquisition and post-processing, as well as on

1. Technical development and thearetical bash of test

optimizing workflows!

dson [eg biopsy, animel models, hurman autopsy)

3. Detection of changes in established dsease compared to normals

4. Correlation with known cardiac markers feg echocarduograghy parameten)

wiration of the test in mare
7. Demonstration of Lest sensithvity [sarly disease or with age)
8. Demunstration of the ability to track change (with tme, after therapy)

3. Demonstration of pradictive or prognostic value of the test

11. Development of robust age/ ethniz normal refenence ranges

12. Changet in biomarker ramain Sed to the diseate after treatment

13. Bemanstration of the test a3 a srrogate trial endpaint
14, Clinical use and regulstory sporoval of the test

15. Proof that u:

est improves dlinical owtcome

—— 15 0T € Gl Joural of Cordronoscller Magnetl Nesoninie 20171 1575

Thanks for your attention!

N .- i+ o bk denved Som s e magging
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Viability assessment with minimal or non-contrast Imaging

Hyuk Jae Chang (Severance Hospital, Korea)

Dysfunctional Myocardium

Ischemia

Viable

Stunning

B —
o

Hibammion\

Repetitive Stunning EchaCG

SPECT
CMR.

‘Chareonthainwee ex ol [ACC 2005; 46, S67.74

O e ey

Scar Imaging using CMR

“Bright is DEAD!”
Raymond J Kim, Circulation, 1999,100: 1992-2002

@

Impact of Viability Imaging using CMR on Myocardial
Contractility

A8 Dystunctional
Sogrmants

Impact of Viability Imaging using CMR on Survival

Risk of 3-Year Death According to Viability and Treatment

s Hazard Ratio [95% CI]
- Subgroup No. |
£ Without Viability 43 0.71[0.18-2.8]
4
§w With Viability 101 —a—  4.56(1.93-10.8]
é w D_‘ 0z 05 1 2 5 10 -
H " medical R/ Revascularization
o better better
| .ug«
SAAAS h\'“’«e«’?.:ﬂ &
Transmural Extant of Hyparenhancamsnt (%) etal, JACE 3012 $9825.35
K et ol WEJM 2000;343 (207 1445
@ \I» .!|\ :--Irl-\.:: x
Limitations of CMR viability imaging Gd and | Kinetics in Myocardial Scar
PARR-22 5
Patient poputation Decisions about
st « Patients who need Viability Imaging:
9% multessel + Low EF: Hard to tolerate long scan time « Contrast agents for CT
";TZT:TET’ ¥ Advanced CKD: Risk of nephrogenic and MRI have similar
angiogragly systemic fibrosisinephrogenic fibrosing contrast kinetics
dermopathy + There have been
34% renal diseass . Expensive attempts to assess
15% prioe CABG o . myocardial viability using
Veaity testing FOG PET vs + Time delay for viability imaging delayed enhancement
standand care with cardiac CT.
22% viable by
mismaich cutofl
Assessed ischemia FDG PET: Yes—
or hibemation hibernation
Miedniczui, Beonlonds. Oroulation Cordowasoulor Imaging 2012 5:262-70
@ e @
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Acute Reperfused MI Animal Model using MSCT

Lardo AC et al Circulation 2006

CT Viability Studies

Voltage, tube  Sample
current size

Author €T machine Contrast amount Findings

- Correlation coefficent for M|

120 kv, 800 size wis 081
affective mAs - Mean M volume lirger on
DEMRI than DECT (26% vs 23%)

4-sheeMDCT
Chosetal,  (Brillance 40, 1.5 mlikg
Philips)

Good agreement for number of
invalved segments infarct size, and
Brillance 40, MME“':" et s0kV 5 transmeral extent of

Prlips bidartinid and 600 mAs enhancement with both
angrp uechniques (! = 0.74,0.67 and
.76, e

Boussel et al.

£
-4

Unmet Needs with Current Viability Imaging and Possible
Solutions with Cutting Edge Technologies

rdium
I - DE imaging using residual contrast agent in myoca

Inevitable use of .If‘iﬁtkﬁ'f"m'f‘»‘é‘u‘im e i

contrast agent | ==
e
(=SS

Inemuency of IV - Inira-coronary contrast defivery

contrast delivery
—_—

&

Tim-e DEIaY for [+ Or-S%. concuent viabilty image acquisiion at cath reem

Viability Imaging

Native T1 Mapping by 3-T CMR Imaging for
Characterization of Chronic Myocardial Infarctions

Bnsal

Semiautomatic Threshold Analysis
to Detect and Characterize Chronic
MI at 3-T in a STEMI Patient

M- Venerieulan

Apical

A Kak, EY Choi, BW Chail, HJ Chang, R Dharmsakumar et al, J Am Coll Cardiol img 20158101830

Infarct Size Comparison
Between LGE Images and Native T1 Maps

=

X 8 5 8
B ¥ 8 8
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A Kall, EY Chol, BW Chou, HJ Chang, R Dharmakumar ef &, J Am Col Cardial img 25,8 1019-30

Transmurality Comparison
Between LGE Images and Native T1 Maps

A B c
oy —Euon = gl :
7w £l P
= & m H [rd
3 fe &3
E g™ £, "
5 il £
£ a0 ¥
2 i R
w0l - o

o & 0 oW
LGE Tramarmurabty (%)

D E F
w0 i Fo
£u) _L F «] o2
z i | Sﬁ ® B
w il | | .00
B — £ .
2 3wl E® 4
Eu H
| LN e tes

R
LGE Transmuraiity (%]

Man Transmurality (%)

A Kal, EY Chol, BW Choi, HJ Chang, R Dharmakumnar et al, J Am Coll Cardied Img 20158 1018-30
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Infarct-to-Remote Myocardium Contrast
in LGE Images and Native T1 Maps
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Concept

Patient with Decreased LV function & Suspected CAD
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7 min 5~10 min

Preclinical Study with animal model

Hypothesis

To evaluate a feasibility of viability assessment
after conventional coronary angiography (CAG)
using CardioVascular Interventional Therapeutic
Computed Tomography (CVIT-CT) in swine
models

Preclinical Study with animal model
Induction of Ml with balloon occlusion

* 9 miniature swine models
- Hybrid (Yukatan,Vietnam pot velly,
gottigen, wild)
- Age of 3 months
- weights of 30kg

* Creation of Ml:
- Left anterior descending a. after 1t Dx
with ballooning
- Conventional CAG < balloon
occlusion (90 min) = reperfusion

INTEGRATIVE CARDICWASCUILAR
IMAGING RESEARCH CENTER,

Methods
I_nduction of Ml with balloon occlusion

* 9 miniature swine models
- Hybrid (Yukatan,Vietnam pot velly,
gottigen, wild)

- Age of 3 months
- weights of 30kg

+ Creation of Ml:

- Left anterior descending a. after 5 Dx

with ballooning

- Conventional CAG = balloon

occlusion (90 min) < reperfusion

1 Cho,¥G Jang HJ Chang et al. JCCOT 2015:321-328

Methods
Induction of Ml with balloon occlusion

Two weeks after induction of myocardial infarction,
DE images were obtained using CVIT-CT system
after conventional CAG.

Contrast Dye was injected during CAG

- lomeron 400, lisung Pharm, Korea

- CAG 20cc, boosting shot 10cc with additional
imaging

CVIT CT system:

- a novel combined machine of CAG system and
320-channel multi-slice CT (MSCT) scanner (Aquilion
one, Toshiba) after conventional CAG.

+ Voitage120kvp, Tube current 550maA

CT imaging for Delayed enhancement performed 2,
5,7,10, 15, 20, 30 minutes after CAG.

1Cha, Y6 Jang HJ Chang et al,, JCCT 2015;321-328

NTEGRATIVE CARDHOMASCLILARK
MACING RESEARCH CENTER

@ SN
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CVIT-CT System
CardioVascular Interventional Therapeutic Computed Tomography (CT) System

Methods
Induction of Ml with balloon occlusion

« Al pigs were sacrificed and heart was harvested after CAG
and viability imaging.

+ The heart was sliced in 10-mm consecutive sections in the
short axis plana.

« All myocardial sections were embedded in & solution of 1%
triphenyitetrazolium chioride (TTC).

« Infarct size was determined as TTC-negative areas as a
percentage of total LV area.

= On MSCT images, infarct size per siice was calculated by
dividing the DE area by the total slice area (%), and
compared with histochemical analyses.

+ Bland-Altman analyses /Comrelation Coefficient was
calculated (Medcalc Ver.12)

1 Cho,¥G Jang HJ Chang et al, JOCT 2015:321-328

Myocardial Viability Imaging at Cath-room
without Additional Contrast Injection

The percentage difference in
infarct size by CT compared with
histopathologic

Time course of CT attenuation { HU) in MI
tissue and remote normal myocardium

i 8w ¥E

L
Tiers Delay fmie)

Best time point for viability imaging after CAG: 2-5 min

| Cho,YG Jang HJ Chang et al., JCCT 2015;321-328

Myocardial Viability Imaging at Cath-room

| Cho,YG Jang HJ Chang et al., JOOT 2015;321-328

Correlation & Agreement of Infarct Size

- 10%
g r- 0952 95% €, 0040976, F B T s
g8 E AT
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§§ H rr 0
i H .
i H . " .
. E oty 280
a i.ﬂ ‘.0 Slﬂ L] n 40 0 0
Average of Infarct Size
Infarct area |%) on MSCT on MECT and Histopathologic Specimen

1 Cho,¥G Jang HJ Chang e al., JCCT 2015,321.328

@ INTEGRAT .I|.I_.._!-I...-. ASCULAR
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Patient with Decreased LV function & Suspected CAD

9 g o
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Ongoing Prospective Clinical Trial:
Preliminary Analysis

Examples of visual comparisons of CT and CMR images on 4 patients (A-D).

(Red and green arrows indicate the infarcted myocardium on MSCT and CMR)

==

« The limitations of current viability imaging
modalities [e.g. inevitable use of contrast agent
(Gd, 1), time delay for viability imaging] could be
overcomed by cutting edge CMR [e.g., Native T1
Mapping by 3-T CMR or CT (DE imaging with
residual contrast in myocardium after conventional
CAG using Hybrid CT-angio machine)].

+ Additional studies, preferably in a larger patient
cohort, should be needed.
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Myocardial functional assessment by CMR and echocardiography

Eui-Young Choi (Gangnam Severance Hospital, Korea)

Assessment of accurate left ventricular systolic and diastolic function is an essential step for the diagnosis and
monitoring of treatment effects of various cardiovascular diseases. Before development of current echo-Doppler
technique, invasive assessment of pressure-volume relationship with load manipulation was gold standard to

measure systolic and diastolic function of ventricular chambers.

However, this invasive pressure-volume relationship assessment has many problems, especially inconvenient in
daily clinical practice due to invasive nature, not excellent reproducibility and need special analysis program.
Improved piezoelectric crystal techniques in echo-probe, development of processing hardware and various devel-

opment of analyzing software make it possible to assess ventricular function reproducibly.

By incorporating conventional two-dimensional echocardiography, (tissue) Doppler technique and speckle-track-
ing echocardiography, we can measure myocardial deformational function which provides myofiber functional

indices in addition to traditional chamber ejection fraction and diastolic function.

Currently, echo-Doppler technique provides the best temporal resolution compared to other imaging modalities
and is accepted as the best non-invasive modality for the measurement of diastolic function. Recent marked
improvement in three dimensional probe technique and development of dedicated software provides new insight
for three dimensional functional assessments of ventricular chamber as well as detailed information about fiber

function such as area strain and shear strain.

However, echocardiography has inborn limitations in terms of acoustic window, lateral spatial resolution and ob-
server dependency. CMR provides an ideal solution to overcome these limitations, as it can escape poor acoustic

window and has excellent epicardial border delineation by current SSFP sequence and no angle dependency.

Therefore, CMR can make it possible for accurate measurement of LV mass and three dimensional cardiac cham-
ber volumes especially in end-systolic phase. Using phase contrast image, various flows including mitral inflow
can be measured three dimensionally, which can overcome limitation of some limitations of Doppler techniques
such as pulmonary flow assessment and angle dependency. Tagged MRI technique also provides myocardial

deformational information of principal strain and torsional value.

Myocardial functional assessment by CMR and echocardiography 187
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Especially, accurate assessment of torsion is better than current speckle tracking echocardiography technique as
DICOM header has accurate information about distance between apical slice and basal slice in addition to their ro-

tational values.

Current 4D strain can possibly provide torsional value not just twist value, but has still limitations in obtaining ac-
curate apical rotational value due to narrow sector on 4D echo imaging. However, conventional SPAMM sequence
based tagged MRI has many problems in measuring radial strain, longitudinal strain, and strain rate assessment due

to limited temporal resolution and lack of reliable analyzing software.

In addition, due to problem of tag decay in end-diastolic phase and lower temporal resolution, diastolic functional

assessment is not been currently accepted.
Complementary SPAMM, new sequence such as SENC, DENSE provides better myocardial deformational value
including longitudinal strain and diastolic functional index than conventional SPAMM based images, although still

some problems to be overcome.

Recently, feature tracking algorithm has been widely applied to cine CMR images like speckle tracking echo, this

method is very convenient and easy to use, so CMR can be now used for “all in one” modality.

188 Cardiovascular Imaging in Computed Tomography Summit



SESSION 8
SCCT - Beyond the Horizon

Chairperson  Byoung Wook Choi (Severance Hospital, Korea)

Takuya Ueda (Tohoku University Hospital, Japan)

Presentation

New contrast agents for spectral CT
Speaker U. Joseph Schoepf (Medical University of South Carolina, USA)

Myocardial microcirculation
Speaker Akira Kurata (Ehime University, Japan)

Cardiovascular molecular imaging
Speaker Xiaohai Ma (Beijing Anzhen Hospital, China)

Onco-cardiology imaging
Speaker Yoojin Hong (Severance Hospital, Korea)

Research progress of cardiac CT on RSNA 2017
Speaker Jian Cao (Peking Union Medical College Hospital, China)

Panel Discussion

Panel Hwanseok Yong (Korea University Guro Hospital, Korea)
Hyun Jung Koo (Asan Medical Center, Korea)

Eun-Ju Kang (Dong-A University Hospital, Korea)

Jin Young Yoo (Chungbuk National University Hospital, Korea)







8 civics

New contrast agents for spectral CT
U. Joseph Schoepf (Medical University of South Carolina, USA)
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Dual Energy CT - Technical Improvements

Dual Energy with selective photon
shield

Up to improved seperation of
low and high energies

Minimized spectral overlay

Noise reduction

Greater dose reserve

Complete radiation dose neutrality
comparied with single energy CT
Material differentiation based on
their relative absorption of X-rays at
different energy levels

Dual Energy CT - Techniques

Prospective DECT
Single Source Twin

different kV at each ElURl 5ot (U3
Jual Source Dual
Beam Dual Energy

gantry rotation

Rapid kVp Switching

Toshiba Siemens Siemens
Yeh et al., UCSF

"

DUAL ENERGY SCANNING:
THE BASICS

Dual Energy CT - Technical Improvements

[ 504y (HU)

Unknown materials are then
mapped onto this plot to determine
the percent composition of each of
the three basis materials.

Material 2 Example of Dual Source DECT

1. Fat
2. Soft Tissue
3. lodine

McCollough et al., Radiology 2015

Material 1 s

Dual Energy CT - Techniques

Retrospective DECT

Dual Layer Detector Photo

@
ja—

Philips

Yeh et al., UCSF
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Photon Counting - Basic Principles Photon Counting - Basic Principles

Certain materials such as cadmium telluride (CdTe) can convert X-rays into an electric current
directly

Each X-ray generates clouds of free charged carriers -> possibility to register each individual
2-Photodiodes then convert light into an electrical current photon and measure the energy of each individual photon

Current detectors convert X-Rays into an electrical signal in a 2-step process:
1-A scintillator layer (GOS) usually made of ceramic, converts X-rays into visible light

Absorbedsingle Xayphoton
MultthresholdX.1ay detecton
Electronics

Discriminating
firesholds
\

:A:::.

Direct
converson
matenial Charge puse

I # n 40 Enbgm [EReOv] 100
, Puls height proportional ry
Pixetaled electrodes oXtay hoteneneegy

X-ray photon fluence

10 140

Boussel et al,, BIR 2013 Yeh et al,, Advanced Drug Delivery Reviews 2016

DECT and photon counting, are two major types of

“spectral” CT, in which the unigue, energy dependent
attenuating characteristics of materials can provide e
new diagnostic information 2. That are formulate : s
compatible with high ¢ tration delivery into the body
3. That are cleared from the body in a short time.
4, For targeted agents, off-target binding must be very low

From a practical perspective, the elements used in general-purpose

A key to unlocking the capabilities Of clinical spectral CT contrast agents must be available in large quantities and at low

cost.

CT lies in the introduction of new contrast agents
From an imaging efficacy perspective, an ideal element for use as a conventional CT contrast

dE‘SIgHEd SpECIfICH "Y for these em.ergl ng dlagnostlc agent would be one that provides high image contrast; should have dramatically different
IMaging techno\ogles attenuation properties than current agents or structures to be differentiated from

Yeh at 2, Advanced Drug Defivery Reviews 2016
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The Challenge for a New Contrast Media

High Tolerability = Fast Clearance

New Contrast Agents

= CIVICS
New Contrast Agents - Why?

. Increased population of renally impaired patients

. Need for better contrast in overweight patients (i.e. an element with a high k-

edge that shows high attenuation at higher kV levels

. Improved material differentiation with spectral CT = simultaneous use of

different agents obviating the need for multiphasic imaging

. Cell tracking and targeted imaging with nanoparticles

New Contrast Agents

Current Agents

New Contrast Agents

Spectrum: 140 kVp
Atomic Number: Element
=53 iodine (1)
um (Ta)
3: bismuth (Bi)

lodine =33 keV

(a.u.}

Tantalum = 67 keV

X-ray attenuation

Bismuth =91 keV

60 80
Energy (keV)

Main Body Elements Experimental Agents Transition Metals

Gallium  Bismuth Lutetium  Tantalum Tungsten

Coinage Metals Lanthanide Elements

Silver
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Photon Counting - Clinical Applications Gadolinium - Lumen Visualization

Multi-energy information: Dual-Energy CT becomes Multi-Energy CT
Simultaneous material decomposition of different contrast agents

Plague

Multimaterial color coded can differentiate y " [m Stent isoattenuated to Gadolinium

the 3 contrast agents 150 i

rial maps at 3 different time points ’ .
show clear differentiation between the 3 e - K edge Gadolinium =50.2
contrast agents : '

Besides defining contrast agent
concentrations, tissue enhancement at
multiple phases was observed in a single CT
acquisition, potentially obviating the need for

multi-phase CT scans and thus reducing
radiation dose.

Gadolinium - Lumen Visualization

Improved Lumen Visualization

' lodine solution
V' Multiple high-attenuation
" materials such as calcified
plague, metallic stent material,
and intravascular contrast agent
could be distinguished, resulting
in enhanced vessel depiction and lodine Photoglectric  Compton
better stenosis or restenosis

quantification

ArHDL meat

Feuerlein et al,, Rodiology 2008 Cormode etal,, Rodiology 2014

lodine Nanoparticles Targeted Imaging - Macrophages

s T Compound N1177
showing the fibrous Fibrous cap infiltrated

cap Dy macrophages

Calcium

1.

Jie

I Carcantration (mmal (-1)
=

Lipid Core

Compton Scanemng (Ralathe 16 purs watsr)

Protosiedn: Absomtion (el 15 gurs watar)

Observed correlations between the increase in the density of
atherosclerotic plagues assessed by CT 2 h after the injection
of N1177 and the intensity of macrophage infiltration in the Eneryydisporcive

i \ Xeray spectrum [ezV)
Significant material diferentiation based on different ghoton lipid-rich core in the corresponding histological sections .
energies is possible Boussel et al,, BIR 2013 Hyafir et al.,, Nature Medicine 2007
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Bismuth Nanoparticles - Targeted Clot Imaging

Control
Clot

Bismuth, Tantalum and
\gtd Tungsten show less decrease
v in enhancement and higher

a P R e N % / attenuation at high keV

; Better artifact reduction with
Tube Bismuth Nano K Bismuth nanaparticles bind A - Bismuth, Tantalum and
\ and differentiate the fibrin ' " Tungsten (C and F) while
surface from the calcified k A A maintaining enhancement
part of the clot

Pan et al, Angew Chem 2010 Lambert et al, Medical imaging 2015

New Contrast Agents - Tantalum New Contrast Agents - Hafnium

N

17T

Tanlzium

Tungsten

Gold

High-Z elements (e.g. Hf) with optimum k-edge provide higher attenuation

Fitaperald et al.
Investi Radial
1016

New Contrast Agents - Hafnium

3 Hf** ions
2 identical ligands® covering the Hf ions like a sandwich
< neutral complex
The asymmetrical ligand caries 2 propionate and one acetate chain

< high water solubility

CNE st pqual dens
ENR a1 squal dose

Molecular weight: 1282.1
% Hf-content: 41.8 % w/w

0 100 150 10 A I S K M R S0 100 110 130 130 140 150
L W

+ At equal dose, Hafnium has a higher CNR than lodine at all tube voltages 2 80 kV for
average sized and bigger patients
* |odine is better for small {pediatric patients) and at very low kV

Solubility in water 370me ljmL >3680 mg HifmlL
Osmalality 790 masm/kg 860 mosmykg

Viscosity 38 mPa"s 6 mPa's

New contrast agents for spectral CT 195
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New Contrast Agents - Hafnium New Contrast Agents - Hafnium

* Effects of BAY Hafnium on erythrocytes were comparable to Gadovist*®
and less than for Ultravist®

Arterial Vessels, holus phase  {same animal with 3 imaging protocols)
BAY Hafnium Ultravist Uhtravist

; 70% radiation dose 1005

< No hemolysis {free hemoglobin) was observed

< No histamine release

= No activation of the complement system was observed

BAY Hafnium is excreted mainly through the kidneys

Excretion was complete after 1 d. Less than 0.5% of the injected dose was present
inthe body after 7d (mainly in the Kidney) - comparable to known extracellular
contrast agents

= Comparable or higher CNR for BAY Hafnium with 30% radiation dose reduction compared to Ultravist® -
great potential for higher dose reductions factors in CT-angiography

New Contrast Agents - Challenges New Contrast Agents - Pros and Cons

Main Body Elements «— Experimental Agents — Transition Metals

i i !
Xenon Gallium Bismuth Lutetiom Tarthlum Titgsn
- Gas lowatomic *Highest keV +Inart i M
= MAC lower = +Inert + Biocompatible e
than iodine + Multimedality + Good radioopacity
attenuation - Low change with +anba
different kY concentrated with
- Possible clearance isoosmolality and low
issues viscosity

Coinage Metals * +good safety profle

- Rowicity:

Lanthanide Elements

Gold Silver Hafnium = i
+Most evaluated | pyer k-edge than +Quick bioelimination  yitarhium Gadolinium

+Theranostic lodine +No hemolysi
¥SiS, M0 | o ek hioeliminati el |
+Inert histamine release ¢ ) o

+Canbe highly concentrated leading 4 oo o Multimodality - 40x more concentration
igh water solubility gy
to low viscosity and osmalality : M_"_ih”“ neaded for (T
+Multimodality = Tovicity - Toxicity: renal, brain and
Yeh et al, Advanced Drug Defivery Reviews 2016 - Cost bone

Conclusions and Outlook

DECT has shown its ability for material differentiation of lodine contrast from

My Wish List for the Future

+ Contrast media enhanced imaging will further develop: other structures
Spectral CT by detecting more energy levels may allow further material
differentiation through “multicolor CT”

Decrease of detection limits - potential for new, more specific compounds in MR
Optimized detector technology for CT - energy weighting, opportunity for new CM
This could enhance plague characterization, lumen visualization, allow the
development of new contrast agents and potentially obviate the need for
multiphasic scannin

New non-iodine-based contrast materials differ in X-ray attenuation properties

concepts

v Total element decomposition for robust separation of different CM elements in CT

+ |dentification of new indications for contrast media: with clear unmet medical need, real

value based, patient centered & outcome orientated radiology!

Collaboration between industry and radiologists with the aim to demonstrate the value &

importance of innovation in Radiology

196 Cardiovascular Imaging in Computed Tomography Summit

from current clinical contrast agents.

May introduce profound diagnostic advantages at spectral CT and therefore may
be worth long-term investment.

Most are only investigated in vitro or on animal models as of yet

Will need to be thoroughly vetted to minimize patient risks and ensure benefits
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Myocardial microcirculation
Akira Kurata (Ehime University, Japan)

Contents

Common knowledge
Pharmacological aspect
Hemodynamic aspect
Morphological aspect

Possible approach for microcirculation on CT

Function

0, and nutrients  CO, and metabolites

Capillary bed

Myocardial microcirculation

Epicardium

Endecardium

Fig. 1 Distribution of corenary arteries in the
epicardium and endocardium. The coronary artery
runs on the epicardial surface and turns toward
the endocardium at a right angle. Arrows show the

extravascular compression during systale,

(Hosokawa et al. Circ J 2011; 75: 1905-1912)

& c1vics

X

What? Where?

To vein

Microcirculation

httpz/fleavingbio.net/circulatory-systemy/’

Microcirculation (rabbit skin)

Changes in the microvessels (micro-circulation) of the rabbit skin
changes in the blood vessels of the ear observed with a
microscope when the rabbit was absorbed sidestream smoke

nasally for 2 seconds

Stop smclungr

Very sensitive... :

hitp:/fwww.menet-hiroshima jp/kin-en/lliness/Jyunkan.html

Anti-angina drug

Mitrates
Nitroglycerin
Isosorbide ndinitrates
Nicorandil

Coronary vasodilators (narrow)
Dipyridamole
Dilazep

{Ishihara K, et al. Nihon Yakurigaku

Beta-Adrenergic blockers
Propranclol

Atenolol

Calcium antagonists
Nifedipine
Niludipine
Diltiazem

Verapamil

Myocardial microcirculation 199
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Effects of the anti-angina drugs Effects of calcium antagonists

Effects of saline, nitroglycerin and dipyridamole
on changes in the endo and epicardial glycogen
metabolism induced by ischemia for 3 min.
Ischemia was induced by ligation of the left
anterior descending (LAD) coronary artery.

Either saline (4], nitroghycerin (B), or dipyridamole
(C) was intravenously injected 5 min before the
coronary ligation. Ischemic myocardial samples
were taken fram the ischemic region of the

myecardium 3 min after the coronary ligation

(border bars) . The non-ischemic myocardial
sample was also taken from a heart in which the
Effects of caldum antagonists on increase in the ([G6P] + [F6P]) / [FDP] of the myocardium
caused by ischemia. The increase in the ratio can indicate an acceleration of anaerobic glucose
Normal myacardium metabalism. Either saline, dif I, nifedipine was i ly injected 5 min before the
RS tschemic myocardium by coranary ligation

coronary artery was not ligated (white bars).

onset of ischemia. Calcium antagonists did not reduce myecardial ischemia.

The coronary-steal phenomenon possibly observed
when a coronary vasodilator is given.

three types of coronary-steal: (a) the steal from the LAD
region to the crcumflex region (LCX), (b) from the
endocardium to the epicardium, and (c) from the ischemic
region to the normal region due to a decrease in per
fusion pressure to the collateral vessel (). The more

potent the coronary vasodilator used, the more steal

phenomenan could be observed

Effects of calcium antagonists on increase in the ([GEP] + [F6P]) / [FDP] of the myocardium
caused by ischemia. The increase in the ratio can indicate an acceleration of anaerobic glucose

Either saline, dil pami ipine was ly injected 5 min before the

onset of ischemia. Calcium antagonists did not reduce myocardial ischernia.

hara K, et al. Nihon Yakuriga

Hemodynamics of microcirculation

Dynamic changes in 3D architecture and vascular volume of transmural In vivo observation of subendocardial microvessels of the porcine
coronary microvasculature bet diastolic- and systolic-arrested rat hearts heart using a needle-probe video-microscope with a CCD Camera

Arteriole
La—

G il
)\/\/
}

1 | et

+ 3D images of micro-vessel architecture visualized by synchrotron radiation microCT of SPring8

{left, D-mede (diastole); middle, S-mode (systole); and right, S-mode with load). Bar =1 mm.

+ An example of the diameter change in a subendocardial artericle {left panel) and venule {right

panel) throughout a cardiac cycle
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Morphological difference (pig model)

Transition from obesity to metabolic syndrome is associated with
altered myocardial autophagy and apoptosis.

if
o

Microacuar innueaty
[iise——

Phasic change of stress static CTP

Quantitative assessment of CTP in cardiac cycle

Multi-detector computed tomography detects reduced
contrast enhancement during adenosine-stress in
myocardial territories
supplied by stenotic coronary vessels

Quantification of myocardial blood flow using dynamic 320-row
multi-detector CT as compared with 150-H20 PET

1004 y=075x+1.41
50
6.0
4.0

20

0
Validation group  CAD group
(n=13) n=7)

0.0
0.0

(Kikuchi Y, et al. Eur Radiol 2014; 24:1547-1556)
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Possible approach to microcirculation

PET, SPECT
— Metabolism (FDG, BMIPP)
— Perfusion (NH;, H,O, Rb, Tc, Tl)
MRI
— Perfusion
— Oxygen-sensitive T2 image
s €
— Phasic change of static CTP
— Dynamic CTP

Result (4) ROC curve analysis

" Adenosine (1H.U)

P07
Sensitivity | Specificity
Systolic MU 02.6% 2.0%

Deastolic 'HY 0% | BAI%

1 - Specificiey

Stress dynamic CTP

DO 101007 L ————r

Early Changes in Myocardial Microcirculation in Asymptomatic
Hypercholesterolemic Subjects: As Detected by Perfusion CT

Tiomas R. Beuresseck,! Cviminn H, McCoLoven,” Wayse L. M, Eric E. WitLiamsox,
Suvar Leng,” Timomey Lo Kume,” and Erik L. Rimaas
"Division of Cardiovascular Discases, Mayo € “allege of Medicine, Rochester, MN, USA; *Department of Radiology,
Mayo Clinic College of Medicine, Roch A; and *Department of Physiology and Biomedical Enginecring. Mayo
Climic College of Modicing, 200 First Strect SW, Roche: 55905, UISA

Received 30 Mav 2013 secepioed 4 Nevember 2003: pablished onfine [5 November 2013,

dual-source CT (SOMATOM Flash, Siemens Healthcare, Germany)
Sequential scan mode at rest, 90 mA; 120 kv
ECG gated end-diastolic period with dose modulation
280 ms/rotation (termporal resolution 70 ms);
30 s for total scan sequence
Contrast, 350 mg-iodine/mL, at 5 m/s, amount, 0.25 mL/kg
Dose 9.12-11.59 mSv (HR 50-60 bpm), 6.77-8.71 mSv (HR 70-90 bpm)

(Behrenbeck TR, et al. Ann Biomed Eng. 2014; 42: 515-525)
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Stress dynamic CTP

Early Changes in Myocardial Microcirculation in Asymptomatic
Hypercholesterolemic Subjects: As Detected by Perfusion CT

$o.3352288

$o28s8888

oW
d v
* Myo “.
PR
thagltarer

& Mean CT Gray Scale (HU)
A Mean CT Gray Seale (HU)

s w1 @ @ W B

Timw (ec.)

TABLE 3. CT image analysis-based parambers.

Pusingtnt Famale convol Famile o sisk

COBMI (L m? min " ig ) 0.25 £ 0.00° 0.20 £ 0.06*
Myocardiad Biv (myocardum volume fraction) (LR T 010 £ 0.03
Myocardial Pertusion (mLmn ' cm % 082 £ 054 107 £ 0.72

*Suassrical SMisrence B0SS Sox

(Behrenbeck TR, et al. Ann Biomed En

Early Changes in Myocardial Microcirculation in Asymptomatic
Hypercholesterolemic Subjects: As Detected by Perfusion CT
Eemale _ Male

Controk y = 011~ 0.24 Controk:y = -0.16¢.-0.09

| At Risk: y = 0.19x=0.20

18

oo | My = 0280 - 002

“a 5 3
losiArsa of ROI, m}

(Behrenbeck TR, et al. Ann Biomed Eng. 2014; 42: 515-525)

Thank you very much for your attention

Capillaries

..a
»

akurata@m ehimi-uacip M

g

202 Cardiovascular Imaging in Computed Tomography Summit

Stress dynamic CTP

Early Changes in Myocardial Microcirculation in Asymptomatic
Hypercholesterolemic Subjects: As Detected by Perfusion CT
nROI Area = 1 1/2 1/4 2n

LA
.‘

N
e W

4‘:

Larger heterogeneity
— “healthy” myecardium

CO000RO
olelelols}
DOOC0
felole’e)
il

Measurement Values
el T-T-T-T-1-1-

,
,
\'Jmaller heterogeneity
= ased myocardium
Area of nROI legiArea of nROI}

(Behrenbeck TR, et al. Ann Biomed En

Take-home message

Myocardial microcirculation is

— Complex

— Sensitively affected by multiple factors
(physiology, pharmacology, subclinical and
disease-driven ~)

— Beyond CT spatial resolution in clinical practice

— (however) may be the next promising

biomarker, if the methodology is established.
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Cardiovascular molecular imaging

Xiaohai Ma (Beijing Anzhen Hospital, China)

OUTLINES

Background

= In vivo tracing method

Multimodal imaging of stem cells

* The commonly used stem cells

Stem cells in the treatment of Ml

© _m

Ml in CHINA

+  The morality of AMI is also increasing year by year. In 2013, the mortality
rate of AMI in rural areas was much higher than thal in cities

——

s J——

£ 28 30
= 270
b
B
174
176
p-E)
1900 1995 2000 2008 2006 2007 2000 2000 2010 011 202 2013
(LW
IR 1900 & -2013

chi -

report 2014

ERER

Stem cells in the treatment of AMI

SPECT: reduction of infarct size after 3
months of treatment
(30+13%—12+ 7%, P=0.005)

+ In 2002, Strauer BE et al.
confirmed the safety and
effecliveness of stem cells for
acute myocardial infarction for the

first time in clinical practice

Circulation, 2002 Oct 8;106(15):1913-8,

© _m

Problems to be solved by SC in the
treatment of Ml

* Evaluation of therapeutic effect

+ Colonization and survival of stem cells after

transplantation
* The mechanism of stem cells after transplantation

+ Selection of stem cells

Molecular imaging is a powerful way to solve them!

© ANZHEN HOSPITAL
#3158

Common Molecular Imaging Probes
PET: F-FDG
SPECT: 'Yin-oxine, 1in-tropolone, #mTc-HMPAO

MRI: SPIO, USPIO, MPIO
US: Targeted microbubbles

Direct labeling

CT: Microencapsulation
Fl: Exogenous flucrescent dye
PET: HSV1-tk
SPECT: NIS
Reporting gene MRI: Ferritin, transferrin receptor
ELl: Firefly luciferase
Fl: fluorescin RFP, GFP

© m

MRI value in reporting gene

Plasma Membrane Peptldes

‘}

\ @ - \/'

Curr Cardiovase Imaging Rep (2014) 7:9250
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Tracking of Ferritin Heavy
Chain Over-expressing Cells

C2CA2+Ferritin

C2C12

* This case Is the first report on the use o
reporter gene in stem cell therapy for myocardial
infarction

**Ferritin labeling skeletal muscle myogenic
cells

- ANZHEN HOSPITAL

Ferritin heavy chain

Transfer into myogenic
cells of skeletal muscle of
mice (C2C12)

T2 relaxation time
reduced by at least 25%
The deposition of iron
particles after 4 weeks

Mol Imaging. 2010;9:201=10,

©

SRR

wild type
+Fe

Ferritin
type +Fe

fenitin

Ferritin type

Ferritin labeling skeletal muscle myogenic

cells

T2 signal
decreased

~ ANZHEN HOSPITAL

|T2 shortening

B m

T2 relaxation time
- B E EEE

WT

Ferritin + Fo

WT +Fa Farritin

Mol Imaging. 2010;9:201=10,

©

SRR

TE
Sims

Ferritin labeling skeletal muscle myogenic
cells

Ain vivo T2*
B in vivo 2DIMSDE dark blood sequence

C In vitre (euthanasia 10min) T27, T2" weighted images of different TE
The langer the TE time, the clearer the stem cells were displayed in T2*

TE
133ms

~ ANZHEN HOSPITAL

17 6ma npms

Mol Imaging, 2010;9:201-10.

Direct Iabeling--USPIO-Labelling
mesenchymal stem cells

5x10%

. Effie,

TIWI

T2WL

E¥fek, 2011, 2 (3) . 252-067.

ANZHEN HOSPITAL

GRE
1-6 cells increased (mi") 5102, 53 10% 5104 12105 25105

ARl

e

EX)

**YSPI0 labeled MSC of rat heart MR after
transplantation

1% week

change significantly over
lime
FSPGR

W, Ethde FEERRERER 2012 3 (5) 474470

~ ANZHEN HOSPITAL

A1 day

B 1% week
C 2rd week
D 4 week

The T2 signal reduction
area (armow) was seen in the
anterior wall of the left
wventricle, and the size of the
signal reduction arsa did not

FRER

cell tracing

the research

The significance of dual / multimodal tracing

of SC

+ Mo molecular imaging technology can solve all the problems of stem

» The combination of multiple imaging modes to solve the problems in

— Make up for the deficiency of single imaging mode

- More comg

invivo

of stem cells’ phvsinln_qir:al ar:li\ri?ies_\ )

CANZHEN HOSPITAL

,-‘r‘%\!
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j ANZHEN HOSPITAL
ERTY )

Issue 1: Can stem cell transplantation

really survive and proliferate in vivo?

E2 LY

SPIO combined with protein

HA specific
antibody probe

m

ual modal (BLI/MRI) labeling ESC

Fluorescent

SPI0 combined with
myc specific

\ ( ‘J"-'_h\ Transmembrane

protein:
anchoring in cell

EFfalbiqutn — g fuc| my | m@ mesbrane

N

P

Promoter: T
regulatory Regulation Regulatcry target
target 1:HA, Regulation 3:oye, mamoalian
activity non exprassicn  teraet I cell nuclear
in pamals ::r‘ expressicn

Magn Reson Med. 2011 Nov; 66(5): 1374-1381

i ANZHEN HOSPITAL
ERTY

Issue 2: If transplantation of SCs is effective,
will the number of transplanted SCs be

related to the repair of cardiac function?

“*** PET/BLI dual mode tracing of cardiac

Il ANZHEN HOSPITAL

precursor cells (CPC)

A 2A
5 LTR g EF1a wt-tk puro®

puro®

puro®

5 |TRg EFla Ahtk2 puro®

Sr39-tk. A168H. /.htk2 are mutant types of wi-tk
The strongest PET reporter gene was screened by previous
experiments A168H

Cire Card 2012 148190,

#AAEPET/BLI dual mode traci

'
ng or caraiac

precursor cells (CPC)

Fluc + tk dual labeled cardiac precursor The simultaneous reduction of
cells (CPC) PET and BLI label at 28 days
BLI+PET dual mode tracing was observed

Cire Cards 2012 ) 90.

ERLY

Cal

was improved in the experimental group

! ANZHEN HOSPITAL
PET/BLI dual mode tracing of cardiac

precursor cells (CPC)

Ty ==

bales Gyl waek? ek

. 9?’.&

banies  pd wedk] e

rdiac function was assessed by echocardiography and MRI, which

Cire Cardiovase Ima, 2012 Jul;5(4):481-90.
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" PET/BLI dual mode tracing of cardiac

precursor cells (CPC)
B“ c
En SRt . g
: T o

Day 1 PET Signal [%1Dig]

+  With increase of the number of transplanted cells, LVEF
improved more

+  The number of stem cell colonization is related to the
improvement of cardiac function

Lre Cardiovase Imaging. 2012 hul 5{4):481-90.

ANZHEN HOSPITAL
£1EN k

Issue 3: Can stem cell transplantation

survive in vivo for a long time?

_ ANZHEN HOSPITAL

“**MRI/uCT dual mode tracer myogenic

& months after
transplantation
70T

12 months after
transplantation
47T

Implantation of myogenic pragenitor calls into the atrioventricular groove of mice
+  Observation of long-term tracer effect of SPIO in vivo, negative contrast agent on T2

*% MRI/UCT dual mode tracer myogenic

12 months after
transplantation
pCT images

Observation of long-term tracer effect of SPIO in vivo, negative contrast

agent on pCT PLoS One. 2014 Sep 24,9(9)

AREd | ANZHEN HOSPITAL
" MRI/uCT dual mode tracer myogenic

progenitor cells
In vitro images after 1 years

CT (single slice) CT (VET)

SPIO can serve as a long-term tracer marker, and MRl and CT can

complement each other PLoS One. 2014 Sep 24:9(8)

* ANZHEN HOSPITAL
T

Issue 4: How to assess cardiac

activity in a comprehensive way?
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I ANZHEN HOSPITAL
ERLY

PET/MRI dual mode assessment of
myocardial infarction

LGE MRI Cine MRI
M| area Overall assessment
enhanced of cardiac function
PET
DENSE MRI assessment of cardiac
assess local myocyte metabolism

myocardium movement &

Nucl Instrum Methods Phys Res 4.2014 Jan 11;734B:152-155

i ANZHEN HOSPITAL
#AEN

Issue 5: How to select suitable SC

types with molecular imaging?

I ANZHEN HOSPITAL
ERTY

" MRI/BLI dual mode screening stem cells
A I YT WET EITESE M B T r 13 45

ETOE I T
ﬂlﬂﬂﬂ ﬂﬂu |
III E e
+  Fluc label: (DeCMs @SMs EMSC

»  Compared with the other two cells, eCMs has a longer survival time,
which can significantly limit the infarct size and improve ventricular
function

mmvmmm
= 2 2 5
Infarct ares l‘V-I
S

al _n_|

noMi M+ MIs MI+ M
M 5M MSC

Aol (mad) dead) doeTi (nel)

Ml area

noM M+ AEe M+ M
oCM SM MSC

Ml volume

PLoS ONE 2013,8(4) : e51E10

ANZHEN HOSPITAL
ERLY

embryonic stem cell (ESC)

» Advantage
— The highest potential of division and differentiation
« Disadvantage
— Allogeneic origin, immune incompatibility, and teratoma
risk
— Secondary ethical problems

» The results of animal experiments are good, and
there is no clinical trial of ESC yet

e
“**'Risk of secondary teratoma secondary to

embryonic stem cells

Day 7 Day 10 Day 14

Magn Reson Med. Author menuscript; eveilsble in PMC 2012 Nov 1.

' ANZHEN HOSPITAL
ERTY

Cardiac stem cells (CSC)

» Advantage

— Having the ability to dividing and to differentiate
myocardium

— After M| event, the number increased rapidly and
migrated
» Disadvantage
— The number of cells is scarce
— Short life-span of cells

— The short life span of cells requires differentiation, and
is not easy to collect and culture directly
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“*Edaravone induces BMSC to differentiate

Mypenin =,

\2: ‘--..

" .
+ Edaravone is a free radical scavenger, which is used lo relieve symploms of acute
cerebral infarction
+ Implanting removal of serum and in vitro culture of edaravene BEMSC in the MI model
of mice
* BMSC activates paracrine under hypoxic and edaravene stimulation:
+ VEGF

. prer CTNT and CX43 are
. HGE expressed only in CSC

+ BMSC apoptosis
decreases, division
increases, and
differentiating to CSC

J Thorac Cardiovasc Surg. 2016 Mar 12,

©

FRER

Induced pluripotent stem cells (IiPSC)

+ Regenerated and induced by embryonic cell
(ESC-like cells)
« Advantage

— Remodeling the structure and function of the
myocardium in the short term

— no ethical problem
« Disadvantage
— Still have the possibility of inducing tumor formation

©

©

FRER

Clinical trials of SC in the treatment of AMI

002 06
TORCARE. =
prieiy Bartanele  REPAIR AMPIS K-Cﬁ_
o i
(BMC, EPC BNy per
2005
Rasee o TFI -

(EME)

Posm\/e
Nebative

PRESENT

oo 006 2008 012
Swaue’ | Janssess™ MY STAR» TIMEs
BMC) (BMC BMC) EM0)
006 009 mi 0
ASTAMM RECENT™ LaseTIME= )k‘SS
{BMC) (BMC; (BMT) AM

BMD)

J Gen Intern Med. 2013, 28{10):1353-83.

FAEN FAEN
IPSCs have a trend of differentiation IPSCs have a trend of differentiation
Diastole Systole — oonllol of
= r P T
5 : A .
) Expenence
. : group -
Infarct + GFP labeled iPSCs was implanted
in the tissue of myocardial infarction,
and observed 10W G
+ it is not obvious in the improvement .
of heari function (P=02} Immunofluorescence results of IPSCs transplantation 10
. \ « immunohistochemistry confirmed weeks after transplantation
;"3- " , that part of iPSCs had been Detection of apoptosis by DAF
o k‘ < differentiated into cardiomyocytes, + OGFP-labeled PSCs
smooth muscle cells and vascular + Troponin | a-actinin labeled myocardium, SMA labeled blood
— ithelial cells in vi —
SRIISIELERS INUED + The image shows the gocd differentiation trend of iPSCs
STEM CELLS AND DEVELOPMENT 2012, 21(6), $77-986 STEM CELLS AND DEVELOPMENT 2012, 21{6), $77-986
ANZHEN HOSPITAL Perft ANZHEN HOSPITAL

" Effect of stem cells in the treatment of acute
myocard|al infarction

+ 50 studies, 2626 patients
+ BMC in treatment of MI

=+ LVEF improved of 3.96%
+ Ml area decreased of 4.03%

Circulation. 2012 Jul 31; 126(5). 551-568.
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LYY

Thanks for your attention!

SUMMARY

= Selecting suitable stem cells and tracing the biological
behavior after stem cell transplantation by molecular
imaging, revealing the therapeutic mechanism
- ESC, CSC, iPSC have clear myocardial differentiation ability and
are a hot spot for pre clinical research
— The ability of BMC to differentiate into myocardium is
controversial, but there are many clinical applications
* Dual / multimodal molecular imaging methods make up
for the inadequacy of single imaging modalities
— Selection of transplanted stem cells
= Invivo mechanism of transplantation of stem cells
—  Dynamic monitoring of transplanted stem cells
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Onco-cardiology imaging

Yoojin Hong (Severance Hospital, Korea)

Advances in cancer therapy have resulted in significant improvement in long-term survival for many types of

cancer but have also resulted in untoward side effects associated with treatment.

Cancer therapies including cytotoxic chemotherapy, molecular targeted therapies, and mediastinal irradiation
have been linked to myocyte damage, left ventricular dysfunction (LVD), heart failure (HF), thrombogenesis,
pericardial pathology, hypertension, ischemia, conduction and rhythm disturbances, and vasospasm. HF as a
result of cancer therapy has been linked to a 3.5-fold increased mortality risk compared with idiopathic car-

diomyopathy

Chemotherapy induced cardiotoxicity is a well-recognized adverse effect of cancer treatment. Because it causes
irreversible cardiac damage, early diagnosis, and treatment is clinically important. Especially the anthracycline
class of cytotoxic agents is well known cardiotoxic agents. Although they are highly effective against a broad
spectrum of malignancies including breast cancer. But they are the most notorioius agent with cumulative dose
related cardiotoxicity. Considerable myocardial damage is known to occur below the known threshold level.
The prevalence of chemotherapy-induced cardiotoxicity is relatively high up to nine percents. The currently
used diagnostic tools include multigated acquisition (MUGA) imaging. However, these techniques require
radiation exposure and lack precision, and are reported to have low sensitivity for early detection of cardio-

toxicity.

Existing guidelines offer no clear consensus regarding the timing or duration of such surveillance. LVEF iden-
tification is the method most commonly used to screen for cardiotoxicity. No other imaging modalities have
been specified for monitoring cardiac function during anthracycline therapy. Accordingly, a reliable, nonin-
vasive early cardiotoxicity detection and serial monitoring method is needed. Cardiac MRI has an important
role in early diagnosis and treatment of cardiotoxicity. MRI offers a much higher level of accuracy for cardiac
functional analysis than echocardiography or MUGA imaging. The newly developed T1 mapping sequence is

a highly accurate and attractive method for myocardial tissue characterization.

In this lecture I will discuss the role of cardiac imaging (MR or CT) in oncocardiology.

Onco-cardiology imaging 211
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Research progress of cardiac CT on RSNA 2017

Jian Cao (Peking Union Medical College Hospital, China)

20N stg ik

n Research progress on Cardiac CT

B Equipment progress on Cardiac CT

20N stk

2 s de R A

2017 RSNA overview

China and the global RSNA academic report number.
1800

1500

m China

760
m Global
500 -
209(12.3 o
0 - = 2

Oral presentation Academic panel Education posters

# This year RSNA has about 1,500 oral presentations, 760 academic panels
and 1,800 education posters.

» The number of academic reports in China accounts for 8% of the global
RSNA academic report.

Number of academic report of _,B‘

Chinese scholar ’tﬂﬁh%r’

300
250
150 o
100
50
a

2011 2012 2013 2014 2015 2016

scadenic
rwt numbapr 207 297 291 32

Number of oral presentations ofrl“

jtf-hh’%l‘"’

three East Asia counties

Oral p ion of Chian/korea/fla

i~

™

™

- 015 JONF 2005 2006 JOOME 0BT 2000 20106 JOLLGF LR 200IF 204F 2005F 016% Po1vE
- 35 52 1 105 120 BS 123 20 az 150 157 140 189 189 A
-l 10 02 ”» & n a0 -1 w0 L] 142 1ur (3] 108 (4] "
—-—HE N ™ ] LS 2 10 uz 16 ay 154 147 127 1nr 118 167

2017 RSNA cardiac imaging
academic report

) i e 1L

m others ¢ PET etc. )}

Cardiac T (€-9. PET/CT)
105
155 31%

46% m Cardiac MRI

Cardiac MR ® Cardiac CT

# There were 338 academic reports on cardiac imaging.
# There were 155 academic report about cardiac CT, accounting for 46% of all cardiac
academic reports,
Retrieve “Cardiac CT* as key word, 338 articles, and “Cardiac MRI” as key word, 78 articles
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2017 RSNA cardiac imaging
academic report

) 3t

i 4e ﬁf‘&

Cardiac CT academic report

® Chinese scholar

u foreign scholar

» Among all cardiac CT report, 29 were from Chinese scholars, accounting
for 19% of total number.

Retrieved "China” as key word, 29 articles.

Research progress on Cardiac CT

2017 RSNA

i Foduain i

Cardiac Cve_rview

The number of cardiac CT studies
Stent, 6, 4%

u congenital heart
disease

w valvular heart
disease

1 imaging technique

others, 25,

W others

FFR, 18, 12%

ul Stent

u CTP

Plaques and

calcifications [
score, 22, 14%
W Plaques and
calcifications score

2017 RSNA
Cardiac CT overview

) A

» Hot spot:
— CT new technology, functional imaging (40-CT, 3D printing, FFR, etc.)
used in coronary heart disease. ;
— Research and application of Photon counting CT;
~ Machine leaming/deep learning in the application of cardiac CT
» Compare to 2016:
— Studies on perfusion imaging decreased and FFR related studies
increased;

— Studies on new technology, machine leaming increased

250 Micron Resolution Photon-Counting CT: Potential for Improved
Imaging of Calcified Coronary Artery Stenosis vt sandfort et al

Purpose: to determine the potential utility of ultra-high resolution (UHR) (250 micron
FCD CT using ex-vivo hearts
Method and materials:

» N=5

# Image acquisition:

# Hybrid energy detector (EID) :
0.5mm resalution (D50 kernel)

# Photon counting detector (PCD) :
0.5mm resolution {DS0 kernel)
0.25mm resolution (S80 kernel)

» Measurements:

High resolution image of hybrid energy
detector and photon count detector
[}

Somatom CounT

« 22 sub-phoel
» CTvalue of calcified plaque; P combiation.
. - X N . + High resclution
» The volume of calcified plaque; High resohton scanning scanning mode (05 and
# stenosis of the coronary artery. 0.25men)
Uizhvving, Stef; “Phitos ] SOMATOM Sessions 71"

Photon Counting CT

AL

N T
oo

—I\Mumeuf cifed plague

+ The volume of calified pla * The
ques in ultrahigh resolution
(0.25mm) images decrease

Result:

resohution

ultrahigh
(0.25mm) image can be used
te observe the degree of

d significantly :fgﬂ":w artery stenosis more

+ There was no significant
difference between EID and
PCD on CT wvalue of
calcified plague

Conclusion:

250 micron resolution phaton-counting CT resulted in lower calcium volumes, reflecting less calcium blooming
250 micren resolution photen-counting CT resulted in larger lumen diameter measurements and enabled
successful detection of the lumen in all calcified stenosis while standard resolution failed to depict the lumen

BID: i energy detector PCD : Photon count detector
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3D Printed Patient-Specific Coronary Models for Testing CT-Derived FFR

Lauren Shepard of al

Purpose:

to develop patient-specific 3D printed coronary flow phantoms wrlch can supplant or support
expensive clinical trials for validation of CT-derived FFR teck

METHOD AND MATERIALS:

» B

Angio €T (mﬂ'\’

3D printing process

& c1vics

Result:
| Comparison of Benchtop FFR with Catheter- Comparison of Benchtop FFR with cT-
based FFR derived FFR
. .
= X e b
:.:- : .. : .‘ 5 * .
§ §
F a
. .

CT-derived Fil

Benchtop FFR and catheter-based FFR (r=0.9) Benchtop FFR and CT-FFR (r=0.86)

Conclusion:

This novel benchtop system can supplant the cost and risk of initial validation and optimization
of CT-derived FFR technologies.

CTA enhancement protocol

optimization Y 3t gt de g 1L

Coronary Artery Enhancement for Coronary CT Angiography and Flague Analysis:
Optimization with a Test Bolus and Contrast Dilution Protocol A—

Purpose: three contrast injection protocols for CCTA and compared both mean levels
and standard deviation of contrast enhancement

METHOD AND MATERIALS:

Image analysis:
+ CT values of ascending aorta, descending
aorta, left atrium and coronary artery;
: bolssinjection: 4 Changes in CT values of ascending aorta
% 65ml 0% 75ml
" i and coronary artery;
To determine the optimal time for the

(n=5%]

CCTA: X%, CCTA: %, compariscn of corenary CT angiography, and to Test boks protocal 2 significanthy higher nember of
e el meet the following conditions: Ak e e of e
+ HU of ascending aorta > HU of left atrium. inter-study variation of the test-bolus methed was signi lower than that of the body weight
>smifs 45 mfs + HU of ascending 2orta > HU of descending injection protocol
" " sora. CONCLUSION:
o A test-bolus guided injection protocol with variable contrast dilution allowed greatly improved
: :ﬂ ::_,_aw m standardization of coronary and aortic attenuation levels for coronary CT anglography

CTA enhancement

protocol optimization

Result:

i
i
j

artery
L.

-i;.

stk -

# Test boks protocol 2 rested i
the Lrgest rumber of scans
with "o peaktimieg [0 004]

- o [ fupene -

CT walue of cotanary

et Wil Sokapeumed 2

=Y i tn

CCTA: Tube-Voltage Adapted Contrast Media Injection Protocol

Phiipp L. von Knebs| Dosberitz et al.

Purpose:
a simple, kVp-tailored contrast media (CM) injection protocol for coronary CT angicgraphy {CCTA)

METHOD AND MATERIALS:

research process
165 130kY
paticnts
Y P )
:iw Subjective analysis:
Vascular enhancement an
[ T r— L0k Anal i e $ .
© soloat 5“\, 'oh image noise;
whc

Objective analysis:
CNR, SNR and CT value of

Tube voltage coronary artery,
(kv)

Minimum iodine 07 08 10 11 13 L}
flow rate (glfs)

o (30mgfm. 35 39 45 40 0 60 70
Lk, gt}

Technique

Result:
¥ The 70kVp protocol achieved the highest average
(377 HU), significantly higher than I
110KV (P< 0,001)

¥ The B0kVp protocol rendered the highest CNR (20.3),
comparable to TOKVp and S0kVp (179 and 14.3,
respactively, P> 0.05), while significant differences were
found with >=100 KVp protocols (P> 0.01),

# Mo significant differences were found in subjective  The CT value of coronary artery
image quality (P=0.691). decreased with tube voltage

increase.

Conclusion:

The proposed Kvp-tailored CM injection protocol allows for substantial reductions in CM
administration while maintaining diagnestic vessel attenuation in CCTA.
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Cardiac CT equipment progress '\ jt -z 4 4o % 1

n Equipment progress on Cardiac CT

Cardiac analysis software

N

\ .
\ Intelligent
Cardiac cardiovascular
\ CT , imaging

syngo.via Prototypes
Coronary Plaque Analysis (Syngo Energy)

* This prototype allows volumetric
quantification and differentiation of lipid,
fibrous, and calcified plagues.

Advanced tools for analyzing
atherosclerotic plague morphology and
characterizing different plague
composites, such as lipid and fibrous:

Lot o e et i

Analysis *« @ 0Overall Plague Burden

* [@Segment Involvemnent Score

= @ Quantitative Remodeling Index
* [ Quantitative Eccentricity Index

Potential to assess the vulnerability of
atherosclerotic lesions and evaluate
strategies for stabilizing plague

syngo.via Prototypes
Coronary Plaque Analysis (SE/DE)

* Volumetric quantification and
differentiation of lipid, fibrous,
and calcified plaques based on
both HU and

syngo.via Prototypes
Cardiac Risk Assessment

Automatic quantitative
pericardial fat analysis
Analysis of visceral fat.
Risk assessment for
cardiovascular disease and
type 2 diabetes

syngo.via Prototypes
Cardiac Functional Analysis

= functional analysis of the heart

* Incorporates stress and rest studies,
static , dynamic myocardial perfusion,
multiphase CTA, Dual Energy Perfused
Blood Volume, and others

Quantitative statistical analysis of 2D
polar map-related AHA segments and
user-defined ROIs in the underlying 30
data

Automatic segmentation of left
ventricle (epi- and endocardium), right
ventricle, and left and right atria

216 Cardiovascular Imaging in Computed Tomography Summit




IQon Spectral CT

O Stereoscopic dual- KT
layer spectral detector

O Multi-parameter &
modality imaging
Dual-layer spectral
detector
O Spectral imaging

O Detetor:Teo cnergy
O Energy spectrum: Four Same

0O Proprietary Technology : 10 Years

IQon Elite spectral reconstruction

Calcium Suppressed Images Electron Density Spectral

- IQon Elite spectral reconstruction
- Faster reconstruction speed
- More complex applications

+ The new option for a
radiation therapy couch
provides enhanced
patient positioning

enhance tissue
characterization to
further deliver on
diagnostic certainty

Toshiba
Cardiac analysis software

cornary artery free
tracking and registration
Linear

combinatiop

Volume

Image
Registration

Motion Motion
Estimation Compensation

& c1vics

X

RSNA2017 |Qon Elite Platform:

HyperSight Elite 5pectral Reconstructor

Suitable for

¥ 200 patients/day

¥ More complex para
¥ Proton radictherapy

Multi parameters

Toshiba
Cardiac analysis software

calcification score VRT Cardiac function analysis

Toshiba
Cardiac analysis software

T1y, Atypical angina, LCX middle segment stenosis, RCA severe stenosis;
Myocardial defects on inferior wall, transmural perfusion ratio{ TPR) confirmed the results
LAD LCx RCA

Research progress of cardiac CT on RSNA 2017 217
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GE Cardiac CT Y stk

GE Cardiac CT RE bR 1L

First dedicated Cardiac CT

Wide: 1-beat Cardiac imaging,

14cm detector

Fast: 0.24s/r +

SSF coronary track and freeze

Accurate: “One-stop”

morphology + functional imaging

GE Cardiac CT

Whole heart
Perfusion information

16cm detector —s

GE dynamic stress myocardial perfusion 17-segment accurate analysis

Neusoft , Neusoft
Cardiac analysis software “ 2/ *-.- Cardiac analysis software
Systems Co. QL Cccnrertreene
+0.259 st

+ 25ms termporal resolution

50ft NewViz Prima “The newest NeuViz Prime express _
',- pectral CT from Neusoft Medical, . s
€. . Cardiac analysis software and 0.259 :Ism"zul”::af”"‘ beat suto-seloction of best shage
B T — sir assist in acquiring high quality . Mmgn ariitacte corraclion P
L‘. - . medical images. "
= ) - ETrTTE—

2017 RSNA Technology focus + Auto-modulation of tube current

= ClearView + iteration algorithm

ot Simplify workflow of scan and post-progress

= internally installed ECG monitor
« Intelligent protocol selection
« Convenient and efficient post-progress (Hidden coronary tree function)
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Cardiac analysis software

High heart rate

Low dose

“One-stop™ chest pain
triad syndrome

Retro-scan (100kVp, T50mAs,
120mm, 45,31.2mGy,

374 6mGy.com, 524mSv)
350 mglimi

contrast: €0ml, Smifs;
saline: 30ml, §mils

Pro-scan (100k\p. 30méas,

130mm, 4185, 1 8mGy,
26mGy.com, 0.36mSy)
350 mgliml

contrast: 55ml, Semis;
saline: 40ml, 5mis

Retro-sean {100KVp, BBSmAs,
377Tmm, 13845 23 SmGy,
885 S5mGy.com, 15,06mSy)
270 mgltmi

contrest:  85mi, 3.5mls;
saling: 45ml, Sml's

& c1vics

Conclusion

#» With the improvement of scientific research level, the number of
academic reports of Chinese scholar RSNA is increasing year by year.

» Coronary heart disease is still the most important research part in the
field of cardiac CT.

# Photon counting CTFFR, machine learning and other new technologies
have become the focus of research.

» The new heart special software of each equipment manufacturer is
conducive to the further analysis of cardiac structure and function,
presenting a broad prospect of cardiac CT application.

# The application of new technology, new equipment and new software
provides new ideas for prevention, treatment and prognosis of
cardiovascular diseases.

Thanks

woww,pumch.cn
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CT Auto Injector CT zafiasn™

Ul

A big success—down to the smallest detail e

The new CT motion

—

* -
|=""‘w" u
—

+ An efficient process
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+ Safe and reliable application
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The Art of
Confident Diagnosis

Master your most challenging cardiac cases
with Revolution™ CT from GE Healthcare.

Rapid and precise TAVR planning. Motion-free cardiac images
at any heart rate. All at a low dose.

Learn more at gehealthcare.com/RevolutionCT.

©2015 General Electric Company - All rights reserved. Revolution is a trademark of General Electric Company.




Drive

HOODO5162002875857

precision

for all

SOMATOM Drive

SIEMENS .-,
Healthineers *-*

@.'

Everybody is different. Every patient. Each circumstance.

Every disease, every complication and every injury

“comes with a patient” — and their individual requirements.

Drive precision every day, every night, every single moment
with SOMATOM Drive.

healthcare.siemens.co.kr

Drive precision for your Patients

+ Mastering urgent care

+ Establish a new quality of patient care
+ Accept more patients than ever before

Drive precision for your Environment

+ Standardize your quality of care

+ Simplify routines

= Modernization to increase automation
Drive precision for your Business Needs
+ Prepared for the future challenges

« Driven by future technologies

+ Opening doors to new opportunities

SIEMENS .-,
Healthineers *-°



Bracco
The contrast imaging specialists

Services

iomeron:

lomeprol

References: 1) Cademartiri F et al. High iodine cont ion contrast ial for i ive multislice computed Coronary Angiography: lop 370 Versus lomeprol
400. Inv. Radiol. 2006;41(3): 349-353. 2) Schoelinast H et al. MDCT angiography of the pulmonary arteries: influence of iodine flow concentration on vessel attenuation and visualization.
AJR. 2005;184:1935-1939. 3) Marchiano A et al. Does iodine concentration affect the diagnostic efficacy of biphasic spiral CT in patients with hepatocellular carcinoma? Abdom Imaging.
2005;30(3):274-80. 4) H tingl et al. in “Multid r-Row Computed Tomography”. Springer 2005. Pag. 49-60. 5) Fenchel 5 et al. Effect of iodine concentration of contrast media
on contrast enhancement in multislice CT of the pancreas. Br J Radiol. 2004,77(922):821-30. 6) Romano L et al. Enhancement and safety of iomeprol-400 and iodixanol-320 in patients
undergoing abdominal multidetector CT. BJR. 2008 Dec. 8 (e-pub ahead of print).

Please see full Prescribing Information. Before use, please consult the locally approved Summary of Product Characteristics, which will be made available upon request. / \

Shinsung bldg. 732-27 Yeoksam-dong, Gangnam-gu, Seoul, 135-514. Korea, Tel. 82 02 2222 3500, Fax. 82 02 2222 3550 www.bracco.com 3 2ty
BRACCO

Committed to Science, N
Committed to You." LIFE FROM INSIDE
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For tomorrow
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1Qon Spectral CT
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lrue
Spectral

Now, with the IQon Spectral CT,
every scan can be spectral on demand.

There’s always a way to make life better.

innovation 4 you

T




Innovation you can see

Guerbet | :::

Contrast for Life
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BAYER

It’s all about U! You provide clear direction in a patient’s clinical journey — every day —
by combining your skills with Ultravist®. International studies™ with

about 150,000 patients proof Ultravist’s® safety profile and excellent image quality.
* Palkowitsch et. al (2014); Ji-Yan Chen et al. (2015)

Your ability, your expertise, your Ultravist’

lopromide
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Efficiency
amplified

Process
simplified
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New manufacturing process

Innovation non-ionic

Low osmolar and Contrast agent
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