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What is QFR?

Quantitative Flow Ratio (QFR)

- Computed FFR based on two angiographic projections
—> 3-dimensional QCA derived FFR

—> No need of pressure wire or hyperemic agent

3D Reconstruction Modified Frame Count QFR
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3D model reconstructed from 2 angiographic projections with angles 2 25° apart.
Patient-specific volumetric flow rate calculated using
the combination of contrast bolus front TIMI frame count and 3D QCA
In-procedure time: < 5 min
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Evidences of QFR

- First-in-Man Study of FFRc,-
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underwent FFR
Fractional Flow Reserve Calculation From

3-Dimensional Quantitative Coronary
Angiography and TIMI Frame Count

A Fast Computer Model to Quantify the Functional Significance
of Moderately Obstructed Coronary Arteries
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Evidences of QFR

- FAVOR Series -
Favor Pilot Trial Favor Il China Favor |l Europe-Japan
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Another Method of Angiography-Derived FFR

- FAST FFR Study -
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Evidences of QFR

- Study-Level Meta-Analysis -

@ E S C European Heart Journal (2018) 00, 1-9 CLINICAL RESEARCH
European Society doi:10.1093/eurheartj/ehy445
of Cardiology

The accuracy of angiography derived
Diagnostic performance of angiography-derived  FFR was good to detect hemodynamically
fractional flow reserve: a systematic review and significant lesions with pressure-wire
Bayesian meta-analysis measured FFR as a reference.
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QFR in Real World Practice

- Advantages & Disadvantages -

Advantages
1. Non-invasive procedure

2. No need of pressure wire or
hyperemic agent

3. Real-time online measure
4. Easy to measure in all 3 vessels

5. Easy to perform the retrospective
analysis

6. Per-stenosis QFR Is possible

Disadvantages
1. Calibration failure (We don’t know
how to prevent)

2. Cannot measure if the image
quality is poor (Overlap, Tortuous
lesion, Poor contrast filling, No
optimal projections > 25 degree)

3. Angiographic limitation
(LM ostial lesion, RCA ostial lesion,
myocardial bridging)

4. Limited Outcome Data
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Pitfalls of QFR

- Calibration Failure -

B ' Processing DICOM images

The data could not be processed, because:
- S1: No calibration data present.

rowser View QAngio XA 3D 1.1 #1

o 27 956
e | @ 0180800

In SMC database, 10.1% (49/483 vessels) of lesions cannot assess due to calibration failure.
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Pitfalls of QFR

- QFR do not reflect the status of coronary microcirculation -

Microvascular Dysfunction

248 Stable angina with FFR, CFR, and IMR assessment
(Including Samsung Medical Center Data)

7 Low MR

High IMR

— AUC low-IMR group: 0.96 (0.92-0.98)
— AUC high-IMR group: 0.88 (0.79-0.94)

Difference of AUC between groups: 0.08, p <0.05

0.0 02 04 06 08 1.0

TABLE 5 Predictors of Disagreement Between QFR and FFR

Univariate Analysis Multivariate Analysis

OR 95% Cl  p Value OR 95% CI  p Value
ACS 261 124-548 0.01 397 1.78-8.86 0.001
Smoker 199 096-4.16 0.06 - - -
Multivessel disease 218 0.96-4.94 0.06 - - -
Proximal or mid segment* 0.45 0.20-1.00 0.05 - - -
%DS 1.02 0.99-1.05 0.19 - - -
MLD 0.51 0.23-1.14 0.10 - - -
IMRT 1.04 1.02-1.07 0.01 1.05 1.02-1.08 0.001
Pa 0.98 0.95-0.99 0.04 - - -

Hernan, Lee JM et al. JACC: Cardiovascular Intervention 2018

Previous

MI Related Artery

150 intermediate coronary artery disease with FFR
assessment (40-70% stenosis)

A. Prior-Ml-related coronary arteries

cQFR

cQFR

1.00

r=0.88, p < 0.001
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Asano et al. Eurointervention 2018
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Pitfalls of QFR

- Ostial Lesion -

LM Ostial lesion cannot be analyzed.
{ (No proximal reference segment)

_ RCA Ostial lesion cannot be analyzed.
(No proximal reference segment)

In SMC database, 7.2% (35/483 vessels)
of lesions cannot assess due to LM or
RCA ostial lesion.
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Pitfalls of QFR

- Tortuous Lesion -

In SMC database, 1.5% (7/483
vessels) cannot be assessed
due to severe tortuousity.
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Pitfalls of QFR

- Myocardial Bridging -

Physiologic evaluation for
LAD

Resting Pd/Pa : 0.98
FFR: 0.94

Contrast QFR

Vessel QFR: 1.00
Index QFR: 1.00

«ITT®  sAMSUNG MEDICAL CENTER



Technical Limitation of QFR

QFR analysis is unreliable or impossible in following conditions

<SMC database, 25.7% (124/483) of lesions cannot be assessed QFR>
* Too much overlap of target vessel
 Too much foreshortening of the target coronary artery
» Ostial lesions
* Tortuous lesions

* Very severe lesions might lead to very low QFR value, much lower

than the corresponding FFR. Clinical decision will be the same.
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Unclarified Reliability of QFR to date

The safety and effectiveness of the QFR has not been evaluated for
patients with the following conditions

» Unstable angina (ongoing researches)

» Acute myocardial infarction (ongoing researches)

» Hyper-dynamic heart

> Atrial fibrillation

> Ostial lesions

» True bifurcation lesions (1,1,1 Medina classification)

» Jailed side branch

> Vessels with retrograde fillings

> Grafted coronary arteries

> Non-coronary arteries (ex> LIMA-LAD, Saphenous graft)



Ongoing Research of QFR
<QFR for Non-culprit Lesion in AMI Patients>

Index of Microcirculatory Resistance Registry (NCT02186093)
Samsung Medical Center Institutional Registry

118 AMI patients, 288 vessels who underwent 203 SIHD patients, 329 vessels who underwent
physiologic assessment for non-culprit stenosis physiologic assessment
134 Culprit vessels |
154 Non-culprit vessels I
Excluded from QFR (n=49) Excluded from QFR (n=75)
Calibration failure (n=16) Calibration failure (n=33)
Ostial disease (n=13) I Ostial disease (n=22)
— . . . .
Two projections < 25° (n=13) Two projections < 25° (n=12)
Tortuosity (n=3) Tortuosity (n=4)
Overlapping (n=3) Overlapping (n=4)
Poor contrast filling (n=1) Poor contrast filling (n=2)
¥ y
82 AMI patients with 105 non-culprit vessels ‘ ‘ 182 SIHD patients with 254 vessels

«ITT®  sAMSUNG MEDICAL CENTER
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Ongoing Research of QFR
<QFR for Non-culprit Lesion in AMI Patients>

<AMI Non-culprit Intermediate Stenosis> A. stable schemic Heart Disease
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Ongoing Research of QFR
<QFR for Non-culprit Lesion in AMI Patients>

- Correlation Between QFR and FFR According to Clinical Presentation -

A. Stable Ischemic Heart Disease B. Acute Myocardial Infarction (Non-culprit Vessel)
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P value = 0.974 for comparison of correlation coefficients
between SIHD and AMI non-culprit vessel.
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Ongoing Research of QFR
<QFR for Non-culprit Lesion in AMI Patients>

- Predicting Ability for Functional Significance -

A. Stable Ischemic Heart Disease B. Acute Myocardial Infarction (Non-culprit Vessel)
100 100+
80— 80—
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S~ S~
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S 40 S 40+
8 —— Contrast QFR $ —— Contrast QFR
—— Fixed QFR —— Fixed QFR
— iFR — iFR
20 —— %DS by 2D QCA ao] —— DS by 2D QCA
—— %AS by 3D QCA —— %AS by 3D QCA
Overall Comparison P < 0.001 Overall Comparison P < 0.001
0 0
T I [ [ [ | T [ [ I I |
0 20 40 60 80 100 0 20 40 60 80 100
1 - Specificity 1 - Specificity
Model AUC 95% ClI P value’ Model AUC 95% ClI P value”
%DS by 2D QCA 0.812 0.757-0.866 NA %DS by 2D QCA 0.759 0.668-0.851 NA
%AS by 3D QCA 0.819 0.768-0.870 0.293 %AS by 3D QCA 0.774 0.684-0.864 0.134
iFR 0.914 0.880-0.949 0.001 iFR 0.924 0.870-0.979 0.002
Fixed QFR 0.918 0.884-0.952 <0.001 Fixed QFR 0.957 0.920-0.994 <0.001
ContrastQFR 0.946 0.919-0.974 <0.001 Contrast QFR 0.967 0.936-0.999 <0.001

Choi KH, Hwang DY, Lee JM et al. Under Review @ SAMSUNG MEDICAL CENTEH



Summary & Future Perspectives

Fast computation of FFR from coronary angiography (QFR) without pressure
wire or hyperemic agents is feasible and reliable.

Contrast-flow QFR (cQFR) showed similar diagnostic performance with
adenosine-QFR, and showed superior diagnostic performance than fixed-QFR.

QFR has been validated only in patients with Stable Ischemic Heart Disease.

Currently, the reliability of QFR for patients with AMI (non-culprit), or specific
lesion subsets (such as bifurcation, and diffuse disease) are ongoing.

Our group is planning to identify the association between post-PCI 3-vessel
QFR and increase of exercise performance after PCI.

Validation of clinical outcomes of QFR-guided PCl is needed (FAVOR Il China)
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Future Research Perspective Using QFR

63 years old male
2006.07.18 s/p Heart Transplantation d/t ICMP
2006.09.28 CAG : proximal LAD 70% stenosis s/p PCI (Cypher 3.5x28mm)
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Future Research Perspective Using QFR

2018.11.06 CAG was performed d/t newly developed RWMA (LAD territory)
CAG: ostium to proximal LAD - diffuse stenosis up to 70%
Mid LAD - ISR CTO
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Future Research Perspective Using QFR

PCI was performed
LM to proximal LAD - 3.5x24mm Synergy
mLAD - 3.0x30mm DEB x2EA

IR A EEEN
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Future Research Perspective Using QFR

Why did this lesion progress?
We can find the clue in the past CAG (2012.09.11)

What do you think about the functional significance of this lesion?
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Future Research Perspective Using QFR

This lesion might be a functionally significant lesion in 2012.
Hemodynamic significance of the lesion might have affected the lesion progression.

This is one of the advantages of functional coronary angiography for
understanding the lesion progression and subsequent outcomes

: ; W/ A DA,
W / : ; 1
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Thank You For Your Attention !

Ki Hong Choi, MD

Clinical Fellow,
Heart Vascular Stroke Institute,
Samsung Medical Center, Seoul, Republic of Korea
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