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Research progress of invasive functional assessment of coronary artery disease

JIANG Yue, HE Ben
Department of Cardiology, Shanghai Chest Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200030, China

[Abstract] Fractional flow reserve (FFR) is an invasive functional examination. Its diagnostic performance has been confirmed by a
large number of studies. Because of its superiority to the traditional method of pure selective coronary angiography (CAG), it has
now become the “gold standard” for diagnosing the severity of coronary artery disease. However, the need to use vasodilators for
vascular pretreatment, poor coronary pressure guide wire passing performance, long inspection operation time and other factors
make FFR limited in clinical application and could not be widely used. Therefore, derived indicators of FFR such as instantaneous
wave-free ratio (iFR) and quantitative flow ratio (QFR) have been generated. Studies have confirmed that these indicators are in
good agreement with FFR. In addition, these derived indicators simplify the operation process in the measurement, avoid the use of
vasodilators, and can obtain functional data close to FFR at the same time, which provide reliable support for the operator and
reduce the adverse effects of patients. Therefore, they are expected to be widely used in clinical practice as an alternative to FFR. In
recent years, the publication of a number of important studies has provided new evidence-based data. These studies include the
update of examination methodologies, the comparison of diagnostic performance, the expansion of examination scope, and the
publication of long-term follow-up data, efc. This paper reviewed the related studies in recent years.

[Key words] coronary artery disease; coronary functional assessment; fractional flow reverse (FFR); instantaneous wave-free ratio
(iFR); quantitative flow ratio (QFR)
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PILS Z5F 1993 4541 1 T FFR UGN vk, B4 mh
TR REFA AR “EhrifE” o CPEZE
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2.1 FFR

FFROZTE MY 25 W & T etk sl ko 4% 32 v
FE T35 SRS 0 LB, S T 5tk s ko A% 1
s X, BE R TIGAR T (1), DEFER ' #f
F¥4 1 FFR<0.75 M9 A8 5 B2 A ARYT . LAY
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(coronary artery bypass grafting, CABG) #H; MH# T
CABG#, FFRIESFMPCLEE ARG 14 F LN F
1% H: % H 8 (CABG vs FFR, 6.9% vs 10.6%), A~
BAAES#M (AR P=0.35), {HCABG 41 A H
I, VR A B I R AR R LR, Xt
T STEMI &1 2 3 &2 B35, FFRIJE &K £ 4/)
AR — T RAE, Wi TR I =S AR RE, k
£ CABGIAYT WU T AR SR 1A T AR it 22 4 i ]
ARG AR B T RE N A R, 2R FFR 15

%1 FFRAJIGKRE R
Tab 1 Clinical application of FFR

Study Year Patients Cut-off value Primary endpoint
DEFER"™' 2001 91 <0.75 adverse cardiac events
FAME' 2009 509 <0.80 MACE
FAME2''® 2012 447 <0.80 MACE
FAME 3" 2022 1500 <0.80 MACCE
AGARWAL,

call!” 2016 574 <0.86 MACE
€
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TR0 PCLAT LAREARAR DG RAE M R AR, MR R H
(A T B A 1 T o

BEAh, AHN %5 D se s, FRR AT 0
FE RS AL IS AR Sh Bk T BE2E VA 5 1A SE 4R O RS A
i VAR R S ik D g % (FFR<0.80) %M L
(5.5%), I HEBEAG 10 4£50 T8 B A Y &
BETRI P 2 o X FFR B U F P-4l O IERS 18 1)
Tl

Conclusion
DEFER vs PEFORM (FFR guided) P=0.21
FFR vs CAG P<0.001
FFR-guided PCI + OMT vs OMT P<0.001
FFR-guided PCI vs CABG (three-vessel CAD) P=0.35 for noninferiority

Final FFR <0.86 had incremental prognostic value over clinical and
angiographic variables for MACE prediction

Note: FFR—fractional flow reverse; PCI—percutaneous coronary intervention;, MACE—major adverse cardiovascular events; CAG—coronary artery

angiography; OMT—optimal medical therapy; MACCE—major adverse cardiac and cerebrovascular event; CABG—coronary artery bypass grafting; CAD—

coronary artery disease.

2.2 iFR

ADVISEff5¢ "™ - T “BRif LIIEIX " AU
o BERTCPEY X IR A7 IR BT 25%, 45K T4F
TR HAZE AT S ms. T IX — B ek 2 ik pa BH T AH X
FeE Hiw/N, 7RI — WA T D R 2400 7T LA AR
R AR BIKAL T e K EFIRARAS,  DIMTRE SR 1 BR A i
FH.o iFR J& FFR MG AFER , & ORIk 3l Ik ET 5k 19
B AREE DX B —— A TR DX el i A5 Y 125 5
R Iy, BHIXFHEHLEY %459, &
F2 iFRALLBGEFN I PR AL A

Tab 2 Comparative validation and clinical application of iFR

BUS—EMPTseEE (£2), MM EY, iFRS
FFR A R 1M M (R*=0.66), H iFR<0.89 5
FFR<0.80 (2 Wi sl fiE 22 5% o4t it2#38 X s, #
T FFRIE S 1Y PCI, iFRA1 W EFRE T RENAR
FEARSIG RIRAE, 33X 0] B2 i TR A ik 259
Frgk 1 iFR O AEAR I S AR A A A PR IR
2 SCIMAEGAE IVPAG . 220 78 DAL 451 22 4l N
HTERZHIRH

Study Year Patients Design Primary endpoint Conclusion
RESOLVE " 2012 1768  FFR contrast iFR-FFR R*=0.66
DEFINE-FLAIR'®' 2017 2492 iFR-FFR MACE iFR-FFR P<0.001 for noninferiority
iFR- . death from any cause, nonfatal MI, . X L.
e 2017 2037  iFR-FFR . iFR-FFR P=0.007 for noninferiority

SWEDEHEART or unplanned revascularization

2] death from cardiac cause, nonfatal 68% relative reduction in clinical events at 1 yr. follow-up
DEFINE PCI' 2022 500  post-PCI . . L .

MI, or unplanned revascularization among patients achieving post-PCI iFR > 0.95, P=0.04

[2] . iFR<0.89 was associated with [VUS-MLA <6 mm’

EL HAJJ et al = 2021 125 LM leision

(LM leision)

Note: iFR—instantaneous wave-free ratio, FFR—fractional flow reverse; MACE—major adverse cardiovascular events; MI—myocardial infarction; PCI—

percutaneous coronary intervention; LM—Ileft main vessel; IVUS—intra vascular ultra sound; MLA—minimum lumen area.

iFR 7] DL T48 5 PCI 5 W% . OMORI 4% 2V fiy fif
TR —HESE T iFR $8 S/ PCT v L YE A R0l 3% otk
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IVUS il 75 i fc /N4 6 1 AR (minimum lumen area,
MLA) <6 mm’{E R ETRA NS H b, KZBLIFR
<0.89 X HANA —Emyiziiee 1 (4 T mf=0.77, P
<0.001); FEHLalEFIRAS  (FTRE S/ 2 IF 0 09w
A%) . iFR<0.89 (2 Wi s RE AL (R T mifl=
0.84, P<0.001). iFR AT LLH T PCIAJG il 5 PEA
DEFINE PCI#ff5x " 511, 5 PCIAJS iFR<0.95 [ &
FHIH, PCIARJTIFR = 0.95 55 1AEM .0 I PESE
T2 O UREAE B I 4 I 8 T 6 67 i 28 ARG
(P=0.04) KO SfmAE R (PO HE RO SO0 743 B
i) HHE.

24 20% 95 1 T iFR 5 FFR fEAE I WA —3,
W72 = K Sz i . ADVISE T8y
JE Ay HTEE L SR S KOG PR R 4 24 1 7 1l R
SRS G, FFRAAKEE A R i A i m, i
iFR (7R8I N PR RS, X R TR
IEHE Y (33~58%) 1 FFR <0.80 1fij iFR >0.89 fiY Lt
) W S BE E (33~58 % vs 59~69 X vs 70~94 % ;
14.1% vs 7.1% vs 7.0%, P=0.005) %', It 4p ,
WARISAWA % 2 % 81, 9k {8 75 45 5 FFR 45 5L [
PEAFR 25 5 BHPE 3B AH G s X AT REZ i T RE 4 RE ) 11
WOMTE, X—ERAER RS TE N, BT
FURH, MUPEEEEE . 0RO R K L I I i 34 T
SR {FR 5 FFR 19—k 228 X e R0
ANREF B AEMIRYT %, (AT 242 7T
Giitegag P PR A4S A SNk FFR (210G I
R, BT LR H S FFR A7 — & R i 22 5
X 22 7E FZ G IRZ S S R AR P &5
i), ELR T R AR S iR A A A i R 5 T
BETA AR R, T B — SR KR, N
Uk, TR R R 438 D B2 R Jr i, REEE
FIARMR S SR, b R 22 1o A LI PR 485 )5

2.3 QFR

QFR J2& — ] LIPSt A6 I e AR 20 Jik 2y R 27 1R 25
BT, AR T =4 IR S ki 5 (three-
dimensional quantitative coronary angiography, 3D
QCA) BEa UM 15 Ik AT i R S Bk T e~ 20 Hr
B — i E k& (%3). FAVOR Pilot 57
B AiE T DL FFR O 4 bR i, 38 52 500 I i 455 A QFR
(contrast-flow QFR, cQFR) 5 & 7 ML IfiL i % &Y
QFR (adenosine-flow QFR, aQFR) 12 Wik i AH

e
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15, b QFR Ayl R HIBEE T ALl . 522 FAVOR I
China, FAVOR 1 Europe/Japan 2 W fjB&EM: . £ .0
W5 — 2 K HE T QFR 5 FFR K 4 19 12 W — &
PP AR T (Wit JT) 1) FAVOR I China
WEgE AT 3 84T IR, 1 : 1A E Al
W48 T A AR YT A QFR 48 F M ARIT 4L,
TE VAEMIBEDT Y, QFRAE TR AR TT 4L F %
BHTEMK (5.8% vs 8.8%), [Hf, QFRIEFMIMNA
TRYT L s EARAL, R i A QFR #E 47 56 ik
I NS S T LU/D PCTAR G A R0 &R
IfE e — RN B s A, R, —Wibh
FFR 4 brf 30 1IE QFR 15 1 T B0 7 & b S AL T
R S
tomography, SPECT) HlIE H + & §f W )2 5 4
(positron emission tomography, PET) 1.0 JUL7E i
1% (myocardial perfusion imaging, MPI) 2 WisLBET
W &, QFRMIZWiskBENL T SPECT Al PET %
28 b, KRIEEAFSFEIE S QFR & —A> ] 5E A T e 24 46
8o

— R QFR, T Murray % 3 19 %€ 1 Il i 4 5L
(Murray law-based QFR, wQFR) T 2021 4 #F Al
K, At QFR AL, wWQFRANTET 14~ & 1Y ek ik i
RGBT AT A . A, WQFRGIA TS0
QFR M, 7EiH53 3 3 QFR iy [A] I, 4t i 52
M IIREFE S, Ak A B IS T3 2 145
B UHURTES SO R, 4RI I 2 B
SCRE, AR W AR AR R A AP TUSE B
H£ T FAVOR I 058 (19 5248 B8 BH kAT 1 [l B 1) 26
WE, 7 306 i 35 330 R IM A & % P, wQFR 5 FFR
A (,=090). BT QFRAEMRIET 5 FFR
RIAFHS W —EE RIS, kS T RR T R 52210
], HITRAE R T FFR, A BB FFR A I
PRI AR B0 Jok T B 27 A6 A 00 7 . AT, QFR AT
BA—@mmRE. flan, »FTAFETwRE. 5%
AR RE M AR AR R R R R AR, QFR MY 45 RAE
2 5 FFRP AR KRG, 2 1 90 M 25 R 4
s A, QFR FFBEXS T ik 52 IR i i SR K
PG 5T 1A P AT 2 R HER PR P A i . PR, R
B QFRIEHE TR HAGERY DI REF A I 45 2%, Tefi
FHHR S PRUE S BT AR A BT 6 5 RIS, X T bk
PRIAE , PPARI R A5 AR A B R A o i, LA
D T IRZEATSR IR SR

(single-photon  emission  computed
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Tab 3 Comparative validation and clinical application of QFR
Study Year  Patients

FAVOR Pilot"*"! 2016 1768 FFR contrast (core laboratories)

Design

T FFR contrast ( catheterization
FAVOR Il China™'" 2017 2492

laboratory )
FAVOR 1l Europe/ FFR contrast (catheterization
o 2018 2037
Japan~* laboratory)
TU et al’®’ 2021 306 FFR contrast (core laboratories )
FAVOR I China"* 2021 3847 QFR-CAG
VAN DIEMEN
¢ al3 2020 208 FFR-QFR/SPECT/PET
e
HAWKEYE "/ 2019 602 post-PCI
TANG et al”” 2019 354 functional SYNTAX score

SEIRBKA Rl A B e | 817

Primary endpoint Conclusion

- cQFR-FFR AUC=0.92

= QFR-FFR AUC=0.96

- QFR-FFR AUC=0.92

- WQFR-FFR =0.90

MACE QFR-guided vs CAG-guided P<0.001
- QFR vs SPECT/PET AUC=0.94 vs 0.63/0.82
post-PCI QFR <0.89 was associated with a 3-fold
VOCE . L
increase in risk for VOCE
MACE Q-rFSS has a better prognostic ability for the risk of

MACE AUC=0.74

Note: QFR—quantitative flow ratio; FFR—fractional flow reverse; cQFR—contrast-flow QFR; AUC—area under the curve; wQFR—Murray law-based QFR;
CAG—coronary artery angiography; MACE—major adverse cardiovascular events; PCI—percutaneous coronary intervention; SPECT—single photon

emission computed tomography; PET—positron emission tomography; VOCE—vessel-oriented composite endpoint; Q-rFSS—quantitative flow ratio-guided

residual functional SYNTAX score; STEMI—ST-segment elevation myocardial infarction.

3 BE

gi b, SRR AR YT AN Al T
fif R E R AR B THIGE LA FFR AR R A BT RE2E 4G
A OB WA AL CAG, 1R 0 7E T AR 3l ko 722 7
AR “EARIET . DIRESEG A AT LIFE A I B
SRR A RO D A S BRI ABRAE s [, 7R
AT, BRI T A A MU RRE R S AR AR,
M T FARMSIF RAERI A A ot DRk
AR TR IR . PCURJS FUR Hi 25 44>
Jil . BEEE AR LR, iFR. QFRAFLTARTH 5K
MU BTSN D7 i R B, JF 5 FFRIRTS 1 R 4f
B —EE, B TR RF I, A UFFR
FZR TR ARSI AR BLE #EA T UIRE
SAREIN AR AR, AR SR TR UL AT A R 5
R, WanBFE WA TP, B T ARSI R
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