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Summary The diagnosis and treatment of coronary heart disease has entered a new era of functional examina-
tion. Fractional flow reserve(FFR), as the "gold standard" of coronary artery functional examination. can guide
the coronary intervention and improve the prognosis. However, due to the need to use vasodilators to dilate blood
vessels during the examination, the adverse reactions have limited the clinical application of FFR. Resting-to-full-
cycle ratio(RFR) is a novel measure of coronary function defined as the minimum value of the ratio of distal coro-
nary pressure to proximal aortic pressure over a full cardiac cycle. RFR does not need to use vasodilators, thus a-
voiding related adverse reactions, and has also achieved certain results in the preoperative evaluation of coronary

intervention and myocardial bridge evaluation. It is expected to replace FFR in clinical application. This article will

2022,38
(9):756—759

review the existing clinical studies of RFR.

Key words coronary functional assessment; resting full-cycle ratio; fractional flow reverse; instantaneous

wave-free ratio

O I B 2 R E I 2 JE R F AT 5
B Hop, a0 S8 T2 Nk #) 1100 5T, IR AR
He LR Heart P48 MARSCHE bR 09 42 1, oy o0 ik
WZYF R BE TR S % (E ke AR ) ik
5 (coronary artery angiography, CAG) 15 5% 7 Ik
Bk GeE kO fif #2712 Wi 9 A bR ™, AT DL WL b Ji
W 5t IOk i 39 2 B 2 . SR T, CAG S 7R 1 e ik At 1)
SR E R A B 5 R O WLk I Y ™ R R TR
— B 3K — LG AE e K e S e AR e ) e AR
50 % ~90 Y0 1Y 28 Hh G Ry K UL, 53X A] BB 2 T
Wk gE 4k A 300 B e bk ) B 2 G A R
KR 22 b N FH T I IR
EeMB - BEAAMAFEELE LR A (No: 81830010,
82130012)
'PERABRFEFREERBRFRBERAER S AFH
(E#,200030)
B AEAE # AT % , E-mail : drheben@126. com

1 miFEfEESE

e 5995 78 2 5 ik A AR 3R 1) — KBk %, iF 9% i
TN o PR AR T J A ) 2 A A DR AT A A DS AT g
AN S BN B AR RS RO Ok T H I XU B S 28
B SE i N 3 RN 11 57 8710 4 2
(fractional flow reverse, FFR) £ & 5 ik Th fiE 2% ¥
W bR e T S N S A6 b B 28 Rz et 4R 3l ik A
AIBITFHEFE (2016) ) FIC 2014 Wi P .0 JF 95 27 23 / Bk
PO B SRR 23 0 LI 32 T HE R B ) P A R AR g
FCT L AET W5 R . 2 FFR<C0. 75 i, 2 /R
56 K AE A ™ 7 (4 D) B8 4 B 4 L 1 FFR>>0. 80 B N
NN e kA B D) RE R B AR L W A AGRYT .
DL FFR $8 S #6170 APOR ML T 58 B Lo,

Pijls %Y F 1993 4482 19 FFR M HE &,
W T 96 Jik D) RE A A8 1 7 SRR L 4 Nk e ik 2
REFM A (S bRUE”, FFR &2 0, 76 52 iR &

10. 13201/j. issn. 1001-1439. 2022. 09. 015.

S| A 3T, T L R 3 bk B4 A b (E AR R LT 0. 0 R G0 I A R 2% A, 2022, 38 (9) : 756-759. DO




ol 55 AR Bl Ik i B 4 B 0T LU (8 T 5
JIANG Yue.et al. Research progress of coronary resting full-cycle ratio o 757 o

M EQJG.iB 18 5] T8 W T 22 & T W A48 328 by » 2R
Je A P e A7 i 24y 3 DK 2R A B8 ek ik i L =X
WA 2y A ks B R R R A, RS R
22 A5 56 kOB 4% 32 3 FE 7 (Pd) B Bk E (Pa)
Pd 5 Pa By L {H BF K FFR, 5 J5 [0 46UE S S 22 K%
g, KB BFIEIE M, X FFR<C0. 75 MR AR, &
B2 5 ik 4 AR 9T (percutaneous coronary interven-
tion, PCDAL T 25 ¥ & ~F 16 97, 1 % FFR>0. 80 1
AR L VB2 WIR T R A AR

SR s B KT M 25 W) AEAE T 2 A RO, 191
SIEK B P-R B 51RO R E BRI
JEAE, MeAh X 225 W Tk T AEAE 25 W ad L ™
Gy = T ML ) R . R, 7 SE BRI R
TAEF,FFR ok 2 M M,
2 BhEBELBEHLE
2.1 JF#E

56 ik B L4 R ) LU 1 (resting full-cycle ratio,
RFR) J& — 0 7 % 56 ik T fE 2% 4 0 8 R, & 78
FFR AR EAE B AT T — M B, o] DA A
MR FFR B0 S 22 A UH TR NEET & L
Yl RFR A2, AR /E 2 5 FFR A& —
0, [RIA & 0 T 1 d5 K 3e i 245 4 BRI AT E AT T e
MBS A, Svanerud &N R, 25 12% i
Jik ) 8 2% B A 3 B0 AE &7 5K 3 LA AR . FER A9 & Y
JR PR F &7 5k 3 . 1 RER #5471 4.0 3 J8 3 090 & .
ARWCH R Pd/Pa 1 fe/IMEVE AR 25 5
2.2 2 WELRE B AR I

RFR 3 i FE 5 22 I S 5 ik s 728 32 o 4 400 3
JEI# Pd/Pa W f/ME . B ATE & 78 H br Lt f7 25
Il R #F 5% 3k 56 3F RFR (1912 Wr 2k fg. 2018 4E 1Y
VALIDATE RFR #5¢ % 3. RFR 5 FFR £ # #f
B — 8P (r2 =0.557, P <<0.01)"", 24 RFR <<
0. 89 B IA A iZ i A8 7 B bk ™ D) BE M B A%, R
BORE RS EE AT o 84%.69% . BEAM . RFR S5 Bf
B TG I I EE 3R (instantaneous wave-free ratio,iFR)
FM— M (P2 =0.985,P<C0.01), REE,
TSR LB A L BA M T A 4 0 A 98. 2% .
96.9% .94. 5% 1 99. 0% . A LLFE i RFR 7£ WAL
5 Ik Dy i P o 1 AT B = 2 WA RE . 5 iFR
BRI —FrE B FFR 9 —3Ea —E 29,
N RE %€ & B At FFR, Lee %M 2019 4F
1€ Circulation b & FEm I BMEMF T 3 — L BAIET
R4S, kB RFR 5 iFR B E 4156 (R=0. 979,
P<C0.01) .15 FFR A X PEM IR (R =0. 822, P <<
0.01),

RFR HHICHF 58 B 17 A5 BR T 520 P 5 0 95
BT T A e bk 25 5 I Y R T BT RO AR
B .

3 RFR BYiEE
3.1 PCI RujiEAL

RFR A LLAE AR R0 AR & 42 4t 1 45 2 fg 2= (5
BH TG B AR L YR R A B PR A, Lee
2000 B BF 58 & B0, R BT RFR<0. 89 54 ARG 2
A T RO VR BT T L i A R OGO JULASE B R If,
A Y 12 A LA A G B2 A S5 1 (vessel-o-
riented composite outcome, VOCO)FH3%, [ 5 7E
ZME 5T () e mly b AT T HE—2 B BE T » & PR | PF
flilf RFR 5 FFR 45 R/ A —81 84, VOCO F 4
KA AR 5 ARV A ] 5 T XU S A
T i (FFR 4532 BH % /RFR 45 5 b0 PR iy BB gpised |
X — 5 S B, AR I T B 2 A I R TS
AT A7 AE R BR 1, %) F R AT FFR il RFR AS—Z01)
B, — T X REARREASGEN,
HE—25 58 3 06 2E M T W2 A . i N TS SR
A IR AR B IR IR OB 2R & % A AR R ROk 1Y
FEE =
3.2 PCI ARJGIEAL

REF KM W] LU T PCI AR J5 P4l i &
TG, 2 F FFR R FT #7824 R 5 70 1f,
& FFR>>0.86~0. 92 i, & 5 1 4% i 1) 3 1F %
RO U 4 B CQEFR) A SCWF 5
B, YR QFR=0. 89 B, #il J5 B #%), SR,
RER XF T PCI AR J5 B WAl b B A AH G 528 & 3R
T B HE— A5 oY SR AR AR SR
3.3 DWLHF

56 kAT LS o A AT T WL L SR 5 R BAE
OV BT . 7 56 A O AR R o UL Y BE B LA AR
U IURFE & o0 WL PN 1 68 Ok Pk Ay i e fok . AR 40 1 9 fik
B BE 7 4 0 AR R DL R UL A R
Al LLXE O U AT 28 5 PEM . Usui 2955 48 1
L0 LS 19 55 8] 4 38+ 4 oL 0 LR 76 RFR U &2
ORI R R g, 0 LA 32 B T A 5k
TR JIL A O 47 oF e 3 R R O bk 5 BUET Tk R
WIE 2R RE, LLEP sk B0 Pd W T R AR A 1Y
WL Bl 32 R AE 5 55 — 5 T, 78 7™ 5 /) 3 bk s+ i
etz i Pd R BESE H R AR T IKR R B . IEAb,
RER #4417 4.0 30 J8 B 19 & 77 it 22, 0 LA 1Y)
WIRE2EPEAG R 4L T 0 ZE 9% S #F . k. RFR Af
A SR g 0 LR PEAR B4 387 05 3
3.4 JAth

Bil a8 T 1 #ilE i RFR R # FFR #243t
T 5 ik TG BH 5 3y B PR Be A 1 IE A B4 95 18] AR vl A5
FFR=0. 98,RFR= 1. 00, B J5 i) Z Tt H 5 18 & 12t
96 E BA 22 1 R 32 (LAD) S 308 & O LR i, M i BH
i 7 INOCA FiZ Wi, X AR IR T A RE
fif % FFR L4 fc K 78 1 25 9 19 /8 3% RFR 1] BB 2
BRI



e, S e AR Sl I R R U L R T 5

* 758

JIANG Yue.et al. Research progress of coronary resting full-cycle ratio

RFR 7 — 86 45 5 1 00 F 45 38 & B8 K
22, Sabbah 5 & B, 56 Bkl S A A 01
Sk BAE I B E R4 A B Ol B AR G i H
RFR #EA7 I 79 A8 09 PF A L & o Al H T e 4 pe 48
FEERRRE . BLAN TR 1B 4 SO AR (2 E TR
k%32 ,Medina 1,1,0) 9 %5 i # & o, P 15 FFR=
0.64 i RFR=0.90, W & £ . & £ %, W
B, X Fax g g N BB T RFR 1A .

4 RFR B ERME

RFR 76 & 1 B8R 8k 0 T f5c K 78 1 25 9 1) i
FH L8R, B 5 FFR ML, 75 24 H R ) S 22 30 17
D, 3800 T TF AR B B 2% B OG T & E B KU
[ TP S =i R G Ry B = I T P
T R R G B B R4 B 2 R o R N B 1 KU
B, KO SFLAGEBNH WS EEY
U,

HAh, RFR H A I & K X (0. 86 << RFR <
0.92) , 7E X — X [d] 9 . RFR 1912 W ik 1 B AIK L 3% a]
fIE A T 7E X — DX 0] P A9 9 A8 15 0 AR X B Ol & 2
SH, M — RFR &M EF. L RFR<C0. 89 A #% B
B, 2 W i e RN 81 % . R 4 S 5 4 o
T1%H 87 % s WA FFR SEAT AN L %o ¥4 76 K X 1
95 A8 TNA FER L B AAR2 B 10 1 6 % ok 95. 3%, Horp
7 BB E L 11 BB . R A A I T LA sk D
58 Y6 I fe K FT I 25 4 (il T . B A e bk ) B
22K A 5 v TG PR AN BE e L AU A RFR AT B
3 BARBEHL I P T 55 PR B 4, X O AR e SR
B AE AR Al RER 4 45 5 0T i 23 1Ak s 742 i ok
BRSFIRIT. S8 EM M E AR F 4, Wik,
RFR 5 B A i N AR 2 H R AT 28 B PR AR .
5 BREERE

RFR 1E A — Fl T (14 76 ik Dy 8 27 K 25, JF 1 v
Hi ) 40 3 R B 1) Pd/Pa 1 fe/IMA L R PEAR 56 ik
FIDIREAIRAS . B T IS 46 309 R 7 B 0 o A A
AL G 1 6 ok Ty B 24 4 A T B, R A T REORG o Y 2
Ptk f T R e 25 Y i i . RER 7€ PCI
RATIEAL . PCT AR JG WAL O WU & i A ) 2 1
NHETR . SR, RFR 78 & TR A A K & 545 &
Sl E AR G B W KO AR B PEAL 2 W RRE
9%, AR — T HR L RFR B I PR IE 35 18 A J2
+rFE L H RER 78 4R 22 40 48 b A7 AR K 09 ¥ 1 JF
K IR R Sl A W L2 K BE AL X BRI 5T 4R EE IR

.
RS A A 7 R4 7 R 3
5% ik

C1] e o 48 B 55 5 i i 4 2019 LT 0. O Jif I 78 9 4
,2020,39(9) :1145-1156.

(2] Z=f, sk kB, 55 R HEART 37 43 4 I
fETT %% NSTE-ACS #h 2 5 4R 20 ik s 248 #2 B 1% 15000 4

(3]

(4]

(6]

7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

fEL) ] R 28 44 &, 2022,23(2) 1 116-121.
AL, G S XA AL A B S RAE AR B &
PO WUREZE 8 35 4 28 B R 8l Ik e AR 7 R G B
P SRR B I 0 B0 LT, I R e R
#5,2022,23(3) :192-197.

WHFH L ERP BRI, F ESTRAGRAETE
Pk &# A A B L 7E Adropin 7K S X 5 ik s 28 R BE K
2 K S AR 2 Dk A AR rhoig i g A S0 A 4B LT L I R
2828 ,2022,23(5):310-315.

De Bruyne B. Pijls NH, Kalesan B. et al. Fractional
flow reserve-guided PCI versus medical therapy in
stable coronary disease[ J]. N Engl J Med, 2012, 367
(11):991-1001.

De Bruyne B, Fearon WF, Pijls NH, et al. Fractional
flow reserve-guided PCI for stable coronary artery
disease[J]. N Engl ] Med,2014,371(13):1208-17.
Maron DJ, Hochman ]S, Reynolds HR, et al. Initial
Invasive or Conservative Strategy for Stable Coronary
Disease[ J . New England Journal of Medicine, 2020,
382(15):1395-407.

HHAER . h E 2 B IR F kA AR YT R RS (20160 [T 1.
Hh A L A4 R 2016 ,44(5) £ 382-400.

Authors/ Task Force members, Windecker S,Kolh P,
et al. 2014 ESC/EACTS Guidelines on myocardial re-
vascularization: The Task Force on Myocardial Revas-
cularization of the European Society of Cardiology
(ESC)and the European Association for Cardio-Tho-
racic Surgery ( EACTS) Developed with the special
contribution of the European Association of Percuta-
neous Cardiovascular Interventions (EAPCD [J]. Eur
Heart J,2014,35(37) :2541-619.

Gotberg M,Cook CM, Sen S, et al. The Evolving Fu-
ture of Instantaneous Wave-Free Ratio and Fractional
Flow Reserve[ J]. ] Am Coll Cardiol,2017,70(11):
1379-1402.

Pijls NH,van Son JA,Kirkeeide RL,et al. Experimen-
tal basis of determining maximum coronary, myocar-
dial, and collateral blood flow by pressure measure-
ments for assessing functional stenosis severity before
and after percutaneous transluminal coronary angio-
plasty[ J]. Circulation,1993,87(4) :1354-1367.

r [ e AR Sl Dk i AL A A 23 B0 S B AR I K B AR T K
R A E A AD BEAR 22 24 75 2019, 27 (3) - 121-
133.

van Nunen LX,Zimmermann FM, Tonino PA, et al.
Fractional flow reserve versus angiography for guid-
ance of PCI in patients with multivessel coronary ar-
tery disease (FAME) : 5-year follow-up of a random-
ised controlled trial[ J]. Lancet, 2015, 386 (10006) :
1853-1860.

Fearon WF,Nishi T, De Bruyne B, et al. Clinical out-
comes and cost-effectiveness of fractional flow re-
serve-guided percutaneous coronary intervention in

patients with stable coronary artery disease: Three-



e, S e AR Sl I R R U L R T 5

JIANG Yue.et al. Research progress of coronary resting full-cycle ratio .

759 -

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Year Follow-Up of the FAME 2 Trial ( Fractional
Flow Reserve Versus Angiography for Multivessel E-
valuation)[J]. Circulation,2018,137(5) :480-487.
Westra J. Tu S, Winther S, et al. Evaluation of coro-
nary artery stenosis by quantitative flow ratio during
invasive coronary angiography: The WIFI II Study
(Wire-Free Functional Imaging 1I) [J]. Circ Cardio-
vasc Imaging,2018,11(3):e007107.

Lee JM.Choi KH.Park J,et al. Physiological and clin-
ical assessment of resting physiological indexes[]].
Circulation,2019,139(7) :889-900.

Svanerud J,Ahn JM,Jeremias A,et al. Validation of a
novel non-hyperaemic index of coronary artery steno-
sis severity:the Resting Full-cycle Ratio(VALIDATE
RFR) study [ J]. Eurolntervention, 2018, 14 (7) : 806-
814.

Lee JM,Rhee TM,Choi KH,et al. Clinical outcome of
lesions with discordant results among different inva-
sive physiologic indices -resting distal coronary to
aortic pressure ratio, resting full-cycle ratio, diastolic
pressure ratio,instantaneous wave-free ratio,and frac-
tional flow reserve[]]. Circ J, 2019, 83 (11):2210-
2221.

Lee JM, Lee SH, Hwang D, et al. Long-term clinical
outcomes of nonhyperemic pressure ratios: resting
full-cycle ratio, diastolic pressure ratio, and instanta-
neous wave-free ratio[ J]. ] Am Heart Assoc,2020,9
(18):e016818.

Agarwal SK., Kasula S, Hacioglu Y, et al. Utilizing
post-intervention fractional flow reserve to optimize a-
cute results and the relationship to long-term out-
comes[ J]. JACC Cardiovasc Interv, 2016, 9 (10):
1022-1031.

Hwang D, Lee JM, Lee H]J.et al. Influence of target
vessel on prognostic relevance of fractional flow re-
serve after coronary stenting[J]. Euro Interven,2019,
15(5) :457-464.

Li SJ,Ge Z,Kan ], et al. Cutoff value and long-term
prediction of clinical events by FFR measured imme-
diately after implantation of a drug-eluting stent in
patients with coronary artery disease:1-to 3-Year Re-
sults From the DKCRUSH VII Registry Study[]].
JACC Cardiovasc Interv,2017,10(10) :986-995.
Piroth Z,Toth GG, Tonino PAL,et al. Prognostic val-
ue of fractional flow reserve measured immediately af-
ter drug-eluting stent implantation[ J]. Circ Cardio-
vasc interven,2017,10(8) :110.

Azzalini L, Poletti E,Demir OM,et al. Impact of post-
percutaneous coronary intervention f{ractional flow re-
serve measurement on procedural management and
clinical outcomes: The REPEAT-FFR Study[J]. J In-
vasive Cardiol,2019,31(8) :229-234.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Biscaglia S, Tebaldi M, Brugaletta S, et al. Prognostic
Value of QFR measured immediately after successful
stent implantation: The International Multicenter Pro-
spective HAWKEYE Study[J]. JACC Cardiovasc In-
terv,2019,12(20) :2079-2088.
van Zandvoort L, Ali Z,Kern M,et al. Improving PCI
outcomes using postprocedural physiology and intra-
vascular imaging[ J ]. JACC Cardiovasc Interv, 2021,
14(22) :2415-2430.
Tarantini G, Migliore F,Cademartiri F,et al. Left an-
terior descending artery myocardial bridging: A Clini-
cal Approach[J]. ] Am Coll Cardiol, 2016, 68 (25):
2887-2899.
Usui E, Maehara A, Ali ZA, et al. A case report of a
coronary myocardial bridge with impaired full-cycle
ratio during dobutamine challenge[ ] ]. Eur Heart J
Case Rep,2020,4(3) :1-4.
Bil J, Tyczynski M, Modzelewski P, et al. Provocative
acetylcholine test with resting full-cycle ratio, coro-
nary flow reserve, and index of microcirculatory re-
sistance give definite answers and improve health-re-
lated quality of life[ J]. Kardiologia Polska, 2020, 78
(12):1291-1292.
Bairey Merz CN, Pepine CJ, Walsh MN, et al. Ischemi-
a and No Obstructive Coronary Artery Disease (INO-
CA) : Developing Evidence-Based Therapies and Re-
search Agenda for the Next Decade[ J]. Circulation,
2017.,135(11):1075-1092.
Sabbah M, Joshi FR, Minkkinen M, et al. Long-term
changes in invasive physiological pressure indices of
stenosis severity following transcatheter aortic valve
implantation[ J |. Circ Cardiovasc Interv,2022,15(1)
e011331.
Liou K, Ooi SY. Resting Full-Cycle Ratio(RFR)in the
Assessment of Left Main Coronary Disease: Caution
Required[ J]. Heart Lung Circ, 2020, 29 (8): 1256-
1259.
Casanova-Sandoval ], Fernandez-Rodriguez D, Otaegui
I, et al. Usefulness of the Hybrid RFR-FFR Ap-
proach: Results of a Prospective and Multicenter A-
nalysis of Diagnostic Agreement between RFR and
FFR-The RECOPA (REsting Full-Cycle Ratio Com-
paration versus Fractional Flow Reserve (A Prospec-
tive Validation)) Study [J]. J Interv Cardiol, 2021,
2021:5522707.
Lee JM,Choi KH, Koo BK, et al. Intravascular ultra-
sound or optical coherence tomography-defined ana-
tomic severity and hemodynamic severity assessed by
coronary physiologic indices[ J]. Rev Esp Cardiol (En-
gl Ed),2020,73(10):812-821.

Ok A% 8 #1.2021-12-22)



