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Abstract

Objective: To systematically summarize the clinical criteria of peak filling rate (PFR) derived from
radionuclide gated ventricular function imaging for left ventricular diastolic function evaluation,
focus on the pathological mechanism and differential dilemmas of PFR pseudonormalization, and
establish a precise stratification strategy for diastolic function based on PFR combined with myo-
cardial perfusion integrated with the latest advances in echocardiography, non-invasive imaging
and invasive hemodynamics. Methods: Literatures in the past 5 years were retrieved from PubMed,
Web of Science, CNKI, Wanfang and other databases with Chinese and English keywords related to
radionuclide ventricular function, PFR, pseudonormalization, diastolic dysfunction and myocardial
perfusion imaging. Guidelines, clinical studies, reviews and technical advances were included to an-
alyze PFR threshold, pseudonormalization mechanism, multimodal indicators and perfusion com-
bined differential strategy. Results: PFR < 2.5 EDV/s was commonly used as the standard for mild
diastolic dysfunction; PFR > 2.5 included true normal and pseudonormalization, the latter corre-
sponding to moderate diastolic dysfunction caused by compensatory elevation of left atrial pres-
sure, which was easily misdiagnosed as normal. 2024~2025 ASE/EACVI guidelines recommended
E/A, €', E/e’ and left atrial volume index (LAVi) as core echocardiographic indicators, and E/e’ 2 15
indicated elevated filling pressure and strongly supported pseudonormalization. Cardiac magnetic
resonance T1 mapping and extracellular volume could quantify interstitial fibrosis. Invasive hemo-
dynamics was the gold standard. Gated myocardial perfusion imaging (G-MPI) provided one-stop
evaluation of perfusion and function. Perfusion abnormality was the key to identify PFR pseudonor-
malization: PFR > 2.5 + normal perfusion + normal E/e’ indicated true normal; PFR > 2.5 + abnormal
perfusion/ischemia + E/e’ 2 15 indicated pseudonormalization (moderate dysfunction). Conclu-
sions: PFR is a stable noninvasive parameter for diastolic function. Single PFR > 2.5 cannot distin-
guish true normal from pseudonormalization. PFR combined with myocardial perfusion and echo-
cardiographic E/e’ can accurately stratify diastolic function and reduce missed diagnosis of moder-
ate abnormalities, providing a standardized nuclear medicine strategy for early diagnosis and treat-
ment of coronary heart disease and heart failure.
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TR P S o B, 2 BRI O WURA 5t 52 45 o (O VLSRR I 7 7 o 4552 389 Jin 5 1) J5R 2T 48 4 2507 B o4 A%
S E S ECO WL B R R RS, A A O = A R R B R R R, X MY B TEAZ R PFR &
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6]
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BRI ARG RNSE, AN LY E T EERFIkThRE S, OB B R I R i 5 R A R G EA T
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AN EDV/s. fENZRIIHEOIRERENZ 0S5, PFR B REMIENMLSE: H—, wai%
M, LT TSR, BNERAZERR R T, RHEHTHEFMGE. BFREA
EREE, Ko, EEMAS, MENERE/D, BT RLEE AT R INEEIRES, EE KM TR
W H=, ERM PFR WI[FEIR, 0T [F KA O % S 153 30(LVEF). = REIZZE Ol IAWER [E(TPFR).
173 RE P H(1B3FR)FEZDLOGIIRE S5, Sl Z 4L DhRe AL DY, w50 BRI AR RS,
SERGONEE S 8P TR DI Re i — Sl sCPPAl, B OCIRET TR Dh Ak 37 A IR 5 BE S R

FIRT, [ P A% B 2 50 I AT O A WA PR IR bR dE:  PA<2.5 EDV/s 1 AL O B iT 7K
e 4% FE BRI 4 E AR HE ;. T PFR>2.5 EDV/s (25 R H AR 4% (IR, X NS 1 &7k IR IR
M PR E O, DAEE A O IETE . B Ble S5 dabnilt— B SRS W, L4 —Fabr SRR
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B IE W A 2 A0 S AT 5K DD RE VAl b B EL BRI AT, R I PRV v A K[ 101 AETRECo S o
M S5 25 0R B 0 32 (HFpEF) SR B A, PRR B IE 5 A I R AR 28 0k 30%~50%, JLHTERREE
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W F R BEET SR D RS RN IEH, S BURE RS O, Tk RN SRR R T, e 2R R AR
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PFR RPEIEH AR L ULEF IR DD REM IR, RN AR R T IR ER DL, HR AN
FAAE IR SR BE SR (11 ] CoULBR I BIRTE Bk A 5 2T AL S EUR ME A, S B S B ILE SR st g
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HBUREEET s 20 b3 I 0 BT 23R EF K91 53 5 2 IRV IS I B E 5 (e A — 2R eI A0 P N
AR R KNE PFR [\ T2 IEH L.

a5 2, LR SRH E PRR BVE IE AL R A ARA R A, A B 58 B T s & P a A, 1 PFR
HUER “IEHEAL” DCRRMIIR, X REALHE IR R SRS WHR 4t 7 %0 BB —— Il B T
SR iats, oW EAR, SCHURHES.

4. LB EFIK TN BBV #20 L HEHR 5 SR FTHEEI (2024~2025 ASE/EACVI)

2024~2025 4= ASE/EACVI K AT IFE A Cah BIVEAS 2 O S Tk DhReFE RS, IR T 2 T O VA FE br

e gtk 7 Ele R A (R, v PRR MR IE & AL A4 BB At 1 B 2 (A A 2 8, S FR AR I
B EHRE S SANE, BT SRR R,

E/A WA VPG MR R 2 i dibn, HIEW S HIEEDN 0.8~1.5, M&FIK I Beie & 7w i,
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O LET 5K L HATE R (e T B R WL O LI RA St DR, R PPN ET Sk Th BRI BURTE bR, Hh = ERG e < 7
cm/s. fIEE <10cm/s, BPRIHE7m OV TN RESZA, X — OB AE R PE IR H A BARIRAELE, AR b5
FEIREETIIRE, 2 %8 B0 IR S5 R 1E 5 A0 i B A FE b o
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IEF ISR ol B R 12]
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ST P AR A (R A FR AR, MR >2.8 my/s B, SRR B E S I Eh K, T R A O
FREERE, WA PRR BV IEH AL RS Wi Bt FE IE 3
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PRI RIBRYE, 2 B G2 55 BE i 13].
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PRz R BB S FE OSSN, SR EHHEAR GG QRN TER KR, A0 =ERF K6 R
W N PFR PR IE W ARG HEVEAL SR (L T 5 2 4EFERISCRr, Bt 8563 | 2R THGIA R, NS5
(S W Sk A AR T AR

OIFFHAR(CMR)FEAR B Z 4. ZFAI BRI, EEFIKRDIGEVEAL R I R (i . 3
W, KRR ER BB (FT-CMR) RERS SRR 2.0 LR AR A 78, BT RS20 R AT Tk ThRe =
#i1: T1 mapping H AR 54 SNEFUECV)E =BT, AIREHE SO IUE LA 4R RR RS, A 32 TR
Er ik Thae 5w AR, JCHIE A T-0 W% S 80N £F ik ThRE 54 %5005 [, CMR I8 B8 A0 58 UL LA
OINRE RS A BAFRE N LR GV, e Wit b R TkdE, R ICO A Fors e B i R 2
—[14].

R U R T B MAE A Wi R £F Sk DhRE DAL AL 57, 18F-FDG. 11C-Bi IR #h 55 AR A% 7 v] H
T ONEE AR UPIRAS, IIRAETSKTh 8 5 MACHHR R s 1F f7 Rk 3 12 AR (PET) RERS 52 S A I e R
Bk M FEAE#(CFR), VRSO FAS, X A5 SRR 0E 0 PRR M 1E 1k (195 DR 12 W A Sk
2z, DRI A I AT

A OB )7 K 2 12 W e O ZE BF s ThRE S AR 15], IO SRR BN & = 875K
A& (LVEDP) il B4 ML 2 5 (PCWP), W] #7848 54K 4 . 24 LVEDP > 16 mmHg & PCWP > 15 mmHg
B, WIS BEAPE AR TE, BEIM A PR PR IE RIS, X — ks N 2 S LAk AT
T BT R S ] () B 252 MR AR R I PR R SR T+ ke 4 ) T B4R A .

HEVIBR EYLEST K D REVEAl h R ¥ 5 B IS BIYER . NT-proBNP/BNP {E AL A2 W 42 bR &
Y1, 5 PFR. Ble'HABEBESIE FHIN, BEf8 8 B4 PFR VR IE R ALIOR 3, JUHAE Ble 2K (ot 15 5]
H, AE R E RN AWK, AR W E AT S % .

6. %% PFR R4 IEE AL L7 SR

IR T2 0IEE RAR(G-MPDSEHL 1 D LREE 5 0o Dy BRI A BOR il vl il — ok £ 7] 25 3R
OWUEEIRS S PFR ¥, 2 HET% 0 PFR LIRS R AR LRSI &

6.1. WALEERE: LABRMESHAZRLER

ST PR BVEIEF AR EERLE], D ALEIIRS R X 2> PFR > 2.5 I HIEH S IEH (L AZ 0K
. FEIMRIZHI, 8% PFR >25, HOWEEREESRIER, 45875 B tbEIER, TUHHE
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WA RPN T A [16]. EMRVEIE R (LB T, TSR R IAIE RS (B (TPFR)EK . 1/3 784 703
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6.3. ZIRSESVEREERITE
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Figure 1. Multimodal diagnostic flowchart of left ventricular diastolic function

1. EOEEFKINEES RS HRIZE

PR B RMAL G —J0o SO W, AN Ele' 9~14 IR IK 0 2 A0 FE 77 %, fRHe 1 I R S M I
191 1 P SHEAE AL o

@© KEHi b : Ele’ 9~14 Rl R 7 R A F XA, BMREEHE A B R SR AR ok W w2 1,
AR I A L 5 AR =AM SRR L . bR B 2 E AR, i fa AR LN G-
MPI #EERAR, RITEER s AP0 Ss, DUE BRI IRAS, il i2 R KD RE S

@ HETHHARIEPFL: PHIE CMR SHEREREZIZR, X 2RETRENFRE. &
IO IV AT O o8 AN B (R R A 58, DLSETH S CMR 1AL LEFZELL ;s XTF CMR 1578k
WiZ. TSI B 2 R SR ], 58 3G QUILIREh 715l BEORIES RS HEE, SOl Sd A
B, MRS T A S IR AR -

@ BEZOMALN R RERER G-MPIE PFR > 2.5 i i 5 52 W A% O3R T, IRFEHEE S
HEEFE P RIS, BRI IE WAL RARAS B IR R, AT — B ARG, KRR T2 Wiks 5+
P, iR T PFR R IE #4430 To A% O AR5 R I PR 25

@ WmPRSEERAESET: TR AT WA (3R br B 5 PSR R A2, IR PRESZE PTSU BE P HE R,
T ML, JCHE &R E RS AR B A T B AR A, HESh 2R PAG 77 R A R .
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7. NERG DT RIEEXEL

it Wy G-MPT A% 75 ZE IR AR AR O EL, AT MGE IR PR IS 8 Rk IR T SR BRI
VUANAERZ, RN LEASCIR 1) G-MPIAZ DT % AL RS CMR 077 R, NIRIKA A
st N7 SRS .

7.1. BERIELHEBERE

XFF ARG JCHRE A IO ILERI/BESER) B, G-MPIL %07 GBI XS AL - 12057 AT [A]
DY ORI AL, S EKIIRERE, EHCRREE R 5 PRR RVEIEH ORI, W51 ik
90% LA L, BEAFHEX Zp R Ml T B IE IER AL 5 HIER, RO a7 2 5 i iE H A P SR X
R (ER A RRAR m, AFAEBUNEARSS, NEM TR EJLE. AL T R TR A
%, ArPROEIEA AR, ETOE E R BN OV, X R BRI IE H AR R AN, 52
PR . CMR %007 EAT RS HER AL O ULEF4EA SROREAR, PRAESRAESRE, EREN K, ZEL
(RS SR A, A &, HIERSER PG, AN T 212 5T AT E e o B [17].

7.2. ASERJR R Al e E B

A B J LRI PR R o B AR HE A AP Ik Th e A 2 503, BERO T RIENEIERE T, HA .
ARG HAE . ML S RRE S, EAHEEERYIE, fetE AR B EF K TR 7 5 O IE S5 R AE
{HEBURPME AR, SR BRE AT RN R 5. G-MPI %007 2] — v R O HLBk I 5 475K
RESEH, 6T AS B DL DRI P A PR ef ELEE 75 ey B R, BERIRT R BRI 5 Thae R, 2 RCR B4
T —HRE, JHEHTA R S B . CMR 80 J7 BT TS O IE 454 ThEE .
RS 44e L, XHEES OIS ERET KT RE W S AR IR, BB kM, ANEEENTE
I FBL, AR T SeE 1 il it — 2B 2 18]

ZROFRIFAER E AR, MR EANER: WRATRH “HEFAVI + G-MPLRH#EL ] + CMR/A B
EEMERZ” IS T, BRSSO, SARIEZ Wi, 1 G-MPI #%.0 )7 RAEH A&
EREDZE . BRIz OER.

8. #%E PFR R4 1EE W RZ O ERIREE

e A O UEEVE B 5% R T 1 O ULEEE BAZ(G-MPD)SZEL T O ULEEVE 5 O DhRER I I He A b &, vl
— R R SR O LEIR A 5 PRR B, /2 H T4 00 PER M IE WAL Bk 57« BEFER LR Wy
%, WERZHESEAERATHIZOLIRA.

8.1. LALEIRE: £IBRMERKBNZLER

FEF PFR B IEH AR EEALH], O NWEAEIRA X 4 PFR > 2.5 B B IE & S50 E WAL 0K
. EIRKZ, £ H% PFR>2.5, HONEETE B4 E5 R IER, 458 8AE <8, LAVI IE¥&48hs, 1]
BT 8 e O AT IR TR L IR #5583 PFR>2.5, [AIRS & 3RO WIEE S . Sl siieE iy, Hil
FRCMRIR Ele’ > 15, B E/e'ib TR b (2 HAD S Bh 48 b5 %, WIRT#f2°8 PFR BME IE w1k, BIrRRE
KO EFFIKINAE TR . X — B AR, K% RN AAEI SR AP RS A, BB IER 1
HIRELA, WAL — PFR fatnim A0 A8, B3 T2 W HERf [ 19] [20].

8.2. HEIThEES % BALFICHHNEEM
FAZ .0/ PFR S50 LR TEARYE, B R T 13O ThEeR I 1 £ Didd BhTheE 280, RSN PFR i IE
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WAL S SR B 21] [22]. AERPEIER LS, H AT S RIEIE N ) (TPFR)E K . 1/3 T4 7>
H(13FR)FE(K. PFR/TPFR LUAEH N BESERHMEME R, XS HURr T &7k IR m i AP 520, ]
PERZOIRFR IS BEAh, SUEPIRES TR0 PFR ARt BAT SRR I NG o oL I 5
FASDRENG 38, PFR 2 MNBUAHRLAR T, M0 1k % A /6 DR A AR Co LR AL B FR st RS, $45 )5 PR JE W]
B, HEMIUT M RIS B S LIRSS &, e HE— DIRTHE RIS W i i PE AT ] SR,
ol S M9 51 R R 3R

9. BESRE

R IO DRI F) PFR, A2 PPAh A OB TR IhREMIARE . ATSE4EAR, 76O MU0 B0 1 - 1A 07
515 VG R B EEIGRANE23]. IRIRSLE A, PFR < 2.5 EDV/s Al $E/RE 5 7 O = &K D
REBFAK, 1M PFR>2.5 &5 R uaiidt Z4abr. ZEEAE Vb, M8 X 7875k DhRe 5 OEH S5 R L
(PR, H4R2.

PL PFR A%, BEA O LR A5 575 Ble tUE M =BT A R, 45 A trE 2 RS2 WimE A,
SEIL T A —uh s R A O EET K IhAE 2, AR T K kb A B SRS B R AE, A RO
PFR B P IEH AL S 3 AT K DI RE R W12 Wil 5. CMR A0 RIS, #E—PRE T
G-MPI J5 ZELE O 201« SEAEI 19112 Wi R RARE AR 35, R IR 5 SRIE B2 i 7 AR, tH oA ied 0o
SFF 153 B0 BE O 32 (HFpEF) B B IR 28 | fa B 20 /2 Ry i il , $2pit 1 5 B T /R 14 1% = 212 Wik 4 [ 24]
[24].

ok, BEEN TR BBADEETH AR A ZEESEEMAEHEARNRRE, DL FIREERIA
WrOlEr, 1% RS0 O S AP IR TR VRS U S P S EH Bk A HEAL . AT HORTTSEEL PRR. O UL
EREEEET SRR, B PR NIRE; VARSI TR, A, CMR K
GRS, SEEL—uh N YEREPEAY s T IIRERAAZ I o] AR . 2R 2 4 /= £ K Th e 57 IR AL
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