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HESE RS A Y AR RO AR 2
L, FEHERRITER IR S5, TR Al ) it 3 ki
YR ey SR ooy Y RN 1 ke AV = T P Sl e A
F =T KT



R

1. LVEF %O R 1 8 5 R B PR i v 78 24
R, RELZHFKIIAEIER, X£ZEAN, 4t
RO JE 38 SRR TR RR AR N

2. WAE—NMSLIEF IR I REFE bR L LA HER
MR . TEHEBR ISR 2 S5, TR A0 () il

R A REAF L TR INBETE I L B nih, FER M — 4k

Bk A T 2 s s i AR bR, A Bl
TIFAl e AP K DI AE -

VeSS TS

EH# 1% 1% 1114
e = EW =i 2 %
s & IEH  PBREUER AR IR
TR B/A EE
& >0.8 <0.8 0.872 >2
S E/e bl <10 <10 10714 >14
=R R
(TR) H Kt
(m/s) <2.8 <2.8 >2.8 >2.8

I R W% EWETE T ThE




E. LEHE (AF)
FEBEF RISl Bk, JEE 5

LB, M L B AL O S B IR A L.

XL EAEEE, BT APKEA— LEL

Friia R e /e S T S A S 1 AR LG B K

KH 2 S HOTAN 2 S8 IR Re A 2 BIPR &l . —
TS, T LVEF SR B BEE, R DT (<
160ms ) ] DAERf L TIN5 67 5K R 16 1 B AN R PR
HUR R A, T A 2 3 S AR AR A S R
E WA AN B (=1900 cm/m”) « IVRT (<65 ms) . fili
kAT oK B DT (<220 ms) . E/Vp HLfE (=1.4) DL K
E/e’ A (=11). " "™ 5gph ol 28, Rk

E VR e S FERGHECARIT M ZZ(E (T ) W RATIE .

EEMAZIN, IR e’ WMEHIER, 454
“IVRT- IVRT/ Teo ” WIS SR EE. ™0

KAEZ A0 B I ECF Y48 CL ISHAD RR [A)309% E
WERIEA o JHEERMEIET EE, XHEEHLAAIRK
SE R RIS FH 52 BB R I R PR o faln N FH UK
WEZ AR ICFE B GER o 3 v] SePlfE Rl —
L FNEE M e’ FIE(EME KR ZEE, FE
Hhn 7 AE 5 B YA A A R R e . T
VB WK 2 R R LR, AR AT DLIEHE 3 A
&L OB AW CHIELLE) R HIAR AR 10% 20% -1
DEFRJEED FRFESFYME, H 10 ANESLO s R
TIAE BARBESIRAL T SIS B . "Rk Ah, M
VAT EE AR ONIE LA FEBE RR 18 R A0
AR, BRUOAS T AR BRI E R, AR
Ao PR L 24-27.

PS: I

2% 5 IR A5 HH B 58 T/ AT SR D AE 45 18 (1 25451

b TROGERE>2. 8n/s 3% LAP H55.

Bl 1 (RN A&
1,2, 13 gz —>

B2 (EERREE AT
FINTIZ—)

B3 (S5 E AT
FINBIZ—)

Bil 4 CH5RIN AL E A
Iz —)

Bl 5 (G REEA M T
FI =Tz —)

Bl 6 (SRR EA M T
F =Tz —)

2. X LVEF A& 558G, 490 DT (<160ms) A LA#E
WM T 72 =5 &5l e 186 1 AN R R =4 1R A o

3. XTEME TR RHRKESE, TR bZEHs8, o
FG M B U IE(E N EE (=1900 cm/m’) « TVRT (<65
ms) . il BKET IR DT (<220 ms).  E/Vp ELiE (=1.4) LK

E/e’ WEH(=11).

4 TRIHANIEIFEE RR [RIYIAR GRS SRS T b5 W0 A
TKINEIEAG A —EME, RAERDVEE S ARSI SN, =
N ML BE RR [RS8 PR AR S P )

L ERA 2 R EE

2. EEFRBIEIEH, Frms FR

3. EFIk ThEERnS 1 2%, 11 Rk 111 2%
a. FFIkIRE IE 5

b. 2% (LV) fAsthz 43, 725
(LAP) IE#

c. o = (LV) fasth 24, /e s &
(LAP) ®EF &

d. 72 % (LV) #A5th 3240, 2 5%
(LAP) FHi

e. BRI =B HAY, Ak
(LAP) SETHE

. N 5E

a. #F K IIREIE

b. Z£% (LV) FAshs2$, % BE
(LAP) IEH

c. FEEMIIZA, A EHFEKRE
(LVEDP) F&

d. =Rz, AEE (LAP) F+
&

e JREVEZEZ (LV) BN, 5
KEEE (LAP) BETE

£, N e

L. &F5R DI REAN 7S A e IE 3

2. 1 %% Grasthzai, FefEFERERIE
P

3. I Gedl kT ED

4. 1% GEf kR T+

L. B EF =
2. FRBEIEH
3 gAML S

L 85 /AT S AT IR RE RS
2. RN T REAFAERT IR DD REAN 4
3. G RIIN T ¥R IIREA AT BEdE

K6 AERFPRREAR T L (LV) F8 & e B 1F Al

PRI 7 Lo ) B B i b I (L

TR E MR F M (=1900cm/s"2)

IVRT (<65ms)

Mgk D ¥ DT (<220ms)

E/Vp tWfE (=1.4)
%g‘f’:\[‘ (AF) 43, 94-99

=E[AfG E/e’ Ul (=11



b0y

JEERLCALF - CHOMD ™

R 461 R JU L 12 1om o0

AR LoV P M 3 fk v .

e

SR IR "

EF {H<<50%, —RIBIMMBEA VAL S RB AT EE

IVRT<70ms 4558w (79%)

i Pk AL 46 B9 70 288 0 B << 40% 45 3 vy (88%)

P /e >14 (SR FHE RS Bt i 1 R U AR

MR WA A TR ESE AR A N, A R IR B T SR B g A
WPy 3 85, BER AT VP Al AT 9K Th g

Y B/’ (>14)

Ar—A(=30ms)

TR WE(EE (>2.8m/s)

KB ARARTRE (>34mL/m"2)

DT (/T 140ms)

TR E/A EUME (>2.5)

IVRT (<50ms Ef &)

EH) B/ (>14)

MEE B/’ AT N 0 i a8 12 5 R s 75 A it s Bk v o P 9 7 IR 2%

MR DIEMER R, BE E/e” >13, WAEARCoyE M ilish bk e 5 ) g b, B
E/e’ <8

IVRT (<60ms EAmiriE)

IVRT/T(E-¢’) (<4.2)

TR A IBRTE (>1.5m/s)

Ar-A (=30ms)

IVRT (<60ms HAG =457

IVRT/T(E-¢’) (<5.6) AIREER T1A —RMxA. EF HIEFEE, NARERR
JEEAT T

) B/e’ (>14) &N BF {H AR B 5 A 2% e Ad

XA AR, BEREIE M 2 MO A 2 ST IR D RE, BRI R KR (>2. 8m/s) Akl il i e 4 s

(PASP) MIZE 5 e RAEBREL (>34ml/m™2) o G5B ANIZIET I EIRIR. R FEMS IR AN A = e k>
15mmHg . FHEVERCRM 25 EARREG I 2 55 . (LAP) fELL RSO BA RIRYE: 23003 FE (AF) B8 A/ st A — 9k

P B .

F. FEAIEBNEES

TEIEE IO NE, S5 55 45 BrMkdk, FRAE 200ms W&
FEAE RO e S 2R ES . EROEIR
S Al BN 25%-30%. ARJE, CrHLIEENLL 2
£ B Bl I O R T RS S 2 A IR -TE
L HERBMAEL . LR, FEME. AOEFRBNH
o P S ) o AN BRSNS ) R 0 B i) 0 P JEE R
Ao IEENOERTATTBILT RPN ERT ik, HF
PUGAT R 22 A O E RD M N RIS AR R ET 5KIZ SR
Mo FEATREI O T G RA NS HEE CEAEZIR .
B, VBRI ESE AT AR b = S R
FWe i, EFIRIFEIEE, 5 AT RSN AL = UG K A ik
Ihee, MR ER SR k% . 24 PR (A
YRR, O 7 A R O IR &AL,
Rk, 2RI A WK 4E5, A A KR E BRI
HEIRAK. 24 LVEF A0 RAEIEH VU, PR IAIHAN
200ms—280ms [1)— 5 b5 % A% FRHI 0 & 0] LA 52 . S8

MM, AF&5KIA 78 20 18] C & 4 da i Bl (e =540
R, POOR, RSB EREE) , PR
(8] B >280ms 17— F5 5 =A% S RHIEF 5 B A 0

CERAT (E27) o GnSRAE T ARMEAT 5K A A
F31<20cm/s Z A0 5 BITFaac4E, T 2R A 338
B, B/A FUEIRAR . X R AT ok ARG 0T 7 24 ) R
ArolRr E/A BB <1, WTRERIRIAAR A2 7E
B (B 28) o BRTIEMRE. AgE “AhG” LLAh,

BRI 5 Pl H B T LS| S 2R A Y R 8 [ A8
Koo Mgk S whIH R K I TRI AR 203 K. ET Ik AR A U
FI R I v RESZ IS B i &, X RN EEF IR 2
AN, f R R 2 g . 24 PR ATHAZE K >

320ms IF, T4 B, A U I AR A Bl A7 5k AR B
R EIAE CRRA A B, B E RN AE A TR
A, ATDLERIKIA RIS . IR R E S N A I Y
TSR N2 BT, WIS B SRR .

UTRA BB AR G 2 A S, U A TR WA R GE
CINED S e A



10— e

18 (A) —HINESEALCAL (HCM) R I 55 Kbl —

———

: s HR
Heplfg (Ze k) , SRR IR (k) .« DR

L

MM R E/A R >1 (4 R) o 0H (A7) MEE (fFF) S0 HER KR (') MM (a') )%
TR, FE AT ZARER . P Bl A > 14, [5G FRAGIETHE A (il 5 AR E TR
) (B)ELEZ W) (CW) W (A) thiF)— B =R KR IEIE (342m/s) o A F-4 e KIE T %4

4TmmHg. JifbA, Mizhkici (PASP) z47mmHg.

ARSI, FE b AU LA A% AN
REL L IERIIRE T R ST, MUR = OIMBIER .
R ARAT TR S B I AT L BB B R XU [R5 AR A
1B H RS BA B FOIE S AP AR b 2 B BUE = &P 5K I fE
LU A2 i SR A e RSO B . X A Ot L+
JE R S B B4 5 A B o A B, e RS B
WO TSI O ER, HA S KIIEERER. 1E
IR AR R e SRS KR e AR S BHI G — A 7E
AR R T e B AR M AR .
B IEH I, ] L2 S RA S B2 40 ) — I FE A AR,
PR e, /e S ARAE A /e s e 3 i, — 2R

TR ARIEE IR R A s RBIPE e . HE 2R
M B AVERARG, VP S AFIRIIREA /2 = Fe i
s B AR BRI R IE T -

ARSI A S A K B SR D RE (2 M DR N
e . KA SEMFLANE, ROVERghEA=
Wi AR A2, AT F#AIC LVEF A E, $i9 s
Fod, ARG IO B B AR AR . Y B
R R AR A HCRAT = Ak 41 0 R U A = i e R T
HREANSZRM . X T b5 A A 8, R8s 2408
WRE R H b=, DAt QRS fil e



TR E/A LE{Ei>08 x
= ; FEERAE % /IR ) B
TR YK

3!

» HZHEEE LA
—— > &, E—HHHHM
i i R SR
~]
[ —RHFY e J
>8cm/s 6-8cm/s <6cm/s -
S8 EhRAR.
DT<150ms
J & \v IVRT<50ms

[éﬁ’m@&& ] [ RAK ][ B 200 UL ]‘-m“‘ﬁ“ﬁ”“"%

Efe'>15

LAVI>>48ml/m*2

| BHEMESR, TR |

77 f L F ALl SR ¢<PH _‘f
[[ 0 A0 0 1] 35 B R L) —’{ WA LA R

“

WHERE (RN
i R ok i 9

piiip;

FE=0.8

JFF 0 Sk O B AR BF R )
52 L1 /i L

— RO )

E19 g SMEIELUMZERE. FRBHELIMYES E/A EEF®. DT %%
R E R MR (<6cm/s) fiX. %L EZE T Welch TD, Ling LH, Espinosa RESF
WIS ¥dE. Echocardiographic diagnosis of constrictive pericarditis: Mayo Clinic criteria. Circ

Cardiovasc Imaging 2014,7:526-34.

Rl ICHH LA R QRS BRI A 5 4 )
o 24 PR [AIE ZFERES, WHILE, A VERLE L
EPIRI AR SR IENAT IR R, AR
B A U e S K 37 2 20 e32 PR 1) 1 FLAE A = 87
SRIDREVEAL FH AT IR IR T . HAT, FEIX &7
B2 FH R I AT J3E PP A e 5 T 7K Th RE HOIT TT AL
T AR e ASCRR T A SR S 52 L R R0 Ak
TRIT IR RPN 2 AT TR Th R M M R T

155)

KR

1.

X A R, RERA ZREE. A
WERR A, VPAl A2 S AT K D REAN A % TS A I R
R LN EE SR

XF T e RSB A S A RO ) 2D
WIBTT B, R E E/e” VT
il e 5 K D R 78 2 I R HE A IR R A

IR A Fe BRI A B, M HAT TR 1
fHFE (>2.8m/s) FHRIFAE LB FREE .




hi LWL IR el j'ﬂ. R0 '
W IWITNINTYIN

(20 (LB REAE M AR R BIALR (2 ), E/ALRMEFRRS. DT 46kl “AMBRE RN (ZF) fWEE CGHF) iz23h

HIERAR, AR ORBR"ER ChL) .

VI. &F5KTh e 0 fif ot B

T2 ) A7 e L B P B SRS e o 5
EPIK DR AN A B E W A AN/ B ET TR D RE A A%, BRI
FPIR AN 4 (10 S A I N 5 8 TR DD RE AR I £
NG HE R MRS 5380 (AR5
MEZFEEE) o 1IEH NS BI th T UL 5t KO
FRFIRF AN 8N, AT LA R Fe
FETCRIE Ty o L SRR 5t 32 4 o0 UL T RE Bt 5 ) -
Wz —, AT SO WA, B L O
JE 0 LR A AL UL . SECR
kDA B E 5 IEE AL, 2s3RO likaib
PEREANREAH NI ID (B 29) , DRIIX 28 g HRE LA
Thm 2 = e R 9, L 2 O R 7K.
IEH N O sk 0 10 B ERERE A2 = s AT 11
I K. BEPRET, R e’ HEES
TR B ERELEBIE R, BB/ e HUE A EARES
g B AR AL . O AR E R A
B PR s Bl S far R A FL 45 RB o, B e
AR AE i A BIRES T  BER L, IR E Ny 6-
8. "ML ATMIBIARY, 5 EIRE R KIDAE
SR, BEEE TS KIS 525
il AR BE  REIUR, OURS (e’ ) R,
BBk R IR . X TEPIKIREA 2R, W
T AR IS o JRPBERAK, E/e’
BEAEZHRE K. —WFRCKUESE, £AF
IBENEHT CHIE NS S A8 E AN EM s 4
183, B/e’ HAEAA QU IRAT HO Ml 6 4 i

71+ LAP BRE =GR R A % R HIA S .

[161-163]

A, EPNEE

TS P 0o 2l B AN BE PR O 73 S5 3 BV [
MERPIEAR,  JUH AR TT T VERT R IR A, B4R 4T 87 7K
IR IS — MBI 5, /Lo 6 4 I i SOIR
& TNEFIKIIEE (CEIAG e’ >Tem/s, f=MEE e
>10cm/s) IR B A e BT Tk T e Ty e
DRI L8 B H AR BPRES T JLF AN AT BE H BLET 5K 2
REAN MR LT . R, RS T EA A
IR R I B AN R AT K Th e S 1
DR g3k 4 5 2 T B I SR 28 R A i Lo Y
MHAEBEPRE N ORI L E 2t — BT,
BRI A R SR D RE Dt 1 6 ) B B RS 8 5K 2h g
Aa T HEE, REBFEAHERS TRID
JUUHA 5t 32 4530 2 s P 241 R TE

B. #fE

Erak e AT B i R ADE s e A2 2
ELmy T e faes, X R D D IRZG A R4 H H R
ENHIEBIRZS o SR BN B 4R SRR A 5 HEAT B 5K
DHRE T 06, PR IZAE T DA 78 2 B () R A —
HEAN 22 W B A . AR BN B 4R ia s S e IR 1 R
H, BAERRE . IEEIS BN R I 0 R A YA
B AR TE MR IR 40 41 2 35 i i
FE, JERI CWidsg TR MRtk . BAh, &F5kIIAE
AR AT UGS sk B i — 7, R EOIR
SRR R RS LA . ERERENZ,
R ZRE T, ZRIBRAEMGT (B, AU
AN RIS 5K T R (o7 Ma” ) #



21 RHekns R A SEFIRINREA 2R . (A) S RO R a2 8N, Basniinge s (4A)
ALY (CW)  (Oh) SR MR AT s (1.5m/s) R N2 (R 2%=8mmHg; “FH¥EE
=34mmHg) . (B) #ELLWE (CW) (&) W =0 K R0 R4 55-4 5 22 h49mmHg . kI
i () WRAT MR AER R (D3 , AR EF SR B2, ik .

HBLER Ao KPP UL ARZ Bl G A e
Js TR PBGE B A7 5 L b 8 28 3 B A s
B A, FERE ARG DR
P gz T B, REZ WG S, ARRaIR
HCA BN A 1o XM AR 7 SR & 5K 2 RE
Bt e 4 H

A EFIK I RE AT X 6 AR 3 ISEE DAy i g e e PR
A, TR HBIS RS S5, BN R S RE
CHEEB U EREE ). W FAE O 2 i
SURBEAT e o0 it (LVO) , AL EEHSHE
A MR TREAOME. ERXFELT, mEd
2% RE P ARG 7 T REAT . o T R ATE R,
K 5 EAE T OB B A R 2 )5 L RR S 4 KR
PRAETE 60s W BR BB DB ITA B, LLHER

PR LBRIOTE DL $255, ZEPSKF IR — 2R
P AL T R IR 7y B I, W] LUREE 2 i 2
o HHRETRAEBR RS, R SR OV g
K TR LA, bRt P R, HERE R
ELES W ERIIR g b ST E AR UE S V8

C. ZRWME

S EARE NETKIhREVERS A LE, 123IRES
T2 EH S IR E S KD g Ak g 45 R
AR LB R B 2 450 . N 51 = IR bR 2 2 I $e
ZN G Q0N AR R oA E S N I e PR NI E N
SNPHIRE/ e’ >14 BEE =R E/e” >15; 12
PRGN TR IEERE>2. 8m/s; # RS FE
e’ HEE<Tem/s, WER{ULEMEER e MR



Tee=49ms

F21 (B k) (C) TR (F) RIS RIRN R A B (F) - RS
e HEAEIR , 80T EREE T ¢ (TE-e'=49ms) . (SRBEE & L5 PR mHR)

e e e — e e e ei— e e
BRI E/e’ BERKE E/e” <10 H TR IE{H
H<2.8m/s, WHEREFHKIIEE ARG PAME. (AR
PEIZEIRAF TR WS FE > 2. 8m/s, 1E/E 479k )
Ae AT IS BH I PS5 18 2 AT TR T, XN IES
NZBPIRE T BT IR M n, TR E{E E
APHEER . BR T ERIESL A, EFIk T A e iR Ah
RATHE . KT IR B, WKL 7 2
A E s, A AR LR sh 11566 A (A5 iE5)
fifar T A Q) 7] Re2 LB 1.

D. EHCHER KA B Fm

SR I & 7K Dy B A 16 VA U RO RTE FE 4
£l 537 ) W T S i e Wl [ S ELE S 2
Wro WLsk M SEAL, 2 ZPIRE T 22 B 7 Tt (B/e”
>13) MR UG A BN BUS e R T X
Wi R ARARSE N, A o UL B P 1) S8
EXIRALAR L, AR A B sk A i
2y P8 B I " ELIZ B A T AT K
THRERRRT, HOA BN IR L 3 DUt — 0 S 4L )
T VE N 2 Ly T e BEAT & 5K D RE D i 1
RORAELAR, H— I FeaR s, G kO L 8
1522 LI T I 25 A i o 65 Hh UL PR Al 42 7 48 Ao 2
HARGRBUG AR "

KRR

L. &F5KINAE F T 06 (1038 IO JiE A A7 IO IR PR X S
R SRS NEFKIIREA TN T R R
F, R EM B 2 5P ARGE B A 5

2. BEURET, Mo AR E R R
We’ WHEKZUIHIRE TR BERE. F—2
HoTfEE gt R G EZE )G 1-2 b =R
MW E. ACREAERMARICE, BAMEHNAS
7o 78 e R B

3. HFHI =TGRy e, EFikThEE AL
FAYE: SFIR E/e” EUAE>14 BUEIARE E/e”
fli>15, TR WEEIRE>2.8m/s, LI =IA]FE
e’ HE<Tem/s.

VI vt = 87 K Th BE I BT T An

AR, o A s e Je &7 7k Dh e i) — Le g
brOHER T 2 S AE = . £ 5 B ERIVE
fli. —R&IM s, HFpEF S i 2 = SR G 7 N AR
(GLS) 3@ % s f%, LAFL LVEDP 5525 GLS B -,
i % GLS ZaXHME AR N A2 AR B D RS2 404
PRI, o % GLS ZEXHE A IE H VSRR, AN
REFE L E R B R VAl . EHBE B B S O sl
TESE AT 5 BA S &7 o 5 BRI & 1) 70 = AR Kl 7 ok
WINASR 5 =g E () BEMEL. X
O R bR Gs & A0 E I CL2 T PR A 5 B850
RE T WA S FEEIE LIRSS . "™ AR
SIS I ROE 45 R R UL E S BA A IRIRE X,
{ERFEARPE PR UL S AN [H] T K B8 AL A oy
BT XA 50 AR 200 o 1) 7% S PR BR ) T X e 40
H & M

I R RN A S AR Th e — A
AR TRA ™ RS TR . B
AR FRIBIE T8 S 7 P S R st AN F A i s (10 P — 2 i
RE. FINRZR LSRR i g e
EWAEh e . T HEL B, OB PHIE
S HFpEF i I e e R IR T . JR1, @
i@ e (1 1 AT [ 0 2 W7 e %8 25 FFN LVEF 1E % S35 11
FKREA SR T TR BE, A
SR AIBWEI (A BLREIR , W REAR T A =t
MISEIR o 25 8 ) 7o 5 fff Ji@ A TR VEE I )X —Fi il
(S 2% DL KE LY AR DGR A 31, 7 22 FE 2 3
BT RALE SEHLAE i R H % AR AR

WO, VPSR FUESE, e Y R AR
55 Pl B A0 A S S ARG . SRS AE HFpEF i
HH MR TR WA RN, BAE HFrEF EE
KPR ORHERE AT o " B AR S R AR I A 7 s T Y
A8 BT BIFR bR AT SR A I 22 B3 A AT, o] RE K
A=A EA R RIS R, H T %5 HFpEF 5%
REFR D BEA BT LR EE . ", A5l
EIRE




22 —FLOIER RIS 22 REFRIDEAS 2 AR, TGS (B) M s (2R MEE (A F) 4L S
B, PR RS R MR e B Eh M (5-6em/s) AR (4EBSIEA S R E P TR RD

P23 55— CMERE R A O RO B, TR (4 L R BRIkl S 4k e
ACFBkh B a) , TREA S B AT IR O SRR e R RAK, 2-3emis) o JERECE| R E Wil
i) (DT) #ikd (<150ms) , EFSRINMGAEFFSES )46 Rl O ) MR A 28 ak o )N PEATRT SR MR (MR) (i 3k
FiiR) o PPAT IREERAF S AR IE (ARASERAL) BEIARRi.  (hnaE L5 S b TR )



i

Jul A8 SRLE L)

MK

Nosstoic RS

M2 —fghBan 2 L. EEART F) RREHEN_RBRE (MR) (FLAR)

BRI, ORE ML, N T ERY R RL
LB o3 1ml 7 vk G, e s AR R AE R I = AT 4R
1) (%5 N aR¢oF 7/ 1 48

KRR

L B R B P 0 ) P S8 2 S A 8 5 30
DB 3 R AR O 17 AR R e S A ()
(1) BFEMRK. ZEFKIEIRES & R E
e L2 - PP R L PRSI B e A
LA RES 5 o

2. T E A R IR I R 12 W A = A AN
LVEF IE# BH IR BEASEE L, HAER
oy BB R R BLAE R

3. e B3 AU S AR A 45l < 24 I M 2 A
Ko IR WS AR IS AR BAT I RIS T3¢
(EHAAE R RRE, mHZE—ERk

BEERZ, —IGIAN 12 D20 UUESE S i 7T
£05 1286 B B 1) meta 2 MTIESE T A2 47K ThBE
A4 B oK BRI 7 B A S TS A, Y IE
WALE 620 1 Sk OB R 35 (1) OASTS—6 75 0o B K]
NI RER. "Rz A, B ER, BEE
WA R B N OEEENARTE, X5
7 =5 BRI 7S B SR e 4 R, R I R
R I A P o g A vp X
ANBFR, EIFAIEREAG — 5 W UG R 4 AN e .
FRERNIE J DT Vp 0 fik (L 570 T8 155 4 82 Bf
[B) FRAR SR, LI REE T E/e” E
HTENE. —SRER, X THEESRAEE
DFEMEY, o HWEME/e WA At fE T
R AS B S E AR B T A, o o o —
T EHT I e 45 B, MR 2 AT A i —
IR s” FHEER e HEE IS O NUFEAE IS =5 XU AT
TR TR 7o = 22 32 8500 ) PASP th4IE
SONOTE BRE A RE RS SRR . 2
FEHL, BWFTCUESE, A2 B AT by A F e B0 nth ]
F O UREZE A0 28 B AR R i . 2

BRFTHIWE TR, #AE LA TEAR (PR
PN AR SRR S VA SN P IEG S
JNEAEH) T TS 8 R i k0 52 5
MwE, HMMEKRT LVEF M E/e” fE. ™™
AU, WERRI L INAE (577 s AR R
FERRSED 5hBRRNEPIREHEL, T &
PO NUEESE B E RAE LM ARG HEE. “

KR

R -

VI VP4 HErEF BTG 87 Tk 2 8
R RHEESH

PNE 2 O 7 R Do WA VAL G N
EERPIKIIREA A, GRUEE Ry e = ARAE LG, 2t
SR EFREIET R . & KRR A LEE S
e 1 LA, PRl 3R At H A TS
fEE . ImRBE T CIUESE, T 2k OB A
HErEF (4, A9 B UE DT ik (P o s AR 2
D H5OFEEIR. JET LRI XTI
YRR EE, BT IR EEESEh R Al
LVEF 2Z4h, —ZRJ E W8 DT fefit T HEZMHEHER .

[73-76, 88-91]

L XN TEZWAEDREALNEE, “RIBRAE
ML EE i J AL 2 PR AR [ ] S 8 1
FEIR R BRI 22 B A AR 2 _E BN 4L

2. TARIHMGERE, EEE/e’ HUAH AR AT T
DS o0 3 BB I IR 5 )

3. FrkUiae A Il REIIgEE, KdaHne
Wia T, IRFBEINGE, RERRIZE I &
FIUEA R

4. HORMZE KBRS AR ENAR . A R KA N
AR R I 5 B TR B O UUESE, b
LR BV HEvEF <5500 I 85, mI 3RO 2 I
JafE 2.

IX. HFpEF B3 )5 i Pl

Xt HFpEF (5%, #F5KIhREA 2 TUa AHSGPEwT 7T
e T — DGR R, 2R BRERRTE R Sk
FIA A O3 S 2 8. T-PRESERVE #F 7T 2
s IR BURI M SESS BARBRIN &, A AT HITUA
TP LIS NT-pro-BNP. SRS BRI AL IE A BE
e Hott 5 A RS AR < A S PR 2R A4 AR i I
N Lo TR S Clil 17 AN G VA2t O s Nz




KB Nk g #AE A . *'Karolinska—Rennes
(KAREN) B 743 H 1 2R U 258, RITIUS Bk 1l

[#25 — {5 (AF) (FA7Z2 5 SERET BRI 20 0. OB IFant (78 k) WaREFIRN E B (90-100em/s) Fifm
AR ARSI o WL Wi (R TR) - SRR R (L) #9243.2mis, HIRLIA %E-4 5 I 2 4

42mmHg , PORMEIBKECEIE (PASP) This. T RMEFREMESM (ZT) RUSE (AT) @ahd R mg, 173 Bl e {isy
30. £ b, RS EEE SR ETR R

e \ ollﬁ.hc. l

=3 “rﬁf'

[#126 —{1 72 58 FE I T 05 AR I 20 M AT . TR LR R ORI ) L (SRR BRI (F2) o AR EFIRES ] (IVRT)
HiRIESOms (fi) o FLPAR AT A8 (MR) , fEEAEFRARIE (LVEDP) JhiSify K3,

MR RCFEER . AR OVEMERFRH L (R
PR PRI . I AR IAE A =
PRIE CEThRERTD . EAE—RINE, BRLE
KRR RGBSR B RS2 AR K B AT sy
TR e . 1 AR 7T 00 B T R e R S )
18, WW“ﬁ%ﬁ%(}mmmmm%ﬁﬁ>\
JE 5 T REMMIIE &R (R A A,

A LSESEN S, — Ik E R S iA M
PR RRROBT BN, A EIhEEA 45 HFpEF &
HIARRTGEHR. EEEE, AFIhEEA iRt
(755 15 BT T fish ks 46 5 . "€ T-PRESERVE
HEELshE S R, EEREMEFRKNS K
I3 ZRAHE T 28 () XU 48 e 7 A G . P4 TOPCAT
B LS B SO R, A2 AR LVER YASRE T

2T —{AL A A AN RS B AR VLA R
Gk IR AMEDIMERFICE LA (kAT | PASKAPR SRk



MARBS. R, ZWFRER, AEEE. =[]

Not IR

)
E velocity 1.3 m/sf

B% E/e” EEAEAN TR AR i T i PR &5 =) »

(5128 R TR E EAIA MERE G RS,  ELIGE IR A0 A Wl iR . A 8 s A DA R 82iR/ ), Ak
Ui " AEA MO 20emds (FFELAR) , EHAFIEILAZ (RN A IR LE bl 2R IR A — R iikAtdl) , SR
B AR A M BT IR A1 . AT R — 83T, (OFOR6SI 4, T A WERARAL I <20em/s. FilH

SORIZ BE R R R A A s TR A

M P

e’ 5cm/s

3.5m/s

29 RS (L) Rzl m (F) 0 " Rmrh st iz S BEAm (F2) , OeMPMafimilt (vh) 0= 0 BLafi o HE A0 i

() o WEARET, El'=10, MahkiE (PASP) 1% . @ahidlen, o R3FA4E, EMRiin, P B s, Fs
S K A T 3 5w, SURINEN R FE (PASP) SN =z49mmHg.

AL Tl R GO AN S48 = Fa AR B . T
T NEIE S FEEE Y e S Bl KA 2 T v 3
A, X S A 1 5 0 S R SR 38 e AR DG,
R GLS IR M TS 2. ™ 5 — A B
BB RIS HOR R K S/D Huf, HAE — DI EE
PEBFFFE P IE S P HR BEAAM TUE AR, ™ l  k
S/D EEAE AR Ak AT fE -5 it 5 Fk WSC 246 391 .9 50 7 27 AR Ok
TSN 7] T 47 Tk oL . X LE W e
BEFEBOR 1 I8 i P 0 3 1B A R bR SR fa b

E/‘]}\é K, [230]

BNIBKFHE A KA 7 T D Re e bn rl it — 2 58
Xt HFpEF B PR Al . —BOMS, ST 20
FRAR KRS R S BB 5 E
PERSS I (I 300 BAe bk A= A MSc 24 e 9 = B o
F1o B G I BE T R S AT SR T BEA A LR
JoE R KM MG, ERO M EE,
RO FEAE T R BET A ST .
S S8 08 T BRI (B ST T Wi i s L5 WAc e 1 7] 46 2
o WARIME IS BN ) 5 NBERAIEA G, IS A
SHE -5 PR A A T S B S B N FERFE A S . 1K
NS A B PR e = T R R AR AT KT REAS 42 1Y



M ah /1557 R R R IRt TR R . (EAER
&, WA IR AT R R B S, T WA A e O

Arrival of backward wave in

il A FEOERA R A0 RS, Tk S R4 RH
Ko

160 late systole
140

™

T

E 120 - forward pressure wave

g f

o {

2 100 -

F

&

a

BO +
backward pressure wave

0.0 0.2 04 0.6
Time (s)

early systole

forward pressure wave

backward pressure wave

0.0 0.2 0.4 0.6 0.8 1.0

Time (s)

P30 07 ) FE D e RUR 46 S il (RSTAFEL) SECEMRN B AW HED R () b, ZIRH TR A 4 5
Bk, AT Eah ki R R AR . R AR GR) by BRI Dy fe i G SRR, SR
SRR . S200E, RO (BAREERE) MR, R g, HATRS S .

KRR

1. HAEOEESEA] Ny HFpEF B B4 T £ 10 7
JafE R, XUSHAFELEEEE. £HER.
E/e’ W, TRUEERIE. A EIhREM A =Bk
KHhNAE (GLS)

2. BOBKBE ) KT T I Th ReFe br mT k25 58
32X HFpEF H8 3% I TS PPA

PP R

A$EH H 2015-2016 £ E O E %
(ASE) ¥eME S5hriEZi4s. 2015-2016 PR 2 KRR
PO M BAAR %45 (EACVD) RS SCHRZR 51 £ A
PEHTRPEH

FEE AL E2 (ASE) 1FE 5 A4:
Deborah A. Agler, RCT, RDCS, FASE, Federico M.
Asch, MD, FASE, Gerard P. Aurigemma, MD,
FASE,Merri L. Bremer, EdD, RN, EDCS, ACS, FASE,
Hollie D. Carron, RDCS, FASE, Frederick C. Cobey,
MD, FASE, Meryl S. Cohen, MD, FASE, Patrick
Collier, MD, PhD, FASE, Mary C. Corretti, MD, FASE,
Benjamin W. Eidem, MD, FASE, Fadia Makarem
Ezzeddine, RT, RCS, FASE, Neal Gerstein, MD, FASE,
Yvonne E. Gilliland, MD, FASE, Aasha S. Gopal, MD,
FASE, Stephen Heitner, MD, FASE, Thomas V.
Johnson, MD, FASE, Joe R. Kreeger, ACS, RCCS,
RDCS, FASE, Stamatios Lerakis, MD,FASE, Sunil
Mankad, MD, FASE, Rick Meece, ACS, RDCS, RCIS,

FASE, Patricia M. Restrepo, Vera H. Rigolin, MD,
FASE, Brad J. Roberts, ACS, RCS, FASE, Anita
Sadeghpour, MD, FASE, Fadi Shamoun, MD, FASE,
Roman M. Sniecinski, MD, FASE, Vincent L. Sorrell,
MD, FASE, Cynthia Taub, MD, FASE, Steven Walling,
RCS, RDCS, FASE, Neil J. Weissman, MD, FASE, and
Susan E. Wiegers, MD, FASE.

KR O ML A8 AR 5 25 (BACVT) VFHH SR L FE -
Nuno Cardim, MD, PhD, Bernard Cosyns, MD, PhD,
Victoria Delgado, MD, PhD, Erwan Donal, MD, PhD,
Maurizio Galderisi, MD, PhD, Gilbert Habib, MD, PhD,
Kristina H. Haugaa, MC, PhD, Philipp Kauffmann, MD,
PhD, Denisa Muraru, MD, Walter J. Paulus, MD, PhD,
Sven Plein, MD, PhD.

AEMRITEH

A5y ASE FI EACVI ELMM (K22 0k, ARk
EAEHEE N, ATTE B 5 52 e 1 — JE i,
WATAE AL S 53 TR - AR S TS K Bk Al
R R AR T SR A, T AN A AR AR R B0 1)
¥ . ASE FI EACVI I AR 3Rk BUIE 7 CRAE A A
O SEREPERIAER M, AR TN, BUOTARE
Wk i 2 & A PR ARAIE 8 A AR MR AR A AR
H e BCRHUPAE AT 09, ASE F EACVI X,
R B H BUTATEE =7, MAKBAEF 5. &HT
AN RIE R, BEA S ASE FIl EACVI e
PERERIT I, AR RS I R B N
ASE /8% EACVI Z [BMEATEEHE R,




235 (IR

1. Nagueh SF, Appleton CP, Gillebert TC, Marino PN,
Oh JK, Smiseth OA, et al. Recommendations for the
evaluation of left ventricular diastolic function by
echocardiography. J Am Soc Echocardiogr
2009;22:107-33.

2. Appleton CP. Hemodynamic determinants of Doppler
pulmonary venous flow velocity components: new
insights from studies in lightly sedated normal dogs. J
Am Coll Cardiol 1997;30:1562-74.

3. Nishimura RA, Abel MD, Hatle LK, Tajik AJ. Relation
of pulmonary vein to mitral flow velocities by
transesophageal Doppler echocardiography.Effect of

different loading conditions. Circulation 1990;81:1488-97.

4. Keren G, Bier A, Sherez J, Miura D, Keefe D,
LeJemtel T. Atrial contraction is an important
determinant of pulmonary venous flow. J Am Coll
Cardiol 1986;7:693-5.

5. Kuecherer HF, Muhiudeen IA, Kusumoto FM, Lee E,
Moulinier LE, Cahalan MK, et al. Estimation of mean left
atrial pressure from transeso- phageal pulsed Doppler
echocardiography of pulmonary venous flow. Circulation
1990;82:1127-39.

6. Yamamuro A, Yoshida K, Hozumi T, Akasaka T,
Takagi T, Kaji S, et al. Noninvasive evaluation of
pulmonary capillary wedge pressure in pa- tients with
acute myocardial infarction by deceleration time of
pulmonary venous flow velocity in diastole. J Am Coll
Cardiol 1999;34: 90-4.

7. Rossvoll O, Hatle LK. Pulmonary venous flow
velocities recorded by transthoracic Doppler ultrasound:
relation to left ventricular diastolic pressures. J Am Coll
Cardiol 1993;21:1687-96.

8. Appleton CP, Galloway JM, Gonzalez MS, Gaballa M,
Basnight MA. Estimation of left ventricular filling
pressures using two-dimensional and Doppler
echocardiography in adult patients with cardiac disease.
Additional value of analyzing left atrial size, left atrial
ejection fraction and the difference in duration of
pulmonary venous and mitral flow velocity at atrial
contraction. J Am Coll Cardiol 1993;22:1972-82.

9. Appleton CP, Hatle LK, Popp RL. Relation of
transmitral flow velocity patterns to left ventricular
diastolic function: new insights from a combined
hemodynamic and Doppler echocardiographic study. J
Am Coll Cardiol 1988;12:426-40.

10. Vanoverschelde JL, Raphael DA, Robert AR,
Cosyns JR. Left ventricular filling in dilated
cardiomyopathy: relation to functional class and
hemodynamics. J Am Coll Cardiol 1990;15:1288-95.

11. Yamamoto K, Nishimura RA, Chaliki HP, Appleton
CP, Holmes DR Jr., Redfield MM. Determination of left
ventricular filling pressure by Doppler echocardiography

in patients with coronary artery disease: critical role of
left ventricular systolic function. J Am Coll Cardiol
1997;30: 1819-26.

12. Nishimura RA, Appleton CP, Redfield MM, llstrup
DM, Holmes DR Jr., Tajik AJ. Noninvasive Doppler
echocardiographic evaluation of left ventricular filling
pressures in patients with cardiomyopathies: a
simultaneous Doppler echocardiographic and cardiac
catheterization study. J Am Coll Cardiol 1996;28:1226-
33.

13. Klein AL, Hatle LK, Taliercio CP, Taylor CL, Kyle RA,
Bailey KR, et al. Serial Doppler echocardiographic
follow-up of left ventricular diastolic function in cardiac
amyloidosis. J Am Coll Cardiol 1990; 16:1135-41.

14. Schwammenthal E, Popescu BA, Popescu AC, Di
Segni E, Kaplinsky E, Rabinowitz B, et al. Noninvasive
assessment of left ventricular end-diastolic pressure by
the response of the transmitral a- wave velocity to a
standardized Valsalva maneuver. Am J Cardiol
2000;86:169-74.

15. Klein AL, Tajik AJ. Doppler assessment of
pulmonary venous flow in healthy subjects and in
patients with heart disease. J Am Soc Echocardiogr
1991;4:379-92.

16. Brun P, Tribouilloy C, Duval AM, Iserin L, Meguira A,
Pelle G, et al. Left ventricular flow propagation during
early filling is related to wall relaxation: a color M-mode
Doppler analysis. J Am Coll Cardiol 1992;20: 420-32.

17. Garcia MJ, Ares MA, Asher C, Rodriguez L,
Vandervoort P, Thomas JD. An index of early left
ventricular filling that combined with pulsed Doppler
peak E velocity may estimate capillary wedge pressure.
J Am Coll Cardiol 1997;29:448-54.

18. Sessoms MW, Lisauskas J, Kovacs SJ. The left
ventricular color M-mode Doppler flow propagation
velocity V(p): in vivo comparison of alternative methods
including physiologic implications. J Am Soc
Echocardiogr 2002;15:339-48.

19. Takatsuji H, Mikami T, Urasawa K, Teranishi J,
Onozuka H, Takagi C, et al. A new approach for
evaluation of left ventricular diastolic function: Spatial
and temporal analysis of left ventricular filling flow
propagation by color M-mode Doppler echocardiography.
J Am Coll Cardiol 1996; 27:365-71.

20. Greenberg NL, Vandervoort PM, Firstenberg MS,
Garcia MJ, Thomas JD. Estimation of diastolic
intraventricular pressure gradients by Doppler M-mode
echocardiography. Am J Physiol Heart Circ Physiol
2001;280:H2507-15.

21. Yotti R, Bermejo J, Antoranz JC, Desco MM, Cortina
C, Rojo-Alvarez JL, et al. A noninvasive method for
assessing impaired diastolic suction in pa- tients with
dilated cardiomyopathy. Circulation 2005;112:2921-9.



22. Courtois M, Kovacs SJ Jr., Ludbrook PA.
Physiological early diastolic intraventricular pressure
gradient is lost during acute myocardial ischemia.
Circulation 1990;81:1688-96.

23. Stugaard M, Smiseth OA, Risoe C, lhlen H.
Intraventricular early diastolic filling during acute
myocardial ischemia.Assessment by multigated color M-
mode Doppler echocardiography. Circulation
1993;88:2705-13.

24. Steine K, Stugaard M, Smiseth OA. Mechanisms of
retarded apical filling in acute ischemic left ventricular
failure. Circulation 1999;99: 2048-54.

25. Ohte N, Narita H, Akita S, Kurokawa K, Hayano J,
Kimura G. Striking ef- fect of left ventricular systolic
performance on propagation velocity of left ventricular
early diastolic filling flow. J Am Soc Echocardiogr 2001;
14:1070-4.

26. Rovner A, de las Fuentes L, Waggoner AD, Memon
N, Chohan R, Davila- Roman VG. Characterization of
left ventricular diastolic function in hypertension by use
of Doppler tissue imaging and color M-mode techniques.
J Am Soc Echocardiogr 2006;19:872-9.

27. Gonzalez-Vilchez F, Ares M, Ayuela J, Alonso L.
Combined use of pulsed and color M-mode Doppler
echocardiography for the estimation of pul- monary
capillary wedge pressure: an empirical approach based
on an analytical relation. J Am Coll Cardiol 1999;34:515-
23.

28. Rivas-Gotz C, Manolios M, Thohan V, Nagueh SF.
Impact of left ven- tricular ejection fraction on estimation
of left ventricular filling pres- sures using tissue Doppler
and flow propagation velocity. Am J Cardiol
2003;91:780-4.

29. Graham RJ, Gelman JS, Donelan L, Mottram PM,
Peverill RE. Effect of preload reduction by
haemodialysis on new indices of diastolic function. Clin
Sci (Lond) 2003;105:499-506.

30. Troughton RW, Prior DL, Frampton CM, Nash PJ,
Pereira JJ, Martin M, et al. Usefulness of tissue Doppler
and color M-mode indexes of left ventricular diastolic
function in predicting outcomes in systolic left ventricular
heart failure (from the ADEPT study). Am J Cardiol
2005;96:257-62.

31. Nagueh SF, Middleton KJ, Kopelen HA, Zoghbi WA,
Quinones MA. Doppler tissue imaging: A non-invasive
technique for evaluation of leftventricular relaxation and
estimation of filling pressures. J Am Coll Cardiol
1997;30:1527-33.

32. Ruan Q, Nagueh SF. Clinical application of tissue
Doppler imaging in patients with idiopathic pulmonary
hypertension. Chest 2007;131:395-401.

33. Nagueh SF, Rao L, Soto J, Middleton KJ, Khoury DS.

Haemodynamicinsights into the effects of ischaemia and
cycle length on tissue Doppler-derived mitral annulus
diastolic velocities. Clin Sci (Lond) 2004;106:147-54.

34. Hasegawa H, Little WC, Ohno M, Brucks S,
Morimoto A, Cheng HJ, et al. Diastolic mitral annular
velocity during the development of heart failure. J Am
Coll Cardiol 2003;41:1590-7.

35. Opdahl A, Remme EW, Helle-Valle T, Lyseggen E,
Trond Vartdal T, Pettersen E, et al. Determinants of left
ventricular early-diastolic lengthening velocity:
Independent contributions from left ventricular relaxation,
restoring forces and lengthening load. Circulation
2009;119: 2578-86.

36. Oki T, Tabata T, Yamada H, Wakatsuki T, Shinohara
H, Nishikado A, et al. Clinical application of pulsed
tissue Doppler imaging for assessing abnormal left
ventricular relaxation. Am J Cardiol 1997;79:921-8.

37. Sohn D, Chai |, Lee D, Kim HC, Kim HS, Oh BH, et
al. Assessment of mitral annulus velocity by Doppler
tissue imaging in evaluation of left ventricular diastolic
function. 3 Am Coll Cardiol 1997;30:474-80.

38. Ommen SR, Nishimura RA, Appleton CP, Miller FA,
Oh JK, Redfield MM, et al. Clinical utility of Doppler
echocardiography and tis- sue Doppler imaging in the
estimation of left ventricular filling pressures: A
comparative simultaneous Doppler-catheterization study.
Circulation 2000;102:1788-94.

39. Firstenberg MS, Levine BD, Garcia MJ, Greenberg
NL, Cardon L, Morehead AJ, et al. Relationship of
echocardiographic indices to pulmonary capillary wedge
pressures in healthy volunteers. J Am Coll Cardiol
2000;36:1664-9.

40. Caiani EG, Weinert L, Takeuchi M, Veronesi F,
Sugeng L, Corsi C, et al. Evaluation of alterations on
mitral annulus velocities, strain, and strain rates due to
abrupt changes in preload elicited by parabolic flight. J
Appl Physiol (1985) 2007;103:80-7.

41. Nagueh SF, Mikati I, Kopelen HA, Middleton KJ,
Quinones MA, Zoghbi WA. Doppler estimation of left
ventricular filling pressure in sinus tachycardia.A new
application of tissue Doppler imaging. Circulation
1998;98:1644-50.

42. Kim YJ, Sohn DW. Mitral annulus velocity in the
estimation of left ventricular filling pressure: prospective
study in 200 patients. J Am Soc Echocardiogr
2000;13:980-5.

43. Sohn DW, Song JM, Zo JH, Chai IH, Kim HS, Chun
HG, et al. Mitral annulus velocity in the evaluation of left
ventricular diastolic function in atrial fibrillation. J Am Soc
Echocardiogr 1999;12:927-31.

44. Sohn DW, Kim YJ, Kim HC, Chun HG, Park YB,
Choi YS. Evaluation of left ventricular diastolic function
when mitral E and A waves are completely fused: role of
assessing mitral annulus velocity. J Am Soc
Echocardiogr 1999;12:203-8.

45. Kasner M, Westermann D, Steendijk P, Gaub R,
Wilkenshoff U, Weitmann K, et al. Utility of Doppler
echocardiography and tissue Doppler imaging in the
estimation of diastolic function in heart failure with



normal ejection fraction: a comparative Doppler-
conductance catheterization study. Circulation
2007;116:637-47.

46. Min PK, Ha JW, Jung JH, Choi EY, Choi D, Rim SJ,
et al. Incremental value of measuring the time difference
between onset of mitral inflow and onset of early
diastolic mitral annulus velocity for the evaluation of left
ventricular diastolic pressures in patients with normal
systolic function and an indeterminate E/EQ. Am J
Cardiol 2007;100:326-30.

47. Ha JW, Oh JK, Ling LH, Nishimura RA, Seward JB,
Tajik AJ. Annulus paradoxus: transmitral flow velocity to
mitral annular velocity ratio is inversely proportional to
pulmonary capillary wedge pressure in patients with
constrictive pericarditis. Circulation 2001;104:976-8.

48. Ha J, Ommen SR, Tajik AJ, Barnes ME, Ammash
NM, Gertz MA, et al. Differentiation of constrictive
pericarditis from restrictive cardiomyopathy using mitral
annular velocity by tissue Doppler echocardiography.Am
J Cardiol 2004;94:316-9.

49. Sohn DW, Kim Y, Kim HS, Kim KB, Park YB, Choi
YS. Unique features ofearly diastolic mitral annulus
velocity in constrictive pericarditis. J Am
SocEchocardiogr 2004;17:222-6.

50. Choi EY, Ha JW, Kim JM, Ahn JA, Seo HS, Lee JH,
et al. Incremental value of combining systolic mitral
annular velocity and time differ- ence between mitral
inflow and diastolic mitral annular velocity to early
diastolic annular velocity for differentiating constrictive
pericar- ditis from restrictive cardiomyopathy. J Am Soc
Echocardiogr 2007; 20:738-43.

51. Schirmer H, Lunde P, Rasmussen K. Mitral flow
derived Doppler indices of left ventricular diastolic
function in a general population - The Tromso study. Eur
Heart J 2000;21:1376-86.

52. Caballero L, Kou S, Dulgheru R, Gonjilashvili N,
Athanassopoulos GD, Barone D, et al.
Echocardiographic reference ranges for normal cardiac
Doppler data: results from the NORRE Study. Eur Heart
J Cardiovasc Imaging 2015;16:1031-41.

53. Lang RM, Badano LP, Mor-Avi V, Afilalo J,
Armstrong A, Ernande L, et al. Recommendations for
cardiac chamber quantification by echocardiography in
adults: an update from the American Society of
Echocardiography and the European Association of
Cardiovascular Imaging. J Am Soc Echocardiogr
2015;28:1-39.

54. EchoNoRMAL (Echocardiographic Normal Ranges
Meta-Analysis of the Left Heart) Collaboration. Ethnic-
Specific Normative Reference Values for
Echocardiographic LA and LV Size, LV Mass, and
Systolic Function: The EchoNoRMAL Study. JACC
Cardiovasc Imaging 2015;8:656-65.

55. Nikitin NP, Witte KK, Thackray SD, de Silva R, Clark
AL, Cleland JG. Longitudinal ventricular function: normal
values of atrioventricular annular and myocardial
velocities measured with quantitative two-dimensional

color Doppler tissue imaging. J Am Soc Echocardiogr
2003;16:906-21.

56. Henein M, Lindqvist P, Francis D, Morner S,
Waldenstrom A, Kazzam E. Tissue Doppler analysis of
age-dependency in diastolic ventricular behaviour and
filling: a cross-sectional study of healthy hearts (the
Umea General Population Heart Study). Eur Heart J
2002;23:162-71.

57. Innelli P, Sanchez R, Marra F, Esposito R, Galderisi
M. The impact of aging on left ventricular longitudinal
function in healthy subjects: a pulsed tis- sue Doppler
study. Eur J Echocardiogr 2008;9:241-9.

58. De Sutter J, De Backer J, Van de Veire N, Velghe A,
De Buyzere M, Gillebert TC. Effects of age, gender, and
left ventricular mass on septal mitral annulus velocity
(EO) and the ratio of transmitral early peak velocity to
EO (E/E0). Am J Cardiol 2005;95:1020-3.

59. Tighe DA, Vinch CS, Hill JC, Meyer TE, Goldberg RJ,
Aurigemma GP. Influence of age on assessment of
diastolic function by Doppler tissue imaging. Am J
Cardiol 2003;91:254-7.

60. Yamada H, Oki T, Mishiro Y, Tabata T, Abe M,
Onose Y, et al. Effect of aging on diastolic left ventricular
myocardial velocities measured by pulsed tissue
Doppler imaging in healthy subjects. J Am Soc
Echocardiogr 1999;12:574-81.

61. Munagala VK, Jacobsen SJ, Mahoney DW,
Rodeheffer RJ, Bailey KR, Redfield MM. Association of
newer diastolic function parameters with age in healthy
subjects: a population-based study. J Am Soc
Echocardiogr 2003;16:1049-56.

62. Dalen H, Thorstensen A, Vatten LJ, Aase SA,
Stoylen A. Reference values and distribution of
conventional echocardiographic Doppler measures and
longitudinal tissue Doppler velocities in a population free
from cardiovascular disease. Circ Cardiovasc Imaging
2010;3:614-22.

63. Arbab-Zadeh A, Dijk E, Prasad A, Fu Q, Torres P,

Zhang R, et al. Effect of aging and physical activity on

left ventricular compliance. Circulation 2004;110:1799-
805.

64. Yamakado T, Takagi E, Okubo S, Imanaka-Yoshida
K, Tarumi T, Nakamura M, et al. Effects of aging on left
ventricular relaxation in humans - Analysis of left
ventricular isovolumic pressure decay. Circulation
1997;95:917-23.

65. Rietzschel ER, De Buyzere ML, Bekaert S, Segers P,
De Bacquer D, Cooman L, et al., Asklepios Investigators.
Rationale, design, methods and baseline characteristics
of the Asklepios Study. Eur J Cardiovasc Prev Rehabil
2007;14:179-91.

66. Kraigher-Krainer E, Shah AM, Gupta DK, Santos A,
Claggett B, Pieske B, et al. Impaired systolic function by
strain imaging in heart failure with preserved ejection
fraction. J Am Coll Cardiol 2014;63:447-56.



67. Nagueh SF, Bhatt R, Vivo RP, Krim SR, Sarvari Sl,
Russell K, et al. Echocardiographic evaluation of
hemodynamics in patients with decompensated systolic
heart failure. Circ Cardiovasc Imaging 2011;4:220-7.

68. Dokainish H, Nguyen JS, Bobek J, Goswami R,
Lakkis NM. Assessment of the American Society of
Echocardiography-European Association of
Echocardiography guidelines for diastolic function in
patients with depressed ejection fraction: an
echocardiographic and invasive haemodynamic study.
Eur J Echocardiogr 2011;12:857-64.

69. Rohde LE, Palombini DV, Polanczyk CA, Goldraich
LA, Clausell N. A hemodynamically oriented
echocardiography-based strategy in the treatment of
congestive heart failure. J Card Fail 2007;13:618-25.

70. Melenovsky V, Borlaug BA, Rosen B, Hay |, Ferruci
L, Morell CH, et al. Cardiovascular features of heart
failure with preserved ejection fraction versus nonfailing
hypertensive left ventricular hypertrophy in the urban
Baltimore community: the role of atrial
remodeling/dysfunction. J Am Coll Cardiol 2007;49:198-
207.

71. Lam CS, Roger VL, Rodeheffer RJ, Borlaug BA,
Enders FT, Redfield MM. Pulmonary hypertension in
heart failure with preserved ejection fraction: a
community-based study. J Am Coll Cardiol
2009;53:1119-26.

72. Pinamonti B, Di Lenarda A, Sinagra G, Camerini F.
Restrictive left ventricular filling pattern in dilated

cardiomyopathy assessed by Doppler echocardiography:

clinical, echocardiographic and hemodynamic
correlations and prognostic implications. Heart Muscle

Disease Study Group. J Am Coll Cardiol 1993;22:808-15.

73. Xie GY, Berk MR, Smith MD, Gurley JC, DeMaria
AN. Prognostic value of Doppler transmitral flow patterns
in patients with congestive heart failure. 3 Am Coll
Cardiol 1994;24:132-9.

74. Rihal CS, Nishimura RA, Hatle LK, Bailey KR, Tajik
AJ. Systolic and diastolic dysfunction in patients with

clinical diagnosis of dilated cardiomyopathy.Relation to
symptoms and prognosis. Circulation 1994;90: 2772-9.

75. Giannuzzi P, Temporelli PL, Bosmini E, Silva P,
Imparato A, Corra U, et al. Independent and incremental
prognostic value of Doppler-derived mitral deceleration
time of early filling in both symptomatic and
asymptomatic patients with left ventricular dysfunction. J
Am Coll Cardiol 1996;28:383-90.

76. Hurrell DG, Oh JK, Mahoney DW, Miller FA Jr.,
Seward JB. Short deceleration time of mitral inflow E
velocity: prognostic implication with atrial fibrillation
versus sinus rhythm. J Am Soc Echocardiogr
1998;11:450-7.

77. Hansen A, Haass M, Zugck C, Krueger C, Unnebrink
K, Zimmermann R, et al. Prognostic value of Doppler
echocardiographic mitral inflow pat- terns: implications
for risk stratification in patients with congestive heart
failure. 3 Am Coll Cardiol 2001;37:1049-55.

78. Faris R, Coats A, Henein M. Echocardiography-
derived variables predict outcome in patients with non-
ischemic dilated cardiomyopathy with or without a
restrictive filling pattern. Am Heart J 2002;144:343-50.

79. Whalley GA, Doughty RN, Gamble GD, Wright SP,
Walsh HJ, Muncaster SA, et al. Pseudonormal mitral
filling pattern predicts hospital re-admission in patients
with congestive heart failure. J Am Coll Cardiol
2002;39:1787-95.

80. Rossi A, Cicoira M, Golia G, Zanolla L, Franceschini
L, Marino P, et al. Amino-terminal propeptide of type IlI
procollagen is associated with restrictive mitral filling
pattern in patients with dilated cardiomyopathy: a
possible link between diastolic dysfunction and
prognosis. Heart 2004;90:650-4.

81. Bella JN, Palmieri V, Roman MJ, Liu JE, Welty TK,
Lee ET, et al. Mitral ratio of peak early to late diastolic
filling velocity as a predictor of mortality in middle-aged
and elderly adults: the Strong Heart Study. Circulation
2002;105:1928-33.

82. Pozzoli M, Traversi E, Cioffi G, Stenner R, Sanarico
M, Tavazzi L. Loading manipulations improve the
prognostic value of Doppler evaluation of mitral flow in
patients with chronic heart failure. Circulation 1997;95:
1222-30.

83. Oh JK, Ding ZP, Gersh BJ, Bailey KR, Tajik AJ.
Restrictive left ventricular diastolic filling identifies
patients with heart failure after acute myocardial
infarction. J Am Soc Echocardiogr 1992;5:497-503.

84. Pozzoli M, Capomolla S, Sanarico M, Pinna G,
Cobelli F, Tavazzi L. Doppler evaluations of left
ventricular diastolic filling and pulmonary wedge
pressure provide similar prognostic information in
patients with systolic dysfunction after myocardial
infarction. Am Heart J 1995;129: 716-25.

85. Sakata K, Kashiro S, Hirata S, Yanagisawa A,
Ishikawa K. Prognostic value of Doppler transmitral flow
velocity patterns in acute myocardial infarc- tion. Am J
Cardiol 1997;79:1165-9.

86. Somaratne JB, Whalley GA, Gamble GD, Doughty
RN. Restrictive filling pattern is a powerful predictor of
heart failure events post acute myocar- dial infarction
and in established heart failure: a literature-based meta-
analysis. J Card Fail 2007;13:346-52.

87. Redfield MM, Jacobsen SJ, Burnett JC Jr., Mahoney
DW, Bailey KR, Rodeheffer RJ. Burden of systolic and
diastolic ventricular dysfunction in the community:
appreciating the scope of the heart failure epidemic.
JAMA 2003;289:194-202.

88. Traversi E, Pozzoli M, Cioffi G, Capomolla S, Forni
G, Sanarico M, et al. Mitral flow velocity changes after 6
months of optimized therapy provide important
hemodynamic and prognostic information in patients
with chronic heart failure. Am Heart J 1996;132:809-19.

89. Pinamonti B, Zecchin M, Di Lenarda A, Gregori D,
Sinagra G, Camerini F. Persistence of restrictive left



ventricular filling pattern in dilated cardiomyopathy: an
ominous prognostic sign. J Am Coll Cardiol
1997;29:604-12.

90. Temporelli PL, Corra U, Imparato A, Bosimini E,
Scapellato F, Giannuzzi P. Reversible restrictive left
ventricular diastolic filling with optimized oral therapy
predicts a more favorable prognosis in patients with
chronic heart failure. J Am Coll Cardiol 1998;31:1591-7.

91. Nijland F, Kamp O, Karreman AJ, van Eenige MJ,
Visser CA. Prognostic implications of restrictive left
ventricular filling in acute myocardial infarc- tion: a serial
Doppler echocardiographic study. J Am Coll Cardiol
1997, 30:1618-24.

92. Kane GC, Karon BL, Mahoney DW, Redfield MM,
Roger VL, Burnett JC Jr, et al. Progression of left
ventricular diastolic dysfunction and risk of heart failure.
JAMA 2011;306:856-63.

93. Aljaroudi W, Alraies MC, Halley C, Rodriguez L,
Grimm RA, Thomas JD, et al. Impact of progression of
diastolic dysfunction on mortality in pa- tients with
normal ejection fraction. Circulation 2012;125:782-8.

94. Nagueh SF, Kopelen HA, Quin~ones MA.
Assessment of left ventricular filling pressures by
Doppler in the presence of atrial fibrillation. Circulation
1996;94:2138-45.

95. Temporelli PL, Scapellato F, Cora U, Eleuteri E,
Imparato A, Giannuzzi P. Estimation of pulmonary
wedge pressure by transmitral Doppler in patients with
chronic heart failure and atrial fibrillation. Am J Cardiol
1999;83:724-7.

96. Chirillo F, Brunazzi MC, Barbiero M, Giavarina D,
Pasqualini M, France- schiniGrisolia E, et al. Estimating
mean pulmonary wedge pressure in pa- tients with
chronic atrial fibrillation from transthoracic Doppler
indexes of mitral and pulmonary venous flow velocity. J
Am Coll Cardiol 1997;30:19-26.

97. Kusunose K, Yamada H, Nishio S, Tomita N, Niki T,
Yamaguchi K, et al. Clinical utility of single-beat E/e0
obtained by simultaneous recording of flow and tissue
Doppler velocities in atrial fibrillation with preserved
systolic function. J Am Coll Cardiol Img 2009;2:1147-56.

98. Wada Y, Murata K, Tanaka T, Nose Y, Kihara C,
Uchida K, et al. Simul- taneous Doppler tracing of
transmitral inflow and mitral annular velocity as an
estimate of elevated left ventricular filling pressure in
patients with atrial fibrillation. Circ J 2012;76:675-81.

99. Li C, Zhang J, Zhou C, Huang L, Tang H, Rao L. Will
simultaneous mea- surement of E/e0 index facilitate the
non-invasive assessment of leftventricular filling
pressure in patients with non-valvular atrial
fibrillation?Eur J Echocardiogr 2010;11:296-301.

100. Nagueh SF, Lakkis NM, Middleton KJ, Spencer WH
IIl, Zoghbi WA,Quinones MA. Doppler estimation of left
ventricular filling pressures in patients with hypertrophic
cardiomyopathy. Circulation 1999;99: 254-61.

101. Geske JB, Sorajja P, Nishimura RA, Ommen SR.
Evaluation of left ventricular filling pressures by Doppler
echocardiography in patients with hyper- trophic
cardiomyopathy: correlation with direct left atrial
pressure measurement at cardiac catheterization.
Circulation 2007;116:2702-8.

102. McMahon CJ, Nagueh SF, Pignatelli RH, Denfield
SW, Dreyer WJ, Price JF, et al. Characterization of left
ventricular diastolic function by tissue Doppler imaging
and clinical status in children with hypertrophic car-
diomyopathy. Circulation 2004;109:1756-62.

103. Geske JB, Sorajja P, Nishimura RA, Ommen SR.
The relationship of left atrial volume and left atrial
pressure in patients with hypertrophic cardiomyopathy:
an echocardiographic and cardiac catheterization study.
J Am Soc Echocardiogr 2009;22:961-6.

104. Biagini E, Spirito P, Rocchi G, Ferlito M, Rosmini S,
Lai F, et al. Prognostic implications of the Doppler
restrictive filling pattern in hypertrophic car- diomyopathy.
Am J Cardiol 2009;104:1727-31.

105. Kitaoka H, Kubo T, Hayashi K, Yamasaki N,
Matsumura Y, Furuno T, et al. Tissue Doppler imaging
and prognosis in asymptomatic or mildly symptomatic
patients with hypertrophic cardiomyopathy. Eur Heart J
Cardiovasc Imaging 2013;14:544-9.

106. Kitaoka H, Kubo T, Okawa M, Takenaka N,
Sakamoto C, Baba Y, et al. Tissue Doppler imaging and
plasma BNP levels to assess the prognosis in patients
with hypertrophic cardiomyopathy. J Am Soc
Echocardiogr 2011;24:1020-5.

107. Klein AL, Hatle LK, Burstow DJ, Seward JB, Kyle
RA, Bailey KR, et al. Doppler characterization of left
ventricular diastolic function in cardiac amyloidosis. J
Am Coll Cardiol 1989;13:1017-26.

108. Appleton CP, Hatle LK, Popp RL. Demonstration of
restrictive ventricular physiology by Doppler
echocardiography. J Am Coll Cardiol 1988;11: 757-68.

109. Klein AL, Hatle LK, Taliercio CP, Oh JK, Kyle RA,
Gertz MA, et al. Prognostic significance of Doppler
measures of diastolic function in cardiac amyloidosis. A
Doppler echocardiography study. Circulation 1991,
83:808-16.

110. Diwan A, McCulloch M, Lawrie GM, Reardon MJ,
Nagueh SF. Doppler estimation of left ventricular filling
pressures in patients with mitral valve disease.
Circulation 2005;111:3281-9.

111. Rossi A, Cicoira M, Golia G, Anselmi M, Zardini P.
Mitral regurgitation and left ventricular diastolic
dysfunction similarly affect mitral and pulmo- nary vein
flow Doppler parameters: the advantage of end-diastolic
markers. J Am Soc Echocardiogr 2001;14:562-8.

112. Bruch C, Stypmann J, Gradaus R, Breithardt G,
Wichter T. Usefulness of tissue Doppler imaging for
estimation of filling pressures in patients with primary or
secondary pure mitral regurgitation. Am J Cardiol
2004;93: 324-8.



113. Nagueh SF, Bierig SM, Budoff MJ, Desai M,
Dilsizian V, Eidem B, et al, American Society of
Echocardiography, American Society of Nuclear
Cardiology, Society for Cardiovascular Magnetic
Resonance, Society of Cardiovascular Computed
Tomography. American Society of Echocardiography
clinical recommendations for multimodality
cardiovascular imaging of patients with hypertrophic
cardiomyopathy: Endorsed by the American Society of
Nuclear Cardiology, Society for Cardiovascular Magnetic
Resonance, and Society of Cardiovascular Computed
Tomography. J Am Soc Echocardiogr 2011;24:473-98.

114. Cardim N, Galderisi M, Edvardsen T, Plein S,
Popescu BA, D’Andrea A, et al. Role of multimodality
cardiac imaging in the man- agement of patients with
hypertrophic cardiomyopathy: an expert consensus of
the European Association of Cardiovascular Imaging
endorsed by the Saudi Heart Association. Eur Heart J
Cardiovasc Imaging 2015;16:380.

115. Chang SA, Kim HK, Kim DH, Kim JC, Kim YJ, Kim
HC, et al. Left ven- tricular twist mechanics in patients
with apical hypertrophic cardiomyopathy: assessment
with 2D speckle tracking echocardiography.
Heart2010;96:49-55.

116. van Dalen BM, Kauer F, Michels M, Soliman Ol,
Vletter WB, van derZwaan HB, et al. Delayed left
ventricular untwisting in hypertrophic cardiomyopathy. J
Am Soc Echocardiogr 2009;22:1320-6.

117. Kauer F, Soliman Ol, Vletter WB, Michels M, ten
Cate FJ, Geleijnse ML. Influence of the pattern of
hypertrophy on left ventricular twist in hypertrophic
cardiomyopathy. Heart 2009;95:657-61.

118. Notomi Y, Martin-Miklovic MG, Oryszak SJ, Shiota
T, Deserranno D,Popovic ZB, et al. Enhanced
ventricular untwisting during exercise: a mechanistic
manifestation of elastic recoil described by Doppler
tissue imaging. Circulation 2006;113:2524-33.

119. Ros ca M, Popescu BA, Beladan CC, Clalin A,
Muraru D, Popa EC, et al. Left atrial dysfunction as a
correlate of heart failure symptoms in hypertrophic
cardiomyopathy. J Am Soc Echocardiogr 2010;23: 1090-
8.

120. Wang J, Buergler JM, Veerasamy K, Ashton YP,
Nagueh SF. Delayed un- twisting: the mechanistic link
between dynamic obstruction and exercise tolerance in
patients with hypertrophic obstructive cardiomyopathy. J
Am Coll Cardiol 2009;54:1326-34.

121. Maragiannis D, Alvarez P, Schutt R Ill, Chin K,
Buergler JM, Little SH, et al. Vortex formation time index
in patients with hypertrophic cardiomyopathy [published
online December 2015]. J Am Coll Cardiol Img.
http://dx.doi.org/10.1016/j.jcmg.2015.10.009.

122. Maron BJ, Towbin JA, Thiene G, Antzelevitch C,
Corrado D, Arnett D, et al. Contemporary definitions and
classification of the cardiomyopathies: An American
heart association scientific statement from the council on
clinical cardiology, heart failure and transplantation
committee; quality of care and outcomes research and

functional genomics and translational biology
interdisciplinary working groups; and council on
epidemiology and prevention. Circulation 2006;113:
1807-16.

123. Cohen Gl, Pietrolungo JF, Thomas JD, Klein AL. A
practical guide to assessment of ventricular diastolic
function using Doppler echocardiography. J Am Coll
Cardiol 1996;27:1753-60.

124. Koyama J, Ray-Sequin PA, Falk RH. Longitudinal
myocardial function assessed by tissue velocity, strain,
and strain rate tissue Doppler echocardi- ography in
patients with al (primary) cardiac amyloidosis.
Circulation 2003;107:2446-52.

125. Sallach JA, Klein AL. Tissue Doppler imaging in the
evaluation of patients with cardiac amyloidosis. Curr
Opin Cardiol 2004;19:464-71.

126. Choi JH, Choi JO, Ryu DR, Lee SC, Park SW,
Choe YH, et al. Mitral and tricuspid annular velocities in
constrictive pericarditis and restrictive cardiomyopathy:
Correlation with pericardial thickness on computed
tomography. JACC Cardiovasc Imaging 2011;4:567-75.

127. Tsang TS, Barnes ME, Gersh BJ, Bailey KR,
Seward JB. Left atrial vol- ume as a morphophysiologic
expression of left ventricular diastolic dysfunction and
relation to cardiovascular risk burden. Am J Cardiol
2002;90:1284-9.

128. Seward JB, Casaclang-Verzosa G. Infiltrative
cardiovascular diseases: Car- diomyopathies that look
alike. J Am Coll Cardiol 2010;55:1769-79.

129. Phelan D, Collier P, Thavendiranathan P, Popovic
ZB, Hanna M, Plana JC, et al. Relative apical sparing of
longitudinal strain using two- dimensional speckle-
tracking echocardiography is both sensitive and specific
for the diagnosis of cardiac amyloidosis. Heart
2012;98:1442-8.

130. Kusunose K, Dahiya A, Popovic ZB, Motoki H,
Alraies MC, Zurick AO, et al. Biventricular mechanics in
constrictive pericarditis comparison with restrictive
cardiomyopathy and impact of pericardiectomy. Circ
Cardiovasc Imaging 2013;6:399-406.

131. Olson JJ, Costa SP, Young CE, Palac RT. Early
mitral filling/diastolic mitral annular velocity ratio is not a
reliable predictor of left ventricular filling pressure in the
setting of severe mitral regurgitation. J Am Soc
Echocardiogr 2006;19:83-7.

132. Bruch C, Klem I, Breithardt G, Wichter T, Gradaus
R. Diagnostic usefulness and prognostic implications of
the mitral E/EO ratio in patients with heart failure and
severe secondary mitral regurgitation. Am J Cardiol
2007;100:860-5.

133. Le Tourneau T, Richardson M, Juthier F, Modine T,
Fayad G, Polge AS, et al. Echocardiography predictors
and prognostic value of pulmonary artery systolic
pressure in chronic organic mitral regurgitation. Heart
2010; 96:1311-7.



134. Kusunose K, Yamada H, Nishio S, Tomita N,
Hotchi J, Bando M, et al. Index-beat assessment of left
ventricular systolic and diastolic function during atrial
fibrillation using myocardial strain and strain rate. J Am
Soc Echocardiogr 2012;25:953-9.

135. Soeki T, Fukuda N, Shinohara H, Sakabe K, Onose
Y, Sawada Y, et al. Mitral inflow and mitral annular
motion velocities in patients with mitral annular
calcification: evaluation by pulsed Doppler echocardi-
ography and pulsed Doppler tissue imaging. Eur J
Echocardiogr 2002; 3:128-34.

136. Rowan RA, Billingham ME. Myocardial innervation
in long-term heart transplant survivors: a quantitative
ultrastructural survey. J Heart Transplant 1988;7:448-52.

137. Dell’Aquila AM, Mastrobuoni S, Bastarrika G,
Praschker BL, Agu€ero PA, Castan~o S, et al. Bicaval
versus standard technique in orthotopic heart transplant:
assessment of atrial performance at magnetic
resonance and transthoracic echocardiography. Interact
Cardiovasc Thorac Surg 2012; 14:457-62.

138. Valantine HA, Appleton CP, Hatle LK, Hunt SA,
Billingham ME, Shumway NE, et al. A hemodynamic and
Doppler echocardiographic study of ventricular function
in long-term cardiac allograft recipients.Etiology and
prognosis of restrictiveconstrictive physiology.
Circulation 1989;79:66-75.

139. Young JB, Leon CA, Short HD, Noon GP,
Lawrence EC, Whisennand HH, et al. Evolution of
hemodynamics after orthotopic heart and heart-lung
transplantation: early restrictive patterns persisting in
occult fashion. J Heart Transplant 1987;6:34-43.

140. Greenberg ML, Uretsky BF, Reddy PS, Bernstein
RL, Griffith BP, Hardesty RL, et al. Long-term
hemodynamic follow-up of cardiac trans- plant patients
treated with cyclosporine and prednisone. Circulation
1985;71:487-94.

141. Campeau L, Pospisil L, Grondin P, Dyrda I, Lepage
G. Cardiac catheter- ization findings at rest and after
exercise in patients following cardiac transplantation.
Am J Cardiol 1970;25:523-8.

142. Sarvari S, Gjesdal O, Gude E, Arora S,
Andreassen AK, Gullestad L, et al. Early postoperative
left ventricular function by echocardiographic strain is a
predictor of 1-year mortality in heart transplant recipients.
J Am Soc Echocardiogr 2012;25:1007-14.

143. Goland S, Siegel RJ, Burton K, De Robertis MA,
Rafique A, Schwarz E, et al. Changes in left and right
ventricular function of donor hearts during the first year
after heart transplantation. Heart 2011;97:1681-6.

144. Puleo JA, Aranda JM, Weston MW, Cintron G,
French M, Clark L, et al. Noninvasive detection of
allograft rejection in heart transplant recipi- ents by use
of Doppler tissue imaging. J Heart Lung Transplant 1998;
17:176-84.

145. Palka P, Lange A, Galbraith A, Duhig E, Clarke BE,
Parsonage W, et al. The role of left and right ventricular

early diastolic Doppler tissue echocardiographic indices
in the evaluation of acute rejection in orthotopic heart
transplant. J Am Soc Echocardiogr 2005;18:107-15.

146. Mena C, Wencker D, Krumholz HM, McNamara RL.
Detection of heart transplant rejection in adults by
echocardiographic diastolic indices: a systematic review
of the literature. 3 Am Soc Echocardiogr 2006;19: 1295-
300.

147. Tsang TS, Gersh BJ, Appleton CP, Tajik AJ,
Barnes ME, Bailey KR, et al. Left ventricular diastolic
dysfunction as a predictor of the first diagnosed
nonvalvular atrial fibrillation in 840 elderly men and
women. J Am Coll Cardiol 2002;40:1636-44.

148. Vasan RS, Larson MG, Levy D, Galderisi M, Wolf
PA, Benjamin EJ. Doppler trans-mitral flow indexes and
risk of atrial fibrillation (the Framingham heart study). Am
J Cardiol 2003;91:1079-83.

149. Jons C, Joergensen RM, Hassager C, Gang UJ,
Dixen U, Johannesen A, et al. Diastolic dysfunction
predicts new-onset atrial fibrillation and car- diovascular
events in patients with acute myocardial infarction
anddepressed left ventricular systolic function: a
CARISMA sub-study. EurJ Echocardiogr 2010;7:602-7.

150. Kusunose K, Yamada H, Nishio S, Tamai R, Niki T,
Yamaguchi K, et al.Interval from the onset of transmitral
flow to annular velocity is a markerof LV filling pressure.
JACC Cardiovasc Imaging 2013;6:528-30.

151. Rivas-Gotz C, Khoury DS, Manolios M, Rao L,
Kopelen HA, Nagueh SF. Time interval between onset

of mitral inflow and onset of early diastolic velocity by
tissue Doppler: a novel index of left ventricular relaxation:
experimental studies and clinical application. J Am Coll
Cardiol 2003;42:1463-70.

152. Appleton CP. Influence of incremental changes in
heart rate on mitralflow velocity: assessment in lightly
sedated, conscious dogs. J Am CollCardiol
1991;17:227-36.

153. Appleton CP, Basnight MA, Gonzalez MS. Diastolic
mitral regurgitationwith atrioventricular conduction
abnormalities: relation of mitral flow ve- locity to
transmitral pressure gradients in conscious dogs. J Am
Coll Cardiol 1991;18:843-9.

154. Tops LF, Schalij MJ, Holman ER, van Erven L, van
der Wall EE, Bax JJ. Right ventricular pacing can induce
ventricular dyssynchrony in patients with atrial fibrillation
after atrioventricular node ablation. J Am Coll Cardiol
2006;48:1642-8.

155. D'Souza KA, Mooney DJ, Russell AE, Maclsaac Al,
Aylward PE, Prior DL. Abnormal septal motion affects
early diastolic velocities at the septal and lateral mitral
annulus, and impacts on estimation of the pulmonary
capillary wedge pressure. J Am Soc Echocardiogr
2005;18:445-53.

156. Ha JW, Oh JK, Pellikka PA, Ommen SR, Stussy VL,
Bailey KR, et al. Dia- stolic stress echocardiography: a
novel noninvasive diagnostic test for diastolic



dysfunction using supine bicycle exercise Doppler
echocardiography. J Am Soc Echocardiogr 2005;18:63-
8.

157. Kosmala W, Jellis C, Marwick TH. Exercise
limitation associated with asymptomatic left ventricular
Impairment: Analogy with Stage B Heart Failure. J Am
Coll Cardiol 2015;65:257-66.

158. Nagueh SF, Sun H, Kopelen HA, Middleton KJ,
Khoury DS. Hemodynamic determinants of the mitral
annulus diastolic velocities by tissue Doppler. J Am Coll
Cardiol 2001;37:278-85.

159. Ha JW, Lulic F, Bailey KR, Pellikka PA, Seward JB,
Tajik AJ, et al. Effects of treadmill exercise on mitral
inflow and annular velocities in healthy adults. Am J
Cardiol 2003;91:114-5.

160. Schiano-Lomoriello V, Santoro C, de Simone G,
Trimarco B, Galderisi M. Diastolic bicycle stress
echocardiography: Normal reference values in a middle
age population. Int J Cardiol 2015;191:181-3.

161. Burgess M, Jenkins C, Sharman JE, Marwick TH.
Diastolic stress echocardiography: hemodynamic
validation and clinical significance of estimation of
ventricular filling pressure with exercise. J Am Coll
Cardiol 2006;47:1891-900.

162. Ritzema JL, Richards AM, Crozier IG, Frampton CF,
Melton IC, Doughty RN, et al. Serial Doppler
echocardiography and tissue Doppler imaging in the
detection of elevated directly measured left atrial
pressure in ambulant subjects with chronic heart failure.
JACC Cardiovasc Imaging 2011;4:927-34.

163. Talreja DR, Nishimura RA, Oh JK. Estimation of left
ventricular filling pressure with exercise by Doppler
echocardiography in patients with normal systolic
function: a simultaneous echocardiographic-cardiac
catheterization study. J Am Soc Echocardiogr
2007;20:477-9.

164. Holland DJ, Prasad SB, Marwick TH. Prognostic
implications of left ventricular filling pressure with
exercise.Circ Cardiovasc Imaging 2010;3: 149-56.

165. Ha JW, Lee HC, Kang ES, Ahn CM, Kim JM, Ahn
JA, et al. Abnormal left ventricular longitudinal functional
reserve in patients with diabetes mellitus: implication for
detecting subclinical myocardial dysfunction using
exercise tissue Doppler echocardiography. Heart
2007;93: 1571-6.

166. Duncan AM, Lim E, Gibson DG, Henein MY. Effect
of dobutamine stress on left ventricular filling in ischemic
dilated cardiomyopathy: pathophysiology and prognostic
implications. J Am Coll Cardiol 2005;46:488-96.

167. Kato T, Noda A, Izawa H, Nishizawa T, Somura F,
Yamada A, et al. Myocardial velocity gradient as a
noninvasively determined index of left ventricular
diastolic dysfunction in patients with hypertrophic
cardiomyopathy. J Am Coll Cardiol 2003;42:278-85.

168. Wang J, Khoury DS, Thohan V, Torre-Amione G,
Nagueh SF. Global diastolic strain rate for the
assessment of left ventricular relaxation and filling
pressures. Circulation 2007;115:1376-83.

169. Dokainish H, Sengupta R, Pillai M, Bobek J, Lakkis
N. Usefulness of new diastolic strain and strain rate
indexes for the estimation of left ventricular filling
pressure. Am J Cardiol 2008;101:1504-9.

170. Meluzin J, Spinarova L, Hude P, Krejci J,
Podrouzkova H, Pes| M, et al. Estimation of left
ventricular filling pressures by speckle tracking echocar-
diography in patients with idiopathic dilated
cardiomyopathy. Eur J Echocardiogr 2011;12:11-8.

171. Kimura K, Takenaka K, Ebihara A, Okano T, Uno K,
Fukuda N, et al. Speckle tracking global strain rate E/EO
predicts LV filling pressure more accurately than
traditional tissue Doppler E/EO. Echocardiography
2012;29:404-10.

172. Shanks M, Ng AC, van de Veire NR, Antoni ML,
Bertini M, Delgado V, et al. Incremental prognostic value
of novel left ventricular diastolic indexes for prediction of
clinical outcome in patients with ST-elevation myocardial
infarction. Am J Cardiol 2010;105:592-7.

173. Hsu PC, Lee WH, Chu CY, Lee CS, Yen HW, Su
HM, et al. The ratio of early mitral inflow velocity to
global diastolic strain rate as a useful predic- tor of
cardiac outcomes in patients with atrial fibrillation. J Am
Soc Echocardiogr 2014;27:717-25.

174. Ersbgll M, Andersen MJ, Valeur N, Mogensen UM,
Fahkri Y, Thune JJ, et al. Early diastolic strain rate in
relation to systolic and diastolic function and prognosis
in acute myocardial infarction: a two-dimensional
speckletracking study. Eur Heart J 2014;35:648-56.

175. Notomi Y, Lysyansky P, Setser RM, Shiota T,
Popovic ZB, Martin- Miklovic MG, et al. Measurement of
ventricular torsion by two-dimensional ultrasound
speckle tracking imaging. J Am Coll Cardiol
2005;45:2034-41.

176. Helle-Valle T, Crosby J, Edvardsen T, Lyseggen E,
Amundsen BH, Smith HJ, et al. New noninvasive
method for assessment of left ventricular rotation:
speckle tracking echocardiography. Circulation
2005;112: 3149-56.

177. Notomi Y, Popovic ZB, Yamada H, Wallick DW,
Martin MG, Oryszak SJ, et al. Ventricular untwisting: a
temporal link between ventricular relaxation and suction.
Am J Physiol Heart Circ Physiol 2008; 294:H505-13.

178. Dong SJ, Hees PS, Siu CO, Weiss JL, Shapiro EP.
MRI assessment of LV relaxation by untwisting rate: a
new isovolumic phase measure of tau. Am J Physiol
Heart Circ Physiol 2001;281:H2002-9.

179. Opdahl A, Remme EW, Helle-Valle T, Edvardsen T,
Smiseth OA. Myocardial relaxation, restoring forces, and
early-diastolic load are independent determinants of left

ventricular untwisting rate. Circulation 2012;126:1441-51.



180. Rademakers FE, Buchalter MB, Rogers WJ,
Zerhouni EA, Weisfeldt ML, Weiss JL, et al. Dissociation
between left ventricular untwisting and filling.
Accentuation by catecholamines. Circulation
1992;85:1572-81.

181. Fuchs E, Muller MF, Oswald H, Thony H, Mohacsi
P, Hess OM. Cardiac rotation and relaxation in patients

with chronic heart failure. Eur J Heart Fail 2004;6:715-22.

182. Wang J, Khoury DS, Yue Y, Torre-Amione G,
Nagueh SF. Left ventricular untwisting rate by speckle
tracking echocardiography. Circulation 2007; 116:2580-
6.

183. Park SJ, Miyazaki C, Bruce CJ, Ommen SR, Miller
FA, Oh JK. Left ventric- ular torsion by two-dimensional
speckle tracking echocardiography in patients with
diastolic dysfunction and normal ejection fraction. J Am
Soc Echocardiogr 2008;21:1129-37.

184. Wakami K, Ohte N, Asada K, Fukuta H, Goto T,
Mukai S, et al. Correla- tion between left ventricular end-
diastolic pressure and peak left atrial wall strain during
left ventricular systole. J Am Soc Echocardiogr 2009;
22:847-51.

185. Kurt M, Wang J, Torre-Amione G, Nagueh SF. Left
atrial function in diastolic heart failure. Circ Cardiovasc
Imaging 2009;2:10-5.

186. Nappo R, Degiovanni A, Bolzani V, Sartori C, Di
Giovine G, Cerini P, et al. Quantitative assessment of
atrial conduit function: a new index of diastolic
dysfunction. Clin Res Cardiol 2016;105:17-28.

187. Dokainish H, Rajaram M, Prabhakaran D, Afzal R,
Orlandini A, Staszewsky L, et al., Echocardiographic
Substudy of the OASIS-6 Trial In- vestigators.
Incremental value of left ventricular systolic and diastolic
function to determine outcome in patients with acute ST-
segment elevation myocardial infarction: the
echocardiographic substudy of the OASIS-6 trial.
Echocardiography 2014;31:569-78.

188. Somaratne JB, Whalley GA, Poppe KK, Gamble
GD, Doughty RN. Pseudonormal mitral filling is
associated with similarly poor prognosis as restrictive
filling in patients with heart failure and coronary heart
disease: a systematic review and meta-analysis of
prospective studies. J Am Soc Echocardiogr
2009;22:494-8.

189. Poulsen SH, Jensen SE, Gotzsche O, Egstrup K.
Evaluation and prognostic significance of left ventricular
diastolic function assessed by Doppler
echocardiography in the early phase of a first acute
myocardial infarction. Eur Heart J 1997;18:1882-9.

190. Dini F, Michelassi C, Micheli G, Rovai D.
Prognostic value of pulmonary venous flow Doppler
signal in left ventricular dysfunction: contribution of the
difference in duration of pulmonary venous and mitral
flow at atrial contraction. J Am Coll Cardiol
2000;36:1295-302.

191. Dini FL, Dell’Anna R, Micheli A, Michaelassi C,
Rovai D. Impact of blunt- ed pulmonary venous flow on
the outcome of patients with left ventricular systolic
dysfunction secondary to either ischemic or idiopathic
dilated cardiomyopathy. Am J Cardiol 2000;85:1455-60.

192. Moller JE, Sondergaard E, Seward JB, Appleton
CP, Egstrup K. Ratio of left ventricular peak E-wave
velocity to flow propagation velocity as- sessed by color
M-mode Doppler echocardiography in first myocardial
infarction: prognostic and clinical implications. J Am Coll
Cardiol 2000;35:363-70.

193. Moller JE, Sondergaard E, Poulsen SH, Egstrup K.
Pseudonormal and restrictive filling patterns predict left
ventricular dilation and cardiac death after a first
myocardial infarction: a serial color M-mode Doppler
echocardiographic study. J Am Coll Cardiol
2000;36:1841-6.

194. Moller JE, Sondergaard E, Poulsen SH, Seward JB,
Appleton CP, Egstrup K. Color M-mode and pulsed

wave tissue Doppler echocardiography: powerful
predictors of cardiac events after first myocardial
infarction. J Am Soc Echocardiogr 2001;14:757-63.

195. Wang M, Yip GW, Wang AY, Zhang Y, Ho PY, Tse
MK, et al. Peak early diastolic mitral annulus velocity by
tissue Doppler imaging adds independent and
incremental prognostic value. J Am Coll Cardiol 2003;41:
820-6.

196. Yamamoto T, Oki T, Yamada H, Tanaka H,
Ishimoto T, Wakatsuki T, et al. Prognostic value of the
atrial systolic mitral annular motion velocity in patients
with left ventricular systolic dysfunction. J Am Soc
Echocardiogr 2003;16:333-9.

197. Hillis GS, Moller JE, Pellikka PA, Gersh BJ, Wright
RS, Ommen SR, et al. Noninvasive estimation of left
ventricular filling pressure by E/EO is a powerful
predictor of survival after acute myocardial infarction. J
Am Coll Cardiol 2004;43:360-7.

198. Wang M, Yip G, Yu CM, Zhang Q, Zhang Y, Tse D,
et al. Independent and incremental prognostic value of
early mitral annulus velocity in patients with impaired left
ventricular systolic function. J Am Coll Cardiol
2005;45:272-7.

199. Dokainish H, Zoghbi WA, Lakkis NM, Ambriz E,
Patel R, Quinones MA, et al. Incremental predictive
power of B-type natriuretic peptide and tissue Doppler
echocardiography in the prognosis of patients with
congestive heart failure. J Am Coll Cardiol
2005;45:1223-6.

200. Wang M, Yip GW, Wang AY, Zhang Y, Ho PY, Tse
MK, et al. Tissue Doppler imaging provides incremental
prognostic value in patients with systemic hypertension
and left ventricular hypertrophy. J Hypertens
2005;23:183-91.

201. Sharma R, Pellerin D, Gaze DC, Mehta RL,
Gregson H, Streather CP, et al. Mitral peak Doppler E-
wave to peak mitral annulus velocity ratiois an accurate
estimate of left ventricular filling pressure and predicts



mortality in end-stage renal disease. J Am Soc
Echocardiogr 2006;19: 266-73.

202. Okura H, Takada Y, Kubo T, Iwata K, Mizoguchi S,
Taguchi H, et al. Tissue Doppler-derived index of left
ventricular filling pressure, E/EQ, predicts survival of
patients with non-valvular atrial fibrillation. Heart
2006;92:1248-52.

203. McMahon CJ, Nagueh SF, Eapen RS, Dreyer WJ,
Finkelshtyn I, Cao X, et al. Echocardiographic predictors
of adverse clinical events in children with dilated
cardiomyopathy: a prospective clinical study. Heart 2004;
90:908-15.

204. lwahashi N, Kimura K, Kosuge M, Tsukahara K,
Hibi K, Ebina T, et al. E/ e0 two weeks after onset is a
powerful predictor of cardiac death and heart failure in
patients with a first-time ST elevation acute myocardial
infarction. J Am Soc Echocardiogr 2012;25:1290-8.

205. Biering-Sgrensen T, Jensen JS, Pedersen S,
Galatius S, Hoffmann S, Jensen MT, et al. Doppler
tissue imaging is an independent predictor of outcome in
patients with ST-segment elevation myocardial infarction
treated with primary percutaneous coronary intervention.
J Am Soc Echocardiogr 2014;27:258-67.

206. Damy T, Goode KM, Kallvikbacka-Bennett A,
Lewinter C, Hobkirk J, Nikitin NP, et al. Determinants
and prognostic value of pulmonary arterial pressure in
patients with chronic heart failure. Eur Heart J 2010;31:
2280-90.

207. Miller WL, Grill DE, Borlaug BA. Clinical features,
hemodynamics, and outcomes of pulmonary
hypertension due to chronic heart failure with reduced
ejection fraction: pulmonary hypertension and heart
failure. JACC Heart Fail 2013;1:290-9.

208. Meris A, Amigoni M, Uno H, Thune JJ, Verma A,
Kgber L, et al. Left atrial remodelling in patients with
myocardial infarction complicated by heart failure, left
ventricular dysfunction, or both: the VALIANT Echo
study. Eur Heart J 2009;30:56-65.

209. Sakaguchi E, Yamada A, Sugimoto K, Ito Y, Shiino
K, Takada K, et al. Prognostic value of left atrial volume
index in patents with first acute myocardial infarction.
Eur J Echocardiogr 2011;12:440-4.

210. Castelvecchio S, Ranucci M, Bandera F,
Baryshnikova E, Giacomazzi F, Menicanti L. The
additional prognostic value of left atrial volume on the
outcome of patients after surgical ventricular
reconstruction. Ann Thorac Surg 2013;95:141-7.

211. Sallach JA, Tang WH, Borowski AG, Tong W,
Porter T, Martin MG, et al. Right atrial volume index in
chronic heart failure and prognosis. JACC Cardiovasc
Imaging 2009;2:527-34.

212. Hung CL, Verma A, Uno H, Shin SH, Bourgoun M,
Hassanein AH, et al. Longitudinal and circumferential
strain rate, left ventricular remodeling, and prognosis
after myocardial infarction. J Am Coll Cardiol 2010;56:
1812-22.

213. Antoni ML, Mollema SA, Delgado V, Atary JZ,
Borleffs CJ, Boersma E, et al. Prognostic importance of
strain and strain rate after acute myocar- dial infarction.
Eur Heart J 2010;31:1640-7.

214. Stampehl MR, Mann DL, Nguyen JS, Cota F,
Colmenares C, Dokainish H. Speckle strain
echocardiography predicts outcome in pa- tients with
heart failure with both depressed and preserved left
ventricular ejection fraction. Echocardiography
2015;32:71-8.

215. Zhang KW, French B, May Khan A, Plappert T,
Fang JC, Sweitzer NK, et al. Strain improves risk
prediction beyond ejection fraction in chronic systolic
heart failure. J Am Heart Assoc 2014;3:e000550.

216. Bertini M, Ng AC, Antoni ML, Nucifora G, Ewe SH,
Auger D, et al. Global longitudinal strain predicts long-
term survival in patients with chronic ischemic
cardiomyopathy. Circ Cardiovasc Imaging 2012;5: 383-
91.

217. Ersbgll M, Andersen MJ, Valeur N, Mogensen UM,
Waziri H, Mgller JE, et al. The prognostic value of left
atrial peak reservoir strain in acute myocardial infarction
is dependent on left ventricular longitudinal function and
left atrial size. Circ Cardiovasc Imaging 2013;6: 26-33.

218. Antoni ML, ten Brinke EA, Atary JZ, Marsan NA,
Holman ER, Schalij MJ, et al. Left atrial strain is related
to adverse events in patients after acutemyocardial
infarction treated with primary percutaneous coronary
intervention. Heart 2011;97:1332-7.

219. Komajda M, Carson PE, Hetzel S, McKelvie R,
McMurray J,Ptaszynska A, et al. Factors associated with
outcome in heart failure with preserved ejection fraction:
findings from the Irbesartan in Heart Failure with
Preserved Ejection Fraction Study (I-PRESERVE). Circ
Heart Fail 2011;4:27-35.

220. Lund LH, Donal E, Oger E, Hage C, Persson H,
Haugen-Lofman I, et al. Association between
cardiovascular vs. non-cardiovascular comorbidities and
outcomes in heart failure with preserved ejection fraction.
Eur J Heart Fail 2014;16:992-1001.

221. Damman K, Perez AC, Anand IS, Komajda M,
McKelvie RS, Zile MR, et al. Worsening renal function
and outcome in heart failure patients with preserved
ejection fraction and the impact of angiotensin receptor
blocker treatment. J Am Coll Cardiol 2014;64:1106-13.

222. Miura M, Shiba N, Nochioka K, Takada T,
Takahashi J, Kohno H, et al., Chart 2 Investigators.
Urinary albumin excretion in heart failure with pre-
served ejection fraction: an interim analysis of the
CHART 2 study. Eur J Heart Fail 2012;14:367-76.

223. Caughey MC, Avery CL, Ni H, Solomon SD,
Matsushita K, Wruck LM, et al. Outcomes of patients
with anemia and acute decompensated heart failure with
preserved versus reduced ejection fraction (from the
ARIC study community surveillance). Am J Cardiol
2014;114:1850-4.



224. Mohammed SF, Hussain |, Abou Ezzeddine OF,
Takahama H, Kwon SH, Forfia P, et al. Right ventricular
function in heart failure with preserved ejection fraction:
a community-based study. Circulation 2014;130: 2310-
20.

225. Zile MR, Gottdiener JS, Hetzel SJ, McMurray JJ,
Komajda M, McKelvie R, et al., Investigators IP.
Prevalence and significance of alterations in cardiac
structure and function in patients with heart failure and a
preserved ejection fraction. Circulation 2011;124:2491-
501.

226. Shah AM, Claggett B, Sweitzer NK, Shah SJ,
Anand IS, O’'Meara E, et al. Cardiac structure and
function and prognosis in heart failure with pre- served
ejection fraction: findings from the echocardiographic
study of the Treatment of Preserved Cardiac Function
Heart Failure with an Aldo- sterone Antagonist (TOPCAT)
Trial. Circ Heart Fail 2014;7:740-51.

227. Shah AM, Claggett B, Sweitzer NK, Shah SJ,
Anand IS, Liu L, et al. Prog- nostic Importance of
Impaired Systolic Function in Heart Failure With
Preserved Ejection Fraction and the Impact of
Spironolactone. Circulation 2015;132:402-14.

228. Buffle E, Kramarz J, Elazar E, Aviram G, Ingbir M,
Nesher N, et al. Added value of pulmonary venous flow
Doppler assessment in patients with preserved ejection
fraction and its contribution to the diastolic grading
paradigm. Eur Heart J Cardiovasc Imaging
2015;16:1191-7.

229. Smiseth OA, Thompson CR, Lohavanichbutr K,
Ling H, Abel JG, Miyagishima RT, et al. The pulmonary
venous systolic flow pulse—its origin and relationship to
left atrial pressure. J Am Coll Cardiol 1999; 34:802-9.

230. Galderisi M, Lancellotti P, Donal E, Cardim N,
Edvardsen T, Habib G, et al. European multicenter
validation study of the accuracy of E/e0 ratio in
estimating invasive left ventricular filling pressure:
EURO-Filling study. Eur Heart J Cardiovasc Imaging
2014;15:810-6.

231. Mattace-Raso FUS, Hofman A, Verwoert GC,
Witteman JCM, Wilkinson |, Cockcroft J, et al.
Determinants of pulse wave velocity in healthy people
and in the presence of cardiovascular risk factors:
“establishing normal and reference values”. Eur Heart J
2010;31:2338-50.

232. Chirinos JA, Segers P, Gillebert TC, Gupta AK, De
Buyzere ML, De Bacquer D, et al. Arterial properties as
determinants of time-varying myocardial stress in
humans. Hypertension 2012;60:64-70.

233. Chirinos JA, Segers P, Rietzschel ER, De Buyzere
ML, Raja MW, Claessens T, et al. Early and late systolic
wall stress differentially relate to myocardial contraction
and relaxation in middle-aged adults: the As- klepios
study. Hypertension 2013;61:296-303.

234. Borlaug BA, Melenovsky V, Redfield MM, Kessler K,
Chang HJ, Abraham TP, et al. Impact of arterial load

and loading sequence on left ventricular tissue velocities
in humans. J Am Coll Cardiol 2007; 50:1570-7.

235. Gillebert TC, Lew WY. Influence of systolic
pressure profile on rate of left ventricular pressure fall.
Am J Physiol 1991;261: H805-13.

236. Zamani P, Bluemke DA, Jacobs DR Jr., Duprez DA,
Kronmal R, Lilly SM, et al. Resistive and pulsatile arterial
load as predictors of left ventricular mass and geometry:
the multi-ethnic study of atherosclerosis. Hypertension
2015;65:85-92.

237.ChirinosJA,KipsJG,JacobsDRJr.,BrumbackL,Duprez
DA, KronmalR, et al. Arterial wave reflections and
incident cardiovascular events and heart failure: MESA
(Multiethnic Study of Atherosclerosis). J Am Coll Cardiol
2012;60:2170-7.

238.ZamaniP,JacobsDRJr.,SegersP,DuprezDA,Brumba
ckL,KronmalRA, et al. Reflection magnitude as a
predictor of mortality: the Multi-Ethnic Study of
Atherosclerosis. Hypertension 2014;64:958-64.



