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IVC = Inferior vena cava, &k
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IVRT = Isovolumic relaxation time, 25247 i1 [H]

MPI = Myocardial performance index, w{» JICEAESE LT

MRI = Magnetic resonance imaging, 1% MaELHR %

LV = Left ventricle, 0=

PA = Pulmonary artery, 4ili&hJiK

PADP = Pulmonary artery diastolic pressure, fifizhfik&7 7k &

PH = Pulmonary h{pertension, i I J&
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RA = Right'atrium, 05

RIMP = Right véntricular index of myocardial performance, 77 % 0L LA/E$REL
RV = Right ventricle, H/OE

RVH = Right ventricular hypertrophy, 7% L&

RVOT = Right ventricular outflow tract, A7 % HiE

RVSP = Right ventricular systolic pressure, #5 %45/

SD = Standard deviation, FrfE%

SPAP = Systolic pulmonary arterypressure, iz kUi &

TAM = Tricuspid annular motion, =25 5)

TAPSE = Tricuspid annular plane systolic excursion, =2RIEFF TG A%
3D = Three-dimensional, — %k
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TR = Tricuspid regurgitation, — 2 i



2D = Two-dimensional, .4
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T MR BIE” (Sniff) KT R 5 Fiotk
A FNIE Ive WA, DAERRPPL 1ve [
A, MIENEBHIOR IVC oRehr 4512, #



BORHARE IVC R R DI, SRmh PR A S
SEHT IVCRFK. B IVC ¥ 5KiE s
T~ b5 T ey AR T AR & 35 1E 1
B, N MM I EE VPl 1ve AR AN
42, DL E TR R S84 5
AR ST . AR RIS B Ive ]
Red ok, (HAFRRIA B ET .

Kl 3 M =RIEREA (TAD BU°FTH, ks [l
(IAS) A TS (Superior )65 Bii #MIljEE
(Anterolateral) fic 47055 (RAYs £ 51K
12 2 H8 =900 24 K T B J5 TS
OREEES, S5 HSERN, H R etE
A s A R e LR R S, A A
HLRIN

DA T B e ] 4 S A5 A s R 1
T o i T PR B B, WS04 33 T 5 Ak
M3 o5 LA, R T 4 BB AR (Vs Eb
PR HAAE R (VA . A EETHER,
R A AR 35k 2k, s A8 /N33 vs/Vd
< 1. ARk 7o B 5 20 LR Vs/(Vs + Vd)
< 55% B H oAl 43 55 o v e 2 s
PE R PRI FE AR o PPAS RS I M I 1) 5 7
ST SZHUMGE SR T 1B R &L, TR
FAIESE 5 AN LA 0o 2 H ) I e~ 205 B %
AN DL IR R AT AR S (T A

i s 38 K % s 6] BRAE BEAS L5y Ji i v
A s it TR s IR s i o —

R, X —E P fabn AN GE HI A 004 i Ik,
{BIX AL $R 7R 7 EAT A A 5 s 70 i
PPt AR ESRATRERIRIA .

A 4 TREEK Qve) dTm. B ke
BTN, TR, BAN T B RN 11
OB, A EFNE) 05 2] 3.0 cm A,
HE E Ve KPP E Ive WAE (SRR
b

Ly =S GRS il ENI NI TT B S Y
EE

B IVC B4 T A UMOE S R
i N BEAS B S A5 B I« 754 s R Ak v
Ji) B P AN R P 5

B AT R EFE I, THE sPaP
R T HVIVEAG I RA BB T ARG B
IVC HE&< 2.1cm HWS KRE4EE >50%
Ff, RAJEIE® (BJ 3mmHg , 35 0-5mm
Hg), T IVC BE&> 2.1cm HWSK[E4E
#<50% N RAEFE (B 15 mm Hg, &
FEl 10-20 mm Hg), TR IEIRALTE B H Z [H],

BB EME (Bf 8 mm Hg , ¥ 5-10 mm
Hg) . BRI F HAIPEEA 55 1 AR
Po X TR PR AIE R A LA R R B
Ao SR E/E> 6, FFERBKETTRBHMAE &
R (ATRWLE 7 B Bi< 55%TE RN e e
). FERBEAGIAFEAMERT, HL
RIsIREERA A BEAF R, AEER
&2 3mmHg. HFRSR IVC BIEREN (<
35%), H ERKRERRRREG BEIFS,
M4 EEEZE 15mmHg. R TR EEH
EAERBRES, BHEESTEAF RE
8mmHg. FE/ABEH Rl 58 BB S BNERT,

SEERASRT Ve [E148 F <20%R A B E D)



B 5 &Pk A R I, (A) A7 S RG]

End diastole

TG, (B) A A EI TR IC KR AT

R 7R, Hrb g kbR id A B R . (O 7E B B Eikbricb it m 2R . (D) Xf C
B T ARl AT O B, Her FY i SRR L BF SR AR A R BE S

B. ALE
hEEBEE

A 2 BE JEL T 12 WA O 2 IR )
fabr, EE NG E KT R e 1818,
A 2 RE S AT LT3R 2R RN AR JE RO UL
DA K 2 m] LT3 A i e P 1) 5 0 =
JEE 1o, WEA = B, RS
VI, 7E =AM H A/ 1T &7 5k AR HH i
oM BB AR, BN A O 35 DT I
SO & 416, SR )T REAT A = Ui PRkE ik
FEORCTE . AR AT A R S BRI Do HE
BRI, HAG =0 A%, of
¥ AR AR IR T A AR R S gl MR
PR L LASRE 0o A MBS T P2 ST HEBR o0
HMERRT, LAEE S A . 0 SR B
AV, NSEHEE NS, 8 i K
G CLyak > 38 e BE JE FER AT RE . thAh, A
J2 U R, 25 3 5 e o L B M

TLE L DA A ERERE, W ER
AREA 02 (Whlanomaly) BEUCME I M
= O WU o {H H G T 4 52 Rk A bR
& A 2 RE JEL AT T R AR T
A : A=EREELEE M B g

BN, FES R DT S A 0 55 D7) T

B B E TS R

B XNTERBEELAZBR/MEZDRA
2MEE, YN THREPEEHEERER,
MEFRSRTVEHN G ZREEESEEH
EFR¥A 0.5cm. (R 2).

B 63t 0 U 5 (AAC) V)T 7~ 7 TR vl R B,
= (VD RN AN K B0 [
FAERETHE (RV) WYIHE (*1) AR
WS E R (2,3) AERNEFIR
Ko EENZ = d BRI, it K
ERAACHlTE (1%2,3) [IREUTE, FEA
Xif N T AACHT) T

AENE

e VR A B e A /e it 20,
R g 2 e FEA O EE R HETEIEsSE
ALK A ST TROR ) A 4R B D 18 il 5
PR TR bR 2, SPkRIA =N S A
ENAERI S SRk ZERA R F A/
BT e AR AR FRAR O 2324, TETI A B B4
Bk, A=A S EEFRRER MR
T 72 2526

A JE I 4k B B0 AR DY i B T
FERTTRAN A 2= K/ e BAR H AT Bk =
SE B PG 59, B RE RO ERRHE LR
Wit a =2 M A%, BARTES
WARI 2/3. F ORI DI S on A = e
R, WA E O RERFE R X



PR RIS R LS E 1S DL (A = Ik
Jrei R e E ORI D, R B AR
FEIEHTEE A, HA IR RRE TR AR
KWREF O R T BRI . EhrfEL
RV DI I, R EAE AR LA D N,
A EY RKEPAALOEIFHHREORAE
I, BUAEACA RmACTEbR SO, AR A SR
DI T R

FEL MO R P e, B ORI AT = AR
M EZERIR LT AWK S S, W&
BHEARVIHARK, SEAEREHI
A AR R BRI 25 2R A 6 s
PRI, MR LRI DI PASRAT “ R T A
EA L7 YRl P PSR K S Epe=a ]
BERJ AR, FIRETRHE DAL S oy L DU s 1)
TR = DA = . O T BRI fl AR

K REReFER K HL BRI A A i KT

N B Al AR RS, RSk AUE R
FECIRAL L R M I A == 1
Lo PR I ORIE & P A B A K
Ak, HEE G BoR e S TE (R Gk
ORI DI I BEAT I D

ik 7 Pros, AEE R T g
FIRERBON R B AR 5 A = KR L

JBE B PN 4208 2 SRy AR I s V) T A o0 5
T 1/3 BUR R IEAR 12527, TEH A7 0 %5 1 it
KEFRZNTAET 1/3 WAE 425, A
BOBEAREAZES 1/3 A=, BIAEEA
LUK o KRR R N = RIRA KT 21 4
SRS o N ) G AR e R
(A = T el L, R SR B N AR I 4
Ko

AR R s B0 2R U s D) T ) A = P AR AR
i, A NA S KRR E.

B = N A E DR M SO T
R BT A T A2 75 A0, A4
H 2 RAh A =N E T KL

B X T LE R G BIREL
e R B, HREAR R e DRI )
HNEL ZEREBA 2 HRIB A RIKEZ,
REREEA T, SRR O ER
ERAE A EER BAR, MR
B R Badn i CER AR VI TR LA =58
) WA E 5 A = B XK /INET # B
BEANEERE A MELSEREN
BEEEEREN, BEAEHAEE BB EEW
Kb, REEHFBNHRERSHK. AERR
BN &K LR 4.2cm(E 2).

B 773 55 1 () MR 2 R 75 a1 B AR DU i I TET D) 2379 s A3 % (RV) ZEJERBE (RVD1)

Firhla] B (RVD2) %tz

NAEKE (RVD3). AT ERANEE LERAZERD, ZHELE

BT HE. XN~ T A B oh =R RE, S A B T I E A AR e . 51 A

J Am Soc Echocardiogr.!
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:RVOT Prox

-

e o

4 Wei

B 8 4= i (RVOT) ikl K /K F (RVOT-Prox) WA, Mz v 5l fifi 5 ikl 7K 7
(RVOT-Distal) RN E 7. (A BxKhh RVOT FISS & S5 UIH, (B) W KB
FIa-E S s I, LK (O Sorltishlik s X s M. PA, TEitizh IKIRZE 7 X

Ak 22 1) I B i 2 Fik 9 A2

C. AEiHiE (RVOT)

A S TE R v ke S (PR
SHKIFSE ) ANAGEN BRI Wi ks & & A
=1 2 TS o ) — A [ HE T LA 454
XA 28 FIfRE 20 ESAEHR
R BT AN . A I TE W A I SR )

SERTBIR T IE #A SR AU i 2930

Xof R e S A T o P KR R G R
It H T R — AN T B R N O 1) 25 . R
GO SEZER, A =ERHIESE A =K
WP JE 32 3l 5 IR A
) 55 D) THI AN 6] S8 ASBIHT AEA 22 4RVOT
BUFIALE, 98 /NG SO B ORI e
] LRI IR ERVOTE N E AT 5K K 1] QRS
ECAE AR X RVOT RNl . 7T 3d 3 i
B 55 KBl U T B RVQT S A2 (LI 8A
RVOTProx). MGl & 55) Faihvlm, K
F R B VR & RVOT WNAZ: (1) ESD
Jik o - (), 3= 0 ik A R 3 A = U S RE
RVOT 3 A AE (LI 8B) 5 (2) TR &Rz ik
HELLIE: RVOT i N2 (WL 8C)t. Hik
TEAT I Al 20 ke B0 I & RVOT
T AR, R A OB R DI Qp/as
BRSO o B RS AL B . RS WO
KA ZERE N R 2 555055 K 4
VI ) RVOT JEA AT WAL 3. A RIEER
OEIER A G, RVOT AT &iEHBUA =i
NIB-Ji 8 DI ST BoR . CF IR
IR YRR OB A BT 6 RVOT HE4T VA

34, WA T A ey 2 SR A =
it HH TE P A% e Tl S T A AR L,
1 2 I A 1 18 R

R < R T e 5 e 2 1) T e 7 N
RVOT WA, F-Mis e (1405 & w e 2
RVOTS

BRus: A RIARAEEIE T AR MIEIE
RVOT JK/MUbRAEALE 75 75 5, TERHT RVOT
EETT B 2 AT EGR A RVOT I K/h. A
FTEEE Ao Y P S8 AN ER AR

B FERERII e RO IERELS RVOT 3
EHRPLBRRE BEMREY, NERE
558 P KR D) TH) Ul & RVOT 3T 3 A3 35 )
WA BB 55 J5 0 T 55 <0 i 3 Bk SRR b B
RVOT imhs N RRIT:, ERMEREET, WM
TR W THRERER B, W RBEAER
ODERRERAZOINE (ARVC), AT HIHIAE
BEK4 RvOT B4R . IEW EIRSEME: B
&AM RVOT TIRAAEAN 27mm, HIES%
KRz A AN 33mm (TR 2 FiR).



K2 BEER

W 5L LRV ¥E URV
B HE i (95%C)  (95%CI) (95%C1)

FEFRBEESAE (mm) (B 7, 12 400  20(15-25) 28(23-33) 35 (30-41)
RVD2)
ASEEBEAZ (mm) (B 7, RVD1) 10 376 24(21-27) 33(31-35) 42 (39-45)
HEKHAZE (mm) (B 7, RVD3) 12 359  56(50-61) 71(67-75) 86 (80-91)
FEFHKKRER (cm?) (B9 20 623 10 (8-12) 18(16-19) 25 (24-27)
AERERER (em?) (E9) 16 508 4 (2-5) 9 (810) 14 (13-15)
FEFERRERFEH (m/m2) 3 152  44(32-55) 62(50-73) 80 (68-91)
AERHEARRIEEHER (m/m?) 1 91  19(17-21) 33(31-34) .46 (44-49)
3D A EHFERRIEFER (mL/m?) 5 426  40(28-52) 65(54-76) 89 (77-101)
3D A ERHRREFBER (ml/m2) 4 394 12 (1-23) 28(1838), 45 (34-56)
AES TUIHEEBEE (mm) (B 5) 4 180 4 (3-4)  5((4-5) 5(5-6)
RVOT PLAX ZEEEE (mm)CGRER) 9 302 2(12)  NGH) 45 (46)
RVOT PLAX /& (mm) (/& 8) 12 405 18(15420) 925(23-27) 33 (30-35)
RVOT % A& (mm) (B 8, 5 193 21(48-25) 28(27-30) 35 (31-39)
RVOT-Prox) / \ )
RVOT T A A& (mm) (B 8, 4 1594 17612-22)722(17-26) 27 (22-32)
RVOT-Distal)
ABEKRE (mm) (B 3) 8 [ 267.0:,34(32-36) 44(43-45) 53 (51-55)
ARBRERE (mm) (B 3) 16 715  126(24-29) 35(33-37) 44 (41-46)
HBEBERER (m2) (A3 8 | 2930’ 10 (812) 14(1415) 18 (1720)
c, BAEXIE; LRV, ZE{E FE; PRAXS MESs KHh: RA, H0J5: RV, A0EE; RVOT,

HOERHEIE; 3D, =4k URY, SR,

R 3 BT Ive AR [l Al W il

TE IEHIBEC0-5 FBF (5-10[8] mmHg) W E (15mmHg)
[31mm Hg)

VCRR 4 =21cm <21cm >21cm  >2.1cm

WS K [El4E 3 >50% <50% >50% <50%

H A e ® FHZMR

AR ] ® —“JNE/E>6

® TSR A Rk M i o5 L
Bl w A<
55%)

Rk AR I 1A G I mARI 2 2051k, (B8 T R EGE L, B BCR P IRME 3mmHg ENIEH A
b3 A 8mmHg 19 b B3 A s e o A D3 R EEME i (8mmHg) I, 5 ANAEAEAE ] HoAl
SEoR A o s 1 e R I D A B A L A O IR A D K-, IRUR I 48 ARG (<35%)
HAFAE AR S s s 38 vt (1 AR B TR e S 0T DA s s B B vt /KT, 35 AN S I T
A E A B Y 8mmHg. ot IVC AR TR R K



A ZHRRAD B EFR AL

A. A = RN R H

RV FAC% = Ci 7K AR YT AR — e 4 AW A
+ FFEK AR BTN X 100%, %48 bR A6 [ A
FULHE DIRE, 5 AR RLIL IR AR (MR &)

RV EF #HeE R UT 235, #FF £ RV FAC /2
filike: 3 36 J .o JLBHAE 3738 f5 83 H B0 B2
FEFE . H R SR RN BRAE T R Bk ST T

..........

i b FAC.‘GO% - s FAC ;16%' . ==

Ao FAC W 3 ok /) 45 =500 A S TR
i, BRTTIR TR AR BN ET 7k 3 43 1 A
WHUG, WETTBEEROR, IRGIHE =
BB [FIEEA . £EIX — i A2 P 7 v BRI/
Zi5zm (B 9).

B —ERRRUS R CE A ZETD)
REEHEEZ —, FERFEBIEREKT
RSEMEH 35%.

" =
FAC 20%

B 9 AHOEMAZNSE (FAC. FAC H 4= 100X [479K A BHMI AR (AreaED) -4k

HAT AN (AreaES)]) /&7 5K ARMHIAN .

FELARIUNE (AAC) DIt IS0 15508, A

SR (ED) MUK (ES) M= ACE VRS Wil B 202k, i@ = A kg iR
[EIEFR K o LR = SR - R 2R S e = s e D i fE 3233, FAC N 60%.
(hED AxEREMEA, APERL, FACHE0%. (4 E) A=K, FACH 20%, N

B A U T T A A5 A e 5 R TR o

B. — 4k ARG 25 Pl

i I A S GO Sl T = R A
IHRERI ek CEHRE , i PO 3
5 P SR AL (1 S iR2es040 . i (KSR
I T A A DR BRI DT VAT 3 R
T AR B2 R B SR AN 45

TEPAR- 1 B2 T2tV i W48 R T X
T FRERON LR Al A LA, &
R A A2 5 0 = A A Y B [ K
A 304142, A LEFIEIE MRI RIS HUA =,
IR AR A R 5 =Rl ML,
BETTE R A

2] A8 SR 25 3 3 a0 % DU 5 7 T 1
SEAE CURER” AR 4, DN B B
& RVOT #77, HAFAEE P HOR LA PR,
WU A A AR AT AT S ARAG -

THERZ R G IROR BRI R
BO [EFRARER TR E RV EF. 45
B2 IR, XA ER RV

EF % (EKIR & 44%, 95%M1) B 15 X H] /&
38%~50% (%% 4).

B FAFTEARAG—, PR UM R
ZRIRK, BB BUE A 454450 RV EF.

C. B

XEELBIbRA 4548, Zhpisi iy 648 Fisk
BHPAR 0 SR T A A IR E )5 IE
g, =4l O B E R RS VRl A = A
T = 28 75 2 SR F I3 4 SR AT 32 A0 2R i
DREPHEG A = A BIFTHE EF. Pl 28 il
4051 g2 ik 7 Lo B IR R . XA
FRBNE T FE TR 2%, Bl T AR
W RGNS, A3 0B ] BAS 25 ol th
Horton S&4RIE (AT KA R 52, 51k
HNSEIRXT LR AL, N =4 R e VI 73
BT \NAS BAE S50 1 T I i SRAG ) 45 2R b
B 6. —IUBHRS AR B H AR OB FC R B
2 FE AN AR T BEAT PR Al ) = 4E 0 5% iE



V5 [ 28 SR A48 FARRL 530 %T- AN [
PRIGHLIJLEE 5456 SN 515763, Xy
EHE MR ENENA E SR EA R
FHRME

SR, =4S MR
FEEIRRIAE AR B, e TRER ]
HA M 4360, ZREEI/IN YA TR — TR A
I FER B 5 R, B2 OE 5 A SRR R A
FUIEH PR 89 mL/m2, WS4R AR AR IE 5
BN 45 mL/m2?, Lot EE B MK 10%~15% (&
2). RVEF ZHE AR 44% (£ 4).
PR = YRS OB R FH Se it = 4E T 5,
A DURE A Pl A5 25 25 RARI A I 404

TETASF ROV T RN BT 7T 45 51
BAR =R R BN RS, (EAHEL MR
VEM RS SRR, R = R O Eh R
WM& (A B B AR A 3. s,
=Y AR ANE I B E AR SRR . O
R EY IR B0 Th REAS A S DL R B
B, TG TE 4 E € =408 il & 1A
ERME EF BIERTE.

B X TR BEES BHREA LIIEA
ERBE, AR =458 03 B B8R
EiE A EH LS. &4 BRI T&A
%, AENLIBESHEER S 44%. BRIE
HEZ R RIS, BRI IN =4

B AEEEE AR, BixfiEek  MEERM eF 258N,
x a4 W Thee
R H WFFEEC B LRV (95%CL)  ¥J{EH€95%C1)  URV(95%CI)
TAPSE (mm) ([ 17) 46 2320 16 (1518) W23 (2224) 30 (2931
kb 24 B FE (em/s) 43 2139 104(9-11) 15 (14-15) 19 (18-20)
AR L EWHE (cm/s) 5 281 46,570 4710 (9100 14 (1215
ik 2 8 MPICE 16 F118) 17 686/ 0.15 0.28 0.40
(0.10:0.20)  (0.24-0.32)  (0.35-0.45)

2% MPl (& 18) 8 024 0.39 0.55

. &(o.m-oaz) (0.34-0.45)  (0.47-0.63)
FAC (%) (& 8) 36 1276 35 (3238) 49 (47-51) 63 (60-65)
RVEF (%) ([ 8) € 120 59 44 (38500 58 (5363) 71 (66-77)
3D RVEF (%) 9 524 44 (39-49) 57 (53-61) 69 (65-74)
IVA (m/s®) /127 389 22(1430) 37 (3.044) 52(4459)

Cl, BIEIXIA]; EFpATML £ FAC, A% IVA, SRS WINGEE: LRV, &%
R MPL OULTMERS; RV, 42; TAPSE, =4I ZiMAfi#; 3D, 3 4E; URV,

Z%H LR .

A O ZAME RREEES

PAE B AR S (=R 0D
AR EUE B AR BB O AR ARG N, DA
L2 e BB B = (R ) AR AT PRI R, A
DRIZD A B IRAL, BEIE R A
FY ke EHRE, ARG ZTE K HR
A A A E A AT T, AL &7
K ST 55 e Al D) T e = A A D
JiE IR ATAR o597, AL Ke T
B a) e AT == 00 e 22 =00 A A A2, 5L
AN 1, JFHL 2 S A A JEAS PR AR

&, THANGEEMYI I 2 ERER R
BNy “pD 7. MEMEEBRAEENRES
= W] RS B4 = M EE AR KN LU AR, SRoE &
IIMTIEFP AT O B 2 [ R A o FATIRIEN
I AREL”, ARG TE 1,008 YRR,
R E A E. FEEOESSEA
FAELE AP B EZEM R T4
RZBRN A E S S0 R Gk kT e =
OB T, WX 8 R [R]I £77E W 4 )
A IR G RIEY 5K 3 A T S A
BER TG DL, BRI X = 8] B 1 25 A0 22 A = A
BAF AT R R+ 2% o



AEEMERGIEIORET

A RE TR RTE IR ZE R

F B HE R ELHHAZ
RIS A M AL s E = (B 10)70,
A BB TR, BF Ik R 1 = 6] FE

D 88 A1 = (MR B B O W R (Mg R AL 46 R
RIS IEH ) o FRA % K ) Ay 86 K
‘=5 1) B8 FEUSC 246 R 91 RIET 5K A 41 2 M 88 4
=, M s, H U R IE 9

o BAL T 8] B o4 B R AR 2 S
RN T i Bk e s N BEIR YT AT
RAEFRMETUGE R 7272, AT ERRIZE) 5
Bt P B R AL RAEIR (Rl 2
ARSI 8

B WINE RS A, BT hgaimer
K2 D R UTHREZ, TTHT#HBE
WA =R E M Bk A K. BRE—
K1 D RS RS RIAANREL Bih EHh
FTHIHER, NOE I HARE AT RAE, #i8
Ha e 0 s 1A [ AR SR R R B S
FEEREE.

End Systole Mid Systole End Diastole

End Systole Mid Systole End Diastole

B 1075 5 H I B 2R KT Yl e Lo s R e 1 LR B e B o el T st ks T -

B a5 il s D, KT =R
FE A8 NSl S e S IR A ARFF 2 BRI EE B, H 204 = s g ffar it

KD R,

VIR AT FECR AL B R E AR S Ch

i E (AR (VS) el 7o =R 3N, FRAEHE AN o)) 8 BT AR s, AR R S
IR o AEAT AR VL I, R 5K A i) R B R B A e AR A A% L= [V R 2 RS

HKPAREAE , B 7 S AR/ AR T AR e/ o

i SERHIEIA R ML S0 /1 P4
A. iz Bk Wa4E s (SPAP)

AL = S S U IE PTG SPAP, i it
FF 5 A B B0 WK S At B2 vT 4k ) PADP.
T8 3 it B0 Bk L AT S [R] CATD Rk At 3l
kP38 e, il th w0 R T Tk
JEVHEHE S TS I sh kO

N6 Bernoulli J7FE, #iE =28

I S AL WA {3 B T A A s - A = T A

o B4 R R AT A5 Rvsp, Bk A
RVSP = 4v2+ RA JE [HH v ARFE =R iR
VeI CLIOK/BP N BAD Y, WiRTd, 4

ZYFA[ 5] 3 Am Coll Cardiol .5

b AT Ve AR FITIFIR [B] i 28R Ak
TEBA i3 ok 5 4 & 22 B8 RVOT JE 221,
SPAP %5 RVSP. WIS RVSP Fhim, Rifgsk
HEFR RVOT Bl zh k7K~ R RH, - e 32
26 R A O 7 B Sh KR f5 1 B . BN
&1L 1] Bernoulli 77 F£20% T Bernoulli 5%
R R, SO e AT e RS G s
AR JIRAEE o A1 R D e it i 2 Fe i
ST AR FEA R, WO 2 UM Z AN T R4
TR 15 5 FF 3 H S R -



TRV =28 m/s

B 12788 75 0 3 1 22 5 v A 0 et 3 ik e 4
JE (SPAP). —RIMRIMMIES:ZIMES
ARG E (RV) 45 (RA) TR JIHAE .
AW R 0 P VA S BT Ak I ) A4 D R SR AR
DA IISPAP. =R FH 22387 83kl 5 1 = 2R
S IR AR, L FH 5 R A B R R AT A B
s . A, EERAPE &
A3mmHg, NSPAPH] it 5 N31mmHg+H
ek (BI34mmHg). VA5 FH EJI Am

Soc Echocardiogr.??

MEEAR EPF, K2 HUEHARREIRTT 102
SERMIIM A T - FWEE 2 BIRA T
T EN 100 mm/s « WERAS S 555, nleh
I FH 7K A BRI - 2R 7K TR A IS R B (S
Tro AHANIR AR AT B FH A 52756 35 Rl & 3 5
49 1548 J+/41/2/2

W CW Focusn100mm
CW Galn= 1148

TR Vmax = 259 m/sec
Pk Grad = 26,8 mmHa

M= 45bom

Sweep=100mm/s

S — e A ——ee e

T8 T BLJEAS SE R IR A DL G v i I 9
B 12).

A N H A ) £ I < 38 B bk O ) I
W R PRAE Y 25 mmHg o i 75 0 Bl BIAG A
DRI S 2 SPAP. # EUIRAS T HIEHH
FESCHER A 5 A3 F] Smm Hg i),
TR UG <<2.8 ~2.9 m/s B4 T Ay
35 8% 36 mmHg”3. Gl 45 Bk IEw R,
N 2 RS AZAST DI T A 0% 04 3R T A 1Y) 14
Kisghn 7475, fil, 2ECONE SRS
2 (ACO) MZEMEEE2 (AHA) KA
ST it B AR, X T ARAE P
PR3 H. RVSP> 40 mm Hg R & 2 it —
R A 76, KT s SPAP 4 i T I
JE 2/3 MR R AR A Nt 2 ik = 1

M 1984%FEock Al Popp’” & il A
- A B R FE VAR IN AT 5 J5 K 58 SPAP
DA, 75 R AN o — i ml 52 () 7,
H @ LR At 2T 5 I AIE 78, HAE LY
FEBCRS e HgR A 5 R I T, %07 VR e
WAl @ T — e s 7980, [FIEEE TR
MR, FONG S EE & Radis 27
Mg NI JC 15 3R AR 58 B (1 22 B AT, EA
&1t Bernoulli K2R e &AL A -4 E &
JIBHE

I S/RR/2
CW Focus=106mm
CW Gain= -348

TRVmax = 335 m/sec  °
Pk Grad = 44.9 mmHg

B 12 (A) BIRARZIERAIG R =M R IE S, B AT HERI R IR . (B) iy
SR, JEATE M AL ER 2 R (5 5 TR, IR 2 R AR = Ay BB S R
WA 7, R OB I S e B A0 B0 s g N 2 ORI AR b AR B R e (5 A 3 7 S s W Aff

AR O T REAT S I 0 L



B. Jiizh k&7 5k &

T 3o T 5 RS Al 2t ko e I Vg

{83 5 , N FH 14k Bernoulli J5 #2455 PADP,

Bl PADP = 4X  CEF KR Wt 5h fik e a3 15 D
2+ fiE.

1 PY ¥Ymax _
PY maxPG 37.13 mmHg

2.29 m/s

PRend PG 20.97 mmHyg

2 PRend ¥Ymax

L, (S Y
B 13 a3k s e 5 815 5 vEAL
Hitish ik &7 5K TR PADP) ;P14 il Bl ik I o 5
1 ARERET 7K1 e K B Bk i i g .
YNt Al 20 S8 T 4 X CEF KA B0 ik i 77
TP 2+ 4 5 R (RAP), TEARMIH K
37mmHg+RAP. 1 2 AAFRET 5K ARl 2 ik My
. IshlkEFP R IEL%ET 4X (PR
MK MR 2445014 5 & (RAP), 1E
A H N 22mmHg+RAP.

C. P33 Fish ik &
S BRI B B4 T 5 4T 3R, U]
ST 2 T ST B R« B F-

BhikJE =1/3(SPAP)+ 2/3(PADP) . fifi~F-¥J&h fiik
JE A AT SR Rkt 22 S5 i) £ i 3 kUi 4 3

MFATE ) AT SRAGE, EPAG-FR8h ke =
79- (0.45 X AT). 8LHF 50 K BLXTT AT< 120 ms
(R 52, S FH 90- (0.62 X AT) A Rkt & fi
S PIE KR B A 82, G 40 RAE IEH T
FEl ) 60bpm FIJ/NT 100bpm B, AT CIIE: M
O LR QB Ak 38 i 50 Bk i, 3R A U
MRS IR]) R4E, PVR 5Bk R .
Fiti 73 sl ik AR T S — A SRR,
RIT 4 X (il sl ok S5z - B )2+ 45 5 1 83 d
T — THURIE 78 R F = A I At 5 I i) AR 43
I B v SR G S kg, X —T7iE AR
MM WA DR, BSRR REML,
K 1% 73 TR B 46 SRR R i Tl i i
BN 1 FHET H IR 8485, HREAST VP
LR R 22 Ot 5-ra8 i 3h ik E
DLk — 25 1 PRI R 8
B MRS HZREN S, RE S
ML AT F PIPAG 35975 3 56 S FRrA &%
KA B, RO AT =R R ASHE
fE MR S SPAP. HEF TS SPAP HIHVEA
KEL TREE, SLARIILE) Bemoulli J5 24
WA OB ERII8E, B EAA5R8E R E
CGEAR T YEANRT SCHTIR ) . X T fiish Bk
BOFEREE, REFHEE PADP IR
P, TSR =R R 35 I 86 B Bl
KR R st & PADP{E . SPAP >35 ~40
mm Hg, BIHFARE R G AT Mk E,
KA RIIEIRAE B

D. Jii i & RH

R JIBh B =1 X B /g, FiTLA SPAP
FHE FE AR PVR o il B 51 &)
it i iR 2 S BU S K 7 F i, X — 1
LN 5 PVR FhmiAHIX 5o PVR SVl 0032 i
HRTIEA AT DI FARMEZE IR,
AJ R — I ] B BB KA PVR, B TR
WA (BART: m/s) BRLL RVOT HLHI
- S CBRAZ: em) 8789, PVR 1R
B Fh 72 AT SR ), B N i s /)
R PVR > 8 Wood I Al 7 vE AR A ¢
%, PVR Bl 7k — il 14 Frik .

A B A A U PVR IE H fE <1.5Wood
(120 dynes-cm/s?), TESEAT Tl ik & & 1IAH
KM PRI FERS, o5 BE i3 ok s s 1 S



PVR > 3Wood (120 dynes-cm/s?).

B B ML 2% FIEERVCE PVREAR
ERRE. X THdSs K e nsg
T R R A BRI A B 3 Rk Wi 48 (B ) S

TRV = 2.78 m/s

Js
1llmmms ; 8Gbpm

AT RERIE FBVRAY PVR. 24 PVR X THE-S96F
FREFEERF N, TR
PVR A 0] B A B R ZE Frfdidll i PVR.

TVlrvor =11 cm

b, ® =PVVTI

14 AR 7RI (PVR) JoRl iS00 76 T ATEE, A e e

{EIHEE (TRV) (2.78m/s) 54 =W HE (RVOT) I A3 #1245 (Tw) (11em) 2 EbR0.25
(o, IEREM FMN<<0.15), iBiT A (TRVmMax/RVOT TVI ) %.10+046 1] fii I PVR 4 2.6884.

ZVYFR] 5| HJ Am Soc Echocardiogr.52

E. 323 517 W56 i 3l ik e 46
A nRlh =

IEH AR DL T B Bl A R T PYR
FEAR . sl A aie s, SPAP A" 15 MK T
43mmHg®t, X T2 5] 7 K ARl K 3955 4 7,
FEWEAE A7 I8 3RS T 4"SPAP Al 1A 55760
mmHg®2, JZBARAE 51 A il ST o
O E A 323 SliE ik g s 0495 S
WEA RS NRBERHE MR, 2

T L B4 e ARG A 2 I ok B = e 72 /FHL 5

B 7)) FEUN SR =, 2T D &
St SO E) ONAE D, TR B I I
$E T B DAL I PR 7 A PR T 3 BB 0 T
e CR g P H ZE PG« S8 R Ak Lo 55D
BT, 2 (B TR RIGHEEMGED 5
it CEH RVOT iR -3 AR ik 50 ) f) LU AEL,
A BT DX s 7 RO o 5 I g A %,
A 5 RS THE AR SR 20

B XTIk R E R s
FRERESTEA LIBELERIER, HEF
TR KB LR, A L BAT SR A L
3 Bl & DU T Re B X2 3 4 - 2 H
Bk e o T AL A 3h ik s T AR A

BN R T R . BRI EM
B2 RIGMED SPAP. XFTJEMLIR S B3
=REE, SPAP K IEH EFRRZ 43mmHg .
SRECE MR LI B E, RCRAEE D
BER %2 (ACC) B3k BN th< (AHA)
B 3 W IE HE R S R IEIT .

EFBEMA EIREIRAE T I

ARG SRS DRl ik S A =
AL, BAFAEE 2 WM. JREE T HLER
T A AEIARWLET 4 7 DAz [m hi iz 5l , R
P 50t A7 AE DN e UL 44 B B p 3 G 210
RIEBEIN A Liizsh 20, HAEM, K
IRV L @2 D e =8 A AT R -0

% BEAR D RE 0 VAL 7 VR A S 0 LT
TEFE5L (MPD), A% dP/dt, A= EF KM
BB ClnEr SCATiR) o =ZJRE T AE
VA 75 B4 2H 23 230 8y AR T 4 AR,
K FH 2235 i & RIS AR () DL
TAPSE. 57 DINRE VAL 7 —FF, IXUEPF
i EBA —E )RR, 55% EF %2
ISR —FE, A= EF AR ™
RN R E A SR ThRE. ST S
H1TAPSE 1 5, F—BOL LK R IE S
MR R B A AR THEE . RE R



AR Bt 2 A R ) R s, ol R
R Gk 2D 5E B TE Al A 5 WA i Dl BE X 41 T T
JRHERT . Ja SR T & MERE %, B
WAL T 22540, Jres i TR IR

A. A EBAREThRE A ik
A= dp/dt

O E S )T g R (dP/d) A2 A G
KB 7R R TR, AT S A — T
A R B0 2 U 4 R ) B 4 DR ) FR
. KA 7L H Gleason and Braunwald®?
£ 1962 et tt, 2 nlEdEx 2 0 2 A
A0 VA

A 15 55 1 AR =R IR (TRE 5 2 1m/s
AR FERRIL, B R 2 ARER = I S
(TR) 55 2m/s A IE AR, 134K
TR EEM Im/s BEINZ 2m/s i ZE 1IN
o FEAIH, 1% [ABER, 30ms, 0403s,
BI dP/ dT & 12mmHg/0.03s/8% 400mmHg/s .

UG T 22 O, Sl iE D TR
%=, HEFIN = dp/dt nlE IS ISRk 2
) TRAG 5 1 T kel = 9899, 1% KA TR
T E M dan/s TR 2 m/s T (I} 1a) DAAS
AT %= dP/dt« W FH L1 Bernoulli 75 FE3R
X — B TR B R 22 12 mm Hg . K], dP/dt
T 12 mm Hg R ELZEBR ) (B0, 15 1A
()BT e K RAE RS (mmHg/s) . BAA TR
N TR M 1 m/s B 2 m/s X Bt Ta],
B854 GQIPER 2 AR SV SR AT IR T B2 TR
T 0.5 m/s BN E] 2 m /s (R BE R] 09,
XAMEOL T, KA B Bernoulli 77 F2THE
A EZN 15 mm Hg.
PR IR TR A 8] . H B A & H 0 A B 24K
P o

B AR AR MBI AR
H%E dP/dt fREEMERME . BT 2EE T
Bernoulli 77 2 FR A5 14 X1 FIUA 5 B 71 FH &
FIRTRE, ZTVEAEE T TR B HER M R .
B FRASRD BN, A EEEN
ERAE dp/dt TR ZEDIEETPME. XA E
DI A2 RN 0] 25 Bk R X IRl 775
A= dP/dt K%)< 400 mm Hg/s RRATEEFE
R

A

Tricuspid Inflow
Pulsed Doppler

30wt

RVOT
Pulsed Doppler

& 16 il kb 2 Bk (A) kg%
W Ehyk (B) WA Z LWL LAEFRE (MPD.
=R -] (TCO) A2 46 A
], SFIEE CET), DA SR AT sk
()2 Fl. FEK D 2 877k, e v U
SRR AR ELE 2 (550 &
TCO. MPI= (TCO-ET) /ET. FHEFEMZ
I N [R]— M Jok 2 23 22 5 g P ol & S
ERA

RIMP

OLUTAEFREOFR A RIMP BX Tei 1544,
A A B PPl AR () A S IR R Tk Dh g . %
i H 10 RS i BN SR S L B 1) 5% R 1A
SE I o o XORAEZ I 1] 55 5 i ik 1) () LU AR
s (IVRT + IVCT)/ET (WL 16).



B AR BRI AE 8] 52 1) R-R AR %%
FEPREEAT I & DAk /INR 22, AHAE— 8 O
AT BBl PN PRI B 5 SR AT R SR ERRR ) 100, BR
N MPI S5HTHAEDIRES G, HiiEE
HZ O FE0 IR IR SE . IO, fEA SR
JIF+ it (A S A0 WAF ) MPI AT EE,
R N BRI A5 5 5 4 = 2 (8] 1 e ) i ik 2]
SPAET, IVRT 4%, MIIAEAS MPItot,

AT R FH Rk i 22 5 92 R0 2H 21 % 5 )0k
XA A O MPL. Bk 22 2 8 2
I Rk 2 BT A S E I R ET (IR
HFRE IR ) 28 1R ISR D, 3@ = 2T
Iri) I JAE PR O 9o 22 35 B0 0 0 & = S 5% A
i) (AN A W& E 3] E TR 1)) BlE
Tob 3 22 22 X I = A S AT, T 3R
B = RIS P B 0] R IRUAT RS M 46 31 2% 1
TR DS W, (=1 v 57 s N e k7 TR =8
NHRER RIMP FOHERATE, R AT RE U 1)
R-R AJHAMI & . 223 2234 Sy ks ik i B
FE L8 0 = I AE— A0 30 L B =
B B E AR (Al NE R D). 572% MPI
FR & —F 102103, EAOT AR R AF A
M, R TR A BT ik £ 0 7 T4 i [X
5l o

A JE B — B[] S5O 2 1 MG T PR
H R BA AIWNME 100, MRELEEAT, MPI
AR 2 5l AR IRES B o100 . G =
FEBE, AEJEAL OIS, S A O I 55 H A
P99 7 T A ARk Eas 110, B | U 7E 23
T, ALE KT 1000 M RSz i 5 A I 0 6T
B O 70 O MPL JEAT T IISE . MPL S
FAH IRk 2 it 0.40, HAAZEH)
N Qs50CE D).

RA: MPLIRAINGE & T K2 HONEE, Ak
BTG TR BRI RUFn] HE M, Hikh
7ML R 2 1 A ZE T A B PR
Jok it 40 2R 22 3% B AN AT & MPL, 38T [F]
mRE S, B AME, HATABUEI TR
— Lol JE P A R RS

AR : TEASFEI R-R [ETHH P BTN S (0 45 % ET
TR B G FEASIE, s B = MPI
FEATEE . BAMZ AAPIRES IR, 45
DT i R A AN AT 5

B MPI ATYEAFIEIERN R WK —

oy, E&HMEBEUMEEMBRTLAED)
BEREATIRAG . 50 MPISEE ERRINT, Bk
MWEEEIER 0.40, HARLZELENERN 0.55.
ARLEMK MPIERITAE A = DR 2,
B ORFHNEABE R T,

B. F = RER AT R BT PHA

=R AN (TAPSE) B=2R
W23 (Tricuspid Annular Motion,
TAM)

IEHEEFE OB, A5 RS R B
WS4 1103 Bl i 55 2 - TAPSE B TANAFH -1
bR A 0 AR VU U T A7 = IRA T US04
11 R B PR B X B YRS H 4H 2N
% M AR W22 1EE 25 A 1 W45 3 R 11
TR AR L , FAPSE EL TAM T]
R4 =Y ARDIRE - I LR B2 3)
R ORI 4T e LT . 5 oA R
WS e it T A, X R TVR U I
RIT SR 2R s 1) T 356 Je< B e A I B 1Y
N REAEW AR BN B IhRE . B OIS
TEAR A OE T B EEE ) R, X
BB AT S . WEK M B
BT SRR, ISR E WA 1B I BP0
AL FE $REL TAPSE(F 17).

X — V) B Kaul 25 A AIF 90 Af A7 112,
TAPSE 55U PEA% & AR 145 SR B A m A
Kk, HW g [ AR /e T8 X T
Simpson VA E A %= EF MA E AL
HEETTEMRIREIESE T TAPSE [ Rtk
12113, —TIHAE 750 0 AERE B & 150
{511 % DT FC 1) e BT TR IO o, 5
/NTF 17 mm BN TAPSE HIFHE, H A &
SEPERVRBURE 119, HET D& A N 40 i
7T, St 2000 i {d# B 52K # TAPSE 5%,
TAM I EEAT TP (R 4).

AR P : TAPSE I & {7 HL, o PG = a2
AT MU, AT B AR B B K T 1
B HT.

B . TAPSE [1JHERF T2 S 7E AE N FH B —
B o7 s SRR 26 5 2 = 4 45 W9 T e TR 5 i
PN AN EA A R, k= KR
FERE SR LA 20 . BbAh, TAPSE RJfEs2
— ol G A A PRSI 7 9



B1il: TAPSE MEHFEME, MEMATIF
B ETEE. otk EWLETIRE ZHK TR

LRI ) i B
HEZEHRER

fEA=EEEGT, TSR RmHES
PE S BB 20 0 = R IR AN 2 B I e B
CIPVAEL QU IRAE A 2 I EIP A IRAE S 4
JRAG DN B A N R RS S T, AR TE A
b S BRI RS . BT E R
PO AR DU FEEDI T, o5 A 25 30 B BE A H AR X 35
BEAT LA Z B IN & . kih 22 B HURE AR
87 T = O B AT = iy B A SR B ]
(Wl 18 o). BIAT AR 2 8 8l &
JEEE, W A B A B DLRE G A

B 18 7547 Wi DA 1B W I =R 4141

ZEE N 16 mm,

1L 2472 mm

LU, ) B SN Cf) BB

. BOR B EHAZ EERGE, R
it H A5 B B R A L i, AR
ST B el B i 20 0 B P R R
2o ARy S, 8 e M I R Y
SR WG T o T LRI = i 2 B
8] B S LR BUH RV EfE 5 115, HIXR
FSASIEROR, WONHERE R BT 04T H R
AL R . B RS AR 58 R WA
FIIEE, HOAN R T A EIhRE .
Z I LU FER ], =R ik 41 41
LWL SR ERIE R, A ARG
RUF, PIREIRLF X A= EF IEH 55,



— IR N B AR T R 3ty
Umea f#EE AR, Ml&E T 235 fil4F
WM 20 5 %) 90 BIHMERZRELE S, H
FIEEA = RS IhAE 115, AEfEE AR A
RIS IR B S PIIEZ N 15
cm/s, FAIBURIG RBURK . MBS T 43
TiEL 7 a1t 2000 71 £ 5ot HEE IR 9 )
F % S SHEHLIRN 10em/s.

TRt 20 43 22 3 4 ) £ R 40 AR R
SPRIHE, WL R A . BN
R R IE HO R R (U2 21 2 B A
FRY, =R IS 3 E P E A
8.5~10 cm/s, T A7 ZE 1 25 B BL K Bz sl
W& =, fE 9.3~11 cm/s Z[al. PIIHT 5t 5
INEFNGE SHEAL 16117, fthhh, HEF
(] B RO AR B R E AN TT 5, HAR R A
WK, GREMAHARZHEMEN 6 cm/s,
HIL 95% 1) B {7 [X [A]05 TE (% 4).

R S T B, AR PR AF I R Tk,

HEBE WA ST IEW 5 KR G9 P 6
77, T DA 75 A A8 2 e 45 ik o 22 3 8 23
Mrohge, ArEEMOmERAE. b, AEREE
AN L EERGIE S, FIRERF & 5%
PEREAT B LR AT -

B TR TR R B LA R 43 )
SE%, BA B, BEZ i
U BRI Sl ) T i o R, e M
M S ST AE RE AR BT B RS R AR IR B A
AREINEEB AT T, £ B =R 2 5)
SEHE I AT R IE B A ZERD) FFANIEH -
B Bk AR EHZIRNEE ¢
R—TRE., W EE R EH Y, FHE TP
/G S BB BETh e, WIS TR
EEDRE. 3 S<10cmfs, NI PREEA ETh
ReRE, RHRBERN RERE. B
= R HZENEEE. FAAHL T
B A% B b A — T R TR, s
FRL R IBE ESE, HEGXNFESRE.

IVA=IVV/AT

-6

2
L]

K19 A5 =AM EE = S IR A AL BT 3RAG 1) 40 21 22 M5 83l FE RN A (R TE) 3 . Aa, o0 5 WK I U 5
FE; AT, JGENIA]; Ea, #F9K RHIWEEERE, ET, SHMNE; IVA, SR80 465000 LN B
IV, G250 4 B O VU ABLR FE 5 Sar, WSCAR S5 I VAL T8 BE - 227 1T 5] 19 Am Soc Echocardiogr. 182
e P . acceleration, IVA) H5E X N ZEZE Y 4E B0
B A DU BE e 0 004 LA FE 5 ] 525 57 14
54 0 LN G JZ - Cisovolumic 2R % W B R AG R TR A N B = 20 IR Ab



AT (B 19 FioR). JEAT IVA TIE R, B
W SRR B0 Z B T8 N 0 AR A s
FURHIALE o AHEE TS5 AR 0N 5, A
AT, IVA AR RO B/ 1812t

TEAR 22 BRI i (1) O IE JB R, TR 2
RS (MBS 2L wERAs CFED,
4 IVA HR GG B Ut sda e AR 2
WEFRFR 122, 5% IVA IBIESE 5 5Em A4 03
REIFI 00 ™ RS AR O, BFE: BHZE M REAR
WP BT SR A IR 123, AR AE 124125, Fallot
VUBRRE A J5 il 2h ik s i 126, O 5 e AR 5
KBKEEAL 127,

2 IVA B IR AR B A B R RN
A/ )L X LT 9T 4 % IVA R 54
WO, Hrh 10720 B AFERS B IVA IR AE
i 128, 5N SR, i
SEORBGER MR AR E L Bk 21 2 5 )
HILEEHN L E I EER 20%!16, IhAT,
IVA [ A 2= Bl O 2R 0T R A2 A8 4 121, R
SCIEPRIG O R D FEATIRIE. 476 10
T 78 WoR, Bk 2345 8 225 E KRN
2.2 m/s2, 95% B 5 X [A]4 1.4~3.0 m/s2 (3K 4).
R HE VA & — AR AT R /N
1), TP A = AR G Thae 77 1y, He
N5 A O D BRI B A S R
TFAH R
B AR EEE T AR E A = VAR AT
TE A7 BEA A 1) 22 R I B A 38 05
CINCGEE I M Y
B A EIReZ 200 R E w8 A
B BRI RS, FTRA IVA 5. IER RE
A E BRI AL BT 2 F HE S O30 Bk
B, AEUUEA S \VAERGEA SRS
DIBERIEHIE - B B iR M SE A
FREVES X EBK, MGEEERTINS%
8.

A = R E LA PLAR HR

IS5 0 5 XU A0 WU A JE A5 AL T
SV, SRS S R LI
X TR 3R . 220 PRI S S536  49

RS, RAZ 5 LA F1 AR SR VEAR ry 229

— Y AR i i R 2 I B RAR BOR
AR, IR A . TR DY

DT & S M A, e A A=
TS RE R B AR 1) B S A FE A/ NI
Bel oy . R, %051 H ARSI R gl N AR
H A 2R 28 1h 507 1 DU B fig e f3 14
Eb ) 5, AN [ FRORTF 50 406 Ca LT fi I AR A 87
AR AR AR 22 R FH A R ORI 7 6 . BRI,
AN 75 ST & BT 3RAS I HUE A )R AR ]
BE— D B 7RI ) PT EE A

N5 AR B SR O i, BRI
TR =150 Mi/Fb. Rk, MRS BRA
R RE RGN AR . BN 25 )
B ELA A RO, R e I T
B 5 R OSPAT o RO 25 WS et 1)
KA FEEHITE 10° 245° 2 N 80 SEHI M
M2 ) G I, I 52 bR
AP 5 HY =8l hE HHITE S . UL )5 R
e WG I B, TENLER B TAESS b
X BRE S A s B AT B R 0 H AR A I X
AT AR 7 TR AR ISR 28 R 1

BT O 8™ & 51 B2 A5 O 1 9 Hh k)
N ARFI NI AT T AR OCHIE AL, ALHR SO
KA EREAE 131, flitesE 132, filizh
fili s 133, FLOERAOE 134 ROLER
FEAR 135137 (R SRRA I B A 2 AR AR
AR R AR ERAE , ATEEN X INEEAR TR KT
TR T B B RN . o
B RE I FE R B A B S DR B A
KEEH TR 5 o LA B G RBLH
Pt Z AR H K, WO %E T 95% A5 X 1A Air il
E IS EARIR IR = s
R A5 = SRR R AR PP OO LI AR RE 1
TWRAER S, AR /N, BT T2 M
RGO o
B PRMEEEE T AR, Ak, ETER
F SR, (SR LR, BIEIEE 2R,
PR, 5B AN R A AT B LR AT
Bi: EICATR R B a BT T A ERER
NAZRIIRRAEF - JFHES S EENER
XEEK, MMGERNSELE. miE
FUARIX B R A i, SRR AR ZR AT AR E R
BAE N ERMRER =R TR,

— YR
I 4k G & N AR EL AT, BT 3RERL



YRR o IX IO HAE XS BB S
VRS AEVE 18175 BE AT B WOE R, IR R
SRASL B PR 4 0 22 S AT SR B, AT PAd
T RATRAR LA hRE . ARG
RS ) B BR A T AT VR o BRSA
SRR BOR] B N AR -2 Ab, REFP R AEXT
BTG ROPHINA . BB ER Tk
B A 3 L 3 BT FRICAD B T # FE O
P, HEREUS M r A O sty E .,
24 )30 A Aer I 75 B R T PR A 22 0 I fE

BN R, R T O =R O

Bt AR BOREEAT VPG, thATPF
i BRI

R P ERE A IR, AR R
AN MR RSN, X ER R
Ko BITIEIGEL B — YN R A = R AR T
REHEATPPAL, SRZdEmifh, H PP R RE
A RERBLE LA B AR TRE . A5k, A
[~ & B AT SRR A, AT IR R
i B 22 5 K

Bi: FASRZTERENE, SEAL, Frd
AEVURRFE I Z AR HT R RER,

N vy R BB A A E I RE . TEHEESEENE .
Pors: MHEARTC MR, (50 tE Ak
R 5 KPR K MERER
LRV 15 £ URV
eSS WIB I (95%¢) (95%Cl) (95%C1)
2 2.54
R R B 20 WEENRHE() ! o1 (0.500.90) (1.50-1.74)  (2.34-2.74)
O —— , g~ O 1.54 2.23
0.66:44.04)  (1.46-1.62)  (2.04-2.42)
W— , ws 1.62 2.39
U R A 0.46-1.25)  (1.46-1.79)  (1.99-2.78)
B 2D R %) 5 183 ° 28 >
(14-22) (25-32) (35-43)
A B 2D WE{E RIS (% s s 15 D 29 38
( ")A / (15-24) (25-33) (34-43)
o - 19 29 39
RRB 20 MEERIR (%) 4 195 1522) (26-32) (36-43)
} \;_ 1.00 1.83 2.66
EE&W@Q (%) ¢ 261 (0.63-1.38)  (1.50-2.15)  (2.28-3.03)
\ s 0.98 1.88 2.79
1] 2 S R L 2235 > 187 068128 (1732.03) (2.493.09)
o % N 1.14 2.04 2.93
LRE WENZEE) 5 204 0601.69) (L57-2.51)  (2.39-3.48)
“ s 17 30 44
FE S Bt 25 B {5 B AR (%) 7 290 (12:21) (27-34) (39-48)
13 29 45
I:P E&%%ﬁﬂéﬁﬂﬁ(ﬁ) 11 385 (9_17) (27_31) (41_49)
D4R Bt B B (E R AR (%) 7 269 O 3 *
(9-18) (29-32) (44-52)

a, BEKXME; v, ZEETR; 2D, —%; URV, %{E LR.



A 2T PG R S 45

W2 VF Al A7 28 US4 ) e R 8 PR VR
i EINEEMITUG, (HE = FRiEfl . RIfEH
R 7 Ol R A P gy N X s s HL B
PEUFR T, FG: FAC, TAPSE, Fikyh4l4l
Z ) S & MPL AR —FP DL B 772,
W1 S FI MPI, R 6% B ] ST A = Th e A2
FIEH 13, GRZIE TR 5 I 75 O Bl RS
RS BN EIR B T vk
) — T, IXTE R REAF A B IIRe A 2 E IR
PIp v RESZ AT MR SN E E . Y HTA
HEFENE VA, AR Jo AR A6 S5 58 Sk i R
VERNE RS T B, R ARG A%
() A 1 A DR IR I PR A 2 ORI 7
JEF R

i E A KINEE
A. A ZEFKINBEAE

AL BEIFAR R MBI L
DL RS (R A =BT
AL A AT K DR e AR R TR
THm, ImARRBOSE KR TS 13840, g
ZRF IR T BE 995 AR FR ST 2500, DI O
VR P2 Rz AN 1Y) 141-19sQe H A BILBOR
2 1) S8 PR 5 A s Tl RE A8 A
xR, WIE B N A b A, JRR
PRI, R A AR T R Lo SR, O
U, 75 = Dy e A4 QL =W AEEA HAERD,

RGN B FIEE B (R 7).

B. A ZE&FKINBEIEE

FEE R VEAL IE R, T0aRI
Jis VI K 2 3 ) 5 R E T 5 A E R GE T
ATIIALE, HER Sk w1 i) Zc 00 Bl i 55 5 R 91X
R BN AT Re T2 B4 7 R A B AR IR . HURE
BRNLE T =R IEIIET 191, R X FF
AR I K 2 R A = AR
THRE , FLAS 7 o F 4L T R 4 P A 5 P A1 246
=i ) VA R e N =1 N - R R G5 BT
SAMKFSME 147, d g = e
R ALY PR NN SN N2 e T
HOHERR T XS 8 2 AR 5 i K A i <[]
G (EARIN & NG SCHAD, W)
TPl A7 = A TREE X LT A = APk Th
RERA V9 b 5 PPl 7 = &7 5K T RE AH ] o
ORI L R B (B, ARTE/A), =R
M HPR 2 W E (B, N, E/N)D,
JRGR IR AT WRT & H TR 2 AT A
TRiaER Q) — M E/E, A5 5 HIARFIZAR,
T T i N AR 2R 55 F bl B 52 31 1 £ T 5T
BRIFFIOR o 1 Ab , I 50 Jok &5 7 e B v L
Jik it 22 H7 8 BORE 25 AR T Il 3l ik AN 43 X
A D) 2 PRI AR A RHETER
P 148, TR FE LT Fallot PUBRAEA f5
B, ZRENGEFRKBE T, §
S BN KRR ST A5 4 5 AR 1Y A
NGRS

R 6 FIKIEE

e B S8 1 % LRV(95%Cl)  3J{H(95%Cl)  URV(95%CI)
E(cm/s) J 55 2866 35(33-37) 54(52-56) 73(71-75)
A(cm/s) 55 3096 21(19-24) 40(38-41) 58(55-60)
E/A HLAE * 56 2994 0.8(0.7-0.9)  1.4(1.4-1.5)  2.1(2.0-2.2)
YR TE B} 7] (ms) 25 1284 120(105-134)  174(163-186) 229(214-243)
IVRT(ms) 23 1241 23(16-30) 48(43-53) 73(66-80)
E’ (cm/s) 40 1688 8(7-9) 14(13-14) 20(19-21)
A (cm/s) 37 1575 7(6-8) 13(12-14) 20(19-21)
E'/NELAE 29 1053 0.5(0.4-0.6)  1.2(1.1-1.3)  1.9(1.7-2.0)
E/E’HL{E 3 359 2(1-2) 4(4-4) 6(5-7)

a, BEXIE; VRT, 84K FE; LRV, SEETH; URvV, 2%H LR,
* SRR FHSCME: E/A EL{EFE 30 BRFRN 1.6, WEEEIN 10 5 W% b AE &% 0.1,



C. ke, WK, OEMARRE

St B 5K T BE HIRS T

RZH T Won E/A LUE 588 A
—EAMFM (r=0.30), E/A FULAEBE SR
B PR (RN 10 B A K 0.1)
117,141,149150 . WG AT E B WGy, A
5 E/A ELAE RN (0o Bhid id B AT SEL E i
i, AHPEA A Ve ETE 2, W e E/A B
BRI BEAIG 141250151 1 LY AN [] BB 35 B8 [
—BHE N2 WS HOT, B RIS
SRRSO I 45 B RS o TR A A s BE R,
XF S S AT T BUBE, R R AEAEAE A ZE DL
P I, W A s i B A = A B i
144152153 . A, A5 ZE HIT U AR AL AR
TURR, AT AT PR AT S 3 E VEEPRAIC, T L

g ARG MR FEE AR A8/, T /A ERAR ARG
154-156 , JK| A I A7 A FEAIS S 550 /AN A ) ARG
FEAH M, W 2 2R % 2 52 G er RS LN,
E'/NLLAE T B Ak . B B — 2,
o 2% M 5 R R M R AR S, R e bk
18 R PG 2 —FE, w] DU T IX 50 i R
RS = R BB IR R SO mE,
12 By B i i B0 1 I 5 A 3L S 0 A [RS8
T A PR 7o 78 R 38 5 o SR AR T 0
LER L B E T S, I2 20 s 1Age i [@ps 22
A R B I OE G S , T O D
WSROI, BT B0 s T i 257

D. Hifk%&

A a5 T BE A Xt s PR 520 (1 5T 72
B ZARIRE/E LB R AT s 5 AR P T HE A
BI85 MRS /1 S50 M R 7. JEO
EF ARG ICU B3 E/E LA =4 XA
5571210 mmHg FA B I BURPE AR
Tk s, RS R E/EERAE > 8 X
Fi R 71210 mmHg LA BT (1 BUS M Rl
RS 159, 1M TR T B ik s AR
HEE R IBEA S MR L IR > B ZE,
WARFET AL TR PR - 100160, &F5K 75 7
BEAT S AT BRSO I &7 7k
DNRe R IR NIRIT A R 161164, i Jim T 2

R, A EE RIS A — T
WL R G AT BN A = ThRERZ AR
Wl AR &, ATRESHIG R+ . 2Tt
TN, A EE IR DR I8 T = 0k e
REARA . A=Y REEE R B R
B AEHFRNETERBIEAN RS
TR BE 1, MG EDIRE R —IN
BRI, BT BIEAN A ETIRER
WEEBEARK—Tets. BEiH) Zik
B PP FE AR A = RIB MR ) E/A AE, E/F
FELRA B RN, XA LA i
MR R 6). HEATTKRINBER 3R 5N:
=R E/A< 0.8 RREFTREMR: EA AT
0.8 B 2.1 Z[H], f£E/E'>6 BARERIKET K
M SRHR ARSI E/A > 21 H
DT< 120 ms $FRIRH|TER BB IR CRIFAE M
B ik &7 KB R AT 0 IMRAR R . B R MR
— PRI ABRIA M 2R P URR A L R e R
ARG A T OME .

A IR VA B I PR 5 PUS
59

CLE S 58 S A Ol i B A = K
NI RE B EBEIRIRE L 2 FIIIE
SEAG 2 T R S TS 1R A o) B

EH AT O 3 R Ry 5 B B LA A S
RAFRIR S, BGs K 71 8%. BRItk7E
PVR PUid Tl (Flanfilidege), 4K
E it 2 ik I T 5 R PR, A& AT 8
AR s, R =Y KZ PR THER
WIbR & 4 S RE R DL iR T s i) PVR B,
FENABERNA TR, B SR
B 5 I 2K 2> S5 RVSP THiE. S filine 28
B, A B RFURN R K 2 Y 2 b
FRAETE T B S BB Eh 7w, RN E
e B BE v (8] BB Bh g, 1 2 B A OV B
IEH 166, IXFRR TNl A4 2E R B A H 2
(TG & 167, I HbE & Mish ik it i sh 5
FHIMEE, BRG] s AN %6, fEEK
H My 1t o B L e T 3 4k kPG B ik
m e CELENR R, M= e e X fih
SERED) B, RGOSR T RA B



S T AR AE, T AR T 5
(FPEREK 168,
£ 7 30 BRI AR

i ke 28

Jifi 3 Bk 6 s

HE: A

18 {4 FH 244 it

E RIS I

= M R AR

7 55 (L 3 P 2R B O LB BT BRI
T RUBSEBREA &
Kk EMARBRE
&0

OB

B RRFEIA EONR

JE B2 oL

EX)IS 2

il FESORAE S BOR O USESEE SR L
TER R

B RnkseEd L0

B R A

1B HdE)L

RISEIR o 2k T O B0 22 B DI REA 4
2 Ty Re 2 0 WURESE T ) i i ik 7
ESCAPE W7t (filizhiik T & e ik iy

4 %
JER % M G L P
EXI]s 352
TR RIR
¥R
FOMR R DA T /
HKRIBFH R L AN
R AL
=E3
BabddERm N O
R GEE
EIN J

A 55 1 KN T B 32 i S R A
B, RS SRR E IR A R
R 160172, S 1B RAEAE AT S AL,
P T2 — 3738, AP0 B 88 SO — 4
JE P RS I B A AR AL 173, SR
PSP BIF T ) ) U 4R % 00 B F 5 I 3k
FE T 5 7T i 2 T4 S EOG /R g Y

o 174, gbAR, AR O DhREA A I HEAR
WP W BT 50E KR 3 I A = T AT R /N e A
WAHPERmW 175, XEHPEIIR, AL
OV B T A LS R AR, BN
B AT O VAT B N B PPl b i 2 v

LT B0 = AR B B I 1 0 A 4 6t
AN REIE e, G fm =
2 I P 7 T 3 T g PR G PR A 4 1 2%
Ji 176077, KABME ZASHR 178 = ARHER
AR T B L Al = A R A SR AN A I R
5o O L3 A = A AR A 13 1 5
HAOERK, vl P i = I8 & -

TE BN 56 R A o I Ry R A 0 s i il
S B L D0 A ) B R . 7 43I
S B O I IS Nn] S 2 3 Rk s T = A
FEE K. Fallotal IHURE A 1A 5 i3]
FikE S It o [ B 2R = R 3K B Th
RE PRI BEaE 7R3 2 o s S R O
1| gEbsteini JEZRIEE 52 % 1) S R MR th 2%
WAREEREE .. YA ERSRKERER
i Bk, VAR PR BE A 2 S R O IR B PT R

S

7 0 B I A 5 T e PP AR KRR
FE BN, BRI O = ARy
TAE APl A 179080, Rk, IR B
RE T A= KM IR R FT 5O A L
b o XA RN R IR E BV A NZ
W R VE A B T SL 48— 1) A b AEAL DR A
Jrid s A PR B2 A RENE K A7 Lo PP A B 4 B
FREA LS EREZ T ZHERBEOR T
K S ASWTHET A BT R SRl PR A %K
/NRITRERI VR A 181,
A Fi B Ol RS AR SR T VRAl A0 s A
AR DI TPl A W L ik
BEMI A AITEAR, [ LRG0 T EHR 5 T s
FIMIEH S H. (A 03 B A e
I SR AFAESTH o v AR R 51 40
FESE RN BT A AR, DUESIA EIEH
Hfl, IR R ZIIREA 42, SRR
e 0 K g N U <5 5 T AR5 7 ol P A7
1B



273Uk

1. Lang RM, Bierig M, Devereux RB,
Flachskampf FA, Foster E, Pellikka PA, et al.

Recommendations for chamber quantification:

a report from the American Society of
Echocardiography’s Guidelines and Standards
Chamber
QuantificationWriting Group, developed in

Committee and the

conjunction with the European Association of
Echocardiography, a branch of the European
Society of Cardiology. ] Am Soc Echocardiogr
2005;18:1440-63.

2. Forman MB, Goodin J, Phelan B, Kopelman
H, Virmani R. Electrocardiographic changes
associated with isolated right ventricular
infarction. J Am Coll Cardiol 1984;4:640-3.

3. Kugel MA. Anatomical studies on the
coronary arteries and their branches 1 arteria
anastomotica auricularis magna. Am Heart J
1927;3:260.

4. Weyman A. Practices and principles_of
echocardiography.2nd  ed. Philadélphia:
Lippincott, Williams and Wilkins; 1994,

5. Otto C. The
echocardiography.3rd ed.

practiced of clinical
Philadelphia:
Saunders Elsevier; 2007.

6. Gaynor SL, ManiarS, Prasad SM, Steendijk
P, Moon MR. Resénvoirand conduit function
of right atrium: impaet on)right ventricular
filling and cardiac output. Am J Physiol Heart
Circ Physiol 2005;288:H2140-5.

7. Muller®H, Burri H, Lerch R. Evaluation of
right atrial size in patients with atrial
arrhythmias: comparison of 2D versus real
time 3D echocardiography. Echocardiography
2008;25:617-23.

8. Muller H, Noble S, Keller PF, Sigaud P, Gentil
P, Lerch R, et al. Biatrial anatomical reverse
remodelling after radiofrequency catheter
ablation for atrial fibrillation: evidence from
three-dimensional
echocardiography. Europace 2008;10:1073-8.

9. Moreno FL, Hagan AD, Holmen JR, Pryor TA,

real-time

Strickland RD, Castle CH. Evaluation of size
and dynamics of the inferior vena cava as an
index of right-sided cardiac function. Am J
Cardiol 1984;53:579-85.

10. Brennan JM, Blair JE, Goonewardena S,
Ronan A, Shah D, Vasaiwala S,

Reappraisal of the use of inferior vena cava

et al.

for estimating right atrial pressure. J Am Soc
Echocardiogr 2007;20:857-61.

11. Jue J, Chung W, Schiller NB. Does inferior
vena cava size predict right atrial pressures in
patients receiving mechanical ventilation? J
Am Soc Echocardiogr 1992;5:613-9.

12. Feigenbaum H, Armstrong  WE Ryan T.
Feigenbaum’s
Philadelphia: dfippincott Williams & Wilkins;
2005.

13. Weyman A.
echocardiography. Philadelphia: Lea & Febiger;
1981:

14._Ommen SR, Nishimura RA, Hurrell DG,

KlarichKW.Assessment of right atrial pressure

echocardiography.6th  ed.

Cross-sectional

with 2-dimensional and Doppler

echocardiography: a simultaneous
catheterization and echocardiographic study.
Mayo Clin Proc 2000;75:24-9.

15. Nagueh SF, Zoghbi

WA.Relation of mean right atrial pressure to

Kopelen HA,

echocardiographic and Doppler parameters of
right atrial and right ventricular function.
Circulation 1996;93:1160-9.

16. Matsukubo H, Matsuura T, Endo N,
Asayama J,Watanabe T. Echocardiographic
measurement of right ventricular wall
thickness. A new application of subxiphoid
echocardiography. Circulation
1977;56:278-84.

17. Tsuda T, Sawayama T, Kawai N, Katoh T,
Kikawa K.

measurement of right

Nezuo S, Echocardiographic
ventricular  wall
thickness in adults by anterior approach. Br
HeartJ 1980;44:55-61.

18. Prakash R, Matsukubo H. Usefulness of

echocardiographic right ventricular



measurements in estimating right ventricular
hypertrophy and right ventricular systolic
pressure. Am J Cardiol 1983;51:1036-40.

19. Gottdiener JS, Gay JA, Maron BJ, Fletcher
RD. Increased right ventricular wall thickness
in left overload:

ventricular  pressure

echocardiographic determination of
hypertrophic response of the ‘‘nonstressed’”
ventricle. JAm Coll Cardiol 1985;6:550-5.

20. Haddad F, Hunt SA, Rosenthal DN, Murphy
DJ. Right ventricular function in cardiovascular
disease, part |: anatomy, physiology, aging,
and functional assessment of the right
ventricle. Circulation 2008;117:1436-48.

21. Haddad F, Doyle R, Murphy DJ, Hunt SA.
Right ventricular function in cardiovascular
clinical

disease, part |Il: pathophysiology,

importance, and management of right

ventricular failure. Circulation
2008;117:1717-31.

22. Burgess MI, Mogulkoc N, Bright-Thomas
RJ, Bishop P, Egan JJ, Ray SG.Comparison_of
echocardiographic markers of right ventricular
function in determining prognosis in ehronic
pulmonary disease. J Am SocdEchocardiegr
2002;15:633-9.

23. Quiroz R, Kuchef™N, “Schoepf Ul,
Kipfmueller F, Solom@n SD, /Costello’P, et al.
Right ventriculaf), enlargement on chest
computed tomography: prognostic role in
acute pulmonary embolism. Circulation
2004;109:2401-4.

24. Fremont B, Pacouret G, Jacobi D, Puglisi R,
Charbonnjer B, de Labriolle A. Prognostic
right/left

ventricular end-diastolic diameter ratio in

value of echocardiographic
patients with acute pulmonary embolism:
results from a monocenter registry of 1,416
patients. Chest 2008;133:358-62.

25. Lai WW, Gauvreau K, Rivera ES, Saleeb S,
Powell AJ, Geva T. Accuracy of guideline
recommendations  for  two-dimensional
guantification of the right ventricle by

echocardiography. Int J Cardiovasc Imaging

2008;24:691-8.

26. Karunanithi MK, Feneley MP. Limitations
of unidimensional indexes of right ventricular
contractile function in conscious dogs. J
Thorac Cardiovasc Surg 2000;120:302-12.

27. Foale RA, Nihoyannopoulos P, Ribeiro P,
McKenna WIJ, Oakley CM, Krikler DM, et al.
Right ventricular abnormalities in ventricular
tachycardia of right ventricular origin: relation
to electrophysiological abnormalities. Br
HeartJ 1986;56:45-54.

28. Sugishita Y,Watanabe M, Fisher SA. The
development of the embryonic outflow tract
novel cardiac

provides insights into

differentiation andy semodeling. Trends
Cardiovasc Med2004;14:235¢41.

29. Dell’'ltalia LJ. The'right ventricle: anatomy,
physiology, andiclinicalimportance. Curr Probl
Cardiol 1991;16:653-720.

30. Geva T, Powell AJ, Crawford EC, Chung T,
Colan SD. Evaluation of regional differencesin
right ventricular systolic function by acoustic
Quantification echocardiography and cine
magnetic Circulation
1998;98:339-45.

708 Rudski et al Journal of the American

resonance imaging.

Society of Echocardiography July 2010

31. Bashore TM. Adult congenital heart
disease: right ventricular outflow tract lesions.
Circulation 2007;115:1933-47.

32. Arya A, Piorkowski C, Sommer P, Gerds-Li
JH, Kottkamp H, Hindricks G. Idiopathic
outflow tract tachycardias:
perspectives. Herz 2007;32:218-25.
33. Yoerger DM, Marcus F, Sherrill D, Calkins H,
Towbin JA, Zareba W, et al. Echocardiographic

current

findings in patients meeting task force criteria
for arrhythmogenic right ventricular dysplasia:
new insights from the multidisciplinary study
of right ventricular dysplasia. ] Am Coll Cardiol
2005;45:860-5.

34. Anwar AM, Soliman O, van den Bosch AE,
McGhie JS, GeleijnseML, ten Cate FJ, et al.
Assessment of pulmonary valve and right



real-time
Int J

ventricular outflow tract with
three-dimensional echocardiography.
Cardiovasc Imaging 2007;23:167-75.

35. Anavekar NS, Gerson D, Skali H, Kwong RY,
Yucel EK, Solomon SD. Two-dimensional
assessment of right ventricular function: an
echocardiographic-MRI  correlative
Echocardiography 2007;24:452-6.

36. Nass N, McConnell MV, Goldhaber SZ,

Chyu S, Solomon SD. Recovery of regional

study.

right ventricular function after thrombolysis
for pulmonary embolism. Am J Cardiol
1999;83:804-6.

37. Zornoff LA, Skali H, Pfeffer MA, St John SM,
Rouleau JL, Lamas GA, et al. Right ventricular
dysfunction and risk of heart failure and
mortality after myocardial infarction. J Am
Coll Cardiol 2002;39:1450-5.

38. Anavekar NS, Skali H, Bourgoun M, Ghali
JK, Kober L, Maggioni AP, et al. Usefulness of
right ventricular fractional area change to
predict death, heart failure, and stroke

following myocardial infarction (from the

VALIANT ECHO study). Am ) Cardiol
2008;101:607-12.
39. Jiang L, Levine “RA, £ Weyman

AE.Echocardiographic assessment. of< right
ventricular volunie and function.
Echocardiography997;14:189-206.

40. Helbing \WA, Boseh HG; Maliepaard C,
Rebergen SA,“van der Geest RJ, Hansen B, et
al. Comparison of.eehocardiographic methods
with " magnetic, resonance imaging for
assessment_off right ventricular function in
children. AmJ Cardiol 1995;76:589-94.

41. Starling MR, Crawford MH, Sorensen SG,
O’'Rourke RA.A new

echocardiographic technique for evaluating

twodimensional

right ventricular size and performance in
patients with obstructive
Circulation 1982;66:612-20.

42. Silverman NH, Hudson S. Evaluation of

lung disease.

right ventricular volume and ejection fraction

in children by two-dimensional

echocardiography. Pediatr Cardiol
1983;4:197-203.

43. Gopal AS, Chukwu EO, Iwuchukwu CJ, Katz
AS, Toole RS, Schapiro W, et al. Normal values
of right ventricular size and function by
real-time 3-dimensional echocardiography:
comparison with cardiac magnetic resonance
imaging. J Am Soc
2007;20:445-55.

44. Watanabe T, Katsume H, Matsukubo H,

Furukawa K, ljichi H. Estimation of right

Echocardiogr

ventricular volume with two dimensional
echocardiography. Am J Cardiol
1982;49:1946-53.

45, Linker DT, Moritz’WE; Pearlman AS.A new
three-dimensionaliechocardiégraphic method
of right ventricular volume measurement: in
vitro Avalidatien. 4 Am Coll Cardiol
1986;8:101-6.

46. FeiltHW,Wanhg XF, Xie MX, Zhuang L, Chen
LX,.Yang ¥, et al. Validation of real-time
three-dimensional  echocardiography for
quantifying left and right ventricular volumes:
an experimental study. Chin Med J (Engl)
2004;117:695-9.

47. Schindera ST, Mehwald PS, SahnDJ,
Kececioglu D.

Accuracy of real-time

three-dimensional  echocardiography for
quantifying right ventricular volume: static
and pulsatile flow studies in an anatomic in
vitro model. J Ultrasound Med
2002;21:1069-75.

48. Hoch M, Vasilyev NV, Soriano B, Gauvreau
K, Marx GR. Variables influencing the accuracy
of right ventricular volume assessment by
real-time 3-dimensional echocardiography: an
study. J
Echocardiogr 2007;20:456-61.

49. Grison A, Maschietto N, Reffo E, Stellin G,

Padalino M, Vida V, et al. Three-dimensional

in vitro validation Am Soc

echocardiographic  evaluation of right
ventricular volume and function in pediatric
patients: validation of the technique. J Am Soc

Echocardiogr 2007;20:921-9.



50. Heusch A, Lawrenz W, Olivier M, Schmidt

KG.Transesophageal 3-dimensional versus
cross-sectional echocardiographic assessment
of the volume of the right ventricle in children
with atrial septal defects. Cardiol Young
2006;16:135-40.

51. Nesser HJ, Tkalec W, Patel AR, Masani ND,
Niel J, Markt B, et al. Quantitation of right
ventricular volumes and ejection fraction by
threedimensional echocardiography in

patients: comparison with magnetic

resonance  imaging and radionuclide

ventriculography. Echocardiography
2006;23:666-80.

52. Horton KD, Meece RW, Hill JC. Assessment
of the right ventricle by echocardiography: a
primer for cardiac sonographers. J Am Soc
Echocardiogr 2009;22:776-92.

53. Endo Y, Maddukuri PV\VieiraML,
PandianNG, Patel AR. Quantification of right
ventricular volumes and function by real time
three-dimensional echocardiographic
longitudinal axial plane method: validation in
the clinical

2006;23:853-9.
54. Lu X, Nadvoretskiy V, Bu, L, Stolpen A,

Ayres N, Pignatelli RH,«et%al. ‘Accuraey and

setting.  Echocardiography

reproducibility of real-time three-dimensional
echocardiography® for “assessment of right
ventricular volumes and ejection fraction in
children. J Am'Sec Echocardiogr 2008;21:84-9.
55. Niegmann PS, Pinho'L, Balbach T, Galuschky
C, Blankenhagen M, Silberbach M, et al.

Anatomically < oriented right ventricular
volume  measurements with  dynamic
three-dimensional echocardiography

validated by 3-Tesla magnetic resonance
imaging. J Am Coll Cardiol 2007;50:1668-76.

56. Papavassiliou DP, Parks WJ, Hopkins KL,
Fyfe DA.Three-dimensional echocardiographic
measurement of right ventricular volume in
children with congenital heart disease
validated by magnetic resonance imaging. J

Am Soc Echocardiogr 1998;11:770-7.

57. Vogel M, Gutberlet M, Dittrich S, Hosten N,
Lange PE. Comparison of transthoracic three
dimensional echocardiography with magnetic
resonance imaging in the assessment of right
ventricular  volume and Heart
1997;78:127-30.

58. Fujimoto S, Mizuno R, Nakagawa Y, Dohi K,

mass.

Nakano H. Estimation of the right ventricular
volume and ejection fraction by transthoracic
three-dimensional echocardiography. A
validation study using magnetic_resonance
imaging. IntJ Card Imaging 1998;14:385-90.
59. Kjaergaard J, Sogaard )P, Hassager C.
Quantitative echocafdiographichanalysis of
the right ventricle in'healthy individuals. J Am
Soc Echocardiogr2006;19:1365-72.

60. Jenkins €, Chan J,'Bricknell K, Strudwick M,
TH.Reproducibility  of  right
ventricular’’volumes and ejection fraction

Marwick
using real-time three-dimensional
echocardiography: comparison with cardiac
MRI. Chest 2007;131:1844-51.

61« Leibundgut G, Rohner A, Grize L,
Bernheim A, Kessel-Schaefer A, Bremerich J,
et al. Dynamic assessment of right ventricular
real-time

volumes and function by

three-dimensional  echocardiography: a
comparison study with magnetic resonance
imaging in 100 adult patients. J Am Soc
Echocardiogr 2010;23:116-26.

62. van der Zwaan HB, Helbing WA, McGhie JS,
Geleijnse ML, Luijnenburg SE, Roos-Hesselink
JW, et al
three-dimensional echocardiography for right

Clinical value of real-time
ventricular quantification in congenital heart
disease: validation with cardiac magnetic
resonance imaging. J Am Soc Echocardiogr
2010;23:134-40.

63. Grewal J, Majdalany D, Syed I, Pellikka
PWarnesCA.

echocardiographic

Three-dimensional
assessment of right
ventricular volume and function in adult
heart disease:

patients with congenital

comparison with magnetic resonance imaging.



J Am Soc Echocardiogr 2010;23:127-33.

64. Tamborini G, Marsan NA, Gripari P,
Maffessanti F, Brusoni D, Muratori M, et al.
Reference values for right ventricular volumes
real-time

and ejection fraction with

three-dimensional echocardiography:
evaluation in a large series of normal subjects.
J Am Soc Echocardiogr 2010;23:109-15.

65. Lin SS, Reynertson SI, Louie EK, Levitsky S.

Right ventricular volume overload results in

depression of left ventricular ejection fraction.

Implications for the surgical management of

tricuspid valve disease. Circulation

1994,90:11209-13.

66. Louie EK, Bieniarz T, Moore AM, Levitsky S.

Reduced atrial contribution to left ventricular
filling in patients with severe tricuspid
regurgitation after tricuspid valvulectomy: a
Doppler echocardiographic study. J Am Coll
Cardiol 1990;16:1617-24.

67. Reynertson SI, Kundur R, Mullen GM,
Costanzo MR, McKiernan TL, Louie EK.
Asymmetry of right ventricular enlargement
in response to tricuspid
Circulation 1999;100:465-7.
68. Ryan T, Petrovic O, Dillon JC, Feigenbaum
H, ConleyMJ, Arfmstrong\WF. An

echocardiographic index for separation of

regurgitation:

right ventricular®y,volume and pressure
overload. J Am Coll Cardiol 1985;5:918-27.

69. Louie EK, Rich S, Levitsky S, Brundage BH.
Doppler echocardiographic demonstration of
the differential effects of right ventricular
pressure sand( volume overload on left
ventricular geometry and filling. J Am Coll
Cardiol 1992;19:84-90.

70. Mori S, Nakatani S, Kanzaki H, Yamagata K,
Take Y, Matsuura Y, et al. Patterns of the
interventricular septal motion can predict
conditions of patients with pulmonary
hypertension. J Am Soc
2008;21:386-93.

71. Galie N, Hinderliter AL, Torbicki A, Fourme

T, Simonneau G, Pulido T, et al. Effects of the

Echocardiogr

oral endothelin-receptor antagonist bosentan
on echocardiographic and doppler measures
arterial
Cardiol

in  patients with  pulmonary
hypertension. J Am Coll
2003;41:1380-6.

72. Raymond RJ, Hinderliter AL, Willis PW,
Ralph D, Caldwell EJ, Williams W, et al.
Echocardiographic predictors of adverse
outcomes in primary pulmonary hypertension.
J Am Coll Cardiol 2002;39:1214-9.

73. Badesch DB, Champion HC,_Sanchez MA,
Hoeper MM, Loyd JE, Manes A, et al.
Diagnosis and assessmenthof pulmonary
arterial hypertension.” J Am < €oll" Cardiol
2009;54:555-66.

74. Lam CS, Borlaug BA)Kane GC, Enders FT,
Rodeheffef RJ, RedfieldMM. Age-associated
increases in ), pulmonary artery systolic
pressure £in ‘the general
Circulation 2009;119:2663-70.
75..McQuillan BM, Picard MH, Leavitt M,

Weyman AE. Clinical correlates and reference

population.

intervals for pulmonary artery systolic
pressure among echocardiographically normal
subjects. Circulation 2001;104:2797-802.

76. Mclaughlin VV, Archer SL, Badesch DB,
Barst RJ, FarberHW,Lindner JR, et al.
ACCF/AHA 2009 expert consensus document
on pulmonary hypertension: a report of the
American College of Cardiology Foundation
Task Force on Expert Consensus Documents
and the
developed in collaboration with the American
Chest

Thoracic Society, Inc.; and the Pulmonary

American Heart Association

College of Physicians; American
Hypertension Association. J Am Coll Cardiol
2009;53:1573-619.

77. Yock PG, Popp RL. Noninvasive estimation
of right ventricular systolic pressure by
Doppler ultrasound in patients with tricuspid
regurgitation. Circulation 1984;70:657-62.

78. Currie PJ, Seward JB, Chan KL, Fyfe DA,
Hagler DJ, Mair DD, et al. Continuous wave

Doppler determination of right ventricular



pressure: a simultaneous
Doppler-catheterization study in 127 patients.
J Am Coll Cardiol 1985;6:750-6.

79. Fisher MR, Forfia PR, Chamera E,
Housten-Harris T, Champion HC, Girgis RE, et
al. Accuracy of Doppler echocardiography in
the hemodynamic assessment of pulmonary
hypertension. Am J Respir Crit Care Med
2009;179:615-21.

80. Hinderliter AL, Willis PW, Barst RJ, Rich S,
Rubin LJ, Badesch DB,

Pulmonary Hypertension Study Group. Effects

et al.,, Primary

of long-term infusion of prostacyclin

(epoprostenol) on echocardiographic
measures of right ventricular structure and
function in primary pulmonary hypertension.
Circulation 1997;95:1479-86.

81. Mahan G, Dabestani A, Gardin J, Allfie A,
Burn C, HenryW. Estimation of pulmonary
artery
echocardiography. Circulation 1983;68:367.
82. Dabestani A, Mahan G, Gardin JM,

Takenaka K, Burn C, Allfie A, et al. Evaluation

pressure by pulsed Doppler

of pulmonary artery pressure and resistance
by pulsed Doppler echocardiography. Am J
Cardiol 1987;59:662-8.

83. Abbas AE, Fortuin™ FD, “Schiller’ NB,
Appleton CP, Moreno CA,
SJ.Echocardiographic determination of mean

Lester

pulmonary artery pressuresy Am J Cardiol
2003;92:1373-6:

84. Aduen JF, Castello’R, Lozano MM, Hepler
GN, Keller'CA, Alvarez F, et al. An alternative
echocardiographic method to estimate mean
pulmonary artery pressure: diagnostic and
clinical implications. J Am Soc Echocardiogr
2009;22:814-9.

85. Ristow B, Schiller NB. Stepping away from
ritual right heart catheterization into the era
of noninvasively measured pulmonary artery
pressure. J Am Soc
2009;22:820-2.
86. Milan A,
Echocardiographic indexes for the noninvasive

Echocardiogr

Magnino C, Veglio F.

evaluation of pulmonary hemodynamics. ] Am
Soc Echocardiogr 2010;23:225-39.

87. Abbas AE, Fortuin FD, Schiller NB,
Appleton CP, Moreno CA, Lester SJ.A simple
method for noninvasive estimation of
pulmonary vascular resistance. J Am Coll
Cardiol 2003;41:1021-7.

88. Farzaneh-Far R, McKeown BH, Dang D,
Roberts J, Schiller NB, Foster E. Accuracy of
Doppler-estimated pulmonary vascular
before liver

Cardiol

resistance  in  patients
transplantation. Am J
2008;101:259-62.

89. Farzaneh-Far R, Na B,WhooleysMA, Schiller
NB. Usefulness of “nonifivasive, estimate of
pulmonary vascular resistahce to predict
mortality, € \heart ‘failure, and adverse
cardiovascular events in patients with stable
coronary artery disease (from the Heart and
Soul Study). AmJ) Cardiol 2008;101:762-6.
90..Rajagopalan N, Simon MA, Suffoletto MS,
Shah /H, Edelman K, Mathier MA, et al.
Noninvasive estimation of pulmonary vascular
resistance in  pulmonary hypertension.
Echocardiography 2009;26:489-94.

91. Grunig E, Ehlken N,

Fijalkowska A, Fischer C, Fourme T, et al.

Weissmann S,

Stress Doppler echocardiography in relatives
of patients with idiopathic and familial
pulmonary arterial hypertension: results of a
multicenter European analysis of pulmonary
artery pressure response to exercise and
hypoxia. Circulation 2009;119:1747-57.

92. Bossone E, Rubenfire M, Bach DS,
Ricciardi M, Armstrong WF.Range of tricuspid
regurgitation velocity at rest and during
exercise in normal adult men: implications for
the diagnosis of pulmonary hypertension. J
Am Coll Cardiol 1999;33:1662-6.

93. Scapellato F, Temporelli PL, Eleuteri E,
Corra U, Imparato A, Giannuzzi P. Accurate
noninvasive estimation of pulmonary vascular
resistance by Doppler echocardiography in
patients with chronic failure heart failure. J



Am Coll Cardiol 2001;37:1813-9.
94. Dehnert C, Grunig E, Mereles D, von
Bartsch P
susceptible to

Identification of
high-altitude
pulmonary oedema at low altitude. Eur Respir
J 2005;25:545-51.

95. Grunig E, Janssen B, Mereles D, Barth U,
MM, Vogt IR, et al
pulmonary artery pressure

Lennep N,
individuals

Borst Abnormal
response in
asymptomatic carriers of primary pulmonary
hypertension Circulation
2000;102:1145-50.

96. Bidart CM, Abbas AE, Parish JM, Chaliki HP,
Moreno CA, SJ.The

evaluation of exercise-induced changes in

gene.

Lester noninvasive
pulmonary artery pressure and pulmonary
vascular resistance. J Am Soc Echocardiogr
2007;20:270-5.

97. Gleason WL, Braunwald E. Studies on the
first derivative of the ventricular pressure
pulse in man. J Clin Invest 1962;41:80-91.

98. Anconina J, Danchin N, Selton-Suty C,
Buffet P, &t al
Measurement of right ventricular ‘dP/dt./A

Isaaz K, Juilliere Y,
simultaneous/comparative hem@dynamic.and
Doppler echocardiographic Study farticle in
French]. Arch Mal
1992;85:1317-21.

99. Anconina J, Danchin® N, Selton-Suty C,
Isaaz K, Juilliere Y, Buffet P et al. Noninvasive

Coeur Vaiss

estimation of ) right ventricular dP/dt in
patients with tricuspid'valve regurgitation. Am
J Cardiol2993;71:1495-7.

100. Tei C,Dujardin KS, Hodge DO, Bailey KR,
McGoon MD, Tajik AJ,

echocardiographic index for assessment of

et al. Doppler
global right ventricular function. J] Am Soc
Echocardiogr 1996;9:838-47.

101. Yoshifuku S, Otsuji Y, Takasaki K, Yuge K,
Kisanuki A,
Pseudonormalized Doppler total

Toyonaga K, et al.
ejection
isovolume (Tei) index in patients with right
ventricular acute myocardial infarction. Am J
Cardiol 2003;91:527-31.

102. Rojo EC, Rodrigo JL, Perez de Isla L,
Almeria C, Gonzalo N, Aubele A, et al.
tissue  Doppler

Disagreement  between

imaging and conventionalpulsed wave
Doppler in the measurement of myocardial
performance index. Eur J
2006;7:356-64.

103. Gaibazzi N, Petrucci N, Ziacchi V. Left

ventricle

Echocardiogr

myocardial performance index
derived either by conventional method or
mitral annulus tissue-Doppler: a_comparison
study in healthy subjects afd subjeets with
heart failure. J Am, Soe
2005;18:1270-6.

104. Sebbag |, RudskihLG# Therrien J, Hirsch A,

Langleben D4 Efféct ofhchronic infusion of

Echocardiogr

epoprostenel on echocardiographic right
ventrietlar myocardial performance index and
itsdrelation” to clinical outcome in patients
with“pfimary goulmonary hypertension. Am J
Cardiol 2001;88:1060-3.

105. Abd ElI Rahman MY, Abdul-Khaliq H,
Vogel M, Alexi-Meskischvili V, Gutberlet M,
Hetzer R, et al. Value of the new

Doppler-derived myocardial performance
index for the evaluation of right and left
ventricular function following

Fallot. Pediatr

repair of
tetralogy  of Cardiol
2002;23:502-7.

106. Chockalingam A, Gnanavelu G, Alagesan
R, Subramaniam T. Myocardial performance
index in evaluation of acute right ventricular
myocardial  infarction.
2004;21:487-94.

107. Eidem BW, O’Leary PW, Tei C, Seward JB.

Usefulness of the myocardial performance

Echocardiography

index for assessing right ventricular function
in congenital heart disease. Am J Cardiol
2000;86:654-8.

108. Moller JE, Sondergaard E, Poulsen SH,
Appleton CP, Egstrup K. Serial Doppler
echocardiographic assessment of left and
right ventricular performance after a first

myocardial infarction. J Am Soc Echocardiogr



2001;14:249-55.

109. Morner S, Lindqvist PWaldenstrom A,
Kazzam E. Right ventricular dysfunction in
hypertrophic cardiomyopathy as evidenced by
the myocardial performance index. Int J
Cardiol 2008;124:57-63.

110. Schwerzmann M, Samman AM, Salehian
O, Holm J, Provost Y, Webb GD, et al
Comparison of echocardiographic and cardiac
magnetic resonance imaging for assessing
right ventricular function in adults with
repaired tetralogy of Fallot. Am J Cardiol
2007;99:1593-7.

111. Kaul S, Tei C, Hopkins JM, Shah PM.
Assessment of right ventricular function using
two-dimensional echocardiography. Am Heart
1 1984;107:526-31.

112. Lopez-Candales A, Dohi K, Rajagopalan N,
Edelman K, Gulyasy B, Bazaz R. Defining
normal variables of right ventricular size and
function in pulmonary hypertension: an
echocardiographic study. Postgrad Med J
2008;84:40-5.

113. Miller D, Farah MG, Liner A, »FoxfK,
Schluchter M, Hoit BD.The relation between
quantitative right ventricular‘gjection fraction
and indices of tricuspidd@annular motioft and
myocardial  performiance./, J Am  Soc
Echocardiogr 2004;17:443%7.

114. Tamborini G, PepiM, Galli CA, Maltagliati
A, Celeste F, Muratori M, et al. Feasibility and
accuracy of a “routine echocardiographic
assessment of right ventricular function. Int J
Cardiol 2007;145:86-9.

115. Lindqvist P, Waldenstrom A, Henein M,
Morner S, Kazzam E. Regional and global right
ventricular function in healthy individuals
aged 20-90 years: a pulsed Doppler tissue
imaging study: Umea General
Study.
2005;22:305-14.
116. Kukulski T, Hubbert L, Arnold M, Wranne

B, Hatle L, Sutherland GR. Normalregional

Population

Heart Echocardiography

right ventricular functionand its change with

age: aDoppler myocardial imaging study. ] Am
Soc Echocardiogr 2000;13:194-204.

117. Nikitin NP, Witte KK, Thackray SD, de
Silva R, Clark AL, Cleland JG. Longitudinal
ventricular values of

function: normal

atrioventricular annular and myocardial

velocities measured with  quantitative
twodimensional color Doppler tissue imaging.
J Am Soc Echocardiogr 2003;16:906-21.

118. Duan YY, Harada K, Toyono M, Ishii H,
Tamura M, Takada G. Effects of acute preload
reduction on myocardial £velocity) during

isovolumic  contraction, and myocardial
acceleration in pediatric ,patients{” Pediatr
Cardiol 2006;27:32-6;

119. KjaergaardJ,"SnydenEM; Hassager C, Oh
JK, Johnsén BD.

afterlead onglobal and

Impact’ of preload and
regional right
ventricular’” function and pressure: a
quantitative echocardiography study. J Am
Soc.Echocatdiogr 2006;19:515-21.

120. Pauliks LB, Chan KC, Chang D, Kirby SK,
DeGroff CG,

velocities and

Logan L, et al. Regional

myocardial isovolumic
contraction acceleration before and after
device closure of atrial septal defects: a color
tissue  Doppler Heart J
2005;150:294-301.

121. Vogel M, SchmidtMR, Kristiansen SB,
Cheung M,White PA, Sorensen K,

Validation of myocardial acceleration during

study. Am

et al.

isovolumic contraction as a novel noninvasive

index of right ventricular contractility:
comparison with ventricular pressure-volume
relations in an animal model. Circulation
2002;105:1693-9.

122. Tousignant CP, Bowry R, Levesque S,
Denault AY. Regional differences in color
tissue Doppler-derived measures of
longitudinal right ventricular function using
transesophageal and transthoracic
echocardiography. J Cardiothorac Vasc Anesth
2008;22:400-5.

123. Tugcu A, Guzel D, Yildirimturk O, Aytekin



S. Evaluation of right ventricular systolic and
diastolic function in patients with newly
diagnosed obstructive sleep apnea syndrome
without hypertension.
2009;113:184-92.

124. Sade LE, Ozin B, Ulus T, Acikel S, Pirat B,

Bilgi M, et al. Right ventricular contractile

Cardiology

reserve in mitral stenosis: implications on
hemodynamic burden and clinical outcome.
Int J Cardiol 2009;135:193-201.

125. Tayyareci Y, Nisanci Y, Umman B, Oncul A,
Yurdakul S, Altun I, et al. Early detection of
right ventricular systolic dysfunction by using
myocardial acceleration during isovolumic
contraction in patients with mitral stenosis.
Eur J Echocardiogr 2008;9:516-21.

126. Toyono M, Harada K, Tamura M,
Takada G.
acceleration during isovolumic contraction as

Yamamoto F, Myocardial
a new index of right ventricular contractile
function and its relation to pulmonary
regurgitation in patients after repair of
tetralogy of Fallot. J Am Soc Echocardiogr
2004;17:332-7.

127. Vogel M, Derrick G,WhitedPA, Cullen,S,
Aichner H, Deanfield J, €t, al.£ Systemic
ventricular  function _h %, patients 4 with
transposition of the great apteries after atrial

repair: a tissue ‘Doppler and conductance

catheter study. J, Am) Coll Cardiol
2004;43:100-6.
128. #Vogel M, gVWogt M. Noninvasive

assessment of |right ventricular contractile
performance.dn: Redington AN, Van Arsdell
GS, Anderson RH, editors.Congenital diseases
in the right heart.London: Springer; 2009. pp.
207-12.

129. Jamal F, Bergerot C, Argaud L, Loufouat J,
Ovize M.
regional right ventricular contractile function.
Am J  Physiol
2003;285:H2842-7.
130. Berg S. Myocardial Strain Rate by
Methods.

Longitudinal strain quantitates

Heart Circ  Physiol

Doppler  Ultrasound Angle

dependency and error estimation.Master’s
thesis, Department of
Cybernetics, NTNU, Trondheim, Norway 2004.
131. Sutherland GR, Di Salvo G, Claus P,

D’hooge J, Bijnens B. Strain and strain rate

Engineering

imaging: a new clinical approach to
quantifying regional myocardial function. J
Am Soc Echocardiogr 2004;17:788-802.

132. Kjaergaard J, Sogaard P, Hassager C. Right
ventricular strain in pulmonary embolism by
Doppler tissue echocardiography. J Am Soc
Echocardiogr 2004;17:1210-2.

133.  Kittipovanonth 4o M, Bellavia D,
Chandrasekaran K, Villarraga HR,»)Abfaham TP,
Pellikka PA. Doppleramyocardial imaging for
early detegtiony, of ), right ventricular
dysfunctiof . in patients” with pulmonary
hyperténsion."»J Am Soc
2008;21:1035-41:

134."Chow PCgliang XC, Cheung EW, Lam WW,
Cheung “ YF.

longitudinal strain and strain rate imaging for

Echocardiogr

New twodimensional global
assessment of systemic right ventricular
function. Heart 2008;94:855-9.

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

136. Lindqvist P, Olofsson BO, Backman C,
Suhr O, Waldenstrom A. Pulsed tissue Doppler

Circulation

and strain imaging discloses early signs of
infiltrative cardiac disease: a study on patients
with familial amyloidotic polyneuropathy. Eur
J Echocardiogr 2006;7:22-30.

137. Sun JP, Stewart WJ, Yang XS, Donnell RO,
Leon AR, Felner JM, et al. Differentiation of
hypertrophic cardiomyopathy and cardiac
amyloidosis from other causes of ventricular
wall thickening by two-dimensional strain
imaging echocardiography. Am J Cardiol
2009;103:411-5.

138. Fujii J, Yazaki Y, Sawada H, Aizawa



T,Watanabe H, Kato K.

assessment of left and right ventricular filling

Noninvasive
in myocardial infarction with a
two-dimensional Doppler echocardiographic
method. J Am Coll Cardiol 1985;5:1155-60.
139. Yanase O, Motomiya T, Tejima T, Nomura
S. Doppler echocardiographic assessment of
right ventricular filling characteristics in
hemodynamically significant right ventricular
infarction. Am J Noninvasiv  Cardiol
1992;6:230-6.

140. Yilmaz M, Erol MK, Acikel M, Sevimli S,
Alp N. Pulsed Doppler tissue imaging can help
to identify patients with right ventricular
infarction. Heart Vessels 2003;18:112-6.

141. Berman GO, Reichek N, Brownson D,
Douglas PS. Effects of sample volume location,
imaging view, heart rate and age on tricuspid
velocimetry in normal subjects. Am J Cardiol
1990;65:1026-30.

142. Bove AA, Santamore WP. Ventricular
interdependence.  Prog
1981;23:365-88.

143. Courtois M, Barzilai B, Gutierrezd F

Ludbrook PA.Characterization« of

Cardiovasc  Dis

regional
diastolic pressure gradients, in 4the right
ventricle. Circulation 1990;82:1413-23.

144. Dell’'ltalia LJ, Walsh RA/Right ventricular
diastolic  pressufe-volume relations and
regional dimensions during acute alterations
in loading conditions. Circulation
1988;77:1276-82.

145. Weber KT, Janicki JS, Shroff S, Fishman AP.
Contractile,_ mechanics and interaction of the
right and left ventricles. Am J Cardiol
1981;47:686-95.

146. Pye MP, Pringle SD, Cobbe SM. Reference
Doppler

echocardiography in the assessment of the

values and reproducibility of
tricuspid valve and right ventricular diastolic
function in normal subjects. Am J Cardiol
1991;67:269-73.

147. Klein AL, Leung DY, Murray RD, Urban LH,

Bailey KR, Tajik AlJ.Effects of age and

physiologic variables on right ventricular
filling dynamics in normal subjects. Am J
Cardiol 1999;84:440-8.

148. Redington AN, Penny D, Rigby ML, Hayes
A. Antegrade diastolic pulmonary arterial flow
as a marker of right ventricular restriction
after complete repair of pulmonary atresia
with intact septum and critical pulmonary
valvar stenosis. Cardiol Young 1992;2:382-6.
149. Innelli P, Esposito R, Olibet M, Nistri S,
Galderisi M. The impact of ageing on right
ventricular longitudinal fun€tion inhealthy
subjects: a pulsed tissue,Doppler study. Eur J
Echocardiogr 2009;10:491-8.

150. ZoghbiWA, “Hahib GB,
MA.Doppler assessment)ofsright ventricular

Quinones

filling in ©@. normal" population.Comparison
with Aleft “ventricular filling
Circulationf1990;82:1316-24.

151.Yu CM, Lin'H, Ho PC, Yang H. Assessment
of left “and right ventricular systolic and

dynamics.

diastolic synchronicity in normal subjects by
tissie Doppler echocardiography and the
effects of age and heart rate.
Echocardiography 2003;20:19-27.

152. Berman JL, Green LH, Grossman W. Right
ventricular diastolic pressure in coronary
artery disease. Am J Cardiol 1979;44:1263-8.
153. Wells DE, Befeler B. Dysfunction of the
right ventricle in coronary artery disease.
Chest 1974;66:230-5.

154. Guazzi M, Maltagliati A, Tamborini G,
Celeste F, Pepi M, Muratori M, et al. How the
left and right sides of the heart, as well as
pulmonary venous drainage, adapt to an
increasing degree of head-up tilting in
hypertrophic  cardiomyopathy: differences
from the normal heart. J Am Coll Cardiol
2000;36:185-93.

155. O’Sullivan CA, Duncan A, Daly C, Li W,
Oldershaw P, MY. Dobutamine

stress-induced

Henein
ischemic right ventricular
dysfunction and its relation to cardiac output

in patients with three-vessel coronary artery



disease with angina-like symptoms. Am J
Cardiol 2005;96:622-7.

156. Pela G, Regolisti G, Coghi P, Cabassi A,
Basile A, Cavatorta A, et al. Effects of the
reduction of preload on left and right
ventricular myocardial velocities analyzed by
Doppler tissue echocardiography in healthy
subjects. Eur J Echocardiogr 2004;5:262-71.
157. Heywood JT, Grimm J, HessOM, Jakob M,
Krayenbuhl HP. Right ventricular diastolic
function during exercise: effect of ischemia. J
Am Coll Cardiol 1990;16:611-22.

158. Sade LE, Gulmez O, Eroglu S, Sezgin A,
Muderrisoglu H. Noninvasive estimation of
right ventricular filling pressure by ratio of
early tricuspid inflow to annular diastolic
velocity in patients with and without recent
cardiac surgery. J Am Soc Echocardiogr
2007;20:982-8.

159. Sundereswaran L, Nagueh SF, Vardan S,
Middleton KJ, Zoghbi WA, Quinones MA, et al.
Estimation of left and right ventricular filling
pressures after heart transplantation by/tissue
Doppler imaging. Am J Cardiol 1998;82:35247.
160. Sallach JA, Tang WHW, Borowski®AG,
Tong W, Porter T, Martin MGj et al.Right atrial
volume index in chronicsSystolic heart failure
and prognosis. JAGC Cardiovasc
2009;2:527-34.

161. Dernellis J. Right atsial function in

Imaging

hypertensive patients: effects of
antihypertensive ‘therapy. J Hum Hypertens
2001,15:463-70.

162. Gan LCTJ,«Holverda S, Marcus JT, Paulus
WJ, Marques KM, Bronzwaer JGF, et al. Right
ventricular diastolic dysfunction and the acute
effects of  sildenafil in pulmonary
hypertension patients. Chest 2007;132:11-7.
163. Sadler DB, Brown J, Nurse H, Roberts J.
Impact of hemodialysis on left and right
ventricular Doppler diastolic filling indices.
Am J Med Sci 1992;304:83-90.

164. Turhan S, Tulunay C, Ozduman Cin M,

Gursoy A, Kilickap M, Dincer I, et al. Effects of

thyroxine therapy on right ventricular systolic

and diastolic function in patients with
subclinical hypothyroidism: a study by pulsed
wave tissue Doppler imaging. J Clin Endocrinol
Metab 2006;91:3490-3.

165. Cresci SG, Goldstein JA. Hemodynamic
manifestations of

ischemic right heart

dysfunction.  Cathet Cardiovasc
1992;27:28-33.

166. McConnell MV, Solomon SD, Rayan ME,
Come PC, Goldhaber SZ, Lee RT. Regional right
detected by
echocardiography in 4 acute pulmonary
embolism. Am J Cardiol 1996;78:469473.

167. Scridon T, Scriden €, SkalisH, Alvarez A,
Goldhaber SZ,

significancé of troponin elevation and right

Diagn

ventricular  dysfunction

Selomoen 4SD. Prognostic
ventricblar enlargemént in acute pulmonary
embolism«Am J Cardiol 2005;96:303-5.

168. Férlinz J£ Right ventricular function in
adult, cardiovascular disease. Prog Cardiovasc
Dis 1982;25:225-67.

169! Berger PB, Ruocco NA Jr., Ryan TJ, Jacobs
AK, Zaret BL, Wackers FJ, et al., The TIMI
Research Group. Frequency and significance
of right ventricular dysfunction during inferior
wall left ventricular myocardial infarction
treated with thrombolytic therapy (results
from the Thrombolysis In Myocardial
Infarction [TIMI] Il trial). Am J Cardiol
1993;71:1148-52.

170. Gorcsan J Ill, Murali S, Counihan PJ,
Mandarino WA, Kormos RL. Right ventricular
performance and contractile reserve in
patients with severe heart failure.Assessment
by pressure-area relations and association
with outcome. Circulation 1996;94:3190-7.
171. Polak JF, Holman BL, Wynne J, Colucci WS.
Right

indicator of increased mortality in patients

ventricular ejection fraction: an
with congestive heart failure associated with
coronary artery disease. J Am Coll Cardiol
1983;2:217-24.

172. Di Salvo TG, Mathier M, SemigranMJ,



Dec GW. Preserved right ventricular ejection

fraction predicts exercise capacity and
survival in advanced heart failure. J Am Coll
Cardiol 1995;25:1143-53.

173. Skali H, Zornoff LA, Pfeffer MA,
ArnoldMO, Lamas GA, Moye LA, et al.
Prognostic use of echocardiography 1 year
after a myocardial infarction. Am Heart J
2005;150:743-9.

174. Khush KK, Tasissa G, Butler J, McGlothlin
D, De Marco T. ESCAPE Investigators.Effect of
pulmonary hypertension on clinical outcomes
in advanced heart failure: analysis of the
Evaluation Study of Congestive Heart Failure
and Pulmonary Catheterization
Effectiveness (ESCAPE) database. Am Heart J
2009;157:1026-34.

175. Romero-Corral A, Somers VK, Pellikka PA,
Olson EJ, Bailey KR, Korinek J, et al. Decreased
right and left
performance in obstructive sleep apnea.
Chest 2007;132:1863-70.

176. Bhattacharyya S, Toumpanakis C#Burke
M, Taylor AM, Caplin ME, Davar J. Features‘of

carcinoid heart disease identified by 2-“and

Artery

ventricular  myocardial

3-dimensional echocardiography and cardiac
MRI. Circ Cardiovasc Imaging2010;3:103-11
177. Callahan JA, Wr@blewski EM, Reeder GS,

Edwards WD, Seward B, Tajik Al
Echocardiographic features of carcinoid heart
disease. AmJ Cardiol 1982;50:762-8.

178. Mittal SR, Goozar RS.Echocardiographic
evaluation of right

ventricular  systolic

functions in pure mitral stenosis. Int
JCardiovasc Imaging 2001;17:13-8.

179. Schenk P, Globits S, Koller J, Brunner C,
Artemiou O, Klepetko W, et al. Accuracy of
ventricular

different

echocardiographic right
parameters in patients with
end-stage lung diseases £ prior “te lung
transplantation. J Heart “Lung Transplant
2000;19:145-54.

180. Jurcut R, GiuscayS, k@ Gerche A, Vasile S,
Ginghina C, Veigt®U. The e€hocardiographic
assessment of the right ventricle: what to do
in 20107 Eur J Echocardiogr 2010;11:81-96.
182, Shiéta T 3D
evaluation of4the right ventricle. Curr Opin
Cardiol 2009;24:410-4.

182. Llytrivi ID, Lai WW, Ko HH, Nielsen JC,

Parness |A, Srivastava S. Color Doppler tissue

echocardiography:

imaging for evaluation of right ventricular
systolic function in patients with congenital
heart disease. J Am Soc

2005;18:1099-104.

Echocardiogr



	摘要
	概述
	确立参考值及其范围的方法学
	右心超声声窗和超声心动图切面
	右心节段命名法和冠脉供应范围
	传统二维右心评估方法
	A. 右心房
	右房压

	B. 右心室
	右室壁厚度
	右室内径

	C. 右室流出道（RVOT）

	右室面积变化分数与容积评估
	A. 右室面积和面积变化分数
	B. 二维容积和射血分数评估
	C. 三维容积评估

	右心室和室间隔形态
	右室压力和容量负荷增大状态下室间隔几何构象变形的时相差异

	右室和肺循环的血流动力学评估
	A. 肺动脉收缩压(SPAP)
	B. 肺动脉舒张压
	C.平均肺动脉压
	D. 肺血管阻力
	E. 运动负荷试验中肺动脉收缩压的测量

	非容量性右室功能评估方法
	A. 右室整体收缩功能评估方法
	右室dP/dt
	RIMP

	B. 右室局部收缩功能的评估
	三尖瓣环收缩期位移（TAPSE）或三尖瓣环运动（Tricuspid Annular Motion，TAM）
	组织多普勒显像
	等容收缩期心肌加速度
	右室局部应变和应变率
	二维应变


	右室收缩功能评估的建议总结
	右室舒张功能
	A. 右室舒张功能不全
	B. 右室舒张功能评估
	C. 年龄、呼吸、心率和负荷状态对舒张功能的影响
	D. 与临床结合

	右室功能评估的临床与预后意义
	结论
	参考文献



