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RIZBT 2D EE &b = — MR

RIZEBWT, DI L — RO REETH O < BRI LTV 2 231,
RIRFER D B % (5D 2 BERIRE T D [2-4], LIEIH O 96 BBFFAT 12 35 1
T, DZa—HREEFISCLEOREY — VLS 2, BWiORR LT, EIE
AL R T & FEMIC b N & T v % [6], Two-dimensional
speckle-tracking echocardiography (2D-STE) VEIZUTAEH 721088 L 720
T a— MR L D DHEREFHN 1L TH V ek DL o —RRA RO RE
SLMATEREREA 2 A 1 > & LT\ dIzxf U, i % A4 7 30D i 1 8 o
BRIl 21T 9 HIETH 5, Eicte FEZICEW TLIEREEIZB T 5WED
Jahilel, REERR Y A 7 710 P& [8-13]. & 5121% dyssynchrony & \»
ST LWIRRE DM [14,151IC BISH S LD TV D, L, RiZkWw
T 2D-STE &£ D F HWE 4 -0 L 72 85 138D 7e v,

D o — IR AT K2 i e B 2 A

ek D EEB ORI XA R 7 7 EDPH WL, BREFICBNWTHZ
OFMMERHRLE S TE[16], LU, MKk K7 71k X 2 060 E 8 Em
ZEDFEN RT ZHECESO TV D70, DIEOBE), £/ KT
EWVWoS THIRAHEE R, ZOEMESCHHAMENERE I TV D
[17,18],

—7J7, 2D-STE O JFE L, A~y 7 )L EIRIEI 50 55 BRAHHLRR ik 17 L
THEBERXHEONRS— <~y TF o TIEICK 5B TH Y Mk N7 76T
OLEERFEA CRIE & R o7 X O RUIROBE), o[ oM FERFMEE Vo
Tl PRIE S T 7 WAl R Z FEo[19], 72 2D-STE & Tl L fEEh 2 b, &
W E B X OEER GO 3 FMZmit, Hx i in e Th 5, (FIE 7
7 (MR) Z# A4 %t HEFICHT % 2D-STE JEIC & 2 /R BEFEAI O #55 Tik,
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A L EE S BN AVEEE) N R D T L3R S [20,21], RiTk
WT bR REHEATIC AL S B A O RERLAERERZ L 52 2 2 &N TE
HAREMEN B D, £72 S BIZEFE TIX, 2D-STE LI & - TOM#RMEAR KD
I 7 18] C db 2 dadu J5 6] 0 L 5 TR B) & REAT 23 "I RE & 72 - 72 [22,28], £ L T,
ZiH 2D-STE {E TRl L 72 O EENX, SRR OB RE 2 KBk~ 5 /X F
A—H— & L THRIEESN[24-26], RIZHWT S ELMAOHSEEREMN 51k &
NTDEREFGIC AR EEE b 2L SN TWAH[27], LarLans, Ri
BT 2D-STE £ TRl L 72 DA EENC 6 LT, DA KOV & o

IZRARNE =N G 2 5 BITET S h T,

(& 18 7 PA SR A S e

K EREZE VR IE R AR 2E (MMVD) 13X RICB I Db — i 7
OARBDORETH Y | BIRAICEZEREB Th 5[28], £ DOFAEBHEITIRD
DEIR D 75-80% L L& H 5 L b F TV 2128,29], £ 7=MMVD® 3§
AR XA & BB BRI BEFR L [80,31]. ANRICZ WMHI A D D LS S
TW5[31,82], EHIEHXF XN T - FLo T F vy —LX s ANR=T Lo
TR E O RFE CTITWREHEATICFF A H 0 [83,34] . ZR T BEEEEZ L H 2
EHIEA SN TV S I[35], 5% ROFMIER AT T 2/NIRNKUAAE
VW, MMVDIZ &S HZAENEML TV EE 6D,

MMVD DIFREH#EITICE W T ZEOERMEY TIX, MR IZX 2B &AM & OHE
K[36], REMERSLCL =2 - T VATV - T RRT R REELET
B AR NGy Wk OIEMEAL[87] 72 SN2 L0 B L BRI DA R I MERE S 41,
— WAL SR T BB I AR AR (T HEAT T 5 [38], —H D SES] Tl AT IE R &
FEL L0 5 &b b HNI[38], T HER O FRHIZK T 5 ERIb
FBR IR ST 5 [39]



—HF REDORAZEZ 5 > HELAREDIRENHIED 5 L ZDIREIX
SIHZRMEATYE T, JEICE HREM B £ [38,40], 5 o ML A4 O FEAE AT IC
(TR 72 DIRR D AT [41,42] L0 HERE D EL[43] 8 R b b LG ST
W5 A, MMVD OJFREIZH 1T D B AR RIE B~ OFEM 7B Fr O st i +4r
I E 2 e [44],

MR ZAERICFHEE L 72T T VR TIEE O BEBEITIZEVE 2 O 0
fel CREAM L 72 DA DR FS BE MR T L T B 2 & A3 ST 5 [45,46],
F72 MMVD O RIZBIT 2 TPHKF & L TIHEEERREDHmME SN TND
(88,471, Ziu b H MMVD OJFREIZ 3R T, IR AE R 2T ARE R 4
~ORBIZKELSHRT 52 EDEEINDL D, MMVD O RITIS T 2 ULHE
PERERTAM I MR I K 2 18 M2 B A O R ARIR K 1 OVEMEAB I & v BT
b 5[48], £7= MMVD X EICHABEER L B X b, L#EREILE
THHE R E STV A3(16,49] E4F MMVD IZERE L7z 5 - (bR
BEAE D RIZE W THHME I K OBINREE/INME 2 5 To 0 i D 281 23 95 B 7Y
IZRBDH LTV A [50,561], L > TMMVD % E o 72 RIZE W THED T I
INHERERE AN I DR DN D 15 2 DR A 2 RO Al REME SN RIR S LD 23 VR D
BHICBWTT TICHEET 2O RERE X, B2k <_7= X 5 7 MMVD (2

B otkx RARKREBIZE S TREADE LAWY, LALRRLLHA
ROBEEFM N ATRE TH 2 2D-STE 1L Z 0 & 5 2 BT E T 5 D ihikhE
EEOHRIICAEM TH L ARENH Y b FESTIRAL BRI RO 7220
REBFIZIBNT 2D-STE 1T K D IETERY 720 7 I RE P 5 08 JEGE &
TWw5([52],

F - RITEIT D MMVD O IZEICHNENICIThb 5 03[63,54], & M E
FCIIABHIRR R — K Th 5 [65], & b MR BF T 24 BHHIRE T
(X, 9 o> Ae K R CHUE L7 BATF e DIHEFEREIC B BT & 37, i b

4



BEREAX T3 & 72 0 [66,67], Z ik MR OB 35 1T 2 WS TE I 72 A H
REMREE OB L B 2 DI SVBHEIRIRI A~ D X0 B 70 051 E AR D 5
NTW5 (58], I, Z DKL) itk O LHEREIK T © T#IIZ 2D-STE 512 &
DD EE RS A ] & s ST 5 [59-611, 2D-STE ¥EICH T 505
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AL P TR H D,

VL E®D X 9512, 2D-STE 2 & 5 L EE R IL b FEFICE W TR 72
ARMEDRHREINTWD, Ll RIZBIT2#&EITE D72 < | BEHERIZ
T ALK EREOAMAMEICEAT OBRENIIEEAS RIS LTV RN, £ 2
TAMZETIZ, RIZBWT 2D-STE IEOFHMZMHLT S22 L2 AL L
Tzo BARIIZIT, 2D-STEEOERICHEAH 2 5 2R 7 & LT ok X
VR D52 DB DWW TIER R DR Z FF O R RICHRFT LTz, £72
HE FE D B 72 5 ERIR B0 MMVD RIZxE3 5 D @& OFFEEZRF L. £ 0
I3 REREAM L2 k3 2 A M & AT L7z, fe#kIc. MMVD RIZ3 1T 2 I 62
i ~DJEH &2 BRI MR €7V REZ/ER L, 2D-STE & F7 2 I A
BRI U DR RE IR o R A 52 7o,

PLEDOBHIZFERT D720, Aim XL TIXLL T OMER T2 D 7=,
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1. #s

D a2 — RIS R E PRI B T 2 0EE OWR BN I X R 28
BWY— L ThDHI6l, #TH, EFEHICESE L7 Two-dimensional
speckle-tracking echocardiography (2D-STE)#: 3 [E 2 HHEIC BT 5 L fh
BREOFMITISH S, 5 1 ETHRC L) ITkRA A HE A S
T % [6-15,19-23,26,52,59-61] , £ - BREFHEHBICHB W TH EH K
[27,64-71], B L OVRER[T2-7T8[IC B 1 L LEERERHBICISH Sh, £ DA
HAERRE S NIBRO TND, ZOHETIE, ARLAL URA ML A L— |
BLO AN Lot LIRS ZFMAIETH Y, IERkDLT 3 —
MRAEZB LY GEBEENRLHEERT ORBICREORWGEL SR
T\ 5[52,79,80],

DB RE DRI IZE R DR R 7 Z A Hw b TEz[16], Lol
Flfk N7 7 E T OIROBE) HHOHIC LD ESIS R 7 T EO A EKFME
NE L 72> T2 [17,18], — 5 2D-STE#EIF /L —A 7 —1v®D BE— K
EBIZBTALHICHE R ARy 7 R — BBt A HFETHY  Fi
MO DRI G| A E ORIBR A Z 1T 22 [19], Z 2D-STE % Tl
fEEh 2 3 ) (R, Adh M JE F X OREE 5 m)) & o0 @ i AR Sk o A
FHTH DT I T TR ATEE Th 5 [71,75,76], LorL7ed b,
Al — @ {&IZ351F 5 2D-STE 1B K 28 H7 .0 A B aE AFAM 1. 7 BRI
TORTS 2WMED 2D,

DA% (HR) X OO EEZEMKFCTH Y L a— AL
WEEBEZ L LR LNTVS[81,82], ThikI, LT a—MREIC K
S TLEREREM 21T 9 BRICIZHICBEE T RE D TH Y  LARBE TIETEZ
DFEV HR OEEDOLEDIZRBI L THHI83], LarLiaedn, Lo

2D-STE & TRl L 72 DA BV A A~ 5 X 252 B OV T 2L E Tl
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AAVATAN

LLEX Y RBFIE T @R T ORICE N T, L) 2D-STE
(£ CRt L7 DA EENV A A~ 2 2 BIC ORI+ 2 Z &2 A& L
Too FLTAEF 2RI T O RIZEBW T, HR O _EF 08 EE DO ILHE I L UL R
REZ TR S, 2D-STE LI Zh 6 ZB{b 2 BTG M TERLT 2 DICAERE
TdHH I ERGE LT,



2. Fi
fLElE Y
138O B — 27 L Rk (AHE 10.6+2.0kg., H#ii 12.010.5 » A) ZHw
2o ZETORITDEBOBEEN 2N &L BB ERE, S2MERRE (B
FLERE, FMERsy L, RIMERE, ~Em U RE, ~~v b2 U v ME,
WM RS FE  CE R MER~F 7 v v i SEYRMER~E 7 e R
/iR E) | MR AELFRE (ERYE VX7 RE, BT LTI R

NIF

MIERFEFBE, MIE7 LT F=RE MET7=7I /) bT7 27
=7 —BRE MFTARTX VBT I N T URT 27 —BRE, MIET
NN T H AT 7 XA —BRE, MiE7 NV a—REE, IERaL AT —L
RE., myE Y 7V &Y FRE, G M) UARE, yELY U LRE,
Mg 7 = — VIREE) | EHERGELERBRAE, WHBL s M UkE, Ao
AN Y o Z¥EIC X2 IFBLI A ) E A RO o — AL L o> TRE

SR BN T L RS LT AW O EBFNEI L O & O BLEH
IZDOWTIE, AAREREAMBLZRFEMERT A R A eV, B ER
ZESB LU ERIGEDLL EmmEEELZBESOKRE 57 (11-63) .

JBR B = IE

ETORITZF A EZ—F b U 7L 25mglkg OEIRMNEE 512 X 0 BRI
ATV, 100%MEB LA Y 70 L 1-1.5% DWW AR X 0 HEwr
L7z, 1K E 15-20mL/kg, 1 5712720 10-15 [ O#HEE THFE-k %

1T 7,

R—> 77 ha—)L

FRER 110 % R U3 BRI 60l U e, A5 BT GEIN2 B 0 L, IR R
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HE#., FL—Er 7 21To7, AEHIRZEHT 572012, K 5em O X
vy N EToTE, N—Y 7 H BT —7 v (5F electrophysiology
catheter, St. Jude Medical, MN, USA.) Z#fASFHIRICFHA, —=a—0H A F
LBV M UBRTICTHBENETHEEL, AN —2AA—T—
(Model SEP-101; Star Medical Inc., Tokyo, Japan.) (ZX 0V HFEX—T
THRATOTEOICHEE LI BELICAERBN—Y 70T =4 %5605 K9
. AT =T N OAMBEITEERE L, £ TOKRIT 120, 140, 160, 180
153 (bpm) D BEJE TH x Wi 5 pM~_— 7 LItkIic, Rk FIECHR
BEAT o, K=V U THEIZBWT, bna—KRET -2 BLOZEN
CR LB T — 2 ik L., RF LT, HX— 0 7 HEDRIC
MATE D ZEADT=DI1ZD 7 < &b 5 UL EOMREZ &I 7=,

R 7o b o — X A

RN OD 2D M-E— FIEBLI O R FEICLIMELEZ - 7
FEIZBWTT 7o, AR~ AOBREITV, Fl—0Lbxa—2EE (Vivid?,
GE Healthcare, Tokyo, Japan.) 53X 0 3.5-6.9MHz F 7 > AT = —H—%
AW Tolc, RTCOT —ZIILELTEEREN—v v 7 ORET, FERRIC
D7p & bR S DL STy P AT U LT BT EE A IS REE L
T R LR RE THBREMT 36 X OVEREBAL O 0 = = — [X] i A % e
LiTo 7,

2D. M E— FEBLO 7 ZHEICL 20 a—MBE&ET —Z 13— ADFEh
MF 2 L > T EchoPAC V—2 25— = » (GE Healthcare, Tokyo,
Japan) % H W CHENT L7z, AEFERE g KERF L~ v E2H\WT, B £
— NIEIC X DA REINRES L &2 3+ U 72 [84], 45 65 M & Fadlh i FLEEM b L <
TR L~ A2 HAWT, £FED M £— Kl % leading edge-to-leading
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edge VEZ MW TITW85], HRIEARMIZEENE, MR AEENEL L OL
SRR =R A G U7, ZE D0 SR DU e g & 0 R G E P i bR & ROk L, PRaR R
Wi e (E 7)) Mgl o v — 7 i1, B EEGR i 3 & OEsR & Wi it (A )
i3 D v — 7 fE 2 7 L 72 (86,87, v Zffk 7T 5 E v 7o e 5
5 i 13 28 3R (3 AR S0 DU 2R 45 D o e AR 5 s 57 20> © ik L | iR ok F 40

=
puri|

AR EEREE (Em) Z 30 U7-[87,88], ZEAAICN IS EE TG 7> & %)L
AR~

"ZIRIC XY REMIRIML GRS 77 vz Ridsk L o REDR I HEE & — 7 fEF K
O R BRI B ] 22 510 U 72, — [0 B A R E AR L] S 27 5 b 0D R ] B
T B & REDIR TP E WAL L 0 HEE U 72 (891, BN UR 7 50 I 1 A 1 45 55 i i
R 2B 2 RENRFP EOYERG & 0 BT REARFPEANED 1/2 &
Br&l, nXr2l UTHEILZI89], #EKDHEFHENT 213 3 Lo

T VT,

2D-STE {EIC L Db o — X

EEHERY 72 b a — X & W4T LC, 2D-STE VD= O EE'E 7 B £

—FgE F—oBREBICLTa—EEZHWTRE L, ETOHERKI
1#H7=0 70-156 O 7 L— AL — b THAS Lz, KfihJ7 w0 iE®h o
D= dITIE, ARLOREES (Figure 1.) & A 72[68,71,75], M JE
B L OBEIRTT AL iR EENZ VL, A E GRS b L < IERER L~ r
(Figure 2.) % A\ 72[68,71,75], F7-{2iviEEBREG O 7= H 2, ARG &
R MEIE SR L~ (Figure 3.) B L ODLRHEI L~ (Figure 4.) % w7z
[68,71,76,152], fgiE s L~/ /L iT.0EM 4@ L CAEEN M ICHIE S nfEiE
FNR AWM E LoLDREVAVITHBEH LNV LD & T CHERASE
WM/ MTHEH S D Wi & LT, FaiciERE L CERG L, & TOT—4
XLZELTAREN—Y 7 ORET, D &bl 5.0 ES,
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2 T? 2D-STE {7 — # 13— A DFHIZE 2 Echo-PAC V— 27 A7 —3 =
> (GE Healthcare, Tokyo, Japan)Z H >, T4 Ofaak TLIRT#E L= ik
(2Rt~ T, AT L72[68,71,75,76,152], mEIE e B E— FMEoOHFn5 1o
O LEH (QRS BEOBRAA A B D QRS BEBAAAN) 2L, #Y) 72 B0
TEIL DR E DT DI HLRARINC BT 2 0ABELHOERZ FEHTHL—2R

oo BEOfEIK A 2O AR EE R ICFRET U, BIEE L 72 5HlEE 23 0 B #1238 U Tl

s

BB LTV O E ) PREMICHEEL 72, TO®RY 7 b =7 N HE)
B D TEIR 2B BE, Z£ERE 6 DD® 7 AL MIIEY T, LFIEE 2B
PETETWD N E D i L7z, B OB D EE 2 BETE TV RN E
V7 R =TI L o TRl SN2 A1, IS UL DN O 5%
REFBOCFHTHRLV—RALEELL, BEREIOEECL2PNDOLT, Y7
U TIZEDEHA RE” OBFEICIE, RA” O® 7 A > NIRRT
B ERPoTe, TxlL 62D H 487 A ML ELAHEBIOIBHEN T

LI ONT . ERSL 2R T AL N OEMEE ORI BT 5O E
BAKLE L, Y7 b =T IR o THARBEMENER S NTHE LT A
ME, 1 LEMIChbE LHEE e 7y A Ve LTER RIS (Figure
5-9) . KHh, BT E R L OBER G IOV T, R L 7208 B s B ILE
B, IR RS L OYEEZR B ZHE L HFAICBITLA LA UVBLTA |
LAY L —FDOE—7lEINERT — 2 > — b (Microsoft Office Excel 2010,
Microsoft Corp., Redmond, Wash) L T&Hll L7z (Figure 10-12) ., f&i
EENZOWT, BIERLXLBIOLERBLICEIT S 1 DAMOEER
EH) T 07 7 AN T— 7 — MR, R L2 OER DS IUGHES, SE5R
B L OYRREM 2 HE L. & 412810 2 RHREE R K ORI E O v —
7 Bz L7z (Figure 13,14) . S b2, EMEF L~ ELRE LV

BFL7 L —aEEAELGIE L, 1 DEABORIVER T 07 7 A L& R,
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A U 72 DB X s & IHE 1, SE9R F 03 K OMRsRB I 2 HlE L, K4 1281
LisEB B L O EREO v — 7 G L7z (Figure 15) ., LR #ED
bR TR A M ~DEERE LR EB 2 EE L TRTL L, 7 b — 255
ZEPRD DG EITHEICT L— 2B x G hE EE 7 0 7 7 A L& ERk
L7ce & ORI 3 O O A E 2 vz,

ot & i AT

T Z T SRR 25 TR L 7o, & T OB FHRAT IZ 13T iR O #E G
Y 7 k (SPSS for Windows; SPSS, Tokyo, Japan) % A W72,
Kolmogorov-Smirnov test % [EHMEOFEAMICH W=, 4 DO R HX—
TR BT 2RO I 1 TR E Sy BT &2 F 0 € D& I Tukey’s
honestly significant difference test (2 L Y ZE LKA 1T -7, AEKEX
Bonferroni i IEZ 1T\, P = 0.008 A & & L7z, 2D-STE {EDOFHIH WA
B & LT, 120bpm OX—Y U VT HEO S FHICHK T D, B2 L A TOMY K
L OFHA 2 W72 2SR B0 X0 G4 U 7o, ZZ B AR B IAT HE (R 72 2 S i C
brd o & CTHRM L,
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3. ME
R 22 D o — XA

120bpm DX— > 7T — X |ZBWT, 2O R F—2 7 L H AL
DA L. BE LEABEX— IR T o> 2120 MEHRT > 5 RS
L7z, 2D. M E— RIEEB L O R ZIEICE T H#5 5813 Table 1 38 X O Table

2 1Z/R L7z, E WOHE X 180bpm 2BV T 120bpm ([ZHE_THEITHE ML
7= (P = 0.008), Em & |Z 180bpm (2T 120bpm I L T 140bpm 2
LEARTHEIIZHEMLZ (P =0.001 83X P=0.006), E JE0EREH X
160bpm I3 X Y 180bpm {235 T 120bpm F & ¥ 140bpm (2R THEIZ
EHE L7 (160 bpm: P< 0.001 33 X" P=0.002; 180 bpm: P< 0.001 I &
O P=0.002), A =BEHEMIT 180bpm (23T 120bpm 35 L T8 140bpm
IR THBEICEM L7 (P<0.001 BXO P<0.001), —JF, EBEE, Ik
R KO A2 AR, R EICIEA R R E(LIERD b h o7,

2D-STE %

Ellls L OGO Tor S Ay MBS 2D-STE EEH MR
Hric@ £417z, 2D-STE EAEKOFHAE N O L BRI (Bo/ME- R KE) 1%
Felli 71/ 0.1-17.1% ., 45 #h & )51 0.2-10.1% ., HfhEEE 1M 0.2-13.5% %
KRN F M 0.7-16.6% TH 72, 2D-STEIEIZ LD A P LAV BIRA B
LA > L — b O#EFIZ Table 3 (2R Lz, I F L OWREMILICE£TO R
oA ERRLA L — T 120-180bpm D_— > FHEIZIB VT,

BREZE RS> T, 2D-STE EIC L D7 M AR O K 1% Table
4 1R LTz, $R9E R HIREEEAY 180bpm (2T 120bpm (ZHRTHE
(L 72 (P=0.003), fiil # D RIZFIT 2 R9R F M e R E oLk
(ZRE9 D EARXIE Figure 16 (278 L7z, O UHE 1 3 & ORI 7 28
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BICIIABELRZITBD b o 7,
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4. BE

REE T Ot v — 7L RICEBIT 5D 120-180bpm D LFIEZEKIT KT L T,
2D-STE V51 K 2T MO OiERNX 0k HEMEE & o TEHM Al 68 T
ol MBS L OIEEMICB T A2 TORA LA EARLA U L— ]
DB IR L CHEB R EIT R S b otz —J7, YRR iRl
1% 180bpm ICBWTAHE ML 7=,

ARFFEICR VT, Eifih, A ERS L OBEEFMICB TS5 A LA v &R
FLA v b— R OERITOHBEEMICK L CHEREE RS RhoT-, =
OHEHITHAMEICITDL2 > TV RNS BZELL ZALFMIZBITAHSA ML A
VRANMLVA UL — hOEBRIETE 2IEERBERENHN IR 5T 72
WeEFEXONT, T LT, ZNHFTAITHEBE R T 7IEICEL DDA ML A B X
DA RLA YL — M THLABOEELZFMLI-BEORLE KL
7=[901,

xtHRAYIZ . 180bpm (T35 1T 2 $3R F I Vsl B (T D B s pE v B L
72o fo BARIVIEEN T O M ARMEA KR OWGHEH M TH 0 | DAL & LA
BLLFRRERED N T A& T 5 & STV A [91], muyv.Oasic s i 54k
FUIE B oD B R VR B 36 L OV Ve RE ] 00 LA LS R 2 GO PRBEAR O A 0 00 A B E
R FE 2T O AMERLO AR RE DI, & L <X DM T D RIREMHENRE 2 b
7o WUMERF I FE L SRR OB MO A L v K& <2, D
PNREEAR o 75~ D SEE B AR B A 1 = BRI = % 7= b [92] o0 PR RREAR O A7 B
BEIT DAL D & X0 DM O EEZ TR T W I R THEND,
S BT O IEAC AT & A AR 5 X B L CER I I 351 5 O i B PN A
FLALERARNUA AR ZE 2L TV D725 [93], 0 PR 5 B RE DK
TR RALL A RE O L REESh 2 FIREM B B 2 Db, BT,
AU PR REEARIL O 755 4 BE D AR T 38 2 OV A RBEAR O A7 1 RE 00 AR B A 184 0 oD #H 2 12 &

17



T 180bpm TH LN 7-ILR FHIRIVEE OIMA A TE 5200 b L7
AN

g TR 72 EIZFE 2 DLl = RV F — [ THE R RN ROR IS i &
I, SRR NS BT ARERIE E T 2 AN T[91], AR THLAEER
ZACTIX 22y o 7o B3 G B U I B 46 X ORIVl B 1, D i pE
ERMERTH Y L IIERIC X D UG L X — O8NS R RIS
BIIEIETOILECORN - REERE Z BT,

Fe 28 O FE R MEIGHEIR ] 36 K ORaRFFA & F 72 0 mESE N S EME T 5,
E BICHRIRM, D F 0 S M R R I I B B R I o R &
RO RELZT D, & LT, SERMOINE R & OBLBRES) 3.0 7 B % 8 O 1E
BICREO T oA T Iy 7 R TH D & Sh[94], LFRER B Ik
17 L 72 /2N OO EARLG & DAL RS & AR & O TE B ) 72 A1 ALAE
HAntaiEsh 2 A AT L STV 5[95], Z OFFFHIZIS T 2 55 720 /)
EEENIER O L o — A TR T 5 2 & BN ARATRE Td o 7o, AKAFFE T
(X R R RN R 1281 5 180bpm TO EHZ LB 252 LN TE T,
Z D PR R R A3 B N S A R B d6 1T D HRR M RE &2 KT KW RIS
T L EDWIEICEB T AT A[96-98]K°, 2D-STE 1k THEAM L 72O fhigi
EE I % Do 75 R AME AR O UUHE 7 IR L 72 i B T d £ [99,100]1 2 & &2 E %
% & PRoR RWHRAVE BT O A it AR BE O B R A Bk U, & ISR MRS 1)
IZBIT D, YEEEHEEE O IR A A TN & e D RTEEEN B X b LT,

FEEBNEIHIOFRNICK T 2MAFTENR 2 — b L SICHEEHE =
D ic/MbEB LWL O = XL F —8 R R O ELIT/RD D A T = X 4
TH b 2[101-103], LB A D JE5R BRI D b 571300 57 BE N
R AR D EEZ KM L TWDH AN H 0 | Z I X - THEEH I KX OV Feii
R 3D L7 I B b T —HpHENPHERTE TV L0000 LIV,
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AIFFRIIT N O DHIRRZE T b, PEBHIOKRFTTH Y, S EIOFT
RAELVREREFCHEICT DITIERAR S D0b Ly, £/, 58T
YA DIZDIZ, MO BELZMY RS ZENTE 1o, HIZ, 4RO
FTRZRBTITORIZZOEEFHEST HIRETIEHRWVWEEZEZ N, £, &
AUIEE) O FHIZ IR — D4 TR R VWEIE IR L ~L &R E L0 o S i
HaEHW 2O LIEARIOFRICEELZHEX TN Litkn, 51
D EEET L N T VAT 2= —OAEICLIHBAREINTEY
[104], 72280 R0 U~ UG BT AU IS H8 H 23 R B 2R E 051 6 AR T 5, PFR
PIZIE, BRILAXR Y Z NV T oF o 7 hma—KREIZL > TIb O]
RIZEEFEEND B O LB, AENLIEF R OHEEEL T T2 ROBE 35
U7y, DABZEARICR T 2 2L DR BB CIER R D/ BEL & D |
BEVBLETHL, ERD2AMMEEMLT 27201203, E-AFEl#RO L5
TREEMR 72 DA RERTEAN & ORI N EEN D,
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5. /NE

BRI T O 5 72 KIZIH VT, 120-180bpm DAL L, 2D-STE
B X2 8ETT M oL iEEN L+ 2 BB E b o TRHMliATEE Td o 72, Ik
R RISV L D 73 180bpm T EF L. (DAABUBEINIIFE 5 SE5E M R %
ML TWADATEEENR B 2 bivTc, £ LT, mW DA B TR L 72 fai EH)
(XL BEAE L 72 B e K OVFR T R RS et L C— [l & 2 MERF S 5 oo &AL
DR[EEMEMN B 2 H LT, 2D-STE JEIZ X 5 5l 72 0l B FEAM 1L R IZ W\ T
b+ D R RE D IR BRI 2R A2 FTREIC T D & B R b,

B, ZO%E 2 EIIBIT D ERNEIL Journal of veterinary cardiology :
the official journal of the European Society of Veterinary Cardiology,

2013 I CTAFE L= [68],
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6. X*

Figure 1. Example of left apical 4-chamber view for longitudinal
deformations assessed by two-dimensional speckle-tracking
echocardiography in a healthy dog. Six segments were designated as
basal septum (yellow), mid septum (light blue), apical septum (green),
apical lateral (purple), midlateral (dark blue), and basal lateral (red) for
speckle-tracking analysis. The computer software evaluation for each

segmental tracking is displayed on the screen.
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Figure 2. Example of right parasternal short-axis view of the left
ventricle at the papillary muscle level for circumeferential and radial
deformations assessed by two-dimensional speckle-tracking
echocardiography in a healthy dog. Six segments were designated as
anterior septum (yellow), anterior (light blue), lateral (green), posterior
(purple), inferior (dark blue), and septal (red) for speckle-tracking
analysis. The computer software evaluation for each segmental tracking

1s displayed on the screen.
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Figure 3. Example of right parasternal short-axis view of the left
ventricle at the basal level for two-dimensional speckle-tracking
echocardiography in a healthy dog. The proper basal level was defined as
the view showing the mitral valve leaflet. LV short-axis view was
obtained as circular as possible. Six segments were designated as
anterior septum (yellow), anterior (light blue), lateral (green), posterior
(purple), inferior (dark blue), and septal (red) for speckle-tracking
analysis. The computer software evaluation for each segmental tracking

1s displayed on the screen.
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Figure 4. Example of right parasternal short-axis view of the left
ventricle at the apical level for two-dimensional speckle-tracking
echocardiography in a healthy dog. The proper apical level was defined
as the view of LV cavity alone with no papillary muscles visible. LV
short-axis view was obtained as circular as possible. Six segments were
designated as anterior septum (yellow), anterior (light blue), lateral
(green), posterior (purple), inferior (dark blue), and septal (red) for
speckle-tracking analysis. The computer software evaluation for each

segmental tracking is displayed on the screen.
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Figure 5. Example of analysis process of longitudinal deformations by
two-dimensional speckle-tracking echocardiography in a healthy dog.
Longitudinal strain (A) and strain rate (B) versus time curves
corresponding to the six myocardial segments of Figure 1. These

representative cases demonstrate a negative deformation during systole,

and positive deformations during diastole in the longitudinal direction.
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Figure 6. Example of analysis process of circumferential deformations by
two-dimensional speckle-tracking echocardiography in a healthy dog.
Circumferential strain (A) and strain rate (B) versus time curves
corresponding to the six myocardial segments of Figure 2. These
representative cases demonstrate a negative deformation during systole,

and positive deformations during diastole in the circumferential

direction.
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Figure 7. Example of analysis process of radial deformations by
two-dimensional speckle-tracking echocardiography in a healthy dog.
Radial strain (A) and strain rate (B) versus time curves corresponding to
the six myocardial segments of Figure 2. These representative cases

demonstrate a positive deformation during systole, and negative

deformations during diastole in the radial direction.
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Figure 8. Example of analysis process of basal deformations by
two-dimensional speckle-tracking echocardiography in a healthy dog.
Basal rotation (A) and rotation rate (B) versus time curves
corresponding to the six myocardial segments of Figure 3. This
representative case demonstrates that, as seen from the apex, the six
segments of basal myocardium homogeneously go through a systolic
wringing motion with an initial minimal counterclockwise rotation

(positive rotation) followed by a dominant clockwise rotation (negative

rotation).




Figure 9. Example of analysis process of apical deformations by
two-dimensional speckle-tracking echocardiography in a healthy dog.
Apical rotation (A) and rotation rate (B) versus time curves
corresponding to the six myocardial segments of Figure 4. This
representative case demonstrates that, as seen from the apex, the six
segments of apical myocardium homogeneously go through a systolic
wringing motion with an initial minimal clockwise rotation (negative

rotation) followed by a dominant counterclockwise rotation (positive

rotation).
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Figure 10. Example of longitudinal strain (A) and strain rate (B)
analysis for one cardiac cycle obtained by left apical 4-chamber view in a
healthy dog. A, Systolic longitudinal strain values as identified from the
ECG (shown as arrow head) were measured. B, Systolic, and early and
late diastolic strain rate values as identified from the ECG (shown as

arrows) were measured.
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Figure 11. Example of circumferential strain (A) and strain rate (B)
analysis for one cardiac cycle obtained by right parasternal short-axis
view of the left ventricle at the level of the papillary muscles in a healthy
dog. A, Systolic circumferential strain values as identified from the ECG
(shown as arrow head) were measured. B, Systolic, and early and late
diastolic strain rate values as identified from the ECG (shown as arrows)

were measured.
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Figure 12. Example of radial strain (A) and strain rate (B) analysis for
one cardiac cycle obtained by right parasternal short-axis view of the left
ventricle at the level of the papillary muscles in a healthy dog. A,
Systolic radial strain values as identified from the ECG (shown as arrow
head) were measured. B, Systolic, and early and late diastolic strain rate

values as identified from the ECG (shown as arrows) were measured.
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Figure 13. Example of basal rotation (A) and rotation rate (B) curves for
one cardiac cycle obtained by right parasternal short-axis view at the
basal level in a worksheet of a healthy dog. A, Systolic rotation values as
identified from the ECG (shown as arrow head) were measured. B,
Systolic, and early and late diastolic rotation rate values as identified

from the ECG (shown as arrows) were measured.
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Figure 14. Example of apical rotation (A) and rotation rate (B) curves for
one cardiac cycle obtained by right parasternal short-axis view at the
apical level in a worksheet of a healthy dog. A, Systolic rotation values
as identified from the ECG (shown as arrow head) were measured. B,
Systolic, and early and late diastolic rotation rate values as identified

from the ECG (shown as arrows) were measured.
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Figure 15. Example of torsion (A) and torsion rate (B) curves as a net
difference of the values of each frame between the basal and apical segments for
one cardiac cycle obtained by right parasternal short-axis view at the
basal and apical level in a worksheet of a healthy dog. A, Systolic torsion
values as identified from the ECG (shown as arrow head) were measured.
B, Systolic, and early and late diastolic torsion rate values as identified

from the ECG (shown as arrows) were measured.
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Figure 16. Plots of individual dogs’ peak systolic (A) and early diastolic
(B) LV torsion rate assessed by two-dimensional speckle-tracking
echocardiography at the pacing rates of 120, 140, 160, and 180 beats per

minute (bpm)
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Table 1. Conventional 2D, and M-mode data at different pacing rates

from 13 healthy anesthetized beagle dogs

Pacing rates (bpm)

Variable 120 140 160 180

Left atrial to 1.4+0.1 1.3+£0.1 1.4+£0.1 1.4+£0.1
aortic root ratio

End diastolic LV 25.3+3.0 252+34 243+34 23.7+3.3
internal

dimension (mm)

End systolic LV 194+£29 20.1+34 19.2 £ 3.0 18.8 +£2.1
internal

dimension (mm)

Fractional 23.2+59 205+56 20.7+88 19.9+7.3

shortening (%)

Data are expressed as means + standard deviation.

a, Within a row, the value differs significantly (P < 0.008) from the value
at 120 bpm.

b, Within a row, the value differs significantly (P < 0.008) from the value
at 140 bpm.

LV, left ventricular.
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Table 2. Conventional Doppler echocardiographic data at different pacing rates

from 13 healthy anesthetized beagle dogs

Pacing rates (bpm)

Variable 120 140 160 180

E wave velocity (m/s) 0.65+0.11  0.69 + 0.12 0.79+0.14 0.85+0.192
E wave deceleration 112+ 15 108 £ 19 84 + 15ab 84 + 11ab
time (ms)

A wave velocity (m/s) 0.39+0.11 0.43 +0.18 0.50+0.19 0.51+0.14

Em velocity (cm/s) 6.0+ 1.1 6.5+ 1.8 7.3+1.3 8.7+ 1.8ab
LV outflow velocity 0.9+0.2 0.9+ 0.2 0.9+ 0.2 0.9+0.1
(m/s)

LV ejection time 205.5 + 190.5 + 175.5 £ 163.9 £
(ms) 15.7 15.0 11.32 13.92b

Stroke volume (mL) 19.0+ 2.5 16.8 £ 3.5 16.7+ 5.1 17.6 £ 5.0

Data are expressed as means + standard deviation.

a, Within a row, the value differs significantly (< 0.008) from the value at 120
bpm.

b, Within a row, the value differs significantly (< 0.008) from the value at 140
bpm

LV, left ventricular; E wave, early diastolic transmitral wave; A wave, late
diastolic transmitral wave; Em, early diastolic mitral annular motion derived

using the tissue Doppler technique

38



Table 3. Systolic and early diastolic myocardial strain and strain rate
variables using two-dimensional speckle-tracking echocardiography at

different pacing rates in 13 healthy anesthetized beagle dogs

Pacing rates (bpm)

Variable 120 140 160 180

Systolic Long S (%) -11.3+3.1 -9.9+2.7 -10.2+3.1 -8.9+2.8

Systolic Long Sr -1.1+0.3 -1.1+0.3 -1.2+0.3 -1.2+ 0.4
(1/s)
Early diastolic 1.4+0.4 1.0+ 0.6 0.6 £0.5 0.8+0.8

Long Sr (1/s)

Systolic Rad S (%)  44.6+10.6 40.7+11.8 384+10.0 33.2+7.9
Systolic Rad Sr (1/s) 2.4+ 0.5 2.3+0.6 2.6 0.9 2.6+0.4
Early diastolic -2.9+0.8 -2.5+1.0 -1.8+1.2 -2.5+1.6
Rad Sr (1/s)

Systolic Circ S (%)  -12.0+2.2 -10.5+2.4 -9.4+27 -84+2.3

Systolic Circ Sr -1.4+0.3 -1.3+0.3 -1.3+0.3 -1.4+0.3
(1/s)
Early diastolic 1.1+0.4 1.0+ 0.5 0.9+0.5 1.1+0.4

Circ Sr (1/s)

Data are expressed as means + standard deviation.
Long S, longitudinal strain; Long Sr, longitudinal strain rate; Rad S,
radial strain; Rad Sr, radial strain rate; Circ S, circumferential strain;

Circ Sr, circumferential strain rate
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Table 4. Systolic and early diastolic myocardial torsional variables wusing two-dimensional

echocardiography at different pacing rates in 13 healthy anesthetized beagle dogs

Pacing rates (bpm)

Variable 120 140 160 180
Systolic basal rotation (°) -29+1.6 -3.4+£1.9 -4.2+2.4 -4.1+2.2
Systolic basal rotation rate (°/s) -66.8 = 31.6 -75.3 £ 22.2 -77.1+24.5 -83.7+23.5
Early diastolic basal rotation rate (°/s) 42.0 + 26.7 51.5 + 36.7 43.5+41.3 75.9 = 45.6
Systolic apical rotation (°) 9.3+3.8 9.7+ 3.2 8.2+ 3.7 85+2.7
Systolic apical rotation rate (°/s) 110.8 + 44.3 121.5+41.5 106.6 + 50.4 124.5 + 56.5
Early diastolic apical rotation rate (°/s) -87.6 £ 36.1 -107.4 £ 27.7 -86.0 = 36.5 -118.0 = 44.7
Systolic torsion (°) 8.6+3.8 10.2+ 3.1 10.0 £ 4.5 11.0+ 3.0
Systolic torsion rate (°/s) 95.5 £ 40.6 106.8 + 45.3 124.7 + 58.3 136.9 + 40.9
Early diastolic torsion rate (°/s) -96.1 + 36.0 -108.2 + 43.6 -110.2 + 36.4 -161.9 + 51.32

speckle-tracking

Data are expressed as means + standard deviation.
a, Within a row, the value differs significantly (P< 0.008) from the value at 120 bpm.
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# 3E 4Hfp?D Two-dimensional speckle-tracking
echocardiography JEIC & 2 LA EBI R EIC K T 5 HE
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1. #s

s X FH ROOEEICEELZE X9 2R FLLTHRESNLTWVD
[105,106], RiCH T 2RERY AL TIL, MEIZ L > TLERAT 4 7 XA
DI DFIE Gl i Z S R & U TIRRER S IR EIND
ZEBRINTVSI[106,107], Fo. Il I3 RRAEA KR O 5 A J7 1AL
fi By 2 E B I KB L T W % [99,100] . Two-dimensional
speckle-tracking echocardiography (2D-STE) ik TaEAl L 7= fxiviESENIZ &
W25 EPMEF R ANCBWCEEH ST 5[108,109], 4%, @&
BOROEEGNHEZ 52 N TRIND 2D EH 720 M E BT 200
BlZPE D ZMLDIFRIT I VEELE R EZIONDL, LLAanb, @F7R
KIZE W T, 2D-STE 35 TREAM L 720 38 B A #5712 kF 5~ 2 - i O 52 B I XM )
STV 0Y,

FoE 2T TR LK D1, 2D-STE EITEE T Mo L ihiES %2 & &b T
DT ENTE REET OF—EERICI T 5857 B RE 2 59 5 =
EMNTEZ, 22T, AWFIETIX, 2D-STE 352 X 2 805 17 O L E 8) %
RETORTERLL, HRBIOERBR TOMELZRF Lz, AT
ki KRB X OVl RIZBIT 5 2D-STE (£ L 20 fEE AL, HF 72 RT
Sz, AEICHENED BV, 26 OMETLERENY ORRREMR O BRI
LERINDLIRETHA D LR LT,
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2. Fi
fLElE Y

17 BEHOF R (Bl 1.1+0.2 ) B L 15 EHOm kR (8.9+1.6 %)
RV, ETORIZE—=TNVRTHY | DEEORIENR RN LB IS
R, sEamEkEAg (REmekE, Akym, RRE, ~Er/mes
BE, ~~ b7 Uy ME, FHRMERER, FHRLER~NE S m & F
BRMER~F 7 a B R E . M/MEE) . Mk AR A (GRS Ry
WREE, G777 I VRE, MIERFBERIRE, ME27 L7 F=RE, M@
BT 7=2VT7 I N7 A7 27 —BRE MET AT @BT I NT
VAT 2T —BRE MFETAD) T4 AT 7 X —BRE, ME S L a— R
RE, MERa VAT e — AV RE, EN) 7V Y NRE, EF MU ¥
LR MIEH Y U LARE, MIE7 v — VIRE) | EERGEEOEMMRA,
Mg Lo Mok, A r A N Y oy ZIEIC K 2 IEBLI A L E AR A R M BE
DT a—KBEEIZL > TEERRBOONRNT & 2R Lo, KF7ED FEEr
FNEF L OB O BRI DO W TIE, HARBRE BB KR8 25 H
A RTA VIV B ERZELE L OB ERICE DD EamBlFEEZS

B0k REET- (12-40) .

BAER 7o b o — R A

PERMNLD 2D, M-E— RIEB IO R B L b= a—KREE1T-
T2 AL — NDOKENITWV, B — DL a—3EE (Vivid7, GE Healthcare,
Tokyo, Japan.) 83X 3.5-6.9MHz 7 > AT 2 —H—%2 H W\ TIT o7z,
ETOT — X2 TEEH CHMNL S L < IXAEREMIICRE LZAFAARO K
ARSI VARG SO =8 A IR & B W o = el

2D. M E— FEEBLO R ZEICE 20 a—MBET —Z 13— ADFEh
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B &2 X > T Echo-PAC UV — 2 25— 3 > (GE Healthcare, Tokyo,
Japan) % H W CEMT Lz, AFEME g KERF L~ LvixH\WT, B £
— RIEIC L DB KREVIREE L & 5H U 7= [84], A5 M- g R L~/ %
FWWT, £EO M E£— RiHll % leading edge-to-leading edge % VT
ATV 85], BRARAR ML E P R SRaRR M = B M BEIR IR RHIAEN
L W R 2 BNA S X OVE MR 2 5 U 7o, 725 O %A 219 EF Al o
T2 DI e s ECIRA LR s L ORI EE IR 4 i £ DS I > TR L7z,
FEEHRERIL. EEORRKERLZHETHRLLMES L, IERBIB IO
IE RN VTR L 72[110,111], FRGFAYEERZ T M £ — RiECEHII L 72
JERARM L E P RREEE &R R M A E A BEEE O 2 LR R AENE T
PR L 72ME & L7=[110,112], ZE 4810 5 50 DU PEAG: I 0 R4 b o Lk 2 Fe ék L
Prok R e (B ) mymd o v — 7 8, B EBOE R 3 L OPRaR % 5 i i
(A ) Mo v — 27 EE2 5, E/A A FH L7[86,87], /<L R ki
R 7 Z 1 e T T A8 W 5 7 i 50 3 B 0 3 AR 5 30 L 46 oD o [ AR 7 Wi
oG REEk L, JRok R 3 I OMEsR 2% A0 S i i B EE (Em B8 XL OF
Am) #FHl, E/Em %%t L 72[87,88], & 2%k o #eatfiEsr iz idd e 3 L4
DN 2 T2,

2D-STE {EIC L B b a—XE

AR 2D a— XA & T L <, 2D-STE 070 O EEE L B £
— Mgz, A—oBmEFLLIPLTa—EEZHNT, 5 2 ECRLEGE
TRk L7, B TOT — 2 [THEEFH THMEML S L ITEBBMZIZRE S
RO RN D7 < &bt 9 LU ERT,

2ToO 2D-STE k7 — Z 13— ADHE D EchorPAC UV —27 27— =3
> (GE Healthcare, Tokyo, Japan) Z H\ ., Fx MNLULRT#ME L 72 HiEICHE-
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T, 2 FET/RLUE KD ICHNT L72168,71,75,76,152], Kifih, Ffh M &% X
OBEE JFAIZ 2T, R L7 DB A S U, 196 B4 5 L OE5R% 4
FHEL FEXICBIDLIARNAVBLIOA MLV A L — hOE— 7 HESH
Y — 27 v— bk (Microsoft Office Excel 2010, Microsoft Corp., Redmond,
Wash) LFCTEHAIL7=, BIVEBICHOWT, EIER L LB L O RE L~
LicBF 5 1 DEAMoREGRES Yo 7y AL E Y —7 v — MR, A
L7z BRI 2 B IR, PR RS K OMER I 2 HE L, &4 1B 1A
HREBE S L OEREEOE— 7 AR Lz, 512, EiEfF L e bR
MLV BF527 L —MMEZEZ LS E L, L DEABORNER 72 7 7 A
vz B L7 DB A & NG KR R g KOV aR %R A E L.
KrlZBT2RnERHBIRNVEEOE — 72 L2, D6 A
TREEH T ~oEERR LR EE 2 IE & L TR Lz, 7 L— 25U =
P HHEEILMUIC 7 L— 2 HEAbE BREB T e 7 7 A LV EER LT,
B AR OBEFHREAT I 1T 3 L D EIEE Tz,

e & AR AT

T — H UL SRR VE(R 22 T RAD L 7o & T ORFHIRAT I T IR O HEFH AT
Y 7 b (SPSS for Windows; SPSS, Tokyo, Japan) % f\ 7=, Shapiro-Wilk
test & EBEDFEMIC W7o, Hl RIS L V&l RICEHE T 2 EH D EDOHE
IZ1% Student’s t-test Z 7o, £, MHINC K AHELZET HH, &
ABIOAADEH YL £ 72 Student’s t-test & WL L7z, AEAUET P
< 0.05 &£ L7z, 2D-STE {EDORHUZEANET L LT, 7 LITEIRLZ S
HOR QEOFHIHRIB L O 3EHDOGEEK) IZBIF5HANBLIOCHHZS %
Al L7z, ARNOBBEMEIZOWTIE, F—0RIZB T2 IEL 3 [HoF
BB HEH Lz, BMOBEMEICON T, B2 I8 580 K
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3. KR
fftEREY O 7 7y A LB L OEEN LT o —[XHBE

B OFFEB L 2D M £ — RIEB IO R ZEICL L2 —[
B 13 Table 1107 L7z, (K&, L= a—BRETOLHKS L 040
AN Y BT 2 R8I IR L AR AR AR IR O B hr o T,
FIRIC, FERENEER, AREEE, AR EE L ORISR & A 5 72
MEIRD NN oTz, —F, @l RIZBWT, E EEHEL LT E/A I
DABICKET, ABEEXNAEICEE TH - 72(P<0.001, P=0.015,

L P<0.001),

2D-STE %

Fillils L OVEEE O R ToOr 7 A MTEBIT 5 2D-STE £ HE et fiE
Pricd e, BWNOFFENEE) O i RAE I HRHR 510 52 5 B8 H
18.1% . H M D& KRMILE U < $L5E 70 R E R E T 12.1% Th - 7=,
JEERMGE IBEE A LA v L— FB I OIREZMEM WA N1 v b
— FBARCBVWTARALYV b AEICEETHTEEESMA LA L
—h,-25+05vs 1.8+ 0.8, P=0.016; £EfhHmA LA Lb—], 1.7+
0.5vs 1.4+ 0.4, P=0.047),

2D-STE £ THEHMil U 72 I 1.0 5 B Z8 28 0 & R 13 Table 2 (7R L7, WY
FE D R B AR S S RIS B W TR RICERTHREICHE TH - -
(P = 0.036), miln KIS I O s K O ILHE 1O 0 58 B 558 o 58 OV X %
Figure 1 |2/ R L 72,

2D-STE & TaEfl U 72 2k B0 i S B 22 H O #5213 Table 3 1278 L7z, K
REHNZRE T 2MEFMA ~ LA v b— b DR EERE S K O v
PEERIZEB N THER & X THBICKRETH > 72(P=0.03, P=0.033
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BLOY P=0.015), FlsRBIOmin ROIERHHEGHA Mo b
— FOROT A Figure 2 (2R Lz, EIHLEZRBICKT 52 RMh5m A b
LAY — bBLOBERFHA N A L — bREBRRICBOCTERA
HRTHBICEME TH -2 (P=0.002 B LT P=0.018), £ KB L O Ein

ROJLEHR IR TR A LA > L— FOFH T % Figure 3 127 LT,
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4. BE

AWFGETIE, REE T O RS RAEFHNZ IV T 2D-STE {EIZ L 2 EE T M o0
T AR AT EE Th o 7, £io, BRI X OEE RIS 1T D ILHE
D EBN A S D % LR TH o 72280 < D O FRIR 2 EIT 1A E 3R
Do, Lo T, 2D-STE JEIZ X Y YLiREREFEAR O BiES 217 2 BRI,
ExabElzary b — AR LBETHDLIEEZ LN, BT, KBFFET
(T L OE RO 2D-STE EAROERT —2 %27 L, RIZBITS
2D-STE BEAEB OB ZHHDMNIZTF LG TELHEEX b,

IS5 10 0 S S ] i 5ol JBE - AR\ C L 4 C O MU 1 S B S BT A e KB &

OEl R CHENRDO N hole, THOLHAIZ., mlRICBEITS 3
it nEE) (Rl Bl E G L OWEE J51m) &0 A SR ME AT AR O I
Im (faiim) OWnFhb s, A RERFTHDLZ ENRBEINT, 7
RIC, DAEB AR ELY 529 2R & LTHmBiILTWSH[113],
NEE, FEsRBEE | e s R AR L OGN & £ 725 KB LU
R CHERREDO GNRNoT, 777 A4 Y b= ILEEZETHAMm L
T 72 NI BT 2098 TIE A SRR — R H & THE L 722 Rr) 72210
MERS BRI D AR IS BB BEARO LN WIRY FMOEEEZZ TR0
ENRHE SN TWDH[114], AEIRO vz, 2D-STE 51T X 5 [A % 72 IUiE
B B X i RICB W TEER L THEZ T ICiRET 2012
HMKLTWD EEZ bz,

FE S F T W O LAMEALL & 45 F 7 M O LRIEALL I L2 655 A
a2 LTWD 2 EIZHEDW T AT TR & MEEN 2 BT %
#Z9°091,93,94], #RAVIEE) O ML A RE 23 L P IRARLLCo 7 B HE A FR b
M ElE 2 58925 & ST B [91], il R oo IE B0 55 Rl s E B 12 8
W DR ER EI R TE B O S EAE R, 38 KON 4 B T B O A B e i
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R [ s S B O (AL ) S B R & LB R TR bz, HFmMICEZ D &
O PR TBEARN D0 A © & AR 30 B TR ) 2 5538 U | SOk D S0 S D A il BR
%o fEH 72 N ORI 35 TO RO A BERE 1, 7 7 —#Rk K777 1k ([115]
RO RIS E A [116] TREMM L 725 & IS ICE VR T LTV b Z & 3
HINTWD, LI > T, A EIOFT &I E S O PR 55 4% B o K
TICEV@ATEL BN, £o, JLRHOHEEEBNIZB W TS,
B R0 o S [ 5 5y 0D A 7R BRI L 15 R R4 S S [ i i 0D i L 72 B8
A28 R B A DR D A RE A Sl RICB W TR T L T 2 8% 1) T
WD AREMEDN B D 2L DBLER 2T ORI ITE 2 2B MLETH
Do

BERETIE AR o 7o) @il KI8T 2 UGHE I L E S 3 K O

R T M 2R Lic, % 72 ANIZB1T 5 2D-STE ED il %

= i L F T 2 IS BT E AL B oD & B F JL OV 9 E AL B D ARAE 3 R A
STV 5[108,109], ATV EFIOMFTTH D Z &, BIVEBEH O
FHC B T 2 EBPEN R E W2 & B XS EHW IR O R D T 235

DHFIETiE

RICEBELTWL b, 20, XV EBORTHNIE, mWVisiviE
HEWRNEEZ LV ARICHRH LZAREREZ N, S BIC
BNEBHOZEFHMIIEFE R2ACBOTHEEN ERRESIATNSD
[108,109], iz, RIZEBW T HIRIANSERMBENFIET D AREERH U |
ZOZEIFAEORRIZEE L AREMENRH D, MA T, OfEHEER T -
FUAT 2= —DOMAEIZLLHIRNHRE SN THY[104], E=EDLRE LV
AR T T A DS R R E B S AFAET D

RIZHEIT i EOREAMIIE T, SR 72 DRTIZOERAT 73220 1
AR IO ELENE L, LEEENZELEZ T EHRES LTS
[106,107], AEIOFER TS, EWRHEEI KO E/A O FERBA . A EH
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EORZREMMBFRD S, EEMBEREDCIR T, LIHAT 4 7 AD LR
¥ K OEBRE W Fe il O RAB B IR S RIB S, 2T DI RICE T 2 F O
AR LB EOREIC—H L72[105-107], IUHEHF L OIEEL £ =N

e EE M RSO G ) L IS XA E AR BT, DOHE T B 1T D D AR
VTREREICII A BRSO IR b o o, BRI 7 2 S FE T IR AR R 1 1
BT HMRERREFEEEICZVIZEREMHOBMD 2> T\DEEZLD
i,

WL DD OHRIR L A EB AT A R L SR THE R MHERRD 6
i, BRBICIRIR R M E G A b LA v b— b OFERIRE & IRik%
HEE TP X OBEE G A M LA v Lb— FOEEDEERIZBWD T S
RELRTRD b KA E G IEEZ W TLIHNA b LA U E2FHIIL
W ONDHFFEIZ I T b F 7o fEHE 7 Il 13 R 72 IR RE (2 13 R 28
LRV, JERIEREICIZ A RIS ET 5 & ®E L TW5H[117,118], Lol
RING . ZHHZERICHBRT 2B IT 03 S h T vy, SRRSO
OAREBNC W T, IEBR A E AR T L, diR % A B ENIC ES L
TS Z Lid, koo 2 — B L RERIC . Il fE O shkbEE 2 Sk
LTWDEZEZXDLNTZ, LLRRL, REQREHBEB LIOHINC L H
BRMETIEREZEYICB T 2 RM MBI OEERE A LA v L— MZ
WELE X TWDH AN D D,

ARIFFNAT N DD DHIRBFET D, DPEBIOKRFTH Y | FE DR
(BE—=Z7 W) DBHORFTTH D Z & I1x £ 0 KB 22 RAE % & TR~
TOBRIITEENLETH D, @& T2 F7 7.0 a—HHEIC
R TIZ BEL Y b LMD B ILREREDFEANEE TH D LT 2HEN
o 5[119,120], AR TOREICI T DA £ RICEEL 5 2 - 76
PEAS & % o F 7o B AVIE B O BT IR — D TIRARVEIE R L ~b & DA
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LoV EBG OWE 2 AV, 20 Z LTS RO RICEBEEE ATV Db

i

LILZ2W, & BT, HEOL L IER b~ U IT BN AL 4 H 23 REE 70 0 41 %
FAET D0 FERIIITIE, BIRILAXR Y 7V T v F o 7bhxa—MRAIC K
STINLOHIRIBIBEESNDE LLRn,
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5. /&

2D-STEVEIC X 2 EE LA EENIT, RETORICEWNTH+072 /B8
PHa b > Tl T 5 Z ENARETH o 72, £72, 2D-STE & THEAM L 72
O LHEESEE DL X A RB L OEERE THENRD bR o
Too = WL O OHLRIZELIIAEN R O b 4L, 2D-STE 1EIZ & 5 Lk
HEEDFMOBRICIIFER 2 AbE oy ba— VHERLELEZ LN, D
M %9~ 2 FM OB E MG L= B F o AT I BE U7z 0 i b 5E
DIRBEZET L2OICEHERKE ZR-T LEZ LN,

B, TOH 3 EICEIT 5 ERNAEIT Journal of veterinary cardiology °
the official journal of the European Society of Veterinary Cardiology,

2013 Iz TAFE L-[71],
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6. &
Figure 1. Box and whisker plots of systolic apical rotation rate in young
and old dogs. *, Values differed significantly (P < 0.05) between young

and old dogs.
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*, Within a row, values differed significantly (P < 0.05) between groups.
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Figure 2. Box and whisker plots of early diastolic circumferential strain

rate in young and old dogs. *, Values differed significantly (P < 0.05)

between young and old dogs.
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*, Within a row, values differed significantly (P < 0.05) between groups.
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Figure 3. Box and whisker plots of late diastolic longitudinal strain rate

in young and old dogs. *, Values differed significantly (P < 0.05) between

young and old dogs.
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*, Within a row, values differed significantly (P < 0.05) between groups.
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Table 1. Characteristics and

healthy young and old dogs

conventional echocardiographic data for

Young (n=17) 0ld (n=15)
No. of male dogs 16 6
Body weight (kg) 9.9+ 1.0 10.8 + 1.4
Heart rate (beats/minute) 112 £ 21 106 + 17
Systolic blood pressure (mmHg)  136.3 = 25.8 142.9 £ 16.5
LA/Ao 1.3+0.1 1.2+0.1
LVIDd (mm) 32.0 + 3.1 31.7+ 4.0
LVIDs (mm) 20.0 + 2.9 19.8+3.3
Fractional shortening (%) 37.4+17.3 37.6+17.0
E-wave velocity (m/s) 0.82+0.11 0.69 + 0.07*
E-wave deceleration time (ms) 106 + 19 104 + 14
A-wave velocity (m/s) 0.49 £ 0.12 0.59 £ 0.12*
E/A ratio 1.8+ 0.5 1.2+0.3"
Em velocity (cm/s) 9.3+1.9 8.3+2.3
E/Em ratio 9.3+£2.2 8.7+2.1
Am velocity (cm/s) 6.2 +1.4 7.6+1.4
Relative wall thickness 0.50 £ 0.09 0.54 +£0.14
Diastolic sphericity index 1.61 £0.14 1.56 £0.15
Systolic sphericity index 1.74 +£ 0.2 1.74 £ 0.23

Data are expressed as means + standard deviation. LA/Ao, left atrial to
aortic root ratio; LVIDd, end-diastolic left ventricular internal
dimension; LVIDs, end-systolic left ventricular internal dimension.

*, Within a row, values differed significantly (P < 0.05) between groups.
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Table 2. Peak systolic

two-dimensional

speckle-tracking

echocardiographic data for healthy young and old dogs

Young Old
Systolic Long S (%) -14.8 + 3.1 -14.9 + 4.7
Systolic Long Sr (1/s) -1.7+0.3 -1.9+0.4
Systolic Circ S (%) -19.4 + 4.4 -17.6 £ 2.5
Systolic Circ Sr (1/s) -2.3+0.4 -2.1+0.5
Systolic Rad S (%) 52.4 +11.1 50.1 + 12.3
Systolic Rad Sr (1/s) 3.2+0.6 3.1+0.5
Systolic basal rotation (°) -4.8+1.9 -3.3+ 3.4
Systolic basal rotation rate (°/s)  -103.7 + 27.6 -119.9 + 44 .4
Systolic apical rotation (°) 10.3 £ 5.6 12.9 £ 6.0
Systolic apical rotation rate (°/s) 132.1 + 48.4 181.4 + 65.1%
Systolic torsion (°) 14.7 + 4.6 13.6 +5.8
Systolic torsion rate (°/s) 178.6 £ 50.5 154.7 £ 61.2

Data are expressed as means + standard deviation.

Long S, longitudinal strain; Long Sr, longitudinal strain rate; Circ S,

circumferential strain; Circ Sr, circumferential strain rate; Rad S, radial

strain; Rad Sr, radial strain rate.

*, Within a row, values differed significantly (P < 0.05) between groups.
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Table 3. Peak diastolic

two-dimensional

speckle-tracking

echocardiographic data for healthy young and old dogs

Young Old
Early diastolic Long Sr (1/s) 2.5+0.5 2.3£0.5
Late diastolic Long Sr (1/s) 1.3+ 0.3 1.8+ 0.5*
Early diastolic Circ Sr (1/s) 2.6 £0.7 2.2+0.7"
Late diastolic Circ Sr (1/s) 1.0+ 0.5 0.9+0.3
Early diastolic Rad Sr (1/s) -4.0+0.8 -3.4+ 1.1
Late diastolic Rad Sr (1/s) -1.8 £ 0.7 -2.4+£0.7"
Early diastolic basal rotation rate 109.9 + 37.7 80.8 + 40.8"
(°/s)
Late diastolic basal rotation rate 55.3 £ 26.3 72.6 £ 23.8
(°/s)
Early diastolic apical rotation rate -116.4 + 58.0 -126.8 £ 54.7
(°/s)
Late diastolic apical rotation rate -48.0 + 42.6 -41.3 £ 46.1
(°/s)
Early diastolic torsion rate (°/s) -174.8 +£ 49.1 -144.9 + 48.5"
Late diastolic torsion rate (°/s) -73.0 + 47.8 -97.1 £ 53.5

Data are expressed as means + standard deviation.

Abbreviations are as in Tables 2.

*, Within a row, values differed significantly (P < 0.05) between groups.
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FA4E BRRFOMEEFASETSEICRBLIERIZBITS
Two-dimensional speckle-tracking echocardiography ¥:iZ & %
i, M AE B X OBEE 5 MmO E B R
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1. 8
KW AR ZE VEEEE R PABH A 20 (MMVD) X RICHB T Db — 17
ODAREDRETHY | BRICEERKEETHSH[28], LT, MMVD @
KON BNEZE DR Z20IEY TFT U 2 7 ORENS LHERE RIS
oz Z &nmbhTng[28], RFE (FIZIEF vy N TH 7 Fr—L XA
N=z)b) | m D E G X OMHERERE AR 228 MMVD O RIZEIT 5 H oI
PEOARBIIE~D Y AT K+ & LTBRICHE SN TWwW5I[38], £72 MMVD
RITEB W THRMEL I L O BIRBE/IME & 5 do Dl O ZEPEDR B FHIIZER O &
1[50,561], 99 B8 D 75 5 1T I 14 AE ZORMNY G DL 0HIRE & RO g
PENREIN TS, LAl n, [EiEridiil (MR) OREIC X 518M
BB AR HR K D TR YEARIC e B BE oD fif DR 1 B A 1 3% IR
Th o
Lo S B OO FEAM I 1 LR LIEHER R 7 7BV LR T E 08 LI
g, ESIRLAEKSMEE W THIRA A & 72 0 [17,18], & <ITAEEEK
DT L7 FEFIZB W TITODAIGEREEE & ORBERTHWE ST D
[17], —7J7. Two-dimensional speckle-tracking echocardiography (2D-STE)
FEIL, DR A OB E RN 2 N2 —~y F U 7B LB L .
Mk R 7 7B X o 2 HlRITZ 0 220 [19], £ 72 2D-STE #% Tt i iE 8 %
Rl B JE s L ORER G I /0T, HECF M OFHER TR TH H, & b
MR B#F X9 % 2D-STE EIC KX 2 8A TIE, 22060 ihEE) 7 mpli R
EEEN N B0 D 2 &R & [20,21], RiZBW T HIREEITIZHE S O
EEN T A B OMRER DR TE DR H D, LLRRn 6, K
BT D MMVD OHEATICHE - 7oL FEEBZLIC OV TSR E LR D b1

RN, Z T, AR TIIE A e AT — YO MMVD KiZEBW T, #E51A

DLGIEE 2 E 8L L, FAE 2D-STE TR L -5 m O O EE)
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FEAM A MMVD RIZHE T 5 UIMEEEE A2 O FHMITIC A A TidZe v & EGL L
7=

62



2. FHik
B EN Y

87 BHO MMVD ([ZWHMR L7 747 "B D REMTEXTGRE LT, £
720 HOFn L RELE G I @ R Rear he—A e Lz, Th
5ORITHARBREAMEE RPN BEIYER 2 — IR FHT TOIEE
BEZTTRKIEF TH O | [FIBERICHEF L7, R TORDA—TF =05
LR T D FE 2GR IWEPED & OIRE 2 BEIZ32 1T T D 5EF] & kA
ATz, T2 UL DR~ D EEN R BN H L EERX X LD
B2 T TWDIEFNIERS L7, MMVD OERIRZ W 133k 2 23 LLaT S L
T2 X947 »72175,76,110], BARHYIZIE, 2D BBV T, EiEIR Dk
ik XOEE, £ L TAT7— 7 ZIEICLD MR it L7 iER] 2 /A A
AUTo o SRR DR oML o0 12 RAE DR B A OF 38 L TV D JERFIT RS L 72, (4
I D 0o P B TR PR 180 0 = = — I K & < CRE 2R BR A 23 7p

L EMERR LR LTc, N7 7 TRl L7t f . 3.45m/s L LoD =

T A DIEG S BRI LT, Z O EIEE S~ X — A U2 H TE D
%5 L. 48mmHg UL EOJE#G Y U, 45 B2 & H o Jifi i) i i O %5
LTS, 48mmHg DL EDOFERK L, EBEAMEZ T 21621 T
FTYE I NV L RRE SN ENRB EKOBRENELPRBEI N TN D
[121], A=EOLHEEBICHTHIABORBLEZER L, 5RO TIL 48
mmHg UL EO L FE-HEERED & HREBNIIFRI LT,

2 1T MMVD & [ K2 W & 1724 T D R % International Small Animal
Cardiac Health Council (ISACHC) D#MEIZHE > CTH¥E L7=[151], 4 —F
— O R 2 XD ERIR R ORI L b a — AL XD 0IER O
FHEHEICED 7721, I, b LI I onFnnicyELEzZ, 22 b

— L, R, EERFELEMBRAE, WE L M UomAE, R
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BELDT a—MBRAEICLIVERENBOONRNWI EEER L, 2 Fr—L
AE OO R0 gk B D Bl R I8 DBETE b 2 v o T

RN LT o — KR
WM ED 2D M-E— FEBIO R IEICI AL a—XBEATT-

7o BRAIL — NOBRE DT, [Al— D= a—3E (Vivid7, GE Healthcare,
Tokyo, Japan.) B X 3.5:6.9MHz 7> AT 2 —H—%H {77,
BTCOT — Z T EEF CHBL S L < IXAEREMIICRE LA X
mh, Al bk 5 LM RS, HERoklils LORE, 1T —
R7ZHEIZED MR V= v b OBRHITA GRS R, 05 kG s
K OEML R BRI e TH1T - T2,

2D. M E— REBLO R ZHEICE b a—MBRET — XX 4 ADF
H#IZ &k »> T Echo-PAC V— 2 25 —<3 3 »(GE Healthcare, Tokyo,
Japan) & H W CTHEMNT L 7o, A5 ME A KBRS L ~L a2 T, B £
— NIEIC K 2 /2B KREVRES bt % 31 U 7= [84], A 5 M s g LEE A & L <
TR L L EHWT, E=RDO M £— FiHll% leading edge-to-leading
edge 15 % W TIT[85], JRIE R0 TP IREER | SEoR KM /o = B HEBEE
PRI AR e I NER . R R I 2 ENR B L OVE |ETRER A FHI L 7=, R R
W0 s R R AR & R R W A = B MBS O Fn 2 JRR R HIBEIE & L CHE L
7=, FEEOBMPENFMO 72012, ERERAEER X O BEE 2| i
EOREITVE > TR Uiz, EEERIRICIEEIT, LB O R KRR % B TH
L7l e U, JERRHNC B W CHM L 72 [110,111], A8 sk RE = 13 415 5 2K 1
BEE 2 iR R e s N TR L7 M8 & L72[110,112], A= AR10s 2 30 O e 4
D RRAE N AP LT A FL gk L, SRR IR (B ) Mg o v — 7 ik KO
R (A ) Mo v — 27 EZ2 50, E/A Rk L 72[86,87],
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FEAND IS FIER 2 NV A R 7 ZEIZ L0 REVRILGE S 7 F v 2508k L.
REYIR ML ®E & — 7 2 5H0 L7z, A7 — & (FSV) & KREhR L it >~
7 F v O RHE AL S8 & KBRS ES I AE &L 0 HEE L 72 [89], KENR B
T T R U3 A 5 i R il L2 ds ) D REDIR I sk D BE R K 0 45 72 REIIR 7
BRNEED 1/2 2% r & Lz, o Xr2d LTHEHLZI89], &5iC FSV i
RENGHEE Lo RREfE[122] Tl L, miF— B EESR (FSVI) &
L7, BEREOFREIT I 1T0E e 3 D OB EZ vz,

2D-STE ElIc L A b o —RAE

EHER) 72 b 2 — R & W4T L C, 2D-STE {00 O EEE 7 B &
— FMgx F—oRER IO a—#EE2 AV sk Lz, Bl o
B OFEAG O 72 12 iE . AL A U R & 72 [71,75] B A $ &
OVBE 7 0O i S B (U3 A 5 M A i R LA AR & L <SR L~b 2
72[71,75], &2 TOEBRIZ1BH7-Y 76.1-139.2 D7 L — AL — F THMAEL
72, &2TOT — Z 1T MEF CHBEEL b L < IXABRMIICRE LA
Rb, Dl &bl 5 0l EG7T,

2T 2D-STEIET —# 1% 4 ADOFHAIFE Y Echo-PAC UV —27 X7 — ' =
> (GE Healthcare, Tokyo, Japan)Z i\, Fx BNLIRTHRE L 72 HIEICHE -
T, H2ET/HR LR XD L72168,71,75,76,152], FEih, B M &+ &
VEER G R HOWT, R L7 LEBX LM ZHEL, A LA B X
RAPMLA VYV — MOV —JEZINHY —27 > — F (Microsoft Office
Excel 2010, Microsoft Corp., Redmond, Wash) L TzFHHI L7z, O

REEATIC I E 3 DR O P IEZ v Tz
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T2 3Rl (U ALfiPE) TRFC Lz, & T ORI IR O #
HfEHNT Y 7~ (SPSS for Windows; SPSS, Tokyo, Japan) % f\ 7z,
Kolmogorov-Smirnov test & [IE LD FEAMIC HW =, 4 DD B2 B EHIEE (=
yhue—n 772 I, 10, BLO I BT 2ZEHO BRI,
Kruskal-Wakkis 1% & % F \», & D% (2 Bonferroni fifi IE L 72~ Mann-Whitney
UREICE Y ZELEZIT-72, AEKEL P < 0.008 & L7z, 2D-STE
EER L D, IR, d K ORI O FH B 2 RT3 2 72 O ISR LR 20
EAT T AEAKEIZ P < 0.056 & L7z, 2D-STE 5D FHAIF M Z# & LT,
T U NTIER U TEFE R 5 BICH T 5 40 L oG Z AV 28R
IR VEME L7z, FHREANZTE LT, 70X ACEIR L/ R 5 BHIC
B, B0 TORYIRLOFMZHWCZZBREIC L VA Lz, &
B R B TAE R 2= 2 A E TR 92 2 & TR L,
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3. FEH
BB L OEER R LT o —XNBREOH R

B OFFEB L 2D M £ — RIEB IO R ZEICL L2 —[
A R 1X Table 1-3 1278 L7z, Flin, (KE, 3 X OMEREHICH B2 HE
TR ool ary b= HEBIO7 7 AT ORITT X THRARIC
BEEZ T TWRpole, —FH, Z77A I @ 34% (11/32) BLOY 7 &
1 D 40% (4/10) DFEFNUIMARFIZHETHBED D DIER 2 Z T T\, 7
Z7 A 1L D 34% (11/32) BLOZ 7 A 111 ® 40% (4/10) DIEFNTT >
FT oV U EBMBEREENL T S TWE, 77 A 11T OFERIT 20%
(2/10) A7t I F.10% (1/10) N A w2 T 7 h &L SR TV,
77 A1 D 13% (4/32) BL K2 7 AL O 30% (3/10) DIEFI X AL A
VYNLE RRSGTEN TV, RZBICBT A%, HENAITZ MMVD ©

EIEE IS U CRE LT,

2D-STE {&

1926 HDOE T A DS L, Kilfg TIiX 1845 8 (95.8%). ilfg T
1% 1867 il (96.9%) DENTHFREToh - 72, FHUF M OLEEIRE (K/IME
B KAE) IR T AL E ST 7.5-16.4% . A HlEE R O )0 3E B) C
1.6-6.5% . il [ J& 75 m L5 EE) T 6.4-15.6% Th o 7=, FHllENOLEH
fR¥ (R /ME-Fe RAE) X R Hh 7 A0 B C 0.5-6.5% . FLHlhEE = 5 ) L
EE T 0.6-9.4% . BLH T JE 7m0 AR IES) T 0.5-10.7% TH o 7z,

2D-STE & Talfli L 72 % = > b 1 — L KRB L MMVD KIZ BT 5 ILiE
0 E BN ZE 2L O i 1% Table 4 8 X O OVFIXIZ Figure 1-3 128 L7z,
IR E G A LA 37 A IMICBNT, 79X TITBLRar bo

— VIR THERETH -7, (P=0.002 B LT P<0.001), 22> hr—
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NEEEHART, 77 AT TIEHMELmA LA > (P<0.001), HEJEJH
A bbb Ay (P<0.001) BIOBEREGMA LA L—F (P=0.001) A
AEICHETH7Z, £ 7 AT LT, 77211 TIEMEE N A b
LAy (P=0.001), BEEJMA ML A (P=0.001) X OBEEJ5m A
FLAb—bk (P=0.006) "AEICEHETH -7z, fho.OifhEEIZ 50
DNTIE MMVD OWnp b A7 — VB LNy b — ViR THEE 2
FHEIZRR D b7 o Tz,

M hmA M AL — R~ HEFAA RN A Lb— b BLOBEE N
AR b= MILHBEEABIZEOMBEEZRLEZ (p = -0.218, P =
0.032. p=-0.200, P=0.04, BL DV p=0.336, P=0.001), E#hlm A
LA b—hr HEGMARLA Y BIOHBEGHA LA L— MK
HEABICEOMBEEZ R LT (p=0.283, P=0.005, p =0.207, P = 0.035,
BELWp=10.361, P<0.001), GBS L7ZBEICHB W T, Fii & 2D-STE

EZEBICHBMEIIR O b hr o Tz,
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2D-STE ik CTaEAl L 7= [ & J7 1a) d & OVEE T J7 18] o0 A 3590 57 38 ) 1%
MMVD RizBW\WTay ha— ARl T, £740E MMVD O 27— P
THMERRD b, 245 OO EE) T8 MR A k3 2 RER O
tBRE A I L TW D LB X vz, & HIT, BiKEI O MMVD KiZH\\C,
B B O AR BRI O AR IE B 7 M BN 57 o T iz, 5 T, BT 10 0L
RN MMVD KIZH 1) 2 DB RE O B R AU FEAINIC B k9~ 2 T eePE 3R
e ST,

e R REIRES L 36 KX OV s PRaR R W42 1L ISACHC 70 B EHEE 221 & A il
Zo L, MRICX 2RBAMITI MMVD NEELRIFERENRNEEX DN
Too TNHIFERBLOEEDILRE LTRKMEATHND, 77 ATBLWY
77 AN ORIZZDOEI EEAWMEzRIEL., BELQERBERZTHTY
Do —H. 77 AU ORIZET 2.0, EREE, E/A LOSEFL IO
FSVI ORAEIZEE 722 5 o e O AR RIERICD 72228 2 UE R 20 BE L
MMVD Zxt&R & LM EOMIEICE T L2EERFTRL L LK
[38,86,110], AHFIE CTOHOLEBEMRICKM I N D K 5 72 L= EB)E O JLiE
X, #4T L7 MMVD O RIZH 1T 2B &AW O EFICHE S BAE) 70 it /LTl
& B W Al 2 OO CREAG U 72 3 & O #F 58 TIHOL A IEASBE IZIR T L T
WD ERHE S TWD[45,46], ZE = AEMERIC X DU REFEMG X MR
2 & B R BB SO AR ARIR K 116 AL O 52 BT M3 i BR < A (48], AHF
FEITHL A AT IE B T HRER D B Dl = — [ R 2 28 5% C U3 B e 752 e 4
RAEIHRETE o7,

Rl 5 [ EE) TIX A N LA D B R 2R U723 [ JE 5 1 O RE R
FHr LRy a b — AL THERBERIIRD Lo T,
WEORETHLREIC B N7 TEICEIE#MTRMA ML A v BEXOA R

69



LA b— FE MMVD (CERK L7z 9 o ML RBIERDH D5 K & 720K
TAEPBRBD LNRpoT-[16], —F . ZEEOKBMEN T OFEE & Lz fkt
FIBEIE 5 X OVE B ECIMBIE R IT A BICHER RO b BN A &A
Mk LT e o JE LM &, O OIERZR EDOLIRY 7 U 7

(BRIRAL) AVEBPERICHEIT LTV D 2 &1k, MMVD KR 5 7 ki st o BE
EORMICEE L TWD EEBEZ bR, £72. BRIMEEEZO KM H MMVD
DHEFTITHE D LB OB e gk 2 /72 L. MR @ X[36,110]13 L' k
BAFERNNITOBEOREIC—F Uiz, LR L2 OBITIEM L7 BES
NOFERTHY . LAHRMEORIN R ICEAET 5 & s Twb (111, E-
T, 20D OFT R EWEES ) & dr i O BB 2 K BHEZ 72 MMVD
DRIFZEFET D 2 & Z2mme L ARWEE TRl m O i 8 8 2 & 22 A&
RBOOLNRPSTZ LR LTV D AR B 2 bz, 2 b ORGEIE,
ERMIBWTHER LAEAECTORSANMEFME D b E#mTREn
Z 23], ARAMPLEAMEZEH I ELEOYA /n~ ) A—HF—T
FEA U 72 BEIS ) & 2D-STE ¥ TRkl L 7= K sl 7 1m0 i ) & 3 Wi fH RS 95
Ze24lic XV EMSTFLEND EE X LI,

XRREIZ, MEFMA LA NEZ ZATTIZBNT, 77X TBLVO=
YRR =B ARTHRICEMBETHY . 77 A T L ITMENR D b
Do 7o, B G EEN X DR A O B N ABEFIZB W TR o 7 HE DO HERF
[CHEEREE RS T D & Sn[79,125], Bl 7m0 EE 8 REE S
DI R Y 227 KNF 2B BEEED & b B TIRAER 72 [ JE 5 600 5
EERMH < & SN TWS[80], 7E-> T, MMVD Riz&kW\T % [ JEJ7 .0 A
EEBOSEIIEEAMAENRELLR Y 7HEA ST OICEBRL TV
EEZ DTz, EE RO T, [JE 718 H R OO i SR ME LR
SR DK 10 fi5 & 85 SHL199]. = DFRH 20 72 D i B O £ 4T 7> B 5 il
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& b HETOHEDHN XD LHIGEICERRL TWD EEZX 6N,
S BT L O IEEMENE & D PEE D 72 DI J5 18]~ 01U i B HE R AR 1 %
MATE T DM 17 (D F D EERNIPEAE D O FLT5 ) OREME 2 42 2 H
K& BT 2126, Z oS5 T2 & RE2ME G W

(_
&
JEH&[

ODFEET ok —RHHEOZ O OBEEMMEZF SR T EXOND,
ABFFETIE, 77 A L O[EAFRA LA 0327 7 A2 11 L H_TEMET
X2 o tz, ZOERITZ 72T ORICE T HRIFHHEOK T & HE 2

9 o MFAT HACBI#E L CW A RIEEER H YV | 7 7 XA T O RITH T 2 EER L
REJER ORI F G L T2 ATEEMNS 2 v Mt REE & Bk
BRSO, BEIS IO E LHRMHEORIIET T2 T A TTITH~T
77 AMMIIZBWTEIVEELEZ LI, RFEICEWTHE T mOER S
REEE A HIR L7 TaetEn d 5, & LT, ME 71RO 5 EE o U e X
XV EERLDHEEREEZ RE L ODAREROETEHELTND EEX
bz,

AR I T, BEESF 10 s 3 b EJE 22 7 7 A 11T © MMVD X
ICBWTHOFEZHERTCHEICHE T -7, MEOHRE TIX, Efm,
M JE 710, L OBEE T 10 O+ 53 7e il A B bW X 5 D EENE SR O B
—EHEICFESTHE S TW5[100], 7 7 A2 IIT © MMVD KiZHiF %
A MHEORME. BEEF A ML A VBLURA NS L - NOEEZE
2 % & BEJR DT 1)L 5 B O BEANEA 2 e B G H O BN T2 < | Wi &
O E#BK L2 FIREMEN B 2 b7z, HE MMVD RIZ3 1T 25 [ JE 5 m
BN O X 572 2 AR R HEIN & £ do 7o W BER 5 B0 A TE B O - D BN O
Ry THEECIZIED RN T, 77 2 1L O RO EFE R EERMBEC D228 % 7]
RRIENB 2 b, 772 I ORIZLHABBMOBEICHERTEMETHY |
W< OO 2D-STE EEBUT L L OMBIMENRTE D biviz, @D
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X MMVD OHEITIZLE D 2R OTEPE(LICBIE L, 2D-STE % Tk L
oD EENI R LY B X T REN D D,

RIFFETIEN L O OHIRAFIET D, ETILEIBEA R T Y A 2 h %
Foiv, 1 AL EOFRIE I X 2T II A RO RICHEEL 52 THDH ]
RN H D, WIT, BHEIZK D 2D-STE IEEB~ORENEZFT LD, [H

ﬁ

BN T2 0T A v & Fox OB R —RIFEFED O OB & £ & L kG
BiTodh D Z &b ARWTEDOROHFIZITHEILTEIE DT DI TV D IEF] DA 72
INOTAFE LT, 20 & O RIGRZRIEHANT LM EE L LU BT 5 AThE
PERNH Y . KAFEREROMIREZRNEEICL TS, 3o & LT, RFFIE
L2 ZRAWPRICIESWTHEE O BEEOM G MEEZBRH L2 &R
FF O D, ZRFP VRS T & 22 filis ) ERE B 2 A AN TW D]
REMEDN & D, 7o il i FEE 0O F 38 B B R0 B B 13 MMVD 0 HE FE 708 4
FICONIT 25 & &h, # 2 ISACHC 7 7 A TIT O RIZ W T ifi i &
FEOPFFIT L — M TH 2 [121], ARMFSE TILH ZEEH & 5L O il & £
TEZ R LTEBELZRAL TV D7D, SEOMRIIRICHE T S5 MMVD O
AR DORACHRERETT 2 B L7220 b L7, JfBIc, ARl O 7EILE
SEFEDZ LD RKIZB T 2 0MEBOMHEDORN TH Y | [H—HEHFIZ
LB L OBRF TIER W, 5%, F—EF BT DIERCHEBOHER &
DEB K O BRI TR ~OF AR EOBRBM A SN D,
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MMVD KiZ 36T HJE J7 a0 il S Bh 1Al 05 40 H B O MEFF 12 B 2 e 1B 2
RIELTWAHARENRE X bhviz, E£EKEIO MMVD KOJFIEEITICE
WL BRSO AR RE 130 B 7 [ B B 7R o T, BT A0 A S B
(2 X 2 WHE R REAT 1X MMVD RIZH 1T D K0 56/ 72 O BE o B IR A RF A
ICHEBAL D 2 B2 b,

B, ZOH 4 FEIZEIT D ELRNAIL Journal of veterinary cardiology :

the official journal of the European Society of Veterinary Cardiology,

2013 |2 TAFE L7=175],
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6. M#*E
Figure 1. Box and whisker plots of Longitudinal strain (A) and strain
rate (B) in dogs with myxomatous mitral valve disease and healthy

controls. ISACHC, International Small Animal Cardiac Health Council.
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Figure 2. Box and whisker plots of Circumferential strain (A) and strain
rate (B) in dogs with myxomatous mitral valve disease and healthy

controls. ISACHC, International Small Animal Cardiac Health Council.
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*, Within a row, values differed significantly (P < 0.008) from controls.

+, Within a row, values differed significantly (P < 0.008) from class I.
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Figure 3. Box and whisker plots of Radial strain (A) and strain rate (B)
in dogs with myxomatous mitral valve disease and healthy controls.

ISACHC, International Small Animal Cardiac Health Council.
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*, Within a row, values differed significantly (P < 0.008) from controls.

+, Within a row, values differed significantly (P < 0.008) from class I.
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Table 1. Characteristics and clinical data for healthy controls and dogs

with myxomatous mitral valve disease

ISACHC classification

Controls I II I11
Number of dogs 20 45 32 10
Number of male dogs 9 24 19 7
Number of breeds 10 18 10 6
Age (years) 9.8 10.8 12.0 11.5

(8.8-10.8)  (9.0-12.0) (9.8-13.0) (8.8-12.0)
Body weight (kg) 6.5 7.1 7.1 6.5

(5.9-9.9)  (4.4-8.5)  (3.9-9.1)  (4.9-9.0)
Heart rate

106 111 110 136t

(beats/minute)
(93-128) (95-132)  (102-133) (116-145)

Data are expressed as medians (interquartile ranges).
ISACHC, International Small Animal Cardiac Health Council.

+, Within a row, values differed significantly (P < 0.008) from class I.
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Table 2. Conventional 2D and M-mode echocardiographic data for healthy

controls and dogs with myxomatous mitral valve disease

ISACHC classification

Controls I 11 111
LA/Ao 1.4 1.6 1.9+ 2.6+1%
(1.3-1.5) (1.3-1.8) (1.6-2.3) (2.3-2.9)
LVIDd (mm) 24 29 33+t 37t
(22-27) (23-32) (27-36) (31-43)
LVIDs (mm) 14 16 17 18
(13-16) (12-20) (14-20) (14-20)
Fractional 39 42 49+t 49+t
shortening (%) (35-41) (36-48) (45-51) (45-57)
Relative wall 0.57 0.54 0.41+ 0.34-1
thickness (0.54-0.67)  (0.46-0.62)  (0.33-0.46)  (0.31-0.40)
Sphericity index 1.52 1.33+ 1.22+ 1.05+1%

(1.40-1.64)  (1.19-1.46)  (1.11-1.31) (0.94-1.17)

Data are expressed as medians (interquartile ranges).

LA/Ao, Left atrial to aortic root ratio; LVIDd, End-diastolic left ventricular
internal dimension; LVIDs, End-systolic left ventricular internal dimension;
ISACHC, International Small Animal Cardiac Health Council.

*, Within a row, values differed significantly (P < 0.008) from controls.

+, Within a row, values differed significantly (P < 0.008) from class I.

1, Within a row, values differed significantly (P < 0.008) from class II.
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Table 3. Conventional Doppler echocardiographic data for healthy

controls and dogs with myxomatous mitral valve disease

ISACHC classification

Controls I 11 111
E wave velocity (m/s) 0.64 0.83 1.22+ 1.63+1t
(0.54-0.84)  (0.62-0.98)  (0.98-1.31) (1.46-1.69)
A wave velocity (m/s)  0.67 0.72 0.83+ 0.84
(0.53-0.76)  (0.60-0.90)  (0.73-0.98) (0.60-1.04)
E/A ratio 1.0 1.0 1.3t 2.0+t
(0.9-1.3) (0.9-1.2) (1.0-1.7) (1.6-2.8)
Forward stroke 37 38 36 25+F
volume index (33-44) (28-45) (26-44) (18-38)
(mL/m?2)
Number of dogs 0 (0) 11 (24) 13 (41) 8 (80)
with TR (%)
Mean TR velocity 2.6 2.9 3.0

(m/s)

Data are expressed as medians (interquartile ranges).

TR, Tricuspid regurgitation; ISACHC, International Small Animal

Cardiac Health Council.

*, Within a row, values differed significantly (P < 0.008) from controls.

+, Within a row, values differed significantly (P < 0.008) from class I.

1, Within a row, values differed significantly (P < 0.008) from class II.
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Table 4. Peak

systolic

two-dimensional speckle-tracking

echocardiographic data for healthy controls and dogs with myxomatous

mitral valve disease

ISACHC classification

Controls I II 111
Systolic Circ S (%) -21 -23 -28+t -30~t
(-25--19)  (-27--20)  (-30--25)  (-32--27)
Systolic Circ Sr (/s) -2.6 -2.4 -2.7 -2.9
(-2.9--2.3)  (-2.9--2.0) (-3.0--2.3) (-3.3--2.6)
Systolic Rad S (%) 55 60 59 75+
(47-60) (50-67) (53-69) (71-76)
Systolic Rad Sr (/s) 3.0 3.1 3.3 4.0+
(2.8-3.2) (2.6-3.6) (2.6-3.7)  (3.4-4.3)
Systolic Long S (%) -19 -20 -23 -24
(-23--14)  (-24--18) (-26--19)  (-30--22)
Systolic Long Sr (/s) -2.4 -2.4 -2.4 -2.3
(-2.8--1.9)  (-2.8--2.0) (-2.7--1.8) (-2.9--1.9)

Data are expressed as medians (interquartile ranges).

Circ S, Circumferential strain; Circ Sr, Circumferential strain rate; Rad

S, Radial strain; Rad Sr, Radial strain rate; Long S, Longitudinal strain;

Long Sr, Longitudinal strain rate; ISACHC, International Small Animal

Cardiac Health Council.

*, Within a row, values differed significantly (P < 0.008) from controls.

+, Within a row, values differed significantly (P < 0.008) from class I.
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FHE RRFIOMEFRASETREICRBLIERIZBITS
Two-dimensional speckle-tracking echocardiography ¥:iZ & %
A7 L E B R
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1. 8

KW IR ZE VEE I R PASH A 20 (MMVD) X RICHE T Db — i1 7
ODAREDRETHY | BRICEERKEETHSH[28], LT, MMVD @
ROWL BNTEORER 200D 7 U 2 7 OFED B D i I 7 5E A
212l [28], 72 EE SR CREM & U7 IUHE SR R 2 I EIE R W (MR)
AT HE FEFICBWTAEFLO) 27 % LHE IS EHE S R[127],
18P MR B3 12 xhd 2 IS RE O 55 M0 72 SFEAM (X SR TR A N 0D e i IRF 1
WEIZ S BHERRK T & SN TW5HI[65], F UM RE A~ 4L MMVD IZ X %
FEEEOLREEH T HRICBW T H AR & [47], A7 I o BfE & B
WihbEEhTW\WbI[38], % 4 TTiX, HEF O MMVD KickiT 5
Two-dimensional speckle-tracking echocardiography (2D-STE) #I2 X %
DR IE B FEAMIC K o CoL i SEB) 7 ) 51 o AR AE BE £ S0 UL 1 B e T 03 R S
iz,

O E AU T B 1300 A R AE AR D B A T T IR E B &2 E R ) LT
19 1[99,100], XYV IEEO LWV OAMERRREAM Gk & v, TR 220 A b Re
EEORBICHLARE SN TW5([22,23,26,79,91], HEk, Z o iE# X
B R T~ — 7 — O OIAR[128], ¥/ 27 v A2 N —[129], R

g E B E[180] 0 L 5 RS L LM A 23 5 FHE T LR T
T ERRAICEHMI 2 Z L ITWREETH o 72, EH 2D-STE #ERBSG L, 2
ORNED) 2 IR ER . WERET, oM EICHEM TE s X Ickh ok
[22,28], KRizH1F %5 2D-STE {EIZ L 2 DA feiviE BRI/ Rick
WTATH1[65,66,68,71], LIFEEEZ AT H R TIEIMER 2, 165 T, AHF
JETIIRk 2 e BHIEE D MMVD KRB LOMEE & Filnx G o= b
m—/LREIC BN T, D iRIER) & E Rk L,
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2. FHik
fLElE Y

67 BHO MMVD (R L7 747 "iTEDO REMTEXTGRE LT, £
16 HOFMERELHAG I E@F R REea s he— L Lz, Zh
5ORITHABREAMBFRFAA BB ERE > 2 —IHBRZHFHT TUIERE
B2 T IZBHRIEF TH Y | BB LT, R TORDA—F —640F
G~ T 2 B 2B 72 BB D ORI &2 BEIZZ 1T T 256 L7
ATz, T2 L DR RE~ D EIEM R BN H D E' N F LD
B2 2T TWAIEFNIERSS L7, MMVD ORRIRZHENILE 4 ETRLE X
9 IZATFU . 42T D K % International Small Animal Cardiac Health Council
ISACHC) DMt » THM L=[151], = b o — L RS, iRk, 4=
WG LEMBRE, L MU RE, BREEL T o —KRAEIC LY 2
ERRD LN L MR LT, 22 b a— U RE O R3O B o i R 1%

ROBEE S 2o 1o,

R 7o b o — X R

PERMPBD 2D M-E— FIEBLO R ZEICE b a—M&EZIT-
oo MBI — ANDOBREFE TV, Fl— Db 2 —3E (Vivid7, GE Healthcare,
Tokyo, Japan.) BL W 3.5:6.9MHz N7 > AT 2 —H—%H\TIro 7=,
BCOT — ZIXWEEF CHEL S U IXEBEBAMIIZRE L 72RO R
me, Dl L bk b5 LM ES, Mg oflils LORE, T —
R7ZWEICED MR Y= v bOBREIIA GG G, 05 E e
F OGS ER Y e T1T - T2,

2D, M E— FIEB IO Y ZEICE D b a—MB&ET — 13 4 ADG
M E1Z X » T Echo-PAC UV — 27 25— 3 »(GE Healthcare, Tokyo,
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Japan)# W TH 4 ET/R LK D ITHNT Lo, A O EHENTIZ13E
ot 3 L DI 2 VT2

2D-STE (slIc LB b a—XB#E

BN LT a2 —Mfgds & {7 LT, 2D-STE {ED0 DO EE'E 7 B £
— FMg x| [—ofEL LD T a2 —3EE %2 AV TRl L, i ETh R
D=z, AEREEIEEIER L LB X ORI L~ L& iz 7176,
A8 S L L3 8 2 L CAEE S RIS S EiE R /x5 Wiin
EL DR LAUVITHLEER LS K0 b RV CHIE e 2 EVEN /M HE
SnocWmeE LT, +OREBRL TR LE, 2TCoEBIT 1 by
76.1-139.2 O 7 L — AL — FTH& L, &£ TOT — X [T HEEF © 4R
e U <UTEMBMLIZRE LIZIAFEO R, A< & b 5 Ll
157,

2 T?D 2D-STE {7 — 1% 4 ADOFHAFE 2 Echo-PAC U — 27 X7 —3/ 5
> (GE Healthcare, Tokyo, Japan) & A\, & 23LLRTHE L7z FIEICHE -
T, H2ETRLE LD ICHIT LT-168,71,75,76,152], faiviESENIC DT,
BRIV BLIOLEREH L IcBT 5 1 DESORERER 2 7 7 A
% U — 27 ¥ — k (Microsoft Office Excel 2010, Microsoft Corp.,
Redmond, Wash) (Z/EBH, [FH L7 O0EX 2 S INHEH 2 HE L, [lEziES)
BROEEREEO Y — 7 EEFH Lz, 511, MiEf L v e LR

IRBTL7 U —AfEEELSIE L, 1 LDAYORNER 2 7 7 A L5 R
A, O EERIEE L0 IS A HE L, fahEBEi s LM R E O v — 7 H &
U 72 DARE D B BT R F I~ D ElfR ks L O EB 2 1E & L T&
L7, 7L — A BICENS HDHEAITWMUNC T L— B E A, BED)
Ta 7y A NEER LT, BEBOFHENTICITER 3 DO EEE A
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AV

ot a AT

T —Z I IE (M5 rdipE) TR Lz, & T ORI IX TR O
fEMr Y 7 b (SPSS for Windows; SPSS, Tokyo, Japan) % 7=,
Kolmogorov-Smirnov test & IEHMEDFEAMIZ W=, 4 > D H 72 2 BHIEE (=
Y=, 7721, II, BLO I IZBTDH2EHOEEIZIL,
Kruskal-Wakkis fii € Z I\, # D142 Bonferroni #fi IE Mann-Whitney U
BEIC LY ZELE AT, AEKAET P < 0.008 & L7z, 2D-STE ik
BRE DR RE, B X Ol O AH BIVE 2 3l 9 2 72 D IS #IE RR AT &
1Tolz, BEARMET P < 0.05 & Ljz, 2D-STE IEOFHAIEMAR & L C,
TUANTER LT R 5 BHICBIT S, VIR LOFHZ AW LE)fE
BIZX ORI L7z, BHAFEANEENE LT, T AR LR KR 5 5
CBIT D, ReDHTOMRY KL ORI Z AW ZB RIS X FFm L7z,
EERBIIARER A2 P E TR 2 2 & TR L,
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3. FEH
BB L OEER R LT o —XNBREOH R

B OFFEB L 2D M £ — RIEB IO R ZEICL L2 —[
A R 1X Table 1-3 1278 L7z, Flin, (KE, 3 X OMEREHICH B2 HE
TR ool ary b= HEBIO7 7 AT ORITT X THRARIC
BHEEZ T TCWRhotz, —FH, 77 A1 O 61% (11/18) BL U7 T &
III ® 70% (7/10) OIEFNIBRAERITHR B S OIREEZ T Tz, 7
FAIL D 61% (11/18) BL V7 7 A III @ 70% (7/10) DIEFITT >
FT oV U EBMBEREENL T S TWE, 77 A 11T OFERIT 20%
(2/10) 7 EI N, BLXRAERr ) 77 o2 llish T, 77 A
II ® 22% (4/18) B L7 7 A III ® 60% (6/10) DIEGNIREEE A >~ Vv
B R STV, REFEICB T DA%, #ENR T MMVD O B &

W2t UCHRLE L7,

2D-STE {&

21494 OB 7 A hDH B LI TIX 1470 18 (98.4%) . D
RN T 1452l (97.2%) DFRNTAFIRETH - 7, FHEIFE M DO H)
e (B/ME-RKfE) 1% 0.7-16.6% Th o 7=, FHHIFENOLEERE (/)
fl-fe KfE) 1% 0.6-9.4% ThH - 7=,

2D-STE Gl L= fEH = > b r—/L KRB L O MMVD KIZE T 5 ULHE
IR EEZE L O FE R 1 Table 4 3 X O Figure 1-2 (2" L7z, 2 hr—
WEEL AT, 77 2 T TIRIUGHEBIRILES) (P = 0.003), U i
FE (P = 0.002), LREENER (P=0.004), 3L OCLREIENEE (P
=0.003) WEARICKMETH oz, £ TFAT LT, 77 A1 TR

M BT A A ZICmETH -7 (P < 0.001), 77 AIII TiE7 7 &
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II BXar be— AL T, WiEHRNESLN A EIIERETH - 72
(P = 0.001 BXWO P=0.003), i LEENEE >\ Tl MMVD @\
MEEAHAZAT—UMBIRNay b — VBRI TEERBEEIZRD N o

772’
—o
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2D-STE % Caffli L 7= DAL iE ST, £ A7 —VIcEBir 5 MMVD ki
BWTEZ->TEY , ZNLOEFNILHORMEEEL KL TWD LB 2
bz, 7 7 A1 OESEREYE MMVD (2T, 7 7 A 11 OHEFEME MMVD

IO iR iVEB S mE ThH Y | B DATERE O TTHE L K U I{ER) 72
DA REE O BYIBMICAHEBZ 2 bNlz, b0, MEARRIZ -T2
7 Z III ® MMVD K TH & V72 884V EE) O AR 1%, LR 72 e B% RE AN 42
ERML TWAHAREMEDRH Y 2N b O RIZEIT 5 EEREKREEICTFS L
TWbEEZBNEZ, B MNERTIE, 20X 57 2D-STE kI X 5 ILHiEk
REREAM S MR B3 OSNBHIR IR A DO REHI IR I > TV 5 [59-61], i
- T, 2D-STE JEIZ X % 0 il 8 O 36/ 72 5F A 13 MMVD RIZ B W TH R
WRNED =R ERSTRICKVEE L RN H D, Z OHFEIX
MMVD & BEIRZWr S 7o K& 5412, 2D-STE {12 X % O fh v iE ) 4 5
ML= OHETHD,

e R RBIRE L3 X OV SBILR AR IR 1L ISACHC /AN EE 21T & Al
ZRL, MRICE D AREAMITI MMVD NEERIZERZENRNEEZ LN
oo TRHIFERBLOEEDOILRE LTKMENATND, 77 ATEBLWY
77 AN ORIZZDOE I AEEAMzRIE L, EERQERERZTHTY
Do —JH. 77 AN ORICET D 0ME, EREE, E/AKLROGER IV
FSVI OKEIZEE 722 5 o e O AR RIERIC D722 28 2 UE R 2B L
MMVD Zxf 4 & LI EOMBICRB T 2EERFAE - LK
[38,75,86,110], AHBFFE T D/ EFEMFRICKBEE D K 5 22 0= EEME D IT
X, 17 L7z MMVD O RIZE T 2 B R /L CTidd 528, B EDOHIE

BT DA %2 OO AR TEAM L 72O IR AEBE TIZIR T L TWnad 2 &7
W I N TV D ([45,46], A= MMEFRIC X HUUHEREETEGIX, MR ICX 5 R

88



B AR RN N IR L OB oA AERHIRESN D Z L85
TV D48, ARBFFRICH A AFLTIEFNIZ BT, fERN S DL = 2 — [k
BEBTH DA EEMEER CITIGEME T L TR 0 | AR A IR RE S 421
B TE 2o,

2 2 D ERAVIE BN 0 A BRAE AR O UNHEEB) IC X W RE S EENICKT
% Lo PRI o 575 M A & o0 S IR o 755 MR AE D BY Y 72 A0 VR T i B 23 4=
F & 5[99,100], L7 o T, LR FVED) .0 AL F s RE & 04t
RO HEED NT VAR L N —T —LADESOERZ KT 5
[22,23,91], L /=7 — AT WNIEARLG A & OAMNBERLL A O L LTRSS
nb, SEOZ7 7 A1 O MMVD KTk, 22> ba— LRHZ AT, IHE
PRAVEB), IR AR ORIRNED), B XL RIBRNERENAE

CIKfECTH o7, 7 T AT TIHEBKRBRELENFEICEM TH O | JHER
W7 s NSO e SRR b m B | e EE O R E AL DO FRAT & U 7oA %t
BEIE 35 X OVERIRAL B B ARAE M M) T &b o 7o, /8 AR ALIE T 23 0l MR HE A K
DULHFEE Z EHEMICKM L TWE 2 22 E 2D & RV IS EE 5T A
BRI K DREIS ) DWW & B LT D AREMERE 2 Tz,

FEEBEE O TCRENDEHIZ, 77X 1T ® MMVD RTlZ7 721
(2T D IR & DAMERLG T O L X — T — 5 D ZEE 3 A LT
7o TR DBT, 7 T7AI1 TiEZ 7 A TITHAT, DAfiaivES)
NEETH- =, 2, MMVD 7 7 X II ® R CHR LT D iviEE O &
B O PRISARICo 7 DD A B REARS T & O S IEARICo 55 0D 00 1 B B TU I 22 Sk L
TW3 B2 T, LMIROIEFELCHE, O EoLEY 75U &~
7 (B L) AMBMHEAIZHEIT L TV D 2 SR A EZ R T 2 720 O UE
IS IS & 35 2 B, ARl S O 8T 2 L OFEE & Lo Fx R R B L OY
HoRb$E 80T MMVD AEERIFEREL R L, 2 b 0T RIZ MMVD
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DEITICHENERAWNE KT D720, BEIS A ER U DA RRHE D BLS
WOREITLTWD Z & 2R LD IRALG A RE 2 H R~ 5 rIHeE 2N B %
ST, & BIT, D PIERLL AR ME X MMVD 0 R THE S 105 00N E Bk
D P/ IMECHRAEAL D (50,511 % %2 1T 03\ 2w DB AE 13O AN &
DHOABRATE Y BHIIZIKTT25EE 2 61 T0WAI[131], F 72 LM
O & DAL R 1 E L TR B 1T 2 DABEN A R LA & R b b
AV AEEE]—IZ LTV 5 72931, 0PN AR 7 B BE O AR T 1O A AR
HSRE DI LV RSN D EB 2 BN D, LTohd o Tl IR 5 4
RE DR T 35 & OLO AL i B 0 RABASEE IO MERIC K - T, 77 2 1
O MMVD RTHR N7V EB O EAHH TE 5, WKRIZ, Liffah
T Eh O B A O AR B RE O TUIE 2 SO U HELE B A2 D P B O 7 1 RE B
EORHIEED RWRIE L Z 2 bz,

REYPTHH 7 T2 I ar ba—AEoRIZEXT, 77X 11 ©
MMVD RIZEEREREGEZ 2L, 20 EH) HIKETH -7, 180 MR €
TV T2 EORFZE TR R — R ORI BV TR T
iaEE N T2 2 LRGN T15[132,183], 772 TIT ®RT
B 5 AU T2 1 AU TEB) O B 10 S AR i B BE O ARAEE B 03 e L, S & (2 BE
JEORMERRT R R AN=T — L EROWD OFERTH 2 ATRRIENE 2
BT, 77 A L ORIZE T D% EEESCERIEIE S O IKEN 55 2 5
& BEIR T EEN0 D i M ME O BLAN B H 1T = 2 b m — L RER A o0 MMVD B
AR ThR O EE Th D & HERN S d 7z, FE AR BENR TIN50 i B o Fid 51) 5
AL IR 5 D Zx 72 & F° LDAMERLO A B RE £ T HEE L TV 5 Al REME
NEZ vz, MMVD EITIZHES fifa L~ Lo U E7 U 7 [45,46]° 4 L
a A7 REREREE[184] b E - OMBMEOIREICE G L Tnwas E bbb, £
7227 72 BEIOI OREFNITHEFBICEDBEEZ DT THLHITHE00bD5H
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T 7 T A ORNEBHEE DL I OB TEME TR < IHE
HANEENIZ SR N BLRay b — A BICHARTHEEICKETH - -,
ZOZEHFELEER MMVD KIZE T 5 IAFHEEER 2OFEEL XFRFT 5
EEZ LN,

FEERNVEBITOHANICK T 2MATEAR ZH —b L Ui RN & &
D/ M T O = L F —F BN O ELITRD D A T =X 4
THH5[101-103], & K135l L OKRI46]lOWM FHITH T2 MR EEIZHB W
T, DR S XA BEOMEICHF ST oL 3N TnDd, Lo T,
RAVER) OFEMIZ. MMVD RIZE T 2.0 A2 BGR 3 2 rTRE M A
by, KLY EEZR MMVD BEORBEIMLICELSDS D EE X BT,

ARWFZENNI N O OFIRPAFET 5, £F, AVET OR B 1L R —
AT ARV L b &I L~V R o Wi &2 v e, L L,
B b0 BE2EBRSBEL. 7L —AL— LB OIRIED T
LRV FE—IZ L Citdk Lz, 2 O HOHIRIT, 4 E O IR TR 2 BRIR
WIRTH Y OHREREMMO T— LV RAZ VA4 — R STV ARER R FIE
2 & DB R DRI TE A Rl CE oo 2 ThDH, 3 OHELT, K
T IEIC R D RPN I DT HEEE A b 5 o Jifi & il EE 2 R L
Il ERET N D, ZRPMIRD B T & W0 R E B 2 A AR
TWOAEER S D, S HIC, HEFEICL D 2D-STE EEH~DEENR T
HiD, TEERARRIEANL DI EB RIS b BT 2 RRIEN & 0 | RKIFJEHS
ROMBRZNEEC L TV D, &EIS, SRIOHFIEITEIEL D Z L7325 RIZ
T 5 LHIEEOFEORF TH VD (A —BEF BT D O0HEB A ORFT
TNz LbHlREEZEZDBND,
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5. /&

2D-STE {£ Tl L 72 O iE S, £k~ 22 HIEE O MMVD KiZH W
THL->THEY , 2L OEBIILHOMNEEEEZ XKML TWD EEZ BN
7o FE MMVD K TR O ET ORI, ETER e I GE R 21
HEAL., ZHDHDORIZEIT 2 HERBIRKEBEICERBLTWD EEZ BRI,
2D-STE EIZ & 2 DL EEBFEMIIL. MMVD @ RIZEW T LV 3EH 72U
MEESRERFM Z ATRBIC T D b D & B 2 bLiz, Al —BE BT 2 HEHE & O
BERPERL P14 Al ~DF AR EICOWTIIERIBREANLETH 5,

B, ZTOF 5 EILBITHERNEIX Journal of veterinary internal

medicine / American College of Veterinary Internal Medicine, 2013 (2T

N LT-[76],
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6. X#*E
Figure 1. Box and whisker plots of peak systolic Torsion in dogs with
myxomatous mitral valve disease and healthy controls. ISACHC,

International Small Animal Cardiac Health Council.
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Peak systolic Torsion (° )

Controls ISACHCI ISACHC II ISACHC III

+, Within a row, values differed significantly (P < 0.008) from controls.
1, Within a row, values differed significantly (P < 0.008) from class I.

§, Within a row, values differed significantly (P < 0.008) from class II.
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Figure 2. Box and whisker plots of peak systolic Torsion rate in dogs with
myxomatous mitral valve disease and healthy controls. ISACHC,

International Small Animal Cardiac Health Council.
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+, Within a row, values differed significantly (P < 0.008) from controls.
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Table 1. The clinical characteristics in healthy controls and dogs with

myxomatous mitral valve disease

ISACHC classification

Controls I II 111
Number of dogs 16 39 18 10
Number of breeds 7 14 8 8
Number of male dogs 9 19 9 8
Age (years) 9.8 10.8 11.5 10.2

(9.6-11.1) (9.0-12.0) (9.3-12.8) (8.6-12.0)
Body weight (kg) 6.6 7.1 6.9 7.0

(6.3-9.9)  (4.5-8.4) (5.4-8.5) (6.0-7.3)
Heart rate 113 110 109 130%
(beats/minute) (93-131)  (94-133) (101-134) (123-143)

Data are expressed as medians (interquartile ranges).

1, Within a row, values differed significantly (P < 0.008) from class I.

ISACHC, International Small Animal Cardiac Health Council.
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Table 2. Conventional 2D and M-mode echocardiographic data in healthy

controls and dogs with myxomatous mitral valve disease

ISACHC classification

Controls I I1 111
LA/Ao 1.4 1.6 1.97 2.7+§
(1.3-1.4) (1.3-1.8) (1.7-2.3) (2.3-3.1)
LVIDd (mm) 25 29 33t 37t
(22-27) (23-31) (28-36) (32-39)
LVIDs (mm) 14 16 17 20t
(13-17) (12-19) (15-19) (16-22)
Fractional 39 42 47+ 48
shortening (%) (35-42) (36-48) (43-51) (37-55)
Relative wall 0.57 0.53 0.417%% 0.33118
thickness (0.54-0.69) (0.46-0.61) (0.34-0.46) (0.30-0.40)
Sphericity index  1.47 1.33 1.20f 1.06718
(1.38-1.66) (1.19-1.45) (1.05-1.30) (0.91-1.18)

Data are expressed as medians (interquartile ranges).

+, Within a row, values differed significantly (P < 0.008) from controls.

1, Within a row, values differed significantly (P < 0.008) from class I.

§, Within a row, values differed significantly (P < 0.008) from class II.

LA/Ao,

Left atrial to aortic root ratio;

LVIDd, End-diastolic left

ventricular internal dimension; LVIDs, End-systolic left ventricular

internal dimension;

Health Council.
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Table 3. Conventional Doppler echocardiographic data in healthy

controls and dogs with myxomatous mitral valve disease

ISACHC classification

Controls I II 111
E wave velocity 0.7 0.8 1.27% 1.67%
(m/s) (0.5-0.9)  (0.6-1.0) (1.0-1.4) (1.0-1.6)
A wave velocity 0.7 0.7 0.9 0.6
(m/s) (0.6-0.8)  (0.6-0.9) (0.7-1.0) (0.5-1.0)
E/A ratio 1.0 1.1 1.2 2.0718

(1.0-1.3)  (1.0-1.2) (1.0-2.0) (1.5-2.3)
Forward stroke 37 39 27 231t
volume index (33-46) (28-45) (23-42) (18-36)
(mL/m?2)

Data are expressed as medians (interquartile ranges).

+, Within a row, values differed significantly (P < 0.008) from controls.

1, Within a row, values differed significantly (P < 0.008) from class I.

§, Within a row, values differed significantly (P < 0.008) from class II.

ISACHC, International Small Animal Cardiac Health Council.
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Table 4. Peak systolic two-dimensional speckle-tracking echocardiographic data for healthy controls and dogs with

myxomatous mitral valve disease

ISACHC classification

Controls I II I11
Systolic torsion (°) 15.3 (12.7-18.7) 10.0%(7.4-14.2) 17.3t (15.5-19.2) 9.71§ (6.1-12.8)
Systolic torsion rate (°/s) 176.3 (159.8-231.6)  130.5% (90.6-163.5) 155.5 (141.0-174.7)  164.8 (108.0-181.9)
Systolic basal rotation (°) -7.0 (-8.4--4.1) -5.5 (-7.1--3.4) -7.7 (-9.1--4.9) -4.0 (-5.3--3.2)

Systolic basal rotation rate (°/s) -118.6 (-160.1--95.4) -104.4 (-142.6--67.5) -112.1 (-135.7--81.6) -90.2 (-132.3--48.7)
Systolic apical rotation (°) 10.7 (9.0-13.8) 7.4% (5.4-9.5) 8.76 (6.7-12.2) 8.3 (5.3-9.5)

Systolic apical rotation rate (°/s) 162.8 (126.9-194.5) 102.7t (72.3-142.7) 116.4 (84.5-148.8) 104.8 (77.4-145.1)

Data are expressed as medians (interquartile ranges).
+, Within a row, values differed significantly (P < 0.008) from controls; 3, Within a row, values differed significantly (P <
0.008) from class I; §, Within a row, values differed significantly (P < 0.008) from class II.

ISACHC, International Small Animal Cardiac Health Council.
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FEeE BHEMEBRIERETTNVRICEBITS
Two-dimensional speckle-tracking echocardiography
Tl L7z F7Z I AMRBRIC K 2 [UHEEER~EDOKRE
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1. 8

KRR AERR A PEPE IR S B A 20E (MMVD) X RICB T 2/ b — 172
ODAREDRETHY | BRICEERKEETHSH[28], LT, MMVD @
ROWL ENTZ DB RO Y £7 U & 7 ORI S RS O i
AR D ZEDNMONTWDI28. F4EBLVOHESFETRLEL DI,
FATEE R B > MMVD KIZE W T, = O8R5 RE 4T 8 2 T
Two-dimensional speckle-tracking echocardiography (2D-STE) 5 CilAff
L 7= D i B o RAB A 2 FE L T 5 [75,76], 24U E T, MMVD T
MM BERE B X — O EERICOARKL Z 5 2 EBRHE STV 5[16,49] 23,
FIXZ DX D L eEREEN B 6 0 MMVD HIJEE ICEEMNIC R E
CEBRLTWD O TRV EHER L 7=,

K72 I vAmRikiie NEZICBW TEBAMRAR A TIThbiuo
2L LMERKBOARMRBRO —>TH 5[136,137], EBH Ak BrIL,
Y O EIUEN LB TH V) | EGEG O BIARE LR DR 2% T
W, — U7, EAMREIIENE O MR e < L X0 mEE A mE b IS L
TV ENDL, HETORIZET 20 HEETM CLaMEnm <, KB 6
REE LTEBINH SN TWVWA[1388,139], & 510, RExGE LiziE
OBFFE Tl IR R 2O REIR IR LT, R7Z I A ek B o kB
RfFEEN BN EEWE LT 5 [140,141], L L7an s, MR OFE
THRICBWT R7 ¥ I AW RBRIC X 0 O IS 71 HE & 5FAf L 72 315
IR L7220,

A 2D-STE £ 7 & I VARRBROBEO L EE MY / I 785
AR =L L TCHOREELZ LS EHMESTWD[142], kL=
a2 — R A A T2 D @ IR PR BE O REAI 1% LIX LILEBLR TdH o 7225,
2D-STE {ETIX R7 ¥ I VAMRBRT O LHED 2 BBMICERT L2 &
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WTE D, FAE, R7 2 I AmRAE% 2D-STE {£ & A& O TR
5 Z L TUVEERFITIEI Ly TRWIBLER 2GR BERE R B O 2 ATHEIC L |
O e T i BE D REATE LS A TUiZ e v s & ARG L 7,

FOMBIEY , MR ZEBRMICHEELZET LV RIZBWT, K7 X I A
ik & 2D-STE & TRl L 72 35 137/ L 722V, s, ARIFZETiL, MR
EEBICHEELZETARICBWT K7 X I U AmRER O ES) %

EmibT 52 &x2AME LT,
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2. FHik
fLElE Y

5EA DS v — 7 VR (KE 10.0£1.5kg, AW 15.6+:0.5 » A) #HW
oo ETORITLEBOBENR 2N & B LT KRRE, B2 ERRAE (B
A ERE, FMERSYE, RMIEREL, ~E o/ m e RE ~~ F 2 U v ME,
SRR IMER S FE AR MER~E 7 v v & CRERMER~E 7 v v R

l_

)@

N

/i) . A TR (MER 2 o7 RE, miE7 VT I Uik

NIF

MiERFERBE, MEZ VLT F=VRE. WET7 7=7I /) N7 A7
=7 —BRE MFTARTX VBT I N T URT 27 —BRE, MIET
NN T H AT 7 X —BRE, MFE 7 Va—RRE, IERI L 2T —L
WRE., MyE Y 7V ® Y FRE, IyEF M) O LARE, M{EDT Y U LRE,
f3g 7 = — VIREE) | EERGGELERRAE, WLy N URE, e
AN Uy 7RI X B B MR R RS D o — MRS Lo TR

DRFBO BN T L Z R L Tz, ABFE O FZERFIHR I L OB 4 0 B EHR
[COWNWTIE, BARBREAMB TSR FEMERT A N7 A ITTE B4 FEER
ZESB LU ERICRD S EammHEELZBESO KRG (12-64)

pre 7 —Z DG LT MR £ 7 /v RO /ER

E2TORIFBE AR T v >7 7 7 —/b (Vetrphale, Meiji Seika, Tokyo,
Japan) 0.2mg/kg OFANIEREIC L HRIEG 21T o7-, T RBRENDOR
o, A% —F b 7 A (Ravonal, Tanabe Mitsubishi Pharma,
Osaka, Japan) 25mg/kg OFRINTE 512 X 0 BRFSE A Z 1TV 100%EE 5
BILOA v 71> (Isoflu, Dainippon Sumitomo Pharma, Osaka, Japan)
1-1.5% DWW AFRRERZ K 0 MR L7z, 1 B E 15-20mL/kg, 152720
10-15 MO BE TH TR 21T > 72,
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HBRELES L ITABEMLITHRE LTz, Ad L IR HEE EXD |
EBEIHENEER, FL—E 7 24T o7, bem OB v M Z T U ZATU,
SHERZ @& DI 21T o 7o, SIS DEENICE N T v AT 2 —H
—ft&~A4 27 nF v 7B 7 —7/ (Model SPR-350, 5Fr, Millar
Instruments, Houston, TX, USA) #S#RICFHFA, =a—H 1 M L<IE
XHMERTICTEERENETHFELEE L. ZELLESEET X250
NHEIE, AT—TNAOMEIXEEREG L, &K pre D hr—
NT—=Z DS OEEENE. L-a—MRELLIOEND LR LLE
X7 — % ik 42 R7 4% I AR & iR LT,

pre D 2 b u— /L7 —ZRAGHE, & RELGRELIZORE Uiz, 2RI
FHIA B Y | EEICEWVEFER., FL—E 7 21To7, £% 5 I
TR Z ATV BIEICHE > TLIEGIE 21T - 7o, ELREICTEES 2 ZHEIT
T, E ORI &N 272, B A% — Mt 2 OB &L EEWNICHH
AL BEREZRRFFES L, RS, BEROMES LT MR OFSREIX

“~

EEE LT a3 —MBREIC L > TRl L7z, 77— R ZETHRZR MR ¥

=

=y FPHEBTEOETIORIMEZHRVEL, T VREZMER L, MkEN
IR —UZRE L, EECEWVIER L AR AT > 72, Bl X UMK IZ
e~ v F A > (Marcain 0.5%, AstraZeneca, Osaka, Japan) ¥ &
1.5mg/kg ZMaPEN I KON~ 5 L, iiRi 1 H2260i% 3 H £ TA
7% 5 A (Methacam 0.15%, Nippon Boehringer Ingelheim, Tokyo,
Japan) 0.2mg/kg/day Z# 0 #& 5 W& IS CTHEART N7 7/
— L DORFEANES (0.2mg/kg) b L < 1 # KN B i 405 (0.025mg/kg/hour)
EATo T, EWBEEIEOD, 7 7 L% 25mg/kg (Larixin,
Taisho Toyama Pharma, Tokyo, Japan) % 7 HE®&Z O &5 L7,

BT NVRIERE 3 r HEB L U6 » A2 T pre & FAER7R FIE THREEZ 217 .
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EEEEBIONLDa—XBEs2 K7 ¥ AR eI Lz B
TETHR, W7 —TVvaEEE LHEBIRUIBH 2 7-0 71 v 2 CHEfiiE A .

KX EEIZ LT VER LTz,

Bl /75 = E I E
HEN R ERERET — 4B LIOENERMLEELER T —2 2 KT 43

AR & T FE R U 7s, RIS 1 2 BE B L OV K /A2 JEHE IR (dp/dt)
GBS REFENT >~ 7 b (SBP2000, Softron, Tokyo, Japan) (Z X ¥ &+l L 7=,

BLEEEET — Z OFFHRATIIZZ E LT 10 04 O FERE 2 vz,

K7 % 2 AmRER

N—=2F A4 (R7FIAmAD) OLTa—KR&4FEH L7z, KIZ,
N7 % I v bug/kg/min (Dobutrex, Shionogi & Co., Osaka, Japan) % 5
7. 10pg/kg/min % 5 47fH) & BePEAICHE & U IRIN Rt S L 72, &

HBOMATENRRAICLE LIZWIRET, F7Z I VAL a—HREEZITo 72,

N7 I AambT a—MiREE

N=Z2F A4 (F7 I VAHRED BELO T X I A HICB 0 TR
BRFETLEa—MREZITo7To, RN ED 2D, M-T— FIEEB LR
FEIC LD a—REEITT oo, AT - ANDOBE TV, F—D.L=
o —4EE (Vivid7, GE Healthcare, Tokyo, Japan.) ¥ X O 3.5-6.9MHz h
FUAT a—Y—EHNTITo 72, & TOT — X (XFREE T BA MR 58 45 FEEL
ALh LSIFEMBMLICRE L MR TH LS Z & 2@ L, REFIZD 7 <
&bt 9 DL B/, By NE U LTCHEBUTEREICRE L.+
(ZHEE L 7IREE TA BB 36 K OV BEENAL 00 % By B Ly = 1 — [ 4 A %
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WLAT > T,

2D, M E— FEBXO R IEICL b a—KRET —ZIiE— ADE
WFHIZ X > T Echo-PAC UV —27 27— 3 »(GE Healthcare, Tokyo,
Japan)Z W CTHENT L 7=, GEREEEE KERF L L2 HW\WT, B £
— NIEIC L D RENREE L & 3+ U 72 [84], 45 5 M5 Fdh i FLEEM b L <
TR L~V EHWT, E£ED M F— RiHHl% leading edge-to-leading
edge V£ % FH W TITW [85], IRaR AR LB REEE | IRk R /c == A R EER
PERRR A BN, MR AENRBL LOEREMELHA L, £ED
ST REAR O 7o 9012 ZEEERIRALFE RIS K U I BE IR & | il 5 OIS
Mo TR Lz, ERERIALIEHIT. ARSORKEREZERTHRLZMEE L,
YRR AR I KX O AR BNT BV TEHI L 72[110,111], AHRFAYBER T M £ —
R{ECTHRHN U 72 PR ok R0 == R BE I & L08R R 1 /2 28 B 1 BE R 0O il &4 4K 9k
KIZEENE TR LMEE L2[110,112], 0 ER VU RZE 3 X OV IS BB e
BIZL D 2 W7 4+ A2k (Simpson Z15) 27 AU b a— PO
B8 L7 HiEZ W T TV I143], RioR e S5 RE, IGHE R T 2 S5 5
BIO—EHHEL2RELE L, #E LS EERHEELIIKEN SHE
[122] U7z (R SR Al TR U S8R AR W A2 S R REHE 2, UM R 1 A sR R AR FR 4k
BROR B HEEEEZ RN Lo, 2L RE G D VA KT Tk
(2 &0 REYRIM TS 7T 250dk L, KRBT ATER HRHE (PEP) F X
OB HIERE (ET) 23R L, PEP/ET & H L7, A —EHHE (FSV)
Z REVIRIGE > 77 F /v o i f] B A 0 i & REDAIR A AW im A & 0 #EE L
[89]. (M —MmMAH & — /S — &) A —RHE S U Tl m %
U T R R 5 W R A B I R il 2 38 1 D R B IR A B e 0D 15K
B X VI KRENRFPENAED 1/2 Z B r & L, o Xr2 & L TR L72[89],
BB DOFERHIREATIZ 1308 f5E 3 /LA O R E A VT,
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PR 2D a—[RAE L WIT LT, 2D-STE 07D DO EEE 7 B £
— Mgz, A—oBREFLICLza—EEZHNT, § 5 ETRLELD
(ZFeEk LT, 2T OT — & I3 REE MR BE THMEML S L < IXAEBEEMZIZ
REL, WL THLZ L AMRE L, MRRFICD < & b 9 Ol Lk
57z,

2 TO 2D-STE {ET —Z 13— ADOFHIFE 2 Echo-PAC V—27 A7 — =
> (GE Healthcare, Tokyo, Japan) & FIV , F&k % BLLAT#HRE L7z HIEIZHE -
T, 2B TR LI LD TN LT-168,71,75,76,152], f&iLiEENIZ DT,
EEF LB X OLRE LB 5 1 DEAYoREEES e 7 7 4
W T — 72— NMIER, M L7 DER D O IHE 2 HE L, BlEsES)
FOEMAHEOC— 7 HEZ G L7z, S 51T, HiER L1 DR L ~L
BT 57— LfEZZLBIE L, 1 LEMORIVER 7 27 7 A L& B,
[F4) L 72 D X s B IGHE ) 2 H)E L i Edl s KOs v o v — 7 i %
FHAIL 72 DR 6 R TR EF M~ DR L O iE#) 2 1E & L TR
L7, 7V — 2 BICEN D LG ITEICT L— 2 E &b, fahiEd
T Ty ANVEER LT, SEBORGHEETIITE R 3 O o E & H

AV

4\

e

447
7 4 1P T R TR L 72, 4 C DR AR L 1 7T 00 B AT

p={1}

v 7 k (SPSS for Windows; SPSS, Tokyo, Japan) % f\ 7=, Shapiro-Wilk
test & IEHMEORHMIC W=, 7V RIERRFT (pre). 7 AAERKE 3 » H
BIO 6 r HITBITA2X—ZAFA VBLXURRT X I VARMPOK 2 DEE
D #ZIZ1X, Tukey’s honestly significant difference test |2 & ¥ £ & Lk

ZAT > 12, 2D-STE JAIC X % o B A £ & Bl 19 76 == £ 285 O A8 B VE %2 3
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i 9~ 2 7= OB BRI 21T - 72, AEAKEEL P < 0.06 & L7z, &l
FNEEE LT, JUoFAAMCERLE 3 HHICBIT S, BADHTO/YIE
L 3 BIOFHEZ AWV 72 BRI L0 3FM L7z, 2B REUIAE R = &
BHE TR D & THRH LK,
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3. FEH
Blin 1) /e S E 2880 L OEHER 22 D = o — R A 2K

pre. 37 HBLIN6 »AICBITEZR—ATF 4 (K7 XAl B
DERER L OLT a—XBAZ KL Table 1 3 X O Table 2 IZ/R L7z, /&
FERENRE L (P<0.001), ZA=LEAREE (P=0.001), &SRR WP
=0.012), ERIERMAEEER (P<0.001), A=IUERAREL (P=
0.033), #—EaH & (P=0.085), I X W E (P<0.001)% 3 »~ A I
BT pre ICHARTHEICHEMUZZ, Eo, LR X OUUH B ECR (L
. BXOMExMEER (P=0.001, P<0.001, 83X P=0.045)% 3 » A
IZEBWT pre IZIERTHEICHAD Lz, E£EKEBIREL(P < 0.001), £=
PLRARHE(P < 0.001), £ EIHERBIEP = 0.006), /& EILIRAR AR
#(P<0.001), Z£FBNMiARY AP =0.008), H—mEHLHEREH (P=
0.002) | B XU HJE S HE(P<0.001) X6 » AIZIB W T pre (TR THEIC
B L7, 72, By dp/dt (P=0.022), #EIER R I OMUHE A ERCIRE 5 2k
(F£iz P<0.001) F X UHEXTRIEEE (P=0.022)1% 6 7 AI2F T pre (T~
THEIZEAD Uiz, IWHEEERIRILIESIE 6 » I8\ T 3 7 IR TH
B L7 (P=0.044), DA%k, /o BREAESR, L=, B8 X OV PEP/ET

IABERENE RS R T,

2D-STE 5%

AWFEIZBNT, F7HZ I AMARIIETORDODETDO AT =V
TMAARETH o7z, B TOES AL NMIEBIT 5 2D-STE IEEENHE
SHENTIZ & £ T, FHE N A B ORE R £ T KX OVE TR 5O P25 i 13 Bl
BEOIRNER T 6.9°8 LT 6.4%., [Hisk L CHNIEE T 9.1°%s BI W
11.2% Th » 7=,
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pre. 3 7 HBLXW6 » AITBITAZR—AT 4 (K7 X Affail) B
ERTEIVARMKEOEETER XL a—REZLEIL Table 3 BL T
Table 4 |27~k L7z, buglkg/min @ R 7' % I U EAMRBR TiX, £ To 2D-STE
EEBIZBWT, 372 ABLOV6 » AITBIT 2K atElT pre ERIRE CTH -
72, 10pg/kg/min @ N7 % I A ik Tld, IR 1O R R Al R ES) (P =
0.005 and P = 0.006), L H].LRFE[F#R 9 B (P = 0.002 and P = 0.044),
ILAE A fen i B) (P < 0.001 and P = 0.003), ¥ X QUM E (P =
0.006 and P=0.020) DML 3 » AB L6 7 AIZHB W T pre 12T
AEICKTFLTWE, pre. 3 7 ABXU6 » ATk 2 IUE i ES R
X O AE B EFE O 10pg/kg/min O K7 % 2 AR~ KGO 5 O
[X] % Figure 1.3 X O Figure 2.1278 U 70, (05350 (A 538 6 36 K OV B #5858 |2
T HIGHEITAEBEICE L2 oT, LT RERES)(r = -0.41, P =
0.009)., O FE ¥ A 5 3K FE (r= -0.667, P< 0.001), /0rR¥0[E #55E & (= 0.399,
P=0.009), LAREEEEHEE (r=0.66, P<0.001), faiiEd) (r=0.644, P
<0.001), B LN EE (r=0.696, P<0.00)IFE MAY dp/dt & A EIH
B L 70 I 4L Bh 36 L QM v B & @i A dp/dt @ #Ai 4 % Figure 3.

(2R L7,
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2D-STE & Caffli L7z DS, MER FOHEE MR €7 /L RICE
W T UREFERE DFRIE & ST B 8 B R E SRR ICE(L BN RV
L bh LT EFERFICH ST R T Z I CARABRICK T 5 ROSHENME T L
2o BT, 2O OO FHIRVERIZE MY dp/dt E A EICHBE L, Lz
RNo T, 2D-STE 3512 L% R 7% 2 UARRABRIE MR O KIZEH W TULHE T
THRE DBTERM 2R T 2 R T 25 OISO ATREME DR & 5,

HERFEAEH O MMVD K[38,47]8 L OVEBRMICHFE L MR £F LK
[45,46]I23 1 D EOHSE TIL, Z OEMER 2R EEI TR 23V TULHE
WEMETLTWD ZERRBENRT VS, LALARAS, MMVD @ XIC
FUTF B Wi PR 1) 732 A i B FE AT 1 IR 4 & X A [48] . ARMWFSE T D /e EBALHE R0/
FEERH R L O PEP/ET & W o 72 I BE 28 £ 13 BF e 7 I 4% e R
ML ole, 2O DOEBIFIARDOIGEMEIZMZ T, MRIZKXDF
SRR T-TE VL DB % %2 1T . MR O T C OB EER & D F1E
R TRENE A B 5 [48],

S 755 o AU X B0 4D A5 R A S 0D & i A T T I S B A IR AD IS ROk L T
0 [99,100]. X 0 EE D SO BEREREAN 15 & S v, IEERY 720 i B RE
EEOBREICHLARE S TW5[22,23,26,79,91], &M MR €5 /L&
7o £ OWFFE T R — B AR O 2 M N2 38 W) TRMESNT B~ TL A i U iEE)
MWD ENHESNTNWS[182,183], 52, HHETRLEZED
i, BEEBI O EE MMVD RKIZEBWT, AEBLOERZEASG SEZa v b
7 — LRI HE AT I B v B AR & R L7z [76], £ T VR o et
TICHEI R=XT A (RT7Z I AR FFORIVEBEK T IiXsZ 5 <0
AILAEE DR T 2 KB L T 5 & B 2 b, Al o % pr 7.076,132,133]
=BT 5208, AEREATII R o7z, 2T, T AV ROEE N D0
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ZE, MEEOER IO R LT R R D FREENH D MR OFREER
Frfoe 01 D2 B A b LuZe

FE A RIS 36 L OV |AUHE R A B B o B i i dp/dt D
Tob ., AUED MR £ 7 /L TR BEITITE WG BERE 23 4T L T
WD ENRBREND, AMRBRICEBWT, 3 » HB X6 » A Tlkiahi
B LORNWEED R 7 % I A3 T 5 BUOSHESMET LTz, B2 i1E
MaEFE> F7 2 I 2T 2 0B SO TIX MR E7 /L RIZET 50
A PIHEEOR T2 R L TWD EE X b/, b hoEE MR EHE TIX
18 B A far s R T E U 72 U T BB S N BRI L 72 o e SRR REHEFF 0 B 4T 72

ZOHERNNICH A & Snl186], F72UUE FREOK I b DBE
ICBWTHRE B AR K Y bEBNHEZ KT 5 & A S Tn 2 [137],
AWFZE CTIXEBN M HBEC TH OMFHIIT > TR, 7 & I U Afralli
\Z & IHE PR BEREAT 1L MR O RIZIE W TS ERIKAY 70 B E FEFEHmIZ A A <
boHrEEZONTZ, BT, B h MR BF TlE, INEOLEKERED T
AN A DT 2 — KRR 2 BOSPED R T 238 STk v [144] . MR
D RIZFB T b O IUHE T RE O FFA 1Z . MMVD (2%t 32 A BH TR 2 —
AN I o Te GBI LV EEE 2D E Eb s,

R7 2 I v0ARHEICEL T, WEORT K[138,139]F K UNMNLHE % 6E
AEET VR0 T 2R KRAMmHEIZE Fo N7 &2 I AmREBRIZ A
5y 42.5pg/kg/min & SN TW D, —J7, BRG] O LML 3RO 5 E O
RIS B KA A RIT bug/kg/min THEF Sh TW5[141], ABFFET
3. BRIRBI~DISHAZ BRI E L TW A7, A H & spg/kg/min 7>
HAX— kL, gk KA AEIT 10pg/kg/min & L7z, & O %, 5ng/kg/min
TIXAERIMEHSEE R 22 R Led > 7223, 10pg/kg/min & BRI &
TIEHERER 22 M T& 72, L722 > T, MMVD O RIZ%§ 5 [ RE
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RAEDFIZ % LT, 10pg/kg/min F2E O H & THOIZRHE TE . Mo RIEK
REOHEERAEFREBIITLERIATZAD I EBNRINT,

R7 5 I BZREOETEE LT, 8 2B x3 25 K6
PR T E PARLICBIT 2R E STV 5H[145,146], & P ARERLD
0D FEL B 5 MR AE S0 0 i IV B 2 BRI EN B~ D SO PES Z L < [147-149],
BEREAKRLEA T LX 2L —3 3 LTW5[145-147], AHFZETILR
FLARRR F R 21T > TR O T @8 1T & 0 e DR &M EE R LT
IR TeIN, RT7 2 I AR ABRICE T 2 BOSMER TIZ Z 6 DR E &
Ez oz,

2 IZLLATIC MMVD OJRBEHEITICEB W TE RO RMZHEL N4 L 5
ZEaERLTERYI[110]l. 2 & D 224 ki 2D-STE & TRkl L 72 i iE &)
ICHEE 5252 ERHRE SN TWAI150], REFFEICEWTS, IKEME
K QU O ERRA IR B, R AYBE IR IR BT IS > THEICIR T L7,
DX D e Ml e EBMF AL R TO K7 ¥ I UARICRT S
FOGHEIR TFICRE LB N, £, EERAEIIILHANICEIT S
MAFEANRZY) L BICBBHEEOR/MEB X OCLHOT RV F—
FHESC RO FALITRD D A=A L THHSH[101-103], F7 XA

X

LR TR R BN MR O REBETT ICFE © BT 5 1 H &K T I3l

=
]

S
s
H

SRR DI T2 b 72 b LIOH OUSTEICE B LIRS E 25

ARIFFTNNT N DD DOHIRBIFET D T A D=z, REFFET
(TREE DB AT BR< 2 &N TE R Do 7o, IS4 B O FT I EAIZ X5
BEFORIIGHTEROME Lvewy, 72, AHFZETIE MMVD €5 L &
LTCMR#FHEH 6 HETOREZH N, LrLARNL, BEFICBITS
ARFEAF OB MMVD RiZ®Re 2% A4 7O0LHEFEOHEREZ A L
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TWAAEEHE L H D, IHIZ, BEOREHA W K74 I AMRBRFTE T
EMAES IO 2R E < KEAELRRATH L LRSI THDL N
[138-141], XV ml CHREEZH LI R CTIEAERO L 5 G EFELNAEL
HAREMED B D IR T O mln DR EEH Lo RITxt ™ 5 2R VERHAM O e S
PNEEND RIVEB O B IZFE— O TIERWEIER L E LR L
AL OFEEIKTIE 2 AW, 2O Z LTS BEIOFTRICEEL EZ TwbH b L
R, EBIT, DFEEERNL N T AT 2 — Y — DM EIC X D HIBRA R
SN THY[104], ZEZORHE LA /AR T AT B3 1 23 R 72 5 51 & (7 7E
T2, MR, SRIEARY 7V R T vy X bz a—KREIZEL > T
IRHOHIBITSEEI NSNS Lt £ L0 s 72 DU RE REAl o 7=
DITNTE-AFREMA O L O R LV FEM R IC X DM BN LETH A I,
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5. /&

2D-STE £ Tl L 72 D iviES X, MR ORI EITT 51220 T,
R7 % I AMRBITH T D FUGMERR T L7z, F7 & I v AfmaRBRIC k3
% FOSYEDAR T IR 22 IR R RE R 2 2 SO L T W D ATREME AN E 2 B 4L
72, 2D-STE E#ISH Lz K7 & 2 Al BRIC & 2 WG T e 5 F 4 1%
MMVD RiZFEWT L0 FEM R IR RE Rl 2 ATREic T 2 e B Aa bivle, &
N OIEEORIRIAE MR T4 & OBMRMER EIXERDIMAPLETH D,

B, ZOF 6 EILBITHERNEIX Journal of veterinary internal

medicine / American College of Veterinary Internal Medicine, 2013 (2T

NFELT-[152],
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6. XF&

Figure 1. Peak systolic torsion values (mean = SD) for baseline
(without dobutamine infusion) and dobutamine infusion (10pg/kg/min)

prior to and 3 and 6 months after induction of mitral regurgitation
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pre 3 month 6 month
f, Within a row, values differed significantly from dobutamine

responsive values at pre (control).
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Figure 2. Peak systolic torsion rates (mean + SD) for baseline (without

dobutamine infusion) and dobutamine infusion (10pg/kg/min) prior to

and 3 and 6 months after induction of mitral regurgitation
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f, Within a row, values differed significantly from dobutamine

responsive values at pre (control).
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Figure 3. Correlations between peak systolic torsion (A) and torsion rate
(B), and invasive peak positive first derivatives of the left ventricular

pressure (dp/dt) in overall dogs in this study.
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Table 1. Hemodynamic data for baseline (without dobutamine infusion)

at prior to and 3 and 6 months after induction of mitral regurgitation

pre 3 month 6 month

Heart rate (bpm) 91.1 + 26.3 127.3 + 48.6 102.2 + 27.5
Peak systolic LV pressure

102.2 £ 20.6 92.4 +21.5 80.6 = 8.0
(mmHg)

Invasive dp/dt (mmHg/s) 2207.2 + 377.4 1630+ 552.9 1331.4 + 156.5"

Data are expressed as mean + standard deviation.
*,  Within a row, values differed significantly from pre values.
LV, Left ventricular; dp/dt, peak positive first derivatives of the left

ventricular pressure;.
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Table 2. Conventional, 2D, M-mode, and Doppler echocardiography data

for baseline (without dobutamine infusion) at prior to and 3 and 6

months after induction of mitral regurgitation

pre 3 month 6 month
LA/Ao 1.2+0.1 2.0+ 0.2° 2.2 +0.2°
LVIDd (mm) 26.3+ 2.5 38.7 + 4.9 41.8 + 2.8*
LVIDs (mm) 19.7 £ 3.6 27.0 + 3.9* 28.3 +1.2°
Fractional shortening (%) 25.1 + 11.8 29.9 + 8.6 32.2+ 2.6
PEP/ET 0.2+0.1 0.3+0.1 0.3+0.1
Ejection fraction (%) 59.5 + 6.1 57.3 + 16.4 62.3 + 2.7
EDVI (mL/m?2) 47.6+11.1  90.0+9.1" 117.9 + 11.0*
ESVI (mL/m2) 19.8 + 6.8 37.9+13.5* 44.6 +6.5"
TSVI (mL/m2) 60.5+12.2  113.8+42.9* 153.0 +20.8"
Regurgitant fraction (%) N.A. 43.7+20.9* 56.8+10.1°
Diastolic sphericity 1.7+ 0.1 1.4 +0.1" 1.3+0.17
Systolic sphericity 1.8+0.2 1.56+0.2" 1.3+0.17F
Relative wall thickness  0.66 + 0.15 0.43 £ 0.14" 0.40 £+ 0.08"

*, Within a row, values differed significantly from pre values.

T, Within a row, values differed significantly from 3 month values.
LA/Ao, Left atrial to aortic root ratio; LVIDd, End-diastolic left
ventricular internal dimension; LVIDs, End-systolic left ventricular
internal dimension; PEP/ET, pre ejection period to ejection time ratio;
EDVI, End-diastolic volume index; ESVI, End-systolic volume index;

TSVI, Total stroke volume index; N.A., Not applied.
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Table 3.

Peak

systolic

two-dimensional

speckle-tracking

echocardiography data for baseline (without dobutamine infusion) and

dobutamine infusion (5 and 10ng/kg/min) prior to and 3 and 6 months

after induction of mitral regurgitation

pre 3 month 6 month
Basal Baseline -3.0£2.3 -1.6£2.1 2.8+ 2.7
rotation Spg/kg/min  -5.5+ 1.5 -3.8+ 2.7 -3.7+ 3.1
°) 10pg/kg/min  -4.9 £ 2.8 -2.56+1.3 -4.4 + 3.2
Basal Baseline -78.4+45.5 -43.5+£22.4 -67.1 £29.3
rotation Spg/kg/min  -106.3 £ 37.0 -96.4 + 33.8 -80.4 + 39.8
rate (°/s) 10pg/kg/min -128.8 + 53.3 -112.6 + 40.2f -112.0 + 75.2
Apical Baseline 12.1 +12.0 4.9+6.2 4.6 +4.3
rotation (°)  5pg/kg/min  12.3 £ 3.4 8.9+6.1 11.6 £ 1.6

10pg/kg/min  20.6 + 2.8 12.1 £ 7.3% 10.5 + 4.8%

Apical Baseline 122.2 £ 85.8 57.7 + 46.3 62.6 £ 51.2
rotation bpg/kg/min  129.3 £43.1 81.7 £60.5 98.0 + 35.5
rate (°/s) 10pg/kg/min  230.0 + 64.4 104.8+77.1  124.7 +59.7

Data are expressed as mean + standard deviation.

¥, Within a row, values differed significantly from dobutamine

responsive values at pre (control).
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Table 4. Peak systolic two-dimensional speckle-tracking
echocardiography data for baseline (without dobutamine infusion) and
dobutamine infusion (5 and 10pg/kg/min) prior to and 3 and 6 months

after induction of mitral regurgitation

pre 3 month 6 month

Torsion (°) Baseline 12.7+ 6.7 6.2+4.5 7.6 3.2
5pg/kg/min  16.1 £5.9 12.5+5.9 14.7 £ 3.2
10pg/kg/min  23.8 + 3.6 15.9 + 8.1¢% 14.2 + 2.4%

Torsion rate  Baseline 158.8 +79.1 67.8+ 36.5 78.0 £ 30.7

(°/s) 5pg/kg/min - 160.7 +39.6 128.1+41.1 93.8 +24.8

10pg/kg/min  272.4 £ 66.9 178.1 +69.3% 152.5 + 60.8%

Data are expressed as mean + standard deviation.
T, Within a row, values differed significantly from dobutamine

responsive values at pre (control).
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RO OIFREFHHIC BN T AR b a—MBREISLHDOY — L EF
25, ITHERY; L 72 Two-dimensional speckle-tracking echocardiography
(2D-STE) 130/ E &) O FE A 72 384T 2 "TRE IS L. BT 72 72 DB REREAIG 7 15 &
LTEASATWDS, Ll L, RIZEIT 5 2D-STE {EDEHIED
<L DR KO &V o T KRR Y 2D-STE 15 TRl L 72 0
EBZEIC G A D EBIIMF SN TR,

R AR ZE PR VE(E R R PAEH AN 2 (MMVD) 1ZRICEB T H 082D
—RHRER TH D, T OFRBEITIER BV T T FEIGIEERE RN 2088 5

By HuREERS RS TS, L, EiEFEI (MR)

&

Vi It
(2 X DB VER B A e O BRI A 15 AL DR BIC K 0 L DERIRT
FHIE R EE T H 5, 2D-STE EIFER O LIZERCIMATEN RE 2 3F 9~ 5 L= =
—PUE L IFERY | MikE EAH T OMEBHAKRLZFMT 22 N TE, X
D R DB RE A R D ATREME RN IR S D

Z ZTARIZE TR, RICBWT 2D-STE ES OSBRI 1E & L Tl
TEDBET L, DR KO & v o 72 AR 58 2D-STE IEE %K
\ZH 2 2B Lic, 70, BREIOET KIS LT MMVD R\ T
HE L, MMVD ORI RIFEFMICAN THLmF Lz, 61
MMVD RIZET 2 UfEEERN 2O R 2 BHIEIC, 2D-STE &4 v

72 I Ao L2 MR €7V RE W THRE LT,

1. 0% D Two-dimensional speckle-tracking echocardiography #£1(Z &
L 0B EB AR KT D (5 2 &)
ORBNIEEROERRERFTH Y kDL a—MiE DL
BhEEZHDNFELTHEMONLTWVWS, L2LAans, L EE L
2D-STE {£I2B VT, RIZE T 5 LMEZE ) 2D-STE IEEBA~5 2 5%
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BIZOWTIERE AR STV 2R, £ 2T, IEH 72 0ERE 2 RO REE T O
R ISHNZHK LT, AERX— 72X 0 D% 120-180bpm DO #iH T
ft. &% 2D-STE EEBOE & Rt L, O ZE (o 2D-STE B L 5.0
MEBAERICEG 2 D BE2F ML, MEBETORE C— 7L RIZBIT S
120-180bpm D LH#Z LIz %t LT, 2D-STE £ X 2 #5005 16 0 0 5 i B
AL 72 B A B o THBETH o 72, 2D-STE B K 2 DA EB) D 2
FLAVEBLIOR ML A b= MIT R TLHBEENCDORELZ T 2>
T=o —75. PEIE RV E O AT 180bpm T EF L. LHEHEINICHE
PLARMEPE R 2 SOk L CW D AIREMEDN B A bivlc, £ LT, mW D TH TR L
T IR D P A g K OWRAR I o0 1% &V S Eh I L AR L 72 B S L OV T R ]
SR L TR H B E2 MR T 5 OISO TREME N & 2 biui-, 2D-STE
VEIT K 2 30 7200 S B R AR 10 7 B RE 00 FE A2 TR A 72 BFAM | AR5 1296 SR 13 AT
TERDP o T ERMEMARRFRIZI T 2 0 EEB I 2 7RI T 2525
iz,

2. 4E#h D Two-dimensional speckle-tracking echocardiography #12 & %
DA EB AR T D8 (5 3 &)

PER DO 7 — [ A HUZ I T NS O 8T IR A S
HHRDHZENMBNTWD, £EFE MZBITDH 2D-STE EIC L D0
BB CIXMEIOEERRE SN TVD, LR b, RICBIT 54
WD 2D-STE {EEIZH 2 DB W TN e STy, &2
T, EWZROEREZR OB T ORERR (Fi 1.110.25%) 1761k X0
R (i 8.9+1.6 5%) 15 BlicB W\ T 2D-STE A B OMEL BRI L, £
r DENS 2D-STE HEIC X 2 DB AR 5 2 DB a2t L7z, R
T O REFIZIB VT 2D-STE {EIC K 2 EE ST W OO E BV Z BT 157
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IREBMEZ b o TRl AN ATHE T o 72, 2D-STE #EIZ & % /0 i B 0 I 1
BT ORI EE L A RV T T N THEROE VI L 2B 2T o
Izo =07 PERMIZEITILRE R AL O (R, FE. BEE LILEE]
i, BLORNATM), ILREHAKOESE (R, B, OEAEHEEL, B
Lo T R B, MESIZHE 5 DR YERERE DR T &2 )X L T 5 ]
REMER B 2 o, DLEX Y JREMAR ORI IIFine abElar b
1 — L RERC AR i fiE D 2 B B DH FESZ OO W6 ZEME DN TR S ATz DB RS D £ fin
DEBEZRF LB 7 o R TEEICRE L7z 0l R E O R & e 4

HOWEEREHERETEEZ LN,

3. fEiEF PSR 2IE ISR L2 BR B 0 RiCH 1T 5 Two-dimensional
speckle-tracking echocardiography {£IZ K % K, #2h1JE 3 K OEEE )5
O EB AR (55 4 7)

fRER B > MMVD K 67 i & s =2 b v —/LfE 20 #2350V C 2D-STE
B K DR Eh, T E o K OVE IR 7 O A SR BN 1T K 2 0 REREA A 5 A 72
2D-STE {EIZ X 2 R, 2h [ 8 d5 2 OVE 27 [a) s ) 1 8l [ X & PR 51 o0 R D1
EAEITBNTHHMIiATRE TH VD EARNRREBHEBEICAHTHL LB HN
7o MMVD OJFREHEITIZI VT, P ZRFECTIX, b E s L ORER TS
O BN 23 TUE U AE R A DA EEh A KB L TV D E B X bivic, ME
JF L iEE) L ISACHC 7 7 A TIT O EAER TITIK T LIMEAR R L 720 |
MMVD O BEEALICEE L TWAHAREREZE X b, 2O X951
2D-STE i TIRO A EE) T Ml OMERRBRZHEET L2 LN TH D,
MMVD RIZEBEWTFEMIZ OEREEZEST 2 2 iR BB bR,

4. FRIRBIOEMEFRAE AR SIEICHE L7 RIZEB 1T 5 Two-dimensional
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speckle-tracking echocardiography {512 X 24240 50O =B GEL (55 5
)
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Echocardiography plays an essential role in the assessment of cardiac
disease in veterinary medicine. Two-dimensional speckle-tracking
echocardiography (2D-STE) has recently been used to assess myocardial
deformations in humans and dogs. This technique has enabled the
assessment of myocardial variables, such as strain, strain rate, and
torsional measurements, that provide better quantification of regional
and global myocardial deformations and might have higher sensitivity
than conventional echocardiographic parameters for detecting subtle
myocardial function abnormalities. However, the effect of age and heart
rate (HR) on 2D-STE variables has not previously been reported.

Myxomatous mitral valve disease (MMVD) is the most common cardiac
disease of dogs, and some dogs with MMVD develop myocardial
dysfunction due to enlargement and remodeling of the heart. Recently,
systolic dysfunction is associated with poor outcomes in dogs with
MMVD. However, assessment of systolic function using conventional
echocardiographic methods is difficult in mitral regurgitation (MR)
owing to altered hemodynamic loading conditions and sympathetic tone.
We hypothesized that myocardial deformations assessed by 2D-STE
could be useful markers of systolic dysfunction in dogs with MMVD.

This study was designed to assess 1) the effect of HR and age on
2D-STE variables in healthy dogs, 2) multidirectional myocardial
deformations derived by 2D-STE in dogs with various stages of MMVD,
and 3) myocardial deformations during a dobutamine stress test with

2D-STE in dogs with experimentally induced chronic MR.
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1. Influence of heart rate on myocardial function using two-dimensional
speckle-tracking echocardiography in healthy dogs (Chapter 1I).

HR is a known important modulator of cardiac function, influencing
echocardiographic variables. Therefore, it should always be considered
in the evaluation of cardiac function, particularly in the event of cardiac
failure. However, influence of HR on myocardial function assessed by
2D-STE has not previously been reported. In this study, thirteen healthy
beagles were anesthetized and controlled HR with right atrial pacing.
Myocardial function of each was assessed using 2D-STE at the pacing
rates of 120, 140, 160, and 180 beats per minute (bpm). All strain and
strain rate variables in the longitudinal, circumferential, and radial
directions were not significantly different at the range of 120-180 bpm.
The peak early diastolic torsion rate at 180 bpm was significantly
increased compared with that at 120 bpm (P = 0.003). Torsion rate in
early diastole was elevated at a HR of 180 bpm, which may reflect
increased myocardial relaxation with increasing HR. Left ventricular
torsion and untwisting at higher HR may play an important role in
preserving stroke volume in the presence of shortened ejection and

filling times.

2. Effect of age on myocardial function assessed by two-dimensional
speckle-tracking echocardiography in healthy beagle dogs (Chapter III).
Aging might affect cardiac function in dogs. Aging also seems to be
related to myocardial torsion, assessed by 2D-STE in healthy humans,

which is directly related to the helical orientation of myocardial fibers.

156



As the number and proportion of older dogs in the canine population will
increase, quantitative information on age-associated changes 1in
cardiovascular function in the absence of disease becomes more
important. However, the effect of age on myocardial function assessed by
2D-STE in healthy dogs has not been previously reported. Thirty-two
healthy beagles were used. Myocardial function was assessed in each dog
by using 2D-STE, and the results were compared between young and old
dogs. The myocardial deformations in systole, besides the apical rotation
rate, were not significantly different between young and old dogs. In
contrast, the early diastolic circumferential strain rate, basal rotation
rate, and torsion rate were significantly lower in old dogs than in young
dogs (P = 0.03, P=0.033, and P = 0.015, respectively). Late diastolic
longitudinal and radial strain rates were significantly higher in old dogs
than in young dogs (P=0.002 and P=0.018, respectively). Young and old
dogs showed similar systolic myocardial deformations, but significant
differences in the values of some diastolic deformation variables were
found between young and old dogs, highlighting the need for using
age-matched control subjects in studies of diastolic function. Evidences
about the effect of age in the heart provide important

information for understanding age-related cardiovascular diseases.

3. Clinical assessment of systolic myocardial deformations in dogs with
myxomatous mitral valve disease using two-dimensional
speckle-tracking echocardiography (Chapter IV).

This study was designed to quantitatively measure multidirectional
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myocardial deformations of dogs in various stages of MMVD. Our
hypothesis for this study was that myocardial deformations assessed by
2D-STE could be useful markers of systolic dysfunction in dogs with
MMVD. Eighty-seven dogs with MMVD were enrolled in the study. Dogs
were placed into 1 of 3 classes, based on the International Small Animal
Cardiac Health Council classification. In addition, 20 weight- and
age-matched healthy dogs were enrolled as controls. The dogs were
examined for myocardial deformations using 2D-STE, and the peak
systolic strain and strain rate in the longitudinal, circumferential, and
radial directions were evaluated. Class II and III dogs had higher
circumferential strain than class I dogs (P = 0.002 and P = 0.001,
respectively) and controls (P < 0.001 and P < 0.001, respectively). Class
ITII dogs had higher radial strain than class I dogs (P = 0.001) and
controls (P < 0.001). Class III dogs had higher radial strain rate than
class I dogs (P = 0.006) and controls (P = 0.001). Other deformations,
including longitudinal deformations, were not significantly different
between classes of MMVD or between MMVD dogs and controls. In the
clinical progression of MMVD in dogs, myocardial deformations, as
assessed by 2D-STE, differed according to myocardial contractile
direction. Thus, assessments of multidirectional myocardial

deformations may be important for better assessment of clinical cardiac

function in dogs with MMVD.

4. Noninvasive clinical assessment of systolic torsional motions by

two-dimensional speckle-tracking echocardiography in dogs with
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myxomatous mitral valve disease (Chapter V).

This study was designed to quantitatively measure myocardial
torsional deformations of dogs in various stages of MMVD. Our
hypothesis for this study was that myocardial torsion, which is directly
related to helically oriented myocardial fibers, could be useful markers
of systolic dysfunction in dogs with MMVD. Sixty-seven client-owned
dogs with MMVD classified into 3 classes based on the International
Small Animal Cardiac Health Council classification and 16 weight- and
age-matched healthy dogs. Dogs were examined for myocardial
deformations using 2D-STE and were evaluated for peak systolic
rotation and rotation rate at each basal and apical view. Dogs were also
evaluated for peak systolic torsion and torsion rate. Peak systolic torsion
was higher in class II than in class I (P < 0.001) dogs. Peak systolic
torsion was lower in class III than in class II (P = 0.001) dogs and
controls (P=0.003). Torsional deformations assessed by 2D-STE differed
among clinical classes of MMVD. The lower torsion in dogs with severe
MMVD may contribute to latent systolic dysfunction and seems to be
related to severe cardiac clinical signs. Myocardial torsional
deformations using 2D-STE may provide more detailed assessment of

contractile function in dogs with MMVD.

5. Dobutamine stress echocardiography for assessment of systolic

function in dogs with experimentally induced mitral regurgitation
(Chapter VI).

Systolic dysfunction is associated with poor outcomes in dogs with
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MMVD. However, assessment of systolic variables using conventional
echocardiographic methods is difficult in these dogs due to MR. We
hypothesized that an inotropic challenge with dobutamine, and assessed
by 2D-STE, could reveal early occult cardiac dysfunction not evident at
rest. Five anesthetized dogs with experimentally induced MR were used.
Dogs were examined for systolic myocardial deformations using 2D-STE
during dobutamine infusion prior to and 3 and 6 months after MR
induction. We evaluated peak systolic rotation and the rotation rate in
each basal and apical view; peak systolic torsion and torsion rate were
also calculated. Invasive peak positive first derivatives of the left
ventricular pressure (dp/dt) were significantly decreased in dogs 6
months after induction of MR compared with the pre-MR values. Dogs
with 3 and 6 months of MR had diminished peak systolic torsion values
and torsion rates in response to dobutamine infusion compared with
pre-MR data (3 months, < 0.001 and P=0.006; 6 months, P=0.003 and
P=0.021). These were significantly correlated with the overall invasive
dp/dt (r = 0.644, P < 0.001; r = 0.696, P < 0.001). Diminished torsion
during dobutamine infusion in dogs with advanced MR may reflect
latent systolic dysfunction. Contractile reserve, assessed as described,
may provide a more detailed assessment of contractile function in dogs

with MR.

This study confirmed that the effect of HR and age on myocardial
function assessed by 2D-STE in dogs. The present study obtained normal

values for 2D-STE variables in various HR and young and old dogs, and

160



these can be used as preliminary data for the establishment of reference
intervals of 2D-STE in the dog. This study also indicated that
multidirectional myocardial deformations could be assessed using
2D-STE to evaluate myocardial function of non-sedated dogs with
adequate repeatability. These multidirectional myocardial deformations
might improve the clinical assessment of cardiac function in dogs with
MMVD. As the torsion 1is directly related to helically-oriented
myocardial fibers, the lower torsion in dogs with severe MMVD may
contribute to latent systolic dysfunction. Finally, this study suggests
that contractile reserve assessed by dobutamine stress test with 2D-STE

is useful tool for early detection of the systolic dysfunction in dogs with

MR.
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