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1 
 

 

A :  

Am:  

CO:  

CTR:  

DAP:  

DCM:  

E :  

Ea:  

Ees:  

Em:  

FSV: 1  

HR:  

IV:  

LAP:   

MAP:  

MI:  

MR:  

MRV:  

SAP:  

SC:  

Sm:  

SV: 1  

SVR:  
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TEE:  

VHS:  
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Mitral valve insufficiency; MI

Carpentier MI

11

, MI

, , 

MI Dilated cardiomyopathy; DCM

, MI

Mitral valve regurgitation; MR , 

MR Forward stroke volume; FSV

26 , ,  

, , MI

, FSV 38, 66, 81

MI , MI

, 

, , , 

, 

67 , 

, 67

MI

, 
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, 

MI

, 

 

15 , 

, 

PV

, 1

( FSV

) , 

End-systolic elastance; Ees 75 , 

Effective arterial elastance; Ea 77 , 

1 Ees

, Ea

, 

Systemic vascular resistance; SVR , 

, , , 

, , 

SVR 1

SVR , 

57

57 , 

, Ea
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, 

45, 78 , 

Ees Ea , 38, 81 50, 60, 

70 , MR

 

MI

42, 43, 79, 80 DCM MI

35

MI

 

, MI 1

MR 1 Stroke volume; SV FSV

Mitral valve regurgitation volume; MRV , FSV

2 , 

Transesophageal echocardiography; TEE FSV

 

, , 

FSV , TEE 

, TEE

39, 55, 61 , 

29, 

64, 68 TEE FSV
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18, 29, 34, 68

, FSV , 

, FSV 18, 34

, 

, FSV  

TEE , 

, 

, 

TEE , 

FSV

(9, 40), TEE FSV

, TEE FSV

 

1 TEE FSV

 

2 TEE PV 2 FSV

, 

, 2 2 FSV  

3 MI

TEE FSV

 

4 DCM MI

TEE FSV 
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1 Ees Ea , 

Ees , 

Ea , 

x Ea

FSV  - 

, , 
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2 MR PV

SV +

FSV TEE FSV

, MR

FSV , MRV SV FSV
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1  

 

 

MR , TEE FSV

, 2 4 2

DCM MI , 

, 4 DCM MI PV

2 PV

, 

, 2

, 2 4 DCM MI

FSV , FSV

3 4 MI

TEE , 

FSV  

TEE FSV , 

, , , , 

, FSV

, FSV

Cardiac output; CO , 

, 
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1)  

, X , 

1~2 12 10.0 ± 1.0 kg, 8 , 4

26-

87 ,  

 

2)  

0.2 mg/kg SC

, , , 

 0.2 mg/kg IV , , , 

 0.2 mg/kg IV , , , 

 4 mg/kg IV , , 

, 100% 1.5~2.0%

DS , , 

Aestiva/5; Datex-Ohmeda, GE 

Healthcare, , Life Scope BSM-5192; 

, , , 35 45mmHg

22, 51 , Prosoundα10, 

, , 5MHz TEE

Aloka UST 52119S, , , 

, , 4 1 

1 , 

, , 
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, 1

, 10

 

 

3)TEE  

22, 51 , 

2

5 3

 

, 

22 75 85° , 

3

, FSV

QRS CO FSV

Heart rate; HR , 

, / HR

/ 62 HR

R-R  
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3 75 85°  

PA Rau

LVPEP Q

LVET  
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: 

0° 4 22, 51

, 4

Peak early diastolic velocity; E wave

Peak atrial systolic velocity; A wave , E/A

, 

Peak systolic velocity of mitral annulus; Sm , Peak 

diastolic velocity of mitral annulus; Em , Peak atrial 

systolic velocity of mitral annulus; Am E wave Em E/Em
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4 0°

2 mm , E wave

A wave  
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4)  

24

90

DX-300, Nihon Kohden, Tokyo, Japan

Systolic arterial pressure; SAP , Mean arterial pressure; 

MAP , Diastolic arterial pressure; DAP HR , 

SVR TEE CO , SVR = 

MAP - /CO

, 5 mmHg  

 

5)  

 ± Standard deviation; SD

FSV, CO, / , E wave, A wave, Sm, Em, HR, SAP, MAP, 

DAP , 1-way repeated measurements ANOVA Tukey 

, , 

/ , , / , E/A, Am, E/Em, SVR

Kruskal-Wallis Dunn FSV

, 

p < 0.05

, GraphPad Prism 5.0a GraphPad Prism version5.0a, GraphPad, CA, 

U.S.A  
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1)  

4

, , 

FSV

/ /

1  
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1  

n = 12, *: p < 0.05 vs , †: p < 0.05 vs   

  

     

FSV (mL) 14 ± 3 14 ± 2 10 ± 3*† 13 ± 3 

CO (L/min) 1.3 ± 0.3 1.3 ± 0.3 1.0 ± 0.3 1.2 ± 0.2 

 (ms) 61 ± 5 59 ± 5 72 ± 11*† 66 ± 9 

 (ms) 210 ± 9 212 ± 15 185 ± 11*† 201 ± 20 

/  0.29 ± 0.03 0.28 ± 0.03 0.40 ± 0.08*† 0.33 ± 0.06 

 (ms) 338 ± 21 337 ± 17 338 ± 29 335 ± 25 

/  0.29 ± 0.02 0.28 ± 0.02 0.35 ± 0.04*† 0.31 ± 0.03 

HR (bpm) 88 ± 14 88 ± 12 108 ± 21*† 104 ± 15 

FSV

, / /  
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2)  

4

E wave Em

, 2  
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2 

n = 12, *: p < 0.05 vs , †: p < 0.05 vs  

  

     

E wave (cm/sec) 57 ± 8 59 ± 9 46 ± 8*† 51 ± 8 

A wave(cm/sec) 26 ± 6 26 ± 7 24 ± 5 26 ± 7 

E/A 2.3 ± 0.8 2.4 ± 0.9 2.0 ± 0.4 2.1 ± 0.6 

Sm (cm/sec) 6.0 ± 1.2 6.2 ± 1.4 6.5 ± 1.6 6.5 ± 1.3 

Em (cm/sec) 7.1 ± 1.0 8.0 ± 1.5 5.7 ± 1.2*† 6.3 ± 0.9† 

Am (cm/sec) 3.9 ± 0.7 4.1 ± 1.5 3.1 ± 0.5 4.3 ± 1.5 

E/Em 8.4 ± 1.6 7.5 ± 1.0 8.5 ± 2.4 8.2 ± 1.5 

E wave Em  
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3)  

HR SVR , SAP, MAP DAP

3  

 

  



21 
 

3 HR, , SVR  

n = 12, *: p < 0.05 vs , †: p < 0.05 vs  

  

     

HR (bpm) 88 ± 14 88 ± 12 108 ± 21*† 104 ± 15 

SAP (mmHg) 89 ± 14 91 ± 16 100 ± 15 101 ± 19 

MAP (mmHg) 63 ± 11 64 ± 11 72 ± 12 71 ± 14 

DAP (mmHg) 49 ± 11 50 ± 10 59 ± 12 57 ± 13 

SVR (Wood) 49 ± 18 48 ± 12 71 ± 23*† 59 ± 15 

HR SVR  
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4)HR FSV  

4 5 HR FSV, HR HR

FSV p < 0.0001, r = -0.55 p = 0.0005, r = -0.48

33  
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5 FSV HR LVET HR

HR  
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4

FSV CO , 

FSV

/ /

/ , dP/dt

SV 16, 30, 31, 54

, 

, 

Sm

, SVR

E wave Em

58

47, 52 , 73

4, 49

, 

 

21, 48, 83, 87, 89 9, 40, 59

, 

CO 48, 87, 89 , 
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CO 59 Nakao

59 Hoffman FSV Frank-

Starling 40

, 

, 

, 

FSV  

14, 56 , 

14 56

Bornscheuer 9 HR

FSV HR CO

 

, FSV
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FSV

, FSV  

 

 

  



27 
 

2  

 

1 TEE , , , 

, FSV

, 

, MI DCM MI

 

TEE FSV , TEE

FSV FSV

 

2 Bland-Altman Bland-

Altman , , 2

6, 

7 , SD , 

,  ± 2SD  ± 2 × 

95% , 95% 95%limits 

of agreement; LOA 2

, , 

63 LOA

CO , CO LOA

CO

17 , 2  ± 

20% 72 FSV

2 FSV
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, 2

, 

FSV 3 4 MI

FSV  

 

 

  



29 
 

 

1)  

, X , 

1~2 6 11.0 ± 2.3 kg

28-56 , 

 

 

2)  

1

,  0.05 mg/kg SC , , 

, 0.01 

mg/kg IV , , , 

100% 1.5~2.0% DS

, , 

Aestiva/5; Datex-Ohmeda, GE Healthcare, , 

, Life Scope BSM-5192; , , 

, 35 45 mmHg , 

, 

, 5 mL/kg/hr HR, SAP, 

MAP, DAP PV

Ventri-Cath-507; Millar Instruments Inc, TX, U.S.A 37 °C

, X PV

Micro-Tip Pressure Volume System-Ultra Foundation System MPVS-Ultra-S; 

ADInstruments, Colorado Springs, CO , PowerLab hardware ML880 PowerLab 16/30; 



30 
 

ADInstruments, Colorado Springs, CO , LabChart Pro software LabChart Pro 

Upgrade v7; ADInstruments, Colorado Springs, CO  

 

3)  

DX-300, Nihon Kohden, Tokyo, Japan

, 

SAP, MAP, DAP HR , 

LifeScope, BSM-5192; Nihon Kohden, Tokyo, Japan  

 

4)  

PV 8

, 1 8

3, 74 PV

LabChart Pro

10 FSVPV FSVPV

1

, 

3, 74  

 

 

G(t): (t) , L: , α: 

, V(t): , GP:  
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5)TEE  

1 , , 1

TEE

, FSVTEE 1 32 FSVTEE

FSVPV FSVTEE 5

3  

 

6)  

1.0 ± 0.1% ISO1.0 20

Baseline; BL , FSVPV FSVTEE BL , 

2 μg/kg/min 10 , , FSVPV FSVTEE

DOB2 4 DOB4 , 8 DOB8 12 DOB12  

μg/kg/min , 

, 1.5%

20 , ISO1.0 FE’ISO 1.5 ± 0.1% ISO1.5 BL, DOB2, DOB4, DOB8

DOB12 ISO1.0 ISO1.5 , 

 2.0 ± 0.1% ISO2.0 BL, DOB2, DOB4, DOB8

DOB12 , 

30 mg/kg IV 2

 100 U/kg IV 3  

 

7)  

 ± SD

1-way repeated measurements ANOVA



32 
 

2-way repeated measurements ANOVA

FSVPV FSVTEE

Bland-Altman

FSVPV FSVTEE FSVPV -FSVTEE / [FSVPV + 

FSVTEE]/2 ×100 p < 0.05

GraphPad Prism 5.0a GraphPad Prism version5.0a, GraphPad, CA, U.S.A
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1)  

SAP, MAP DAP ISO2.0 ISO1.0 5

ISO1.5 DOB8 BL SAP

ISO1.5 ISO2.0 DOB12 HR  
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5 HR

ISO1.5 DOB8 SAP

HR ISO1.5 ISO2.0 DOB12   

n = 6, *: p < 0.05 vs BL, †: p < 0.05 vs DOB2, ‡: p < 0.05 vs DOB4, §: p < 0.05 vs DOB8, ll: 

p < 0.05 vs ISO1.5, ¶: p < 0.05 vs ISO2.0.  
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2) TEE  

ISO1.0 ISO2.0 DOB12 BL FSVPV FSVTEE

4  
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4 FSVPV FSVTEE  

n = 6, *: p < 0.05 vs BL, †: p < 0.05 vs DOB2, ‡: p < 0.05 vs DOB4, §: p < 0.05 vs DOB8, ll: 

p < 0.05 vs ISO1.5, ¶: p < 0.05 vs ISO2.0. 

FSVPV FSVTEE ISO1.0 ISO2.0 DOB12 BL

DOB12 FSVPV FSVTEE , ISO1.0 ISO1.5  

 

 

 

 BL DOB2 DOB4 DOB8 DOB12 

FSVPV (mL) ISO1.0 11 ± 3 13 ± 2 14 ± 2 15 ± 3 17 ± 4*|| 

ISO1.5 10 ± 2 11 ± 3 13 ± 4 12 ± 3 12 ± 3 

ISO2.0 11 ± 2 13 ± 3 15 ± 4 16 ± 3 16 ± 3* 

       

FSVTEE (mL) ISO1.0 11 ± 3 12 ± 2 15 ± 3 16 ± 3 17 ± 3*|| 

ISO1.5 10 ± 2 11 ± 3 13 ± 4 12 ± 4 12 ± 4 

ISO2.0 11 ± 2 13 ± 3 15 ± 4 16 ± 4 16 ± 3* 

       



37 
 

3) TEE FSV  

FSVPV FSVTEE r = 0.9742

FSVTEE = 1.003× FSVPV - 0.01248 Bland-Altman , 

FSVPV FSVTEE -0.19 ± 1.11 mL, LOA -2.4 - 2.0 mL 6

5 FSVPV FSVTEE -1.9 ± 10.6% 95%

-0.42 - 0.04 , 2

p = 0.2279 , 6 

90 6 FSVPV FSVTEE

LOA LOA , 

LOA 6  

 

  



38 
 

 

 
 

6 FSVPV FSVTEE Bland-Altman

 

FSVPV FSVTEE , r = 0.9742

, 95%  

Bland-Altman

LOA,  
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5 FSVPV FSVTEE Bland-Altman  

 

 

 

 

 

95% 0 , -1.9 

± 10.6% ± 20%  

  

 

± SD 
95%  LOA 

 

(%) 

FSVPV-FSVTEE 

(mL) 
-0.19 ± 1.11 -0.42 – 0.04 -2.4 – 2.0 -1.9 ± 10.6 
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TEE FSV

0.9742 r FSVPV FSVTEE

r

2 Bland-Altman

-1.9 ± 10.6% 2 72

0% , SD

, FSV LOA

SD

17 FSVPV FSVTEE

FSVTEE

FSVPV 2 

, 

90

, TEE PV , 

 

FSV FSV

, FSV , 

FSV TEE FSV

, , MR

TEE FSV

 

, 
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,  - 

, , 

 - 

, 

8

FSV

, 
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FSVTEE FSVPV

FSVTEE FSVPV  
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3  

 

 

2 TEE FSV FSV

, MR

TEE FSV

SV Ea MRV

MI TEE FSV

 

MI , 

1, 46 MI , 

MR LAP

26 , MI FSV

26 MI

, 

, MI

, MI  

MI

, MI

ACVIM B2 2 , LAP

MI 1 , 

, 
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LAP

, LAP
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1)  

, X , 

1~2 6 10.3 ± 1.4 kg, 3 , 3

28-

86 ,  

 

2) MI  

0.2mg/kg SC

, , ,  0.05 mg/kg SC

, , ,  0.2 mg/kg IV

, , ,  0.01 mg/kg IV , , 

 4 mg/kg IV , , 

, 100% 1.5~2.0%

DS , , 

0.2 mg/kg IV 

, , , 

, , 

5 , , 

, , 

MR MR TEE LAP

TL11M3-D70-PCTP 

Implant; Data Sciences International, St Paul, MN 1
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, 3-0 3-0

, 

, 3-0

, 

, 3-0 42, 43, 79, 80

 30 mg/kg IV or SC BID 7 , 

0.2 mg/kg SC SID 3  

 

3) MI  

, X 1

, 6 MI

, MI

, 

1 SAP, MAP, DAP LAP

, 

X ProsoundF75, , 

, 5MHz UST-52124, 

, , X

Vertebral heart size; VHS Cardio-thoracic 

ratio; CTR , 
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M

, 

E wave, A wave, E/A TDI

Sm, Em, E/Em

5 FSV CO

10   35 

mm,   1.6, VHS  10.5  

 

4)  

2 , 

2 4Fr

, , X

PV Ventri-Cath-507; Millar Instruments Inc, TX, 

U.S.A 37°C , X

Micro-Tip Pressure Volume System-Ultra Foundation System

MPVS-Ultra-S; ADInstruments, Colorado Springs, CO , PowerLab

ML880 PowerLab 16/30; ADInstruments, Colorado Springs, CO LabChart Pro

LabChart Pro Upgrade v7; ADInstruments, Colorado Springs, CO

 

 

5)  

 , 2

, TEE ,  
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6)  

RLA2000 Data Sciences 

International, St. Paul, MN, USA , BCM100 Data 

Sciences International, St. Paul, MN, USA

APR-1 Data Sciences International, St. Paul, MN, USA , 

, 

, 

10 SAP, MAP, DAP, 

LAP DSI Dataquest A.R.TTM4.1

Data Sciences International, St. Paul, MN, USA SAP, MAP, DAP

LAP 5  

 

7)TEE  

TEE FSV 2  

 

8)  

HR, , , SV

LabChart Pro 10

MI SV FSV

MRV , MRV SV TEE FSV

FSV HR CO , FSV Ea

SVR SVR = 79.9 × MAP - /CO

5 mmHg

10
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, 8

Ees HR SAP

, 3 Ees 3

, Ea/Ees , , 

3, 74  

 

9)  

 ± SD

t

1-way repeated measurements ANOVA

2-way repeated measurements ANOVA

p < 0.05

GraphPad Prism 5.0a GraphPad Prism version5.0a, GraphPad, 

CA, U.S.A  
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1) MI  

MI

SAP 111 ± 8 mmHg, MAP 92 ± 5 mmHg, DAP 75 ± 3 mmHg, LAP

10.1 ± 1.8 mmHg X VHS 13.0 ± 0.4, CTR 60.4 ± 3.1%

6 41 ± 4mm, 

1.8 ± 0.2 , FSV

, , 

2 , , 

ACVIM B2 , MI
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6 MI  n = 6, *: p < 0.05 vs  

MI HR , VHS CTR

, , E wave, E/A, Em, E/Em

MI  

 

  

  MI  

HR (bpm) 124 ± 18 104 ± 11* 

X   

VHS 10.7 ± 0.5 13.0 ± 0.4* 

CTR (%) 52.0 ± 1.6 60.4 ± 3.1* 

   

 (mm) 32 ± 2 41 ± 4* 

 (%) 40 ± 5 44 ± 3 

 1.1 ± 0.1 1.8 ± 0.2* 

FSV (mL) 19 ± 3 21 ± 3 

CO (L/min) 2.4 ± 0.3 2.5 ± 0.8 

E wave (cm/s) 75 ± 5 127 ± 10* 

A wave (cm/s) 58 ± 10 61 ± 12 

E/A 1.3 ± 0.2 2.0 ± 0.2* 

Sm (cm/s) 8.6 ± 1.1 9.4 ± 1.2 

Em (cm/s) 8.5 ± 1.0 10.4 ± 1.1* 

E/Em 8.8 ± 1.1 11.8 ± 1.0* 
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2)  

SAP, MAP DAP 7

LAP ISO1.0 DOB8 , ISO1.5 ISO2.0

DOB4 SAP BL ISO1.5 ISO2.0 DOB8

MAP BL DAP LAP
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7 

MI LAP 

n = 6, *: p < 0.05 vs BL, †: p < 0.05 vs DOB2, ‡: p < 0.05 vs DOB4, §: p < 0.05 vs DOB8, ll: 

p < 0.05 vs ISO1.5, ¶: p < 0.05 vs ISO2.0. 
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3)TEE  

BL , FSV, HR, CO

8 FSV BL DOB4

ISO1.5 ISO2.0 HR BL DOB4

ISO2.0 DOB12 HR DOB4 HR ISO1.5

ISO2.0 CO BL DOB12  
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8 TEE MI

FSV, HR CO 

n = 6, *: p < 0.05 vs BL, †: p < 0.05 vs DOB2, ‡: p < 0.05 vs DOB4, §: p < 0.05 vs DOB8, ll: 

p < 0.05 vs ISO1.5, ¶: p < 0.05 vs ISO2.0. 
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4)  

BL , ISO1.0 Ees ISO2.0 Ees , BL Ea

9

Ees DOB8 BL ISO 2.0 Ea DOB2

BL ISO1.0 ISO1.5 Ea DOB4 BL

BL , ISO1.5 ISO2.0 Ea/Ees ISO1.0 Ea/Ees

, Ea/Ees

BL , 

7 BL , 

ISO1.5 ISO2.0 DOB4 BL

ISO2.0 SVR DOB8 BL  
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9 

MI Ees, Ea Ea/Ees 

n = 6, *: p < 0.05 vs BL, †: p < 0.05 vs DOB2, ‡: p < 0.05 vs DOB4, §: p < 0.05 vs DOB8, ll: 

p < 0.05 vs ISO1.5, ¶: p < 0.05 vs ISO2.0. 
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7 MI  

n = 6, *: p < 0.05 vs BL, †: p < 0.05 vs DOB2, ‡: p < 0.05 vs DOB4, §: p < 0.05 vs DOB8, ll: 

p < 0.05 vs ISO1.5, ¶: p < 0.05 vs ISO2.0. 

EDP, ; EDV, ; ESP, ; ESV, 

; SV, 1 ; MRV, ; dP/dt max, ; 

SVR, . 

  

 

 

 

 
BL DOB2 DOB4 DOB8 DOB12 

EDP 
(mmHg) 

ISO1.0 16 ± 7 15 ± 7 15 ± 6 13 ± 6 14 ± 5 
ISO1.5 13 ± 5 13 ± 5 13 ± 4 14 ± 6 14 ± 5 
ISO2.0 13 ± 5 12 ± 5 12 ± 5 13 ± 6 11 ± 4 

EDV 
(mL) 

ISO1.0 50 ± 4 51 ± 8 49 ± 12 43 ± 12 40 ± 6† 
ISO1.5 57 ± 7 59 ± 7 55 ± 6 44 ± 4*†‡ 44 ± 4*†‡ 
ISO2.0 60 ± 5 59 ± 4 56 ± 6 48 ± 5*†‡ 44 ± 5*†‡ 

ESP 
(mmHg) 

ISO1.0 120 ± 11||¶ 113 ± 12||¶  122 ± 7||¶ 125 ± 14¶  131 ± 10¶  
ISO1.5 92 ± 7 97 ± 3 104 ± 5* 114 ± 8*†‡ 119 ± 9*†‡ 
ISO2.0 82 ± 6 88 ± 6 94 ± 8* 104 ± 9*†‡ 106 ± 17*†‡ 

ESV 
(mL) 

ISO1.0 30 ± 6¶ 28 ± 11 22 ± 16 11 ± 14*† 10 ± 8*† 
ISO1.5 40 ± 8 38 ± 8 32 ± 7 18 ± 4*†‡ 16 ± 8*†‡ 
ISO2.0 45 ± 7 38 ± 5* 32 ± 7*† 18 ± 5*†‡ 15 ± 6*†‡ 

SV (mL) ISO1.0 25.1 ± 6.1 28.4 ± 8.1 31.6 ± 8.7 38.6 ± 5.4*† 34.4 ± 4.1* 
ISO1.5 22.3 ± 5.8 27.7 ± 4.9 29.5 ± 3.1* 30.7 ± 3.7* 33.1 ± 6.5* 
ISO2.0 21.6 ± 6.2 27.8 ± 3.1* 30.3 ± 2.8* 36.8 ± 2.8*†‡ 35.1 ± 3.8*†‡ 

MRV 
(mL) 

ISO1.0 5.4 ± 1.8 5.4 ± 2.2 5.0 ± 2.2 6.6 ± 2.5 4.5 ± 1.0 
ISO1.5 5.8 ± 2.2 6.3 ± 1.8 6.1 ± 3.0 4.5 ± 1.8 4.8 ± 1.6 
ISO2.0 6.8 ± 2.1 6.8 ± 2.3 6.3 ± 1.2 6.4 ± 2.3 5.8 ± 1.9 

dP/dt 
max 
(mmHg/
sec) 

ISO1.0 2900 ± 823¶ 2741 ± 475 3600 ± 324 4603 ± 990*† 6004 ± 713*†‡ 
ISO1.5 1806 ± 168 2417 ± 427 3361 ± 349*† 4603 ± 544*†‡ 5232 ± 811*†‡ 

ISO2.0 1498 ± 254 2154 ± 482 3088 ± 356*† 4330 ± 646*†‡ 5018 ± 1798*†‡§ 

SVR 
(mmHg/
mL/min) 

ISO1.0 3803 ± 1137 3664 ± 3607 3607 ± 1269 2777 ± 653 2784 ± 398 
ISO1.5 4077 ± 1272 3413 ± 878 3451 ± 455 2925 ± 675 2709 ± 751 
ISO2.0 3619 ± 1027 2864 ± 637 2962 ± 897 1963 ± 457*‡ 1914 ± 425*‡ 
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MI , 

MR LAP

10.1 ± 1.8 mmHg , MI

42, 43, 79, 80 , MI

FSV , 

26 FSV 36  

 

 

 

EDV; , V0; 0 mmHg  

 

Ees Ea , Ees

, MI Ees 5

EDV V0 5 , FSV

Ea , MI

FSV  

MI

Ees Ea/Ees , 

Ees Ea 12, 19, 25, 38, 44, 

69, 77 Ea Ees , 

Ea/Ees 1.0 12, 19 , 

, 

Ea/Ees 25, 44 Ea/Ees
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, 69

38 , 

Ea 2

1 ISO1.0 

, 

2 

MI

, 

1.0% 2.0% , 

 

, 

MI SAP DOB4 , MAP

DOB8

65, 84 2 , ISO1.0 ISO2.0

FSV SAP MAP

, MI

, 

, FSV 77, 78
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FSV CO Ea SVR

SAP MAP  

ISO1.5 ISO2.0 SAP DOB 4 , MAP DOB8 ,

MAP SAP

, SAP FSV 13  

 

 

 

MAP , MAP CO 30  

 

 

 

ISO 1.5 ISO 2.0 DOB4 SV SAP , CO

MAP HR

, Bezold-Jarisch

41, 86 MI

Bezold-Jarisch , 

HR 28, 84, 88 , DOB4

HR DOB8 , CO MAP

SVR ISO2.0 DOB8 BL , MAP SVR

CO MAP

SAP 23, 27

SAP , CO
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MAP , 

MI

MAP , TEE

FSV CO MI

 

LAP, 

, MRV

MI

, MI

 

, MI

MI

MI

MI

, 

, 

MI

MI

,  

, TEE FSV MR

MI
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3 MI

, TEE

MI

, MR

FSV SAP ,

CO MAP  
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4  

 

 

DCM 2

76 , 

53, 91 DCM

MI 37

MI FSV , 

85 3 MI

DCM

MI , 

, DCM MI

DCM 20 , DCM

13

DCM MI

, , DCM MI

 

, DCM

71, 92-94

, MR DCM MI 3

TEE FSV

, MR



66 
 

DCM MI , 

, DCM MI

, DCM MI
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1)  

, X , 

1~2 6 10.1 ± 0.6 kg

26-85 , 

 

 

2) DCM MI  

0.2mg/kg SC  

, , , 0.05 mg/kg SC , , 

,  0.2 mg/kg IV , , , 

0.2 mg/kg IV , , 

4 mg/kg IV   , , 

, 100% 1.5~2.0%

DS , , 

, Aestiva/ 5; Datex-Ohmeda GE 

Healthcare Tokyo Japan

TNT-002C, Taisho Biomed Instrument, , 

X , 

Refino 52 ERU, Oscor Inc., Palm 

Harbor, FL, USA 30 

mg/kg IV or SC BID 7 , 0.2 mg/kg 

SC SID 3 1 , 

250 / 3 , 220 / 1  
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3) DCM MI  

4 , 

BP-100D,  , , , 

SAP, MAP, DAP HR 2 X

DCM

< 20% 24 , 20% MR

DCM MI

, DCM MI  

 

4)  

3 , 

3 4Fr

, , X

, SAP, MAP, DAP

PV 3 , 

,  

 

5)  

, 2

DOB12 16 μg/kg/min DOB16  

 

6)  

2  
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7)TEE  

TEE FSV 3  

 

8)  

3

10 mmHg  

 

9)  

 ± SD

t

1-way repeated measurements ANOVA

2-way repeated measurements ANOVA

p < 0.05

GraphPad Prism 5.0a GraphPad Prism version5.0a, 

GraphPad, CA, U.S.A  
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1)DCM MI  

6 , 

, , X 8

HR , 4

SAP, MAP, DAP 4

4 , 

20% MR , DCM MI

, FSV

Sm Em E/Em VHS CTR 12.6 ± 0.8

55.1 ± 1.5  
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8  n = 6, *: p < 0.05 vs  

4 HR , , 

, FS, FSV, Sm, Em E/Em  

  

  4  

HR (bpm) 123 ± 21 166 ± 26* 

(mmHg)   

SAP 149 ± 10 125 ± 16* 
MAP 118 ± 10 103 ± 15* 
DAP 102 ± 11 91 ± 15* 

X   

VHS 11.0 ± 0.5 12.6 ± 0.8* 
CTR (%) 52.0 ± 1.6 55.1 ± 1.5* 

   

 (mm) 31.7 ± 2.2 41.1 ± 3.4* 

 (%) 42 ± 5* 18 ± 3* 

 1.0 ± 0.1 1.6 ± 0.3* 

FSV (mL) 21 ± 4 15 ± 3* 
CO (L/min) 2.7 ± 0.3 2.2 ± 0.8 
E wave (cm/s) 74 ± 9 78 ± 6 
A wave (cm/s) 56 ± 11 43 ± 10* 
E/A 1.4 ± 0.2 2.0 ± 0.7 
Sm (cm/s) 8.4 ± 1.3 3.8 ± 0.8* 
Em (cm/s) 8.3 ± 0.9 6.4 ± 1.6* 
E/Em 9.0 ± 1.1 13.0 ± 3.7* 
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2)  

SAP, MAP DAP 10

ISO1.5 DOB12 , ISO2.0 DOB8 BL SAP

ISO1.0 DOB12 MAP ISO1.0 DOB12 , ISO1.5 DOB8

DAP  
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10 DCM  

n = 6, *: p < 0.05 vs BL, †: p < 0.05 vs DOB2, ‡: p < 0.05 vs DOB4, §: p < 0.05 vs DOB8, ll: 

p < 0.05 vs ISO1.5, ¶: p < 0.05 vs ISO2.0. 
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3)TEE  

BL , FSV, HR, CO

11 ISO1.0 ISO2.0 FSV DOB4 , ISO1.5 DOB8

BL CO DOB8 BL

ISO2.0 DOB16 HR DOB4 HR  
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11 DCM FSV, HR

CO 

n = 6, *: p < 0.05 vs BL, †: p < 0.05 vs DOB2, ‡: p < 0.05 vs DOB4, §: p < 0.05 vs DOB8, ll: 

p < 0.05 vs ISO1.5, ¶: p < 0.05 vs ISO2.0. 
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4)  

BL , ISO1.0 Ees ISO2.0 Ees BL , 

ISO1.0 Ea ISO1.5 ISO2.0 Ea 12

Ees BL  

ISO 1.0 Ea DOB2 BL ISO1.5 ISO2.0 Ea

DOB4 BL BL , ISO2.0 Ea/Ees ISO1.0

Ea/Ees Ea/Ees

BL , 

9 BL

, 

ISO1.5 DOB12 ISO2.0 DOB8 BL

ISO1.0 DOB8 , ISO1.5

DOB16 BL MRV ISO1.0 DOB4 , ISO1.5

ISO2.0 DOB8 BL

BL , ISO1.0

SVR ISO2.0 SVR ISO1.0 SVR DOB2 BL

, ISO1.5 ISO2.0 SVR DOB8 BL  
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12 DCM Ees, Ea

Ea/Ees 

n = 6, *: p < 0.05 vs BL, †: p < 0.05 vs DOB2, ‡: p < 0.05 vs DOB4, §: p < 0.05 vs DOB8, ll: 

p < 0.05 vs ISO1.5, ¶: p < 0.05 vs ISO2.0. 
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9 DCM  

n = 6, *: p < 0.05 vs BL, †: p < 0.05 vs DOB2, ‡: p < 0.05 vs DOB4, §: p < 0.05 vs DOB8, #: 
p < 0.05 vs DOB12, ll: p < 0.05 vs ISO1.5, ¶: p < 0.05 vs ISO2.0. 

 

EDP, ; EDV, ; ESP, ; ESV, 

; SV, 1 ; MRV, ; dP/dt max, ; 

SVR, . 

  

 

 

 

 
BL DOB2 DOB4 DOB8 DOB12 DOB16 

EDP 
(mmHg
) 

ISO1.0 29 ± 6 30 ± 6 24 ± 7 20 ± 8*† 19 ± 5*† 16 ± 5*†‡ 
ISO1.5 22 ± 8 22 ± 9 20 ± 9 18 ± 7 17 ± 5 16 ± 6*† 
ISO2.0 22 ± 6 22 ± 7 22 ± 7 22 ± 9 20 ± 8 17 ± 6 

EDV 
(mL) 

ISO1.0 60 ± 4 60 ± 5 64 ± 6 59 ± 4 58 ± 3 50 ± 7‡ 
ISO1.5 65 ± 6 66 ± 9 64 ± 3 58 ± 6 53 ± 6*†‡ 54 ± 5*†‡ 
ISO2.0 68 ± 5 71 ± 6 69 ± 6 66 ± 6† 61 ± 6*†‡§ 58 ± 5*†‡§ 

ESP 
(mmHg
) 

ISO1.0 126 ± 10||¶ 121 ± 15||¶ 119 ± 17||¶ 115 ± 12¶ 115 ± 12¶ 115 ± 10¶ 
ISO1.5 93 ± 12¶ 97 ± 12¶ 99 ± 8 99 ± 8 102 ± 8* 105 ± 9* 
ISO2.0 76 ± 10 79 ± 7 84 ± 5 90 ± 6*† 95 ± 4*†‡ 96 ± 6*†‡ 

ESV 
(mL) 

ISO1.0 47 ± 4 46 ± 4 48 ± 5 41 ± 4 34 ± 5*†‡ 29 ± 7*†‡§ 
ISO1.5 53 ± 7 53 ± 9 49 ± 4 40 ± 4*†‡ 33 ± 4*†‡ 32 ± 5*†‡ 
ISO2.0 56 ± 6 57 ± 6 54 ± 6 48 ± 6*†‡ 40 ± 7*†‡§ 37 ± 6*†‡§ 

SV 
(mL) 

ISO1.0 12.6 ± 2.5 14.8 ± 2.4 15.8 ± 3.7 18.8 ± 4.6* 23.5 ± 5.5*†‡§ 21.1 ± 3.6*†‡ 
ISO1.5 12.4 ± 2.5 13.5 ± 2.4 14.9 ± 2.9 18.1 ± 2.9*† 20.3 ± 4.4*†‡ 22.4 ± 3.4*†‡§ 
ISO2.0 12.6 ± 2.6 14.1 ± 1.6 15.7 ± 1.9 18.3 ± 1.5*† 20.7 ± 2.5*†‡ 21.0 ± 3.0*†‡ 

MRV 
(mL) 

ISO1.0 3.9 ± 1.2 3.5 ± 0.9 2.0 ± 0.5*† 0.9 ± 0.5*† 0.4 ± 0.2*†‡ 0.2 ± 0.2*†‡ 
ISO1.5 3.6 ± 1.2 3.7 ± 1.3 2.8 ± 1.4 2.0 ± 0.9*† 1.4 ± 0.7*†‡ 0.2 ± 0.2*†‡§ 
ISO2.0 3.5 ± 1.1 3.4 ± 0.9 2.9 ± 0.7 1.9 ± 0.6*†‡ 1.2 ± 0.5*†‡ 0.8 ± 0.4*†‡§ 

dP/dt 
max 
(mmHg
/cec) 

ISO1.0 1754 ± 297ll¶ 1675 ± 458 ll¶ 1846 ± 576 ll¶ 2054 ± 457*†‡¶ 2425 ± 391*†‡¶ 2972 ± 465*†‡§#ll¶ 
ISO1.5 1208 ± 235 1296 ± 251 1407 ± 90 1800 ± 251*†‡ 2218 ± 334*†‡§ 2695 ± 498*†‡§# 

ISO2.0 946 ± 179 988 ± 109 1190 ± 105 1509 ± 171*†‡ 1959 ± 275*†‡§ 2348 ± 357*†‡§# 

SVR 
(mmHg
/mL/mi
n) 

ISO1.0 6656 ± 995 ¶ 5214 ± 928* 4488 ± 1254* 3776 ± 1534*† 2729 ± 1066*†‡ 2688 ± 856*†‡ 
ISO1.5 5928 ± 1669 5410 ± 1279 4580 ± 1323 3434 ± 1162*† 2831 ± 1148*†‡ 2224 ± 718*†‡ 

ISO2.0 4591 ± 863 4283 ± 932 3823 ± 915 2990 ± 724* 2391 ± 615*†‡ 2141 ± 598*†‡ 
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DCM MI  < 

20% , DCM

35, 82 3 MI MI

MI , DCM

MI Sm FSV

MI MI , 

MI MI

 

DCM

Ees Ea Ea/Ees , 

DCM 

Ees Ea 

Ea/Ees , 

MI

Ea/Ees Ees , 

MI Ea Ees Ea/Ees

Ees Ea

12, 19, 25, 38, 44, 69, 77

Ea , Ea/Ees

25, 44 Ea/Ees , 

69

38 3 MI
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MI DCM MI , 

MI

FSV

, DCM MI , 

, MI

, DCM MI

DCM MI , ISO1.0

Ea 3 MI 2~3

MI DCM MI

  

DCM MI ISO1.5 ISO2.0

SAP MAP

DCM MI

DAP , MI

SAP MAP , DAP

MI

, DCM MI

MAP SAP

(23, 27) SAP , MAP

, , 
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SAP DAP

, 

MAP , 

 

DCM MI , 

, MRV DCM MR

MR 37

MI , 

DCM MI

, MRV

, MI

, 

MRV DCM MI

MRV , 

DCM MI
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DCM MI

, 

SAP DAP , MAP

DCM MI

MRV ,  
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1 TEE FSV

, FSV , 

, , , , 

FSV , 

, 

4 , 

FSV  

2 TEE FSV , 

, TEE FSVTEE

FSVPV FSVPV FSVTEE , 

FSVPV FSVTEE -1.9 ± 10.6% , 

FSVTEE FSVPV , 

 

3 MI

, TEE FSV

MI

, 

MAP , 

 

4 DCM MI

, TEE FSV
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, 

, SAP DAP MAP
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