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ABSTRACT

Background[] Left ventricular (LV) end-systolic pressure volume relation (ESPVR) is considered as a load
independent contractile index. However, its application in human beings has been limited by the difficulty in
the accurate real time measurement of the LV volume changes. With introduction of the echocardiographic
automatated edge detection method, on-line generation of multiple LV pressure volume-loops has become
possible to assess ESPVR. This study was performed to investigate the correlation of the degree of myocardial
damages with myocardial contractility and contractile reserve assessed by ESPVR as a surrogate of contractility
index. MethodsU Studies were attempted in ten patients with idiopathic dilated cardiomyopathy. Baseline
two-dimensional and Doppler echocardiography, cardiac catheterization for hemodynamicassessment and
endomyocardial biopsy were performed. Generation of multiple LV pressure-volume loops during occlusion
and release of the inferior vena cava by a balloon catheter was performed using the volume signals from the
echocardiographic automatated edge detection method and the pressure signals from a 5F fluid-filled lumen
catheter. ESPVR was measured at the baseline and after 3 minutes of dobutamin infusion (10 pg/Kg/min).
Results[] No correlation was observed between the degree of myocyte hypertrophy change or interstitial
fibrosis and the two-dimensional echocardiographic or hemodynamic data. However, restrictive LV filling
pattern was more common in the patients with severe degree of myocyte hypertrophy change. Myocardial
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contractility and contractile reserve were also significantly reduced in this patient group. The degree of
interstitial fibrosis did not affect myocardial contractility or contractile reserve in this particular patient group.
Conclusion[] Assessment of ESPVR using the echocardiographic automatated edge detection method was
feasible in the patients with idiopathic dilated cardiomyopathy. The degree of myocardial hypertrophy change
was prominent in the patients with reduced contractility and contractile reserve. (KKorean Circulation J 1999;

29(7)751-761)

KEY WORDSTI LV function - ESPVR - Pressure-volume loop - Dilated cardiomyopathy.
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Fig. 2. On the left, mild interstitial fibrosis is noted. On the right, severe degree of interstitial fibrosis is eminent.
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Fig. 3. Generation of multiple pressure-
volume loops is depicted with calculation
of ESPVR (the straight line connecting left
upper corners of the loops) on the right
upper portion. The LV volume curves are
depicted on the left lower portion and
the LV pressure curves on the left upper
portion. On the right lower portion, a single
200 pressure-volume is drawn.
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Table 1. Clinical profiles and hemodynamic data

Patient AGE SEX BSA NYHA MPAP A0S AoD LVEDP HR
1 63 M 1.38 2 17 140 80 10 80
2 57 F 1.48 4 9 100 70 10 75
3 61 M 1.26 3 26 159 80 20 75
4 41 F 1.86 4 55 120 70 35 75
5 55 M 1.26 3 26 159 80 20 75
6 50 F 1.77 3 24 108 53 23 69
7 64 M 1.67 2 26 163 81 35 90
8 51 F 1.61 2 22 120 78 15 105
9 66 F 1.67 2 21 120 66 25 74

10 39 F 1.71 3 31 103 59 25 75

BSAL body surface area (m2)
NYHADO New York heart association functional class
MPAO mean pulmonary artery pressure (mmHQ)

HRO heart rate (beats/min)

AoSO systolic aortic pressure (mmHQ)
AoDUO diastolic aortic pressure (mMmHQ)
LVEDPO LV enddiastolic pressure (mmHg)

Table 2. Two dimensional and Doppler echocardiography findings

Patient DT E A E/A PVS PVD PVA LVEDD LVESD LVEDV LVESV SV LV EF
1 80 100 30 3.3 24 51 20 72 64 272 209 64 219 21
2 167 62 90 0.7 34 45 27 76 68 307 239 68 262 19
3 160 85 55 1.5 64 49 20 66 55 224 147 76 220 35
4 113 72 21 3.5 53 61 34 69 59 247 173 74 203 27
5 233 48 36 1.3 61 47 18 65 52 216 130 87 283 35
6 210 59 72 0.8 30 31 27 76 66 307 224 84 305 30
7 110 40 69 0.6 28 28 18 72 67 272 231 41 257 18
8 120 88 19 4.7 17 46 31 66 60 224 180 44 272 23
9 133 89 55 1.6 34 58 21 87 74 415 289 126 389 22

10 127 52 16 3.3 25 58 22 66 61 224 187 37 187 14

D10 deceleration time (msec)

EO E velocity (cm/sec)

AO A velocity (cm/sec)

PVSO systolic pulmonary venous flow (cm/sec)

PVDUO diastolic pulmonary venous flow (cm/sec)
PVAO atrial reversal flow (cm/sec)

Table 3. Pathological findings of endomyocardial biopsy

Patient MH IF
1 +2 +1
2 +1 +2
3 +3 +2
4 +2 +1
5 +2 +1
6 +1 +1
7 +1 +1
8 +3 +3
9 +2 +1

10 +3 +2

MHO myocyte hypertrophy
+20 mild moderate

+10 mild

IFO interstitial fibrosis
+30 severe

LVEDDO LV enddiastolic dimension (mm)

LVESDO LV ensystolic dimension (mm)

LVEDVO LV enddiastolic volume (cm3)

LVESVO LV endsystolicvo volume (cm?3)

SV stroke volume (cm?3)

LV massd gm
Doppler MZSnf ZAF 272 HE|ZASA AR Hw
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Table 4. Findings of two dimensional echocardiography and hemodynamic data according to the degree of

myocyte hypertrophy changes

Mild (<2, NO 3) Severe (= 2,NO7) p-value*

2DE variables

LVEDD (mm) 747+ 231 70.1+ 7.82 .10

LVESD (mm) 67.0+ 1.00 60.7+ 7.06 .09

LVEDV (cm3) 296 + 20.3 260 % 71.1 1

LVESV (cmd) 231 £+ 7.82 188 + 51.8 .09

LV mass/BSA (g/1.73 m?) 167 +12.7 159 £+ 41.9 .57

Ejection fraction (%) 223+ 6.66 25.6x 8.11 42
Hemodynamic variables

Stroke vol (cm3) 52.5+ 27.2 53.6+ 17.7 73

LVEDP (mmHg) 22.7+12.5 229+ 11.1 1.0

MPAP (mmHg) 19.8+ 9.14 29.4+ 13.0 .36

*O0 Mann-Whitney test

Table 5. Findings of two dimensional echocardiography and hemodynamic data according to the degree of

interstitial fibrosis

Mild (<2, NO 6) Severe (2 2, NO 4) p-value*

2DE variables

LVEDD (mm) 73.5¢ 7.56 68.5+ 5.00 .33

LVESD (mm) 63.7+ 7.50 61.0+ 535 .67

LVEDV (cm?) 288 + 69.2 245 + 41.8 .33

LVESV (cm3) 209 + 54.4 188 + 38.2 .67

LV mass/BSA (g/1.73 m?) 164 + 39.7 158 + 31.8 .52

Ejection fraction (%) 25.7+ 6.65 23.0x 9.42 .59
Hemodynamic variables

Stroke vol (cm3) 59.2+ 19.2 44,5+ 18.2 .29

LVEDP (mmHg) 263+ 12.2 17.5¢ 6.46 24

MPAP (mmHg) 29.5+ 140 220+ 9.21 .59

*0 Mann-whitney test

Table 6. Findings of Doppler echocardiography data
according to the degree of myocyte hypertrophy
change

Mild Severe

(<2,NO3) (= 2.NO7) Prvalve’
DT (msec) 162. + 50.1 138.1 £ 48.3 .57
E (m/sec) 538 £ 120 764 +19.7 14
A (m/sec) 768 £ 11.2 33.1 £16.5 .02
E/A ratio 0.70+ 0.12 276+ 126 .02
PVS (cm/sec) 30.8 + 2.62 398 £ 19.2 73

PVD (cm/sec) 34.6 £ 9.05 53.0 £ 6.02 .02
PVA (cm/sec) 23.9 + 496 237 + 6.06 .91
PVS TVI (cm) 781+ 076 9.57+ 6.91 73
PVDTVI (cm) 11.6 £ 471 109 + 260 91

PVATVI (cm) 2,63+ 091 3.11x 1.27 .49
*O0 Mann-whitney test
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Table 7. Findings of Doppler echocardiography data
according fo the degree of interstitial fibrosis
Mild Severe
(<2,NO6) (=2, NO4)

p-value*

DT (msec) 1467 +61.0 1433 £ 234 .67
E (m/sec) 681 £233 720+ 17.6 .83
A (misec) 470 £ 212 449 +348 .67
E/A ratio 186+ 125 256 178 .52

PVS (cm/sec) 38.5 + 149 350 204 .67
PVD (cm/sec) 459 +13.8 497 £+ 586 1.0
PVA (cm/sec) 229 + 625 250 = 4.65 29

PVSTVI (cm) 9.98+ 5463 7.63+ 6.39 .20
PVSTVI (cm) 114 £ 211 106 = 4.56 39
PVATVI (cm) 3.18+ 1.37 2.64x 0.16 16

*O0 Mann-whitney test

Table 8. Values of ESPVR according to the degree of
myocyte hypertrophy change
Mild Severe
(<2,NO3) (=2, NO7)

ESPVR** p-value*

Baseline
0.91+ 0.49 .03
1.42+ 0.53 .03

Downward slope 1.79+ 0.29
2.57+ 0.60
Dobutamin 10 p g/kg/min

Upward slope

Downward slope 2.68+ 0.67 1.38+ 0.85 .05

Upward slope 3.46% 0.60 1.95+ 1.04 .05
*0 Mann-Whitney test,  **0 mmHg/ml

Table 9. Values of ESPVR according to the degree of
interstitial fibrosis

Mild Severe

o
S (<2,NO6) (2 2,NO 4)

p-value*

Baseline
0.98+ 0.65 45
1.48% 0.91 .29

Downward slope 1.30+ 0.59
1.96% 0.65
Dobutamin 10 p g/kg/min

Upward slope

Downward slope 2.07+ 1.13  1.33% 0.62 .29

Upward slope 2.80+ 1.13 181+ 1.04 .29
*0 Mann-Whitney test,  **0 mmHg/ml

o o

00 0000 OO0 000 00000 ooo oo
00 000 0000 000 0 oo ooo oooo
Vpm, Vmax, dp/dty.xd 0 isovolumic indexd 00
00 000 OO0 OoO0 0oooog 2000 O
0 000 000 000 oooo oooo ooo o
000 OO0 OO0 U000 Oogg, oo oo oo

U0 0oobd b0 oo oo 0o oo ooobog
0000 oobo oo obooob b0 boo oo o
gob 0b. 000 00 Oobo oo oo oo g
U0 0bd0o 0b0d 0 00 0o gobo ooo
00o0bOo 0obd 0 Obo Oob ooboooo oo
0 0bd 0obd0o Dbob bob oo booo
0 0dob boobo oo o oboo o ooo.
Sagawall 000 OO0 OOO O0OOO O0OO
00000 00 (time varying elastance model)0 O
0000 oooo obooo oo ob oooo o
O0-00 00 (pressure—volume loop)d OO OO
E)OP®N(t)-Vd)(C OO0 Edelastance, POOO
000 O0d, vOooo 00O, vVdd positive pressure
0 000 O OO0 booo oo, tooo)o ogo
0O 0000 000 maximum elastance E(Y)0 O
Emaxt) 00O 0O OO0 OO0 O0O0O0O O0O-00
00 (pressure—volume loop)C0 OO0 OO0 O
gob o0 bo0o b0 0O 00 0 oo booo
00 -00000 (endsystolic pressure—volume re—
lation 00O ESPVROO O0O))O OO0 OOOO O
o000 0O 00 ooboo oob bo gobo ooo
0000 000 0000 0002 0000 Emax
0 ESPVRO 000 0O0O0O OO0OOOO OOOO
000 000 00 Emaxd O ESPVYROODO OO O
00 O 00 00 BEmaxO ESPVRO OOOO OO
0 00002727 ESPVRO 00 00 0O0-000
O (pressure—volume loop)0 0 OOO0O OO0 O
U0 odbd 0bob 00 OO 0 0b E—maxd
0000 0o ooob ooboboo oooo od.
0000000 00 000000 0000o0?®*
o000 0odbodo O oboobob booo ooo
gobd oobdb 0o OO0 Ob boob b o
oo0 0oooo ooooboo oboo oooo o
0 00 0boob boob bobo obo ooo o
O0O0. 0000 000 conductance catheterdl O
00 00 Oobooo ooo 0 oo oboo ooo o
U0 bodbd 0bod boo obob bo oo
0 00 0000 O0bo oob oo oboo oo
0000000 000000 00 radionu—
clide angiographyll 0 OOO0O OOO0O OO0O O
doo ooob boob bo-00 obooo ooo

757



0000 ooooo.3#*

000 integrated backscatterd OO0 OOOO
0000 (automated edge detection method) O O
00 00000 000000 oooo doo(eross
sectional area)] OO0 OO0 OO0 OO0O OO
0 O0O0-000 00 (pressure—area loop)d OO
00 0000 0000 o000 ooouoo ooo
00 00 00O 000 booo oo-o0oo0 ooo
(end—systolic pressure—area relation)] OO0
0000 O0O0O0O OO0 OO0 ODO oo ooo
DD.45_49)

000 ODOD0OO0ODOO (automated edge detection
method)(] O OOOOO OO0 apical 4—chamber
view 00O apical 3—chamber view [ Simpson
000 000 0000 oooo ooo ooo o o
0 0000 Oo0o0 ooooo ooooo ogo
00000 000 O 00O 0O00. 000 oog o
0 000000 (automated edge detection method)
0O 0000 ESPVRO OO0 O OO O0OO OOO
000 O O o002
AAA o2-8% 12| 44

0 00000 ooOoOoo oogo ooooo o
0000 OO0 00 0O 000 0000 oooo oo
000 OO0 0000 000 0ooo oooo ogo
00 OO0 U0 00 0O 00 000 ooo ooo
00000 0000 00 000 ooog oogo
0 000 00oooo ooo gooo ooo go
0 00000 0O0O0O0O0 Ooo oo oooo o
O0-00 000 000.000 000 oooo oo
000 0000 0000 0000 OO ooogo
0000 0000 0000 oooo go-00 oo
0 000 00 000 00 OO0 OO0 0o ooo
00 0O 000 0O00.00 000 ooooo oo
0 0000 000 00 000 oo ooo oo o
00 0000 000 000 00 00obo oooo o
00 000 0000 ooooo ooo ooo. go
00 00000 000 OO 0oOoo 0oo ooo
0 00-00 000 000 Ooooo oo 0o 0o
000 0ooooo.

758

0y dzaut A 29
ZARS| H|m

U ooooo oog boboobobo oobooooo
goooo oo obooob boog oobo o
oo ooobo 0oo booo 000 ogo. oo
40 OO0 0000 DoOoboooo 35 mmHg 00O
O oooo ob o000 s5smmHOO OO0 OO O
0O 0000 booobob 000 boooboo +2 0
ooooo +10 00, 00 80 Oooo ooogo
oooboog 15smmHg OO0 O0O0O0O OO0 OO
0O 22mmHgUDO OO OO0 OOOOOOD booo
000 OO0 OoO0O0DOboOo +3 000000 +30
ug ooboooo obooo oo boodg ooo
0. 000 0o 0 boog bboo ooo ooo
ug ooboo oob boo oooobo coooo
oo 0 00 oog oo obb oo oo ooo
ooooo 0ooo obooo ooobo oo ooo
ug ooo 0 oo o0 oob boo oooo b
oooo oooob boo oo ooboo ocoooo
ug bod oobob obo oooob ooo ooo o
ooo.

1o

H AAD} | xXIsHA

Doppler M=21} Al AAD A9
H|

0dd oddo odo booo oooo oooo
000 000 o00ono ooboo oo ooo oo
00 000 oooo oooo oobooo o ooo
ooodo boob oooob ooo oob oood.
000 00 Ooodo oooobo oobo ooooo
00 0odd 0 ooo ooo oooo oo oo o
00 0O 0O 00 OoOoOo oooo ooo oooo

ooob ooob ooo oogo.

0E
i}
e
Ja}
ok
A

ESPVRZ H2|ZXeHH ZAtS| H|w

goddno booodb 0o 00 obo bo oo
0 00 0000 DOODODODO 000 ooOoo0@25.6%
vs 22.3% pld 0.42) baseline ESPVRO O OO0OO
good ooo obob oooo booo oo
0O 000 O 0O0O0.000 dobutamind OOOO
ESPVROO 000 OOOOOOO0O OoOOOO O

Korean Circulation J 1999;29(7):751-761



00000 ODOODO ESPYROO OOO0O OOO O
00000 baselined O dobutamind OO0 ESPVRO
0 000 0000 000 000 ODooooo oo
00 000 OO0 0 000.000 00gooo o
00 000 OO0 baseline ESPVROO dobutamin
000 ESPVROD 0UO0O0O OO OO 0OOO DOO
0000 diobutamind OO baselined OO ESPVR
00 0000 00 000 0000 oooooo o
00 000 000000 oooooo ooooo o
O0. 000000 0000 000 O0ooo ooo
000 000D 00000 0O o00ooo ooooo
000 0000 000000 o000 oooo oo
00 00 0 000000 000 oooo oooo
000 00O oood.

m 2 A9 HEH
0 o000 00 ooobbo ooboo oo o oo
Oo0o0 Ooooo OooO0O0O0O Doooo ESPYRO

0 o0ooo0o 0 ooo bboob o Oobbo ooobo.

00000 o000 00o oooo go-00 0o
0 000 OO0 00 000 00 ooogo, oo
0 00 OO0 000 0000 OO0 00O ooo oo
00 0O0-00 000 000 oo oo ooog o
0000. 0000000 0000 oooooo oo
00 000 0o0oo0 ooo 0 ooo ooogo
(echocardiographic window)d O0O0O0O OO OO
00 0000 OO0 Ooo0 000 O oo ogo
00 0 0000 000 o000 oooo oogo
0000 0000 000 0000 0o Ooo oo.

2 £

0 0oooo 0oob boo oobo oooob o
ooob ooooobo oog Ooboo oooob o
ug ooo oooo obodo ooo ogo oo
o0l 0ooodo oooo boobo bbobooo o
oo oood oob boodo ooo oog ooo
ood0 oooboo ooob obo oob oo-0b0
oo oo oo ooo booob boo oooo
OO0 0000 boobobo ESPvROO OOO0OOO.
ESPVRODO 1000 OOO0O dobutamind OO (ba—

seline)d dobutamind 10 p g/Kg/min OO O OO
00000. 00 0000 00 oo0 oooooo
000 000000 000 000 O Dopplercod
0O 00oo, 0000 oodo ood espvrROO
0000 O0O0O. 000 D0oooO oo goooo
00 0000 oo 0ooo goooo ooo oo
00 00 000 000 O0Ooooo ooo ooo
0000 OO0 000000 000 o000 (rest—
rictive filling pattern)C0 0000 000 OOO0O O
00000 0000 0000 000 0oo O oo
0. 000000 OO0 000 oooooo ooo
000 0000 OO 0000 ooooo ooo o
000 OO0 000 000 ooooo ooo ooo
000, 000 U000 D0oooo oooo oo
0O 0000 O0O00ooO ooooo ooo.

o of
0 =

AR

0000 oooo oo-00 000 (end—systolic
pressure—volume relation, ESPVR)O 000 OO
0 000 0000 U000 000 oo Oooo ooo
00. 000 00 000g ooo ooo oo oo
0 0000 0000 OO0 O0ooo 00O o oo
000 00000 000 OO ooooo gooo
00.00000 OO0 OD00ooooOoo oooo
0 0000 000 000 oooo oooo oo o
000 00oo 000 oo-00 ogo oo o o
0O ESPVRO OO0 O OO 0OOO. O 0OOO QOO
0 000 000 0000 Ooooo oo oogooo
0 000 00000 O 00oooooo ooo o
0 000 000 ooooo ooo.

4 9

00 1000 OO0 O0UOD O0O0O0O OOo oo
0O 0O00.00 0000 0000 00O O Doppler
0000ooo, o000 000 oooo oo ooo
00 000 00 000 ooooo.oogoo oo
00 00000 00000 o000 O oooo o
000 0000 0Oooo oooooo ogooo
000 ooOooooo0ooo oo oooo oo o
00 5F 000 0000 OO0 00O O0oO oo o

759



0O 00 000 0o0O-00 000 0go. EsPYRO
dobutamind 0 O (baseline) dobutamind 30 OO
(10 po/Kg/min) OO O OOOOO.

7z

000 00000 00 O00O0o 00 oooo
00 0000 boo0oo ooo oooo oo go
0 000 000000 000 ooo oooo oo
0 000000 OO0 0oO00 (restrictive filling
pattern)d 0OO0O0O OO0 0O0OOO OOOOOO
0000 0000 000 000 O ooo.oogo
00 000 000 0ooooo ooo ooo go
00 00 0000 00000 ooo oooo oo
000 000 00oo0o0 000 ogo ooo, go
0 0000 000000 0000 Oooo oogo
Oo00O0oo ooooo ooo.

M H{O000000- 000 0000 O00-00
goo- ob-0oob- boo obod.

m ZARE
0 000 000 O OO0 ooooob oooooooo
OJooooo ooobooo 0o MsbOoooono ooooo
0.0 000 0oo 0ooo ooo oo oooob oo oo
0 000 000 00obo 0o 0ouo ooobo oo oo
0,004,000 ooo ooooaa.

REFERENCES

1) Sugrue DD, Rodeheffer RJ, Codd MB, Ballard DJ,
Fuster V, Gersh BJ. The clinical course of idiopathic
dilated cardiomyopathy: A population-based study. Ann
Intern Med 1992;117:117-23.

2) Fuster V, Gersh BJ, Giuliani ER, Tajik AJ, Brandenburg
RO, Frye RL. The natural history of idiopathic dilated
cardiomyopathy. Am J Cardiol 1981;47:525-31.

3) Ikram H, Willianson Hg, Won M, Crozier IG, Wells EJ.
The course of idiopathic dilated cardiomyopathy in New
Zealand. Br Heart J 1987;57:521-7.

4) Doi YL, Chikamori T, Takata J, et al. Prognostic value
of thallium-201 perfusion defects in idiopathic dilated
cardiomyopathy. Am J Cardiol 1991;67:188-93.

5) Likoff MJ, Chandler SL, Kay HR. Clinical determinants
of mortality in chronic congestive heart failure secondary
to idiopathic dilated or ischemic cardiomyopathy. Am J
Cardiol 1987;59:643-8.

6) Unverferth DV, Magorien RD, Moeschberger ML, Baker
PB, Fetters JK, Leier CV. Factors influencing the one-
year mortality of dilated cardiomyopathy. Am J Cardiol
1984,54:147-52.

7) Schoeller R, Andersen D, Buttner D, Zezcelik R, Vey G,
Schroder R. Firstor second-degree atrioventricular block
as a risk factor in idiopathic dilated cardiomyopathy. Am

760

20)

21)

2)

23)

24)

J Cardiol 1993,71:720-6.

Gradman A, Deedwania P, Cody R, et al. Predictors of
total mortality and sudden death in mild to moderate
heart failure. J Am Coll Cardiol 1989;14:564-70.

Kelly TL, Gremo R, Nielsen C, Shabetai R. Prediction
of outcome in late-stage cardiomyopathy. Am Heart J
1990;119:1111-21.

Franciosa JA, Wilen M, Ziesche S, Cohn JN. Survival in
men with severe chromic left Ventricular failure due to
either coronary heart disease of idiopathic dilated card-
iomyopathy. Am J Cardiol 1983;51:831-6.

Lewis JF, Webber JD, Sutton LL, Chesoni S, Curry CL.
Discordance in degree of right and left ventricular dilation
in patients with dilated cardiomyopathy: Recognition and
clinical implications. J Am Coll Cardiol 1993,21:649-54.
Diaz RA, Obasohan A, Oakley CM. Prediction of outcome
in dilated cardiomyopathy. Br Heart J 1987,;58:393-9.
Kuhn H, Becker R, Fischer J, et al. Untersuchungen zur
Atiologie, zum Vferlaufund zur Prognose der dilatativen
Kardiomyopathio (DCM). Z Kardiol 1982;71:497-508.
Komajda M, Jais JP, Reeves F, et al. Factors predicting
mortality in idiopathic dilated cardiomyopathy. Eur Heart
J 1990;11:824-31.

Mancini DM, Eisen H, Kussmaul W, Mull R, Edmunds
LH Jr, Wilson JR. Value of peak exercise oxygen consu-
mption for optimal timing of cardiac transplantation in
ambulatory patients with heart failure. Circulation 1991;
83:778-86.

Keogh AM, Baron DW, Hickie JB. Prognostic guides in
patients with idiopathic or ischemic dilated cardiomyopathy
assessed for cardiac transplantation. Am J Cardiol 1990;
65:903-8.

Lee WH, Packer M. Prognostic importance of serum
sodium concentration and its modification by converting-
enzyme inhibition in patients with severe chronic heart
failure. Circulation 1986,73:257-67.

Rector TS, Olivari MT, Levine TB, Fracis GS, Cohn JN.
Predicting survival for an individual with congestive
heart failure using the plasma norepinephrine concentration.
Am Heart J 1987;114:148-52.

Dec GW, Fuster VF. Idiopathic dilated cardiomyopathy.
New E J Med 1994;331:1564.

Griffin BP, Shah PK, Ferguson J, Ruvbin SA. Incremental
prognostic value of exercise hemodynamic variables in
chronic congestive heart failure secondary to coronary
artery disease or to dilated cardiomyopathy. Am J Cardiol
1991;67:848-53.

Saxon LA, Stevenson WG, Middlekauff HR, et al. Pre-
dicting death from progressive heart failure secondary to
ischemic or idiopathic dilated cardiomyopathy. Am J
Cardiol 1993;72:62-5.

Quinones MA, Waggoner AD, Reduto LA, Nrlson JG,
et al. A new simplified and accurate method for deter-
mining ejection fraction with two-dimensional echocard-
iography. Circulation 1981;64:744-53.

Sagawa K. The ventricular pressure-volume diagram
revisited. Circ Res 1978;43:677-87.

Maughan WL, Sunagawa K, Hunter WC, Sagawa K.
Instantaneous but not end-systolic pressure-volume rela-
tionship (ESPVR) depends on afterload. Fed Proc 1985;
44:1017(4).

Korean Circulation J 1999;29(7):751-761



25)

26)

27)

28)

29)

30)

31)

3)

33)

34)

35)

36)

37)

38)

39)

Hunter WC, Janiki JS, Weber KT, Noordergraaf A.
Systolic mechanical properties of the LV Effects of volume
and contractile state. Circ Res 1983,52:319.

Little WC, Freeman GL. Description of LV pressure-volume
relations by time-varying elastance and source resistance.
Am J Physiol 1987,;253 (Heart Cir Physiol 22):H83.
Maughan WL, Kass DA, Heard M, Sagawa K. Erroneous
estimation of the end-systolic pressure-volume relationship

from time-varying elastance in patients. Circulation 1987;

76 (suppl ):[0-545.

Suga H, Sagawa K, Shoukas AA. Load independence of
the instantaneous pressure-volume ratio of the canine left
ventricle and effects of epinephrine and heart rate on the
ratio. Circ Res 1973;32:314-22.

Little WC, Freeman GL, O’Rourke RA. Simultaneous
determination of left ventricular end-systolic pressure-
volume and pressure-dimension relationships in closed-
chest dogs. Circulation 1985;6:1301-8.

Kass DA, Yamazaki T, Burkhoff D, Maughan WI, Sagawa
K. Determination of left ventricular end-systolic pressure-
volume relationships by the conductance (volume) catheter
technique. Circulation 1986,3:586-95.

Little WC, Cheng C, Peterson T, Vinten-Johansen J.
Response of the left ventricular end-systolic pressure-
volume relation in conscious dogs to a wide range of
contractile states. Circulation 1988,;78:736-45.

Kass DA, Midei M, Graves W, Brinker JA, Maughan
WL. Use of a conductance (volume) catheter and transient
inferior vena caval occlusion for rapid determination of
pressure-volume relationships in man. Catheterization and
Cardiovascular Diagnosis 1988,15:192-202.

Chung N, Small RS, Kass DA, Bell MA, Ritman EL,
Holmes DR, et al. Effects of acute changes in canine LV-
chamber and shape on accuracy of impedance catheter
estimates of LV-chamber volume. Biomedical Instrumen-
tation and Technology 1994,28:113-22.

Grossman W, Braunwald E, Mann T, McLaurin LP, Green
LH. Contractile state of the left ventricle in man as
evaluated from end-systolic pressure-volume relations.
Circulation 1977;56:845-52.

Magorien DJ, Shaffer P, Bush CA, et al. Assessment of
left ventricular pressure-volume relations using gated ra-
dionuclide angiography, echocardiography and microma-
nometer pressure recordings. Circulation 1983;67:844-53.
Kronenberg MW, Parrish MD, Jenkins DW, et al. Accuracy
of radionuclide ventriculography and end-systolic pressure-
volume relations. J Am Coll Cardiol 1985;6:1064-72.
Starling MR, Walsh RA, Dell’Italia LJ, Mancini GBJ,
Lasher JC, Lancaster JL. The relationship of various
measures of end-systole to left ventricular maximum time-
varying elastance in man. Circulation 1987;76:32-43.
Grossman W, Braunwald E, McLaurin LP, Green LH.
Contractile state of the left ventricle in man as evaluated

from end-systolic pressure-volume relations. Circulation

1977;56:845.
Obsbakken M, Bove AA, Spann JE. Left ventricular

40)

41

42)

43)

44)

45)

47)

43)

49)

50)

51)

function in chronic aortic regurgitation with reference to

end-systolic pressure, volume and stress relations. Am J
Cardiol 1981;47:193.

Borow KM, Neumann A, Wynne J. Senisitivity of end-
systolic pressure-dimension and pressure-volume relations
to the inotropic state in humans. Circulation 1982;62:116.
McKay RG, Aroesty JM, Heller GV, Royal HD, Warren
SE, Grossman W. Assessment of the end systolic pressure-
volume relationship in human beings with the use of a
time-varying elastance model. Circulation 1986,74:97.
Konstam MA, Cohen SR, Salem DN, et al. Comparison
of left and right ventricular end-systolic pressure-volume
relations in congestive heart failure. J Am Coll Cardiol
1985;5:1326-34.

Aroney CN, Hermann HC, Semigran MJ, Dec W, Boucher
CA, Fifer MA. Linearity of the end-systolic pressure-
volume relation in patients with severe heart failure. J
Am Coll Cardiol 1989,14:127-34.

Hermann HC, Ruddy TD, Dec GW, Strauss HW, Boucher
CA, Fifer MA. Inotropic effect of enoximone in patients
with severe heart failure. Demonstration by left ventricular
end-systolic pressure-volume analysis. J Am Coll Cardiol
1987;9:1117-23.

Fisher JP, Mikan JS, Rossow E, et al. Pressure dimension
analysis of regional left ventricular performance using
echocardiographic automated boundary detection: Valida-
tion in an animal model of inotropic modulation [abstract].
J Am Coll Cardiol 1992;19 Suppl A:262A.

Gorcsan J, Gasior TA, Deneault LG, Mandarino WA,
Kormos RL, Hattler BG. Transesophageal echocardio-
graphic automated border detection for intraoperative
evaluation of left ventricular pressure-area relationships
[abstract]. J Am Coll Cardiol 199219 (Suppl A):55A4.
Gorcsan J, Romand JA, Mandarino WA, Deneaull LG,
Pinsky MR. Assessment of left ventricular performance
by on-line pressure area relations using echocardiographic
automated border detection. J Am Coll Cariol 1994,;23:
242-52.

Lang R, Bednarz J, Wseinert L, Balasia B, Korcarz C,
Marcus R. End-systolic pressure-area relation: A nonin-
vasively accessible index of regional myocardial contractility
[Abstract]. J Am Coll Cardiol 1993;21:298A.

Gorcsan J, Murali S, Counihan PJ, Mandarino WA,
Kormos RL. Right ventricular performance and contractile
reserve in patients with severe heart failure. Circulation
1996,94:3190-7.

Fisher JP, McKay RG, Rosow E, et al. On line derivation
of human left ventricular pressure-volume loops and load
independent indices of contractility using echocardio-
graphy with automatic boundary detection: A clinical
reality [Abstract]. Circulation 1993;88:305A4.

Gorcesan J, Denault A, Mandarino WA, Pinsky MR. Left
ventricular pressure-volume relations with transesophageal
echocardiographic automated border detection: Comparison
with conductance-catheter technique. Am Heart J 1996,
131:544-52.

761



