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Summary

In the present study, we constructed a left ventricular pressure-volume loop from catheterization
data and RN-angiocardiography. By connecting the point of origin of the plane, not the point of Vd,
with the end-systolic point of the loop, we calculated a *‘systolic’’ pressure-volume area (PVA), elastic
potential energy (EPE), and stroke work (SW). A cardiac output (CO)-pulmonary artery wedge
(PAW) pressure plot was constructed at rest and during exercise, using a bicycle ergometer, to evaluate
cardiac pump function. End-systolic volume (ESV) was obtained from the left ventricular P-V loop,
and the response of ESV to exercise was investigated.

Thirty-five patients with various cardiac diseases were categorized in two groups according to the
ACO/4PAW obtained from the shift of the CO-PAW plot during exercise; group I (n=28) with the
properly functioning hearts having the ratio>0.12 //min/mmHg and group II (n=7) with the poorly
functioning hearts having the ratio<0.12 //min/mmHg. Group I was subdivided further into two
subsets according to the changing pattern of ESV during exercise; group I-A with decreased or
unchanged ESV (n=20) and group I-B with increased ESV in which end-diastolic volume (EDV)
was increased during exercise (n=8).

During exercise, PVA and SW were unchanged but SW/PVA increased in group I-A, suggest-
ing improvement of external mechanical efficiency. SW/PVA was unchanged in group I-B, despite
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the increase in PVA and SW. This suggested that external mechanical work increased as a resultof
increased cardiac oxygen consumption.

In group II, PVA increased, SW was unchanged and SW/PVA decreased, which could be xe-
plained by the mechanism that external mechanical work during exercise decreased as compared
with that at rest.

It was suggested that a different mechanism may have been responsible for the production of
external mechanical work among patients in group I-A and in group I-B with properly functioning
hearts judged from the CO-PAW plot.

Therefore, it seems useful to calculate PVA, SW and SW/PVA during exercise using the left ven-
tricular pressure-volume loop for evaluating cardiac function.
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PVA =pressure volume area
EPE=end systolic potential energy
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stroke work
Vd =ventricular volume at which peak
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Fig. 1.
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EPE=[%(SBPX ESV) _w

EDV+ESV ]xo.mas

Pressure-volume loop and pressure volume area (PVA).

Pressure-volume loop and pressure volume area (PVA) proposed by Suga et al?, illustrating relation-
ship between external mechanical work and elastic potential energy (left). Pressure-volume loop
constructed by substituting the point of origin for the point Vd and our equation for the calculation
of external mechanical work and elastic potential energy (right).
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Fig. 2. Diagram showing the method of RN-angiocardiography and of exercise using bicycle

ergometer in the supine position.
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Fig. 3. CO-PAW plot and its shift with ergometer
exercise in the two groups.

There was no significant difference in CO-PAW
plots between groups I and II at rest. However, a
significant difference appeared during exercise, and
deterioration of cardiac pump function was suggested
in group II.
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Table 1. The values PVA, SW/PVA and Vd obtained from the original paper of Suga? and
PVA and SW/PVA obtained by the present authors

PVA (mmHg-mi/beat) SW/PVA (%) Vd (mly**
SUGA Present authors SUGA* Present authors
1 982 1187 84 70 7.4
2 455 415 75 82 3.2
3 614 651 84 79 2.9
4 1390 920 83 56 8.0
5 920 1165 78 61 5.1
6 1095 1125 68 67 0.8
7 912 750 58 72 —5.4
8 977 1021 61 59 1.3
9 605 643 74 70 2.2
10 1596 1640 55 54 1.1
11 1258 1093 39 45 6.6
12 1627 1850 49 43 4.5
13 1056 1341 60 47 8.1
14 1090 1159 69 65 2.0
15 1050 1152 59 54 2.6
16 984 1380 77 55 9.9
17 100 122 . 73 60 2.9
18 840 936 46 41 2.4
19 962 1128 62 53 4.2
20 979 1170 64 54 4.2
21 1480 1290 36 42 —5.1
22 1830 1740 49 52 -1.8
23 1200 1050 48 54 -5.0
24 790 840 71 67 2.5
25 1090 1536 75 53 11.2
26 1170 1225 54 51 1.6
27 870 840 64 67 -1.5
28 1250 1441 69 60 5.2
29 790 911 70 60 3.5
30 800 900 75 67 4.0
1025465 1126 +75 64+2 59+2 3.0+0.7
(Mean +SE)

PVA =pressure-volume area; SW=stroke work; Vd=volume axis intercept of end-systolic pressure-volume
relation line.

* In Suga’s paper? both SW and PVA values were given, but the ratio SW/PVA was not given.

** Calculated from Suga’s paper as follows: EPE was obtained by subtracting SW from PVA. Vd was
obtained from peak pressure and EPE.
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Fig. 4. Changes in left ventricular pressure volume loop in response to exercise in the 3

groups.
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Table 2. Physiological and hemodynamic data at rest and during exercise

N Age . Ao (mmHg) PAW (mmHg) EDV (ml) ESV (ml) SV (ml)
ame Sex Diag.
R E R E R E R E R E
Group I-A (4CO/4PAW >0.12//min/mmHg ; decrease or no change in ESV during exercise)
T. A. 51 M OMI 134/70 150/90 11 23 128 121 50 38 78 83
Y. M. 39F AR 142/88 158/94 10 20 101 91 22 16 79 75
M. L 27M OMI 108/60 122/66 14 22 222 155 127 69 95 86
M.T. 55M HCM 114/70 130/88 7 14 154 154 74 70 80 84
H. K. 61 M OMI 180/100 178/98 7 10 86 80 25 16 61 64
H.Y. 60 M OMI 138/76 142/80 13 26 243 200 154 119 89 81
K. T. 53M DCM 134/90 150/100 14 25 271 227 175 141 96 86
S. I 66 M OMI 140/98 158/98 7 12 102 106 49 46 53 60
M.S. SOF OMI 170/100 170/104 8 11 132 121 66 50 66 71
H. N. 62 M OMI 136/86 170/100 15 29 127 118 49 26 78 92
S.E. 68 M OMI 140/90 160/104 5 12 136 137 70 61 66 76
H.O. 57M AP 122/84 132/86 11 17 93 113 27 26 66 87
A.A. S3M DCM 120/80 136/86 20 29 265 197 212 146 52 51
T.T. 46 F NCA 146/88 160/106 6 8 128 134 52 51 76 83
T. O. 49M OMI 120/70 126/92 12 24 166 165 79 68 87 97
T. K. 34 M OMI 130/78 128/88 6 8 116 105 32 21 84 84
S.U. 73M AP 140/78 110/76 3 7 142 145 57 57 85 88
H.F. 54 M AP 134/88 142/70 17 23 148 138 53 27 95 111
R. K. 68 M HCM  154/86 158/104 19 35 128 118 29 18 99 100
N.T. 50 M A-VB 124/77 132/82 1 16 109 113 45 43 64 70
Group I-B (4CO/4PAW >0.12 //min/mmHg ; increased in ESV during exercise)
G.Y. S9M OMI 128/90 136/96 10 15 206 254 115 147 91 107
M.Y. 54 F OMI 150/88 148/74 10 24 122 134 61 66 61 68
M. G. 56 M OMI 145/85 155/105 14 24 207 259 145 180 62 79
R. M. 47F OMI 132/80 136/70 12 16 106 120 34 44 72 76
N.O. 50 M OMI 138/90 152/92 8 13 149 171 58 74 91 97
M. F. 64 M OMI 116/76 146/80 6 10 160 191 76 95 84 115
N.F. 29 M DCM  128/86 136/86 25 28 119 164 70 93 49 71
H.N. 61 M DCM  156/104 202/110 5 8 74 92 30 32 44 60
Group II (4CO/4PAW <0.12 //min/mmHg)
T. M. 62 M AP 120/40 140/52 21 30 155 174 67 84 88 90
1. U. 58 M AP 160/100 176/110 8 25 221 256 133 151 88 105
S. K. 58 M OMI 120/84 120/86 13 21 202 212 135 146 67 66
N. K. 46 M OMI 146/90 154/92 13 37 246 336 180 271 66 65
K.Y. 51M OMI 118/80 120/90 15 35 299 369 211 293 88 76
Y. K. 53 M OMI 140/90 154/96 13 32 362 386 313 335 49 51
Y. M. 59M AP 160/100 176/96 10 25 140 128 46 53 94 75

OMI=o0ld myocardial infarction; AP=angina pectoris; DCM=dilated cardiomyopathy ; HCM=hypertrophic
cardiomyopathy ; AR =aortic regurgitation ; NCA=neurocirculatory asthenia; A-VB=A-V block; Ao=aortic pres-
sure; PAW =pulmonary artery wedge pressure; EDV=end-diastolic volume; ESV=end-systolic volume; SV=

stroke volume; CO=cardiac output; R=at rest; E=during exercise.
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Table 3. Stroke work (SW), pressure-volume area (PVA) and SW/PVA at rest and during

exercise
N Age . SW (joule) PVA (joule) SW/PVA (%)
ame Sex Diag.
R E R E R E
Group I-A
T. A. 51M OMI 131 144 172 176 76 82
Y. M. 39F AR 142 140 164 157 87 89
M. I 27M OMI 122 118 207 168 76 82
M.T. 55M HCM 116 122 173 184 67 66
H.K. 61 M OMI 144 146 174 165 83 88
H.Y. 60 M OMI 151 129 285 226 53 57
K.T. 53M DCM 159 145 306 269 52 54
S. L 66 M OMI 97 119 142 165 68 72
M.S. 50 F OMI 146 154 221 209 66 74
H.N. 62M OMI 128 177 171 206 75 86
S.E. 68 M OMI 122 154 188 217 65 71
H.O. 57M AP 100 137 120 157 83 87
A A. 53M DCM 72 74 218 186 33 40
T.T. 46 F NCA 143 172 186 224 77 71
T.O. 49M OMI 127 135 183 182 69 74
T. K. 4M OMI 142 137 169 154 84 89
S.U. 73 M AP 159 123 210 166 76 74
H.F. 54 M AP 151 179 193 179 78 89
R.K. 68 M HCM 181 167 181 167 67 92
N.T. 50 M A-VB 98 110 98 110 74 76
Mean +SE 131+6 139+6 188+11 183+8 70+3 75+3
Group I-B
G.Y. 59 M OMI 146 176 239 250 61 58
M.Y. 54F OMI 115 115 175 172 66 67
M. G. 56 M OMI 111 141 242 307 46 46
R. M. 47F OMI 118 123 148 162 80 76
N.O. 50 M OMI 162 184 213 255 76 72
M.F. 64 M OMI 125 178 181 269 69 66
N.F. 29M DCM 69 105 119 172 58 61
H.N. 61 M DCM 91 156 121 201 75 78
Mean +SE 12411 153+12 193420 237+£22 664 65+3
Group II
T. M. 62 M AP 120 134 169 203 71 66
J.U. 58 M AP 183 215 321 377 57 57
S. K. 58 M OMI 98 89 201 190 49 47
N.K. 46 M OMI 119 104 284 326 42 32
K.Y. 51 M OMI 123 188 274 268 45 33
Y. K. 53M OMI 85 85 352 367 24 23
Y. M. 59M AP 192 149 240 204 80 73
Mean +SE 112421 89+18 248+30 238+43 47+8 40+8

OMI=o0ld myocardial infarction; AP=angina pectoris; DCM=dilated cardiomyopathy ; HCM =hypertrophic
cardiomyopathy ; AR=aortic regurgitation ; NCA=neurocirculatory asthenia; A-VB=A-V block; SW=stroke
work ; PVA =pressure-volume area.
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Fig. 5. Comparison of pressure-volume area
(PVA) in ergometer exercise among the 3
groups.

PVA at rest was greater in group II than in groups
I-A or I-B, and there was a significant increase of
PVA during exercise in group I-B.
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Fig. 6. Comparison of stroke work (SW) in
ergometer exercise among the 3 groups.

There was no significant difference in SW among
the 3 groups at rest and during exercise ; whereas, SW
increased significantly during exercise in group I-B.
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Fig. 7. Comparison of SW/PVA in ergometer ex-
ercise among the 3 groups.

The SW/PVA increased significantly in group I-A
and did not decrease significantly in group I-B dur-
ing exercise. It decreased significantly in group II
compared with groups I-A and I-B.
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RN-angiocardiography & Swan-Ganz % 5 —
FNEEFAWTEMIEERET L 22 — 2 AR 21T
- 7.

1. CO-PAW EHizkw<, EHARIZL S
& (4CO/4PAW) iz X v, 4CO/4PAW >
0.12 l/min/mmHg o I # L, 4CO/4PAWZ
0.12 //min/mmHg o I #ERXBIE Tz,

2. BHERLAFHDPOERE-REERLY, 1
B EICESARIC LY ESV 23843+ 3 I-A g%
&, ESV 5 x0 EDV o#gtn+ % I-B iz 03
Shic.

3. ULbo3BoRHRLEHARMPOLE
E-AHEG%EL Y PVA X SW zHEHL,
SW/PVA % Hilir U 7o, I-A # iz SW/PVA
BREEEML, -BETRELERED R, k.
II oz oEPFRIETLTW .

Swan-Ganz catheter & RN-angiocardiogra-
phy # IWCEZERE - iV —7&Hi&, Bo 0D
Vd oy icfliffse LTHRAZ LY, EREL
— 7 LOWHERMA L 2 A REREA VT “ IR
WE ERMmEME (PVA), Apytt®E (EPE) &
XUt (SW) oBHERAL. OEHE
(CO)-FHiBRRAE (PAW) i o L5k
BIXUAMPOFay &, E-ABLV—TLD
kol EBIEARIIAR (ESV) oZfbiiéb
¥, £ 35EME, IBHICHBEL, SHOEBAN
fie o PVA, SW, SW/PVA &k -,
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FREORBEE 35 AR HEET L
TrA—F—AFE T O &, CO-PAW Lk,
4CO/4PAW >0.12 [/min/mmHg o087 ke
BiF# (I8 LZzhUToLRy 7HEEERTE
A1 85 iwoniz. hl, EEE-REL—T%
Aniga, OR v IEERGE T, EHATIC
Xy ESV BB+ s0REiclEs AL,
ESV 2sim+ 5 I-B #(EDV &38in) & icsh
hiz.

LB OEBAFIC I 5ETE, [-A BT,
PVA, SW @gHEElLET, SWPVA oifg
FicHEmM L. Thbb, SHEDREEE -
Twiz. I-B g3, PVA X0 SWizt bic
BinL7a, SWPVA 3k, T+4hbbis
FOBBHBROWMICRA S & 5 ICEBARR
oA EELEMSE TV, [T PVA
e, SW ki<, SWPVA gFE
KT L. Thbb, EBHARRICE, THIFIC
HUEDRAMEEORME 2 LER RoTW
Iz.

ok Sz, CO-PAW EFiz W TRy
THEENTER L Bbh i Eflicks vy, [-A &
I-B nENZELL, B2 “RE” RXVFEL
AHEEEVRELTWAE a7z, EEART
KX BHBERE - FENV— 72 v T PVA,
SW, SW/PVA #HEH+ 5z L, [OHREFMIC
FREBbhiz.
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