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= ABSTRACT =

A Clinical Study of Pressure - Volume Area in the Mitral
Valvular Heart Diseases

Sei Jin Youn, M.D., Yun Keel Kim, M.D., Chong Hun Park, M.D.

Department of Internal Medicine, College of Medicine, Chungnam National Univensity

To study the parameters of preload, afterload, and contractility of the heart, we
evaluated 10 mitral stenosis, 5 mitral stenoinsufficiency, and 5 mitral stenosis with
aortic insufficiency by measuring the external energy potential, external mechaical
work, and external energy potential to PVA (Pressure- Volume Area) ratio with
non-invasive method, echocardiography and carotid pulse tracing.

The results are summarized as follows:

1) External energy potential of mitral stenosis was significantly higher than that
of MSI or MS with AL

2) External mechanical work of MSI or MS with Al was significantly higher th-
an that of MS.

3 ) Exernal energy potential to PVA ratio was significantly higher in the MS,
but there was no significantly difference between the MSI and MS with AL

According to the above results, exernal energy potential to PVA ratio with ec-
hocardiogram and carotid pulse tracing was good parameters of preload, afterload,
and contractility. And this method may used bed —side monitoring in the clinical

area.
M 2 A A}el 71 xthAbel $E-4% 92 ( Excitation-cont-
raction coupling)d] AFRE ouixlE A3 e PVA
32 ¢d-84 3W02 ooy wAg olgtd o HAH BAE ol¥rhu Musy,
FEo] Ry glon~!? 108314 SugaSiVe gta- gy QA A2 Ata ARZE, UM
€74 wHH( Pressure-Volume area, PVA )3 429 23871 o} olalg Aol Bol'® UxHo = 4y
Ad 2mEstel Al A TN, AdrarnTE o gH%g ST
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PVAE 1% 10148 2ol 9% o7 H(Ex

ternal energy potential, Ext. E.P.) ¢} 9] 2 7]A4 <l
9 (External Mechanical work, Ext. M. W.)2 &
g 4 Ak AL o oA Adgst AR 1A
29 AUne] #AZ preload- afterload mismatching,
B}3to] @&} Volume overloade} Pressure overlo-
ade] #HoM A¥Hp 1, F3HQ WYL 2 FEUY
% ¥Ag 4o PVAE T3t nuste ulolot

1) o %

19859 4 € RE 9471 Fduistn HY ol
A Axz AALE Algstd Agd SR YPRAF 10
d, ¢2% g3 ¢ HYRHAF 54, 281
2@ ¥EAZ L oA AN F 52 e
2 & wct ( Table 1)

2) AAgd

F A=A AALE T 4 dERgLHI} H
Ad 29¢€ o83t 3 49 &3S 5H}A
on, %Y 48 EoldFd A2 HAIE o
83t YA &2 S Aok (Fig 2)

o714 ¥ (Pressure) &=z FFo 49
<, 83 (Volume )2 HHA zJd&z J253 24

07vg v Vg v

Fig. 1. Schematic illustration of PVA.

PVA : Pressure— Volume Area

EW :External mechanical work

PE :External potential energy
From Suga H et al. :Critical evaluation of LV sys-
tolic pressure volume area as predictor of oxygen
consumtion rate. Jap J Physiol 30, 907, 1980

o] &3 HA MY &3 ogusted, 3FY <&
e 259 ¢4 Edoldn AANYELE FH®A
3 7h3t A,

o4z e wye Fato 1247 1Y ( Fig. 3)
Ax Ade dEy 2L ZFY ¢4 Edo]4A End
—diastolic point o)1, B & Peak systolic pressure
T A5 ¢4y E @ o)AA 9 Peak tidal wave po-
int o]y, C & dicrotic notch point o], EDP
€ & AEAHAN] 3% H449] End - diastolic pr-
essure o X\, A% o HAet ZFY 4Y EH
o] g o] &% PVA AiAde 4(0)oz A
T} olde] EL 47 Moz AFFAUH - &Y =
Ag BED, 4 B9y HH S deHo 2 TIA
=2

olgtzto], T WY ¥BYHA T/ W
Mo g T3 PVAY ZudAe, 849 g R A
Fa@A, vy F& 4RBA (r=09)g Rl
= AL &Qlstn, (Fig 4) ¥ 2¥AA $PI 4
223 HAS 459 48 EFold ALY F
g ot @A PVAE T3t

uju

Table 1. Materials

Cases
Mitral stenosis 10
Mitral stenoinsufficiency 5
Mitral stenosis with 5

aortic insufficiency

Fig. 2. Carotid pulse tracing and echocardiograph-
ic volume measurement.
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Pressure (mmHg)

T
Pl‘ B o
Pr C J
Pr A
Ext. M.W.
PVA
EDP 4 / Ext.E.P
i
1
Vol C Vol A
Vol B

Volume (mL/M?)

Fig. 3. Pressure — Volume Area{(PVA).

Pr :Pressure of aorta or crotid artery

Vol :Left ventricular volume by angiogram or ec-
hocardiogram

A :End distolic point

B : Peak systolic pressure or peak tidal wave po-
int

C : Dicrotic notch point

EDP: End diastolic pressure of left venticle

Ext. M.W.:External mechanical work

Ext. E.P.:External energy potential

= =

1) €28 g2 F (MS)lrxe PVA

$2% ¥&43E 1099 9% oz 4 (External
Energy Potential, Ext. EP), 2J% 7]4] & ¢l Y (Exte-
rnal mechannical work,Ext. MW) @ PVAd] o
Ext. EP.9] vl& 22} 1,8895+526.2(M+SD) mm-
Hg - mL /M2, 3,031.8:+ 898.2mmHg -mL/M?, 2 0.395
=+ 0.054 o]t} ( Table 2—1)

2) $2@ A3 L HYRAZF (MSI)dM PVA

MSI 5] Ext. E.P., Ext M\W. 3§ PVA¢] g
Ext. EP. o] ¥l ztzt 4,817.4+ 755.1 mmHg -mL/M?2
1,129.8mmHg - mL/M % 0.319+0.034 o]t} { Tab-
le 2-2)

3) 2% Y33 ¥ uSUy AY¥AS ( MS+
Al )M el PVA

MS + Al 59 9] Ext. EP., Ext. MW 3 PVAoj o
& Ext. E.P. 9 ¥l 2427t 4,369.7+ 3724 mmHg - mL/
M?, 10,245.4+ 1,504.1 mmHg -mL /M2, 2 0.297+0.026
o] it} ( Table 2—3)

4) Ext EP., Extt M.W. @ PVAJ) Y3 Ext. E.P.
&) Hlg] vlm ( Table 3)

Ext. EP. & MSoja] 7}3 wgr3 (PC0.001), MSI
9 MS+AldMe A2 #Aletgod ( P)0.1)(Fig

Table 2 —1. External energy potential, external mechanical work,and external energy potential /pressu-

re —~volume area in mitral stenosis

Cases ( mf:n,;;gEx.nI;, /M) ( mme;'{gMn'f M?) Est E P. /PVA
1 1,120.0 1.290.9 0.465
2 1,500.0 2,333.4 0.449
3 1,487.5 2,4202 0.381
4 1,960.0 4,073.5 0.324
5 1,608.0 2,434.1 0.398
6 2,952.0 45289 0.394
7 2,639.3 3,302.3 0.461
8 2,082.0 3,295.9 0.387
9 1,608.0 3,0165 0.348
10 15385 3,622.4 0.208
1,889.5-+ 3,031.8+ 0.395+
M+ SD
526.2 898.2 0.054
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Table 2 — 2. External energy potential, external mechanical work, and external energy potential/ pres-
sure —volume area in mitral stenoinsufficiency

Ext. E.P Ext M. W
Cases ( mmHg mL/Mz) ( mmHg mL / M2) Ext. EP. / PVA
1 4,168.0 9,724.4 0.300
2 4,996.0 8,853.3 0.370
3 5,368.0 10,530.4 0.338
4 5,800.0 12,277.2 0.321
5 3,755.0 10,272.9 0.268
M=+ SD 4,817.4+ 10,331.6 + 0.319+
765.1 1,129.8 0.034

Table 2 —3. External energy potential, external mechanical work, and external energy potential /pressu-.
re —volume area in mitral stenosis with aortic insufficiency

Ext. E.P. Ext. M. W,

Cases ( mmHg mL/Mz) ( mmHg mL/Mz) Ext. E P. /PVA
1 4,428.0 11,000.4 0.276
2 4,632.2 8,948.0 0.341
3 4,889.5 12,845.0 0.275
4 3,964.7 89134 0.308
5 3,936.0 9,520.2 0.293

4,369.7+ 0,275.4 X

M*SD B 102754 0297

372.4 1,504.1 0.026

w
72}
|
2 1emnn4-
a R Y : —113.6 +1.015X a
e L taanodo
Eg l44mm . :0.99
2% jzomad
-
e

<

£
=
2 £
o2
o=
a Q

<
E «
S -
o
X
[8)
w
>
m - P PR -
< 2 ERLR SR K t kALY SEEE 2000 15000
> .
a PVA BY ANGIOGRAM & CATHETERIZATION(mmHg mL /M ?)
Fig. 4. Correlation between of Pressure~Volume Area by echocardogram & carotid pulse

tracing and Angiogram & cardiac catheterizatien.
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Table 3. External energy potential, external mechanical work, and external energy potentisl / pressure —

volume area in various group

Ext. E.P. Ext. M.W.
Group ( mmHg mL/Mz) ( mmHg mL/MZ) Ext. E.P. /PVA
MS 1,889.5+ 526.2 3,031.8+ 898.2 0.395+- 0.054
MSI 4,817.4+ 755.1 10,331.6+1,129.8 0.319+0.034
MS +AI 4,369.7+ 372.4 10.245.4+-1,504.1 0.297+0.026
M+ SD
8 «: P (0.001 % —
. — = |
1 = P 0.1 B = *
7 12 ' .
g k—'* ——| o —3)
£ o . T
2 . 11- T |
L ]
g s : ~ . O !
: T3 - | .
S 4 . R [3 .
: . . g 94 . .
~ E
S . s .
< * 2
] ' B -
x
S :,
g 5
1 . 3
@ 6
L
[
£ s
MS MS +Al 2 1
MS} + = . +: PC0.01
Fig. 5. Comparison of External Energy Potential g 4 b =: P 0.1
Ext. EP. ] .
(Ext. EP.) g .
3 .
4), Extt MW.e 9A J&AEF Y& U2 MSA B o
tt MSIY MS+ Alg} & Voulume overloading ® 8t 24
AZAM E3teh (P<0001)(Fig. 5) & PVAS tjg .
Ext. EP¢] vl MSe| A7} MSIoj A (P(0.05) MS+ 11
Al wt(P<0.01) & o1}, MSIg MS+AIA} o] o
€ FAAHY Aozt 1Ak ( PX0.1)(Fig. 6)
MS MSI MS + Al

In] ot

d(work) & 2283 &oj2A, AP mass) o]
3 dd 243t § o] F (Energy transfer ) o
e, o2 Aol &Y of FYPAF gujg 3
99 ¢ ok 439 o (cardiac work )L UAlEE
(Metabolic substrate)e ¥& 93 2 & a9 o

Fig. 6. Comparison of External Mechanical Work
MS : mitral stenosis
MSI : mitral stenoinsufficiency
MS + Al : mitral stenosis with aortic insuffic-
iency

Y] 2] Myocardial transferg}@ 4 it} o] HAL
dejztx] FeH2 vebd # ged, d 42 83 -

—2) -



— The Korean Circulation Journal : Vol. 16, No. 2, 1986 —

K * k- rex Yy
0.5

e —

o*

0.4 ’

0.3 . .

i
ot

EXTERNAL ENERGY POTENTIAL /PVA

0.2
*: P (0.05
«+: P (0.01
0.1- *sx; P 0.1
MS MSi MS + Al

Fig. 7. Comparison of External Energy Potential /
Pressure—Volume Area (PVA)

g = 224 9¢ d( volume~pressure or external
work)& & 4 Ut} ol stroke volumeg U &
e HEy Gl el ejectiondtEd Al gde
ol 1 %] o]},

% A Aol o(Total cardiac work )& 4] o] AL &
e & Aol Eo 2, gAY draTgos 28
g+ QU o)g@ge AFEEs Wy olua 9y
d RFE RESC HHQ d& A4FA BEL
3 e Bohier A4 7lxdiAle vehdd 344
o SR UL 3 AYF7) 5o 83 gy B
AZA =R2 Jeld & Ut} o] g A F7] FUlA
2% % Ue 2¥(Diagram)e] @Ho] ¢Ed -85
( pressure —volume work )o]c} 17

H oAl Aol 48 -S3 = o g 71EAy o
F7} Zo] Haglen, o8] ¥ a9A End-systolic vo-
umeo]] t§§ end-diastolic pressure] T A & 43}9)
£59 498 238 5+ Aoz ¢4 PP = can
ine heartg o] &3 ATl 44 ¢g— gHAold
€ AMdE BA dhaEy olE Al H2slo

dra7le odog & U '

#4] 4 2] End- Systolic and end-diastolic P~V
curves} isovolumic relaxation and contraction o]
dojx FHdo2 M PVAE %7 Foo ¥
4=l 49 End-Systole i A€ 7]243 o=
Az geq '

Suga "’ 52 Canine studyo] 4] PVAS] 70%7} 95
AR 42 AgHed ol FAY &0 g
715¢d LG g £5 82 (55ml/fsec in 70gmLV) 7
¥ |7t 73 29 o g £47 A9 £x5)
olutt ZAY g ZfdlE, FYY PVAs €xg
E GRHQ & FolxA bt o] AL PVAYL
ol iz Mo thREo| isovolumic relaxation ¢t
AREAE D, E Afterloadst 23| Zagel wjal

¥ 7148 9= A@bs

ojghe 4 A4& pressure loadg A% 5 JAZHY
UE FPF F gl o] Y& Systole F ¢ & A 5 of
end—systole @] 4 duo] PP Ao2RE {3}
' Aog

At 2 AEETAA F AFA AYRe Z
Huts Tl 4% A 4k Ar ) o Fad
A7} EFobn g POTBILIZIO g 198313 Suga D S o)
ATFojA AL AnaZ 7% A Excitation—con-
traction couplingo] Al &8 dUAE A2l ¢ PVA
% HdZ BAE olg9 21t Yok

Afterload, prelod, 22|11 Contractility= 4] 4 e] St-
roke volume®} 49 #&%%& ZAAS = main det-
erminant(F 2744 )2 g2 Yo} 1P

AL, HAgAE, £F3HA FHL T
o1 SR oz Ao AR AN P A
Preload~Afterload mismatching ] #3 oA 4H 19}
o,

B oz A7t PVACA ARste v &L ow
Preload @ Afterload’} $ojx# & o, 2 Preload 7}
Folz FeldlA g o Fola] Afterload @ Eof 4
HE e duUAg Jdeldles Ao g, MSs MSIg H
wate Azt H MSe Preloade & 29t Afterload
© #asHo JAIX I, MSIE Preloads %1 Afterl-
oade ZHAaE ol 9o, AA 71AHA A FolA Af-
terloado] )3t Y # Contractility§ 2] o] o] &= of
UAE MSeA7t MSIA moh 2302 4zac®
17,18)

Azt5e] Aoz PVAo) gl Ext. EP. 9 vl
MSej xj7} MSIojA Y ( P<0.05), MS+ Al wrc}
(P<0.01) E2Re & # Utk
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Fo2E AR da 4R FAH A B2 ool
FF 2% ol oY Ao AZyy, dEY
¥&33 22 4B e %9 Doppler 4
£ FALE o8 REE ALz dFFA
AR2HE duAg zai 477t destez Algd

RN VR

& =

1985 4gRE] 9477 SddigtmEg videld 2
33 g YEAF 104, sxd S5 2 HYyR
AF 54, 21 2@ FIAF ¢ desdd A4y
A5 592 ez, nAEYA $HA =220
Atel ZEW 4 Efold 2 AXEY FH & o8
o PVAg T&o tgd 22 Zx 2 288 Ik

1) 98 oYz Ade 28 A SN M3 ¥
93 {1,889.5+ 526.2 mmHg - mL /M?) ( P<0.001 )MSI
¢} MS+AIMAME & FAMtg ( PY0.1)(Fig. 4)

2) B 71AF e MSolArth MSIY MS
+ Alol A At} (P¢0.001)(Fig. 5)

3) PVAd] gl Ext. EP. 9] vl MSdx]7} MSI
ol A} (P<0.005) MS+ AZ oA g} (PC0.01) At}
a2y MSIgt MS+AZdA = M2 FASEHOH(P>
0.1)(Fig. 6)

oldel Az Hp¥Holx, £FH WHE o83
PVAo} tjg§t Ext. E.P. o ¥, Ex3 Digitizing 8}
€ e U s, Y4delr Bed-side monitoring
o2 stgstele AzEH, YR olgd Y} EE
Preload, Afterload, @ Contractility2] 3 7}o] A1 &€
F ole AEERE Agdd

ot

N ofi ok

X
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