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A Study of the Assessment of Left Vertricular Function in Non-rheumatic Aortic
Stenosis After Aortic Valve Replacement
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Han Soo Kim, M.D., Nam Sik Chung, M.D.,
Seung Yun Cho, M.D., Sung Soon Kim, M.D.
Division of Cardiology, Yonsei Cardiovascular Center, Yonsei University, Seoul, Korea
Kang Meyun Shick, M.D.
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Background . The nature of depressed left vertricular ejection performance in chronic pres-
sure-overload hypertrophy due to aortic stenosis is controversial. Patients with aortic stenosis
and congestive heart failure who responded well and those who responded poorly to aortic
valve replacement may represent two distinct groups, rather than opposite ends of a spectrum.
Whereas excess afterload accompanied by inadequate hypertrophy of functioning cardiac muscle
was been suggested as the cause of impaired left ventricular shortening, intrinsic depression
of contractility of the hypertrophied myocardium was also been considered, at least in part,
to be the cause of altered ejection performance.

Methods : We studied 20 patient with non-rheumatic aortic stenosis using echocardiogram
and cineangiocardiography. The patients were divided into two groups according to the level
of LVEF and New York Heart association [NYHA] functional class. In group 1, 7 patients
had an echocardiographically determined LVEF less than 40% and clinical presentation of
severe congestive heart failure(NYHA functional class III or IV). In group 2, 13 patients had
LVEF more than 40% and NYHA functional class I or II. Left ventricular volumes and ejection
fraction were determined from the echocardiogram obtained in short axis view. As a measure
of left vertricular afterload, meridional end-systolic wall stress was calculated. This method
is based on the determination of end-systolic left ventricular dimension, wall thickness and
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peak systolic pressure.

Results -

1) End-systolic meridional wall stress was significantly elevated in the patient with aortic
stenosis & severe congestive heart failure(group 1) compared with the patient with aortic stenosis
and mild congestive heart failure(group 2)(320.09+ 72.09 VS 177.52+ 7643 dyneX 10%/cni, p<<0.
005). With group 1 and group 2. there was a significant inverse linear relationship between
LVEF and end systolic meridional wall stress(r=—0907, p<<0.001).

2) There was significantly more decreased ratio of end-systolic meridional wall stress to
end-systolic volume index(ESWS/LVESVID) of group 1 than that of group 2(5.64+265 VS
15.30+ 7.77 dyne X 10%m /ml/m’, p<<0.05). And there was a significant linear relationship between
LVEF and end-systolic meridional wall stress to end-systolic volume index(ESWS/LVESVI)
(r=086. p<0.001).

3) Twenty of 20(100% ) survived after surgery : 19 of these 20 showed clinical improvement.

There was significant improvement of ejection performance (LVEF, % FS) in group 1 except
from 1 patient (LVEF 3543+ 6.90 VS 47.29+ 345%, % FS 18.76+ 4.87 VS 2820+ 340, p<<0.05).

Conclusion . Thus, both altered contractility and increased afterload are operative in depres-
sed left vertricular ejection performance in patients with aortic stenosis s which one predomina-
tes may have major prognostic importance.

We found encouraging results for aortic valve replacement in patient with depressed preopera-
tive left ventricular function.

The majorty of patients in this series had left ventricular failure because of excessive afterload
predominantly.

KEY WORDS : Non-Rheumatic aortic stenosis * Postoperative LV function * Afterload misma-
tch.
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T B7stn FAsAgol A 7Ll 59, ¥ - (wall saess-dimension) E FZ
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1990 195E 1992y 8ol Ax Aotz
AAAZEBAE N A &3 dEdd FFFo
2 149 $xF dues AP 204
oz stk WA 2045 WEY 2dE, A
Z2e8% 2 e gld 1549 HdHA
ol FH(75%) 7 HEYA M 33l7} 5941(25% )12
o], 2 50tho| A 60thol] AHEETL 1662 713
Bron, dd vl 7 30]0ck(Table 1). &3
FHA4A FE &) 40% 0|3}, NYHA 7]5 FEE 111
EE IV olHA Bx dEdd HHH A (grade
10]3}) Q1 741(35%) }AEL 1722 Y,
FAATEE0] 40%0°]%4, NYHA7|5 TRHE 1
EE HolEA Ao diFHd o35 A (grade I
o]l 134(65% )9 #AE 2702 FaYTh.

209 9] #Atel JFFOEZE group 1A=
group 29} & FAF F A9 27 ARG
D715 ARAZA7 F339 09, 349 A
A fAZo] Y& FaldMe Bold ryHe
A & gIATH(Table 2). T3 Futd Ao

T 209 #FY A, 2d19] AAE, 149
Az o] #2171 QA cH(Table 3).

Table 1. Age and sex distribution
Age Male
40> 1
41—50 2
51—60 6
61—70 4
71—80 1

Female

Total 14(70%) 6(30%)

Table 2. Clinical characteristics of 20 patients with
non-rheumatic aortic stenosis

2.4 g

1) AxSAEE F¢ 12738 £4F 3~6
Aol Bl A BALE Hotele) 2E ] 3~
58 57bol A 2.5MHz Probe 2414 841ty
WA (LVIDd) 44 4==27] W73 (LVIDs), 44
FHAVS) 2 FE71344Fy FALVPWD &
American society of Echocardiographyoll 4 33 &}
WRo g2 Zst FHE(EF), &2 Y8(% FS)
TIAL, FAHAHY FF/% £ (LVEDV)S
(LVIDd)*z, Aol 37|28 3 (LVESY)
(LVIDs)*Z2. &3ttt =g 4o 712
|43 F£2717 838 ARUFer yrge
FAL &1L $AAF 2 F271D L£HAF
(left ventricular end-diastolic volume index 2 end-
systolic volume index) 2 3} t} & o S o A
(AVA)¥ Doppler technique® o] 83 vj#8g A9l
continuity equation &2 &8¢},

AVA=n(D/2)2XV,/V,

D : diameter of the LVOT

V; ! maximum LVOT velocity by means of pulsed
Doppler

Vi ! maximum aortic stenosis jet velocity by means

of continuous-wave Doppler

2) A=AEE FEH 25:YAA 12 Aloloj
AL Yo 2 A5 2Ye H4A £57),
371 2 EUYgS Sk AN g5y
FE71% Y 2} (Peak-to-peak gradient) & 4}
=34t

3) HxF9x9 44 %72 W Z(LVIDs)
HAAY %71 FYFANVPWD LA AL E A&
2 2% AHY FEHPE ol g3ty FAHA
FE71T HY S

end-systolic Meridional LV wall stress

Angina  Syncope NYHA functional class Table 3. Coexisting conditions
1 or2 8 or 4 Atrial fibrillation 2
Group 1 2 1 7 Bifacicular block+ 1st degree AV block 1
Group 2 8 2 13 Coronary artery disease 2%
Towl 10(50%) 3(15%) 13(65%) 7(35%) *:1VD
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P+ LVIDs
2 PWT(1+PWT/2 LVIDs)

E3 FE7Y HeEY Ax ST AaE
222 7)9-g &) 2] 4= (LVESVI) &] 8] (ESWS/LVESVI) &

4) EAxz]

F7ke] H]iE Mann-Whimey Z A, o9t
g A7 A THE L FSHE LS paired
T-test AHHE AHE3IA T
E3F regression statistics 53] 414 FH &P
Z27]% 928 WESWS/LVESVIY] A#AAES
q

E o

(1) &3 group 13} group 22| 5= HHZ
(AVA : 0.24%0.05 VS 0.46+0.18 crf)& §2]3 3}
o] 8 B o H(P<0.05), At x}H(114.85+18.73
VS 111.08+ 35.44mmHg) = EA33 < #2)3 =}
ol F HolA ¥stth ol group 18] HHA FEE
(LVEF)# @23 8(% FS)L 35.43+6.90%, 18.
76+ 4.87%, group 22] 62.00+ 11.17 %, 40.35+ 11.83
% & group 194 HA44A 715 A3te FAHH “d”
ZF 2 F27e #AE $%7]9 valve-opening
force @ HuUt o) A E 2o sl BB QY
continuity equation®.2 ZA§ tjFHY WA
frolg AtolE H Y tH(Table 4).

T Fezte £E71T 832 (320.09+ 72.09
VS 177.52£ 76.43 dyneX10%/cni)-& #2]38}7 group
1 o4 Z7h8 B2 (P<0.05)(Table 4), A A
20efo| A &7 B ST AN FEgo AT
#AE Ed F£571T 8SHo] S o) H4d
TEEE #ZAdte BA%HLE {oF d4H
#AE BGorm(r=-0.907, P<0.001)(Fig. 1), F
2 group 18] A$ 71 HEHY Ft F
FR3Ete] Frtel mE AdY T4, JANEY
g T8 a2 44 7T AE B £
AUt

(2) &3 K3tz #Agle] HH4H9 7
< HrH & e AR 51T 88y ¢
% 2 x]4:9] u](o] 8} ESWS/LVESVI) & 13}
FFol A vl uf 5.64+2.65, 15.30% 7.77 dyneX
10%ci/mi/m' o2 §93 o] HYon(P0.
05), A 200 oA} ESWS/LVESVI &} JA12 38
£ 7T HABAE EH(r=0.86, p<0.001),
group 19] X 9] HAH TH g9 7Hae Rz
BAYE BIZFG AR A2E30] BEfsogign
£ 4 9JtH(Table 4, Fig. 2).

(8) ol& g group 18] #AEANA HF3FHA o)
T AR ES AT s~6MEF AxSuE
& At A4 7EE 2 d2EYL Ay
AL Fo3 THL BHPOH(85.43+6.90 VS
47.29+3.45%, 18.79% 4.89 VS 28.20+ 3.40%, p<0.
05)(Table 5), ¢A & BFYHZE B + At
2y JAFHoZ 1498 AT 690]A NYHA
e 3HE B 4 AUk (Fg. 3).

o|f

Table 4. Hemodynamic and echocardiographic data
from non-rtheumatic Aortic stenosis

Group 1 Group 2
No.of Pt 7 13
Aortic valve area 0.24% 0.05* 046+ 0.18
(cnf)
Peak systolic gredient 114.85%+13.79 111.08+ 35.44
(mmHg)

End systolic stress 320.09+ 72.69* 177.52+76.43

(dyneX 10%crf)

LVEDVI(m¥/m") 122.11+42.78* 63.84% 26.03

LVESVI(ml/m") 67.63+29.31* 21.25+ 7.11

ESWS/LVESVI 5.64% 2.65* 1530% 7.77
(dyne X 10%/cni/ml/m’)

LVEF(%) 3543+ 6.90* 62.00%11.17

FS(%) 18.76+ 4.87* 40.35+11.83
*p<0.05

Table 5. Comparision of postoperative change of
LVEF and FS in group 1

Preoperative Postoperative
LVEF(%) 35.481 6.90 47.29+ 3.45*
FS(%) 18.76+ 4.87 28.20+ 3.40*
*p<0.05
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Fig. 1. Ejection fraction plotted against LV wall stress.
100 Y=—1767+31576
r=0.86, p<0.001
]
80 -
=
-
- =
~ 60 ..
L3 L4 -
[ - =
E A Group 1
40 PN A A
VN m Gruop 2
VN
20 A
0
0 5 10 15 20 25 30

ESWS/LVESVI(dyne X 10%/cri /ml/m")

Fig. 2. Ejetion fraction plotted against ratio fo end-systolic meridional wall stress to end systolic volume index
(ESWS/LVESVI).
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Fig. 3. Preoperative and postoperative New York Heart
Associaion(NYHA) classification at operative
survivors who underwent aortic valve replace-
ment for aortic stenosis and left veutricular fai-
lure.

NYHA Preoperative Postoperative
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WERT RTE HU49 HHA F09 B
53k Auz A3 FAVE #eol Frlete o
71 B 57 B Ho| Bdola, F ke
23] Moix7] ARsEA Hitel iy $Aol
24 Bxd F27] 924 (afterload-misma-
wch)& F44 7% Astg: 23t AFAFHNE
HOITHIW, gREe BN YHIIAE ¥
R eF FE7T HE Yo ste] oA 2
04 715 BT} ol RAAUI, U BAjol
FE271 Ho e Addx B4ty ST
o] A7 A7t A&Ee 457 AT ol
MR EY At GETUR %+ AT
21)

Strauer52229. & @Y, e H F3AF 2L o
Sg AR 2e YA G2 B
oA fE didAd ASuFAA AHd 78
€% FAA FE71E HEHEH A48 #AE
B3390, Gunthers'P# CarabelloEWE 0
THE FAF S HAHY FHE 4 H
AAE Bustgct 28y CarabelloS e Ad¥ 3
A 71s RAL SNk diEHd RSl
A -5 ¢ x}7F wil(mean systolic gra-
dient7} 30mmHge]3l) FHAAH F57] o] wo}
(150mmHg vgh) Adidez @ %7 ¥e
H3E B AS Fed £37] 9y 44
TE&9 FAAE HolA gston, AL X&F
A A A4 H £ wol A ggol vl7b A2

P

<

AZ 46 7@t Bastye). ol g vzt
FHQ AT &4 90EFY ForE YA
ojut EE Ao 49 HAYZH Y Flel
g A e ARsE d¥dan Jdov
YA A FUld % A &4
fele Bygsin).

B dFAME 2099 A FH71T Y§
g AH4H 78 948 #AZ(G=-0907,
p<0.001) afterload mismatchol] 2] F4A A 75
Aol F4E HAon, 749 HFRAE F9g
Ao A AR EF 699 J4F 1S B
1, FAM 8L F71E HYt(85.4316.90%
VS 47.29+3.45%). 18} o]@3 YAF = 4]
2eaede] F44Y 7159 53] Ao, &
A #44d 7159 B7gae B F gt ole
FEA 7t HQl A2E4H FEF HAdE
ot At&ade] BRAQ aloz FAHAGS
29)

Huber5302 763 ) tisdd 23S dige
2 micromanometer catheterE o] 23l 4% =
total pressure Vmax7} 3373 A g T oA 2z}
F&719] %4 A % (Mean normalized systolic eje-
con rae)st #%7] Mg 4@ BAS 2z
ZA3AS o, 4% BA9 71grle 2RV
F&go| ZA4d FlMe T+ #F4ARV}
AR o2 B FEHE A4S B A&
o3t 589 Ao A FHIT Yol
BEdHog 44 715 & Atk Bty
th a8ez EFFHA HHH 715 Ase ajle
#AdAeF S7tE FR3e 1y E F o
A2Edel g8 #5874 138 F jleER
S &5 AIE A% £E5EPLE F
7tete =8 AU eF X9 AFE ot
vl 23 243ta & £ o

=#o] Eof oy dFRIAAM HBAIFHA 4
2598 o839 2T J2AHA A HHo
2RY WEgeld U3l ARG FR3}
S WA e 8T FEIIT AREA
2718 A A8 (LV end-systolic pressure wall
stress) — & (end-systolic volume, diameter) 2]
AL ol &3 FH7EA-8HUA, FF7L o

S8~ 723D, 18] 3L stress-shortening@ A & B 1
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a oD, B djoMe £571% 93y
FE271D LA 2422 vl ESWS/LVESVIE -3}
FTolA Hag o foEtA AFAS T
Satol A 7FA38LH 0™ (5.6412.65 VS 15.30% 7.77
dyneX 10%/cni/ml/m’), F4 A 7883 ESWS/LVE-
SVIE AABA S Bd(r=0.86, p<0.001), FHA]4
TFE &9 A Fatzdo #AE vrtg <l
A &ol Bitso] yeidoa & 4 gl

A#A o2 iR FFF YA FH3}
9] F7tel HAAHR A& A% F£ZF
FAZ Qe FA4HA viFe Asrb Y
& 4 2t} o] Huber$3Ve] Ao} Yxjsin
olgL FoX FF7|T HIYN F3
A7t A FAA FAY Z85L9 FUHE
HFste] JPH A0 Fe AFHA F5H
AetE T 4 vl gloka dhe, BetgixeA
FAA 2GEdolA AAY 28] Ztd &
Zpol| A Tt & F &t A4 75 Aot
o1 3t

Carabellog?V 2 HAAN 7} F£27T o
S FAVAAE BolHA FHHA -5t &
%7] ¢8 27} 80+ 9mmHg(mean 61+ 6mmHg) Q)
1o o] 4 Mg Fud dedd JHAF
g zto) A Bt xjEF 106014 YAAHQ) A
HAg. 8 doAMe e 44 FHE 598
dEdd &35 $A4E FA R odt A
3531l F71 & afterload mismatch7} & A3 739
B2 FR8te] 3t o3 HHUA 7159
3HE B 4 AAI(LVEF 8543+ 6.90 VS 47.29+
3.45%, %FS 18.76+ 4.87 VS 28.20% 3.40, P<0.05),
16 & Aefs Y43 21 B4 Ik 19
o2 dsdd J§35dA 57T ¥438€n &
712 9383 FE571D £33 v (ESWS/
ESVD el 3 A4 788 € 9P gsn
A AT FeA7IE 23, YT AFE
AP A& AEE AHSE & e A
¥ ¥ vl B2 #AE oz FUFH
w25 A AFH A7t destAd.

o o

2 o

UG UEAR HAZNN ) ol

B&¢ 2oz ¥ausa Qlvh =3 oSN #
G eF 44 7% ¥sle $&4 afterload
mismatch¢} H]7FH A1 A2 &4 o] &3t o
of ARAEE 749 AFHE Fukg dsAd 3
2% FA(group 1)9} 13419 ARAE Fuls}3|
%<& A (group 2)EE G OE A& T
of 3o #A3l= AXE Bz Yot

oy .

1990 193 19923 8¥7x AAMdista <
AAZERAE A 200 2] 53 tieHT Ha
T A4S ez Hdxeq, dxAed A%
FEg NA3A vy 44 FEEH @
FEYEE SAIAL, e 71T 989
F571% §3 249 H](ESWS/LVESVD) & T3}
vl HESYH

4 1

1D A 2063 AHA olFFo] 159(75%),
P 387t 590(25%) Atk

A group 17 group 2¢] 788 (LVEF . 35.43
+6.90 vs 63.00+ 11.17% )%} =B 38 (%FS : 18.
76+ 4.87 vs 40.35111.83%)2 28 zo]E B
A ch(p<0.05).

2) %7 group 174 group 2Atelof 37T
¥].9-29(320.09+ 72.69 vs 177.52+ 76.43 dyne X 10%/
a), 282 FEH71E HEHHA SHRF9 H|
(ESWS/LVESVI) (5.64% 2.65 vs 15.30+ 7.77 dyneX
10%/col/ml/m) Eo] #93F Z}olE B YH(p<0.05).
AA 206X e FE7T YT H44
TEELS BATHOE Fot dFARAE BY
o1 (r=-0.907, p<0.001), F&71Y% HLE} &
A A 49] v](ESWS/LVESVI) ¢} A4 F8E&L
SATHOE Folgt JABAE HHHr=0.386,
p<0.001).

3) €A% group 18] THE(LVER# B&5E
YL (%FS)E §9% 2718 B Yo ri(35.43+6.90
vs 47.29+ 3.45%, 18.76+ 4.87 vs 28.20+ 3.40%), 1
AE A3 FAENA dH AL KA

g4 &:

WA HFFE YA TR F 7 (after-
load mismatch) 9} v]7}g 2 Q1 A& 9%
9o A2 Qe HA44A 7159 AdE %
ety & 4 ok 28, afterload mismatch7}t
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