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Patterns of Left Ventricular Hypertrophy and Geometric Remodeling in
Essential Hypertension

Seock-Ah Im, M.D., Hye-Kyung Jung, M.D,, Si-Hoon Park, M.D,
Gil-Ja Shin, M.D., Woo-Hyung Lee, M.D.
Depariment of Internal Medicine, Ewha Womans University, Seoul, Korea

Background . Left ventricular hypertrophy is a major cardiovascular risk factor for sudden
death, acute myocardial infarction and congestive heart failure. The left ventricle is generally
thought to adapt to sustained arterial hypertension with increased total peripheral resistance
by developing concentric hypertrophy. In recent years, the echocardiogrphy has been developed
as a noninvasive method for evaluation of left ventricular geometry and left ventricular mass.
However, left ventricular adaptation to hypertension has been shown to be more complex
than expected. In fact, many patients with mild to moderate hypertension exhibit normal left
ventricular mass and wall thickness, other hypertensive patients have eccentric ventricular hyper-
trophy that is not related to systolic dysfunction, but rather to increased cardiac output and
preload and in some hypertensive patients absolute and relative wall thickness is increased
with normal ventricular mass(concentric remodeling). There are differences in the hemodyna-
mics, systolic function and diastolic function in each group.

Methods . From september 1992 to August 1994, in 144 patients with untreated essential
hypertension and 50 age and gender matched normal adults studied by two-dimensional, M-
mode and Doppler echocardiography. In the present study we used echocardiographically deri-
ved left ventricular mass and relative wall thickness to assess the patterns of ventricular geometric
adaptation to systemic hypertension and their relations to systemic hemodynamics, left ventricu-
lar load and contractile performance.

Results . Hypertensive group was 144 cases(M : F=68 : 76), the mean age 56+ 13years. Nor-
motensive group was 50 cases(M : F=22 ! 28), the mean age 52+ 9years. Among hypertensive
patients, left ventricular mass index and relative wall thickness were normal in 42 cases(29% ),
24 cases(17%) had increased relative wall thickness with normal ventricular mass(concentric
remodeling), 48 cases(33% ) had both increased. relative wall thickness and ventricular mass(co-
ncentric hypertrophy), 30 cases(21%) had increased left ventricular mass with normal relative
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wall thickness(eccentric hypertrophy). Concentric hypertrophy and normal left ventricle group

are more common in untreated hypertensive patients in Korea.

Systemic hemodynamics showed tendency to paralleled ventricular geometry. In groups with

concentric remodeling and hypertrophy. peripheral resistance was increased. Cardiac index

was mildly increased in eccentric hypertrophy. Diastolic dysfunction was prominent in concent-

ric hypertrophy.

Conclusion : Each patterns of left ventricular geometry had different systemic hemodynamics,

ventricular pressure overload and ventricular volume overload. Therefore, appropriate selection

of antihypertensive agent for the patients with each patterns of hypertrophy reduce the left

ventricular hypertrophy and may improve the prognosis.
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B=E 7158 v Az 33N AP
ol Ast FAAH oAV TUWA, #F71%
W73, o7 L %719 AA FA T4 L HAYA
Fuo £ PP nY gL g FAoR
A9 iy T4 2L AU 78 E(ejection
fraction . EF), fractional shortening (FS)$ T3}t

oE, ulo

HAAAN Fool A A A (Relative wall thick-
ness . RWT)=2X (0] &7|% FH4 4 F99] A/
Al ol UE)

HAH FHEE(%)=

(R4 o7 UA)?

- (344 #3712 B42)?

X 100
(A4 oJ&71T W)
Fractional Shortening(%)=
FHAA ol@7T WA
- ) Xz Y A
FAH #F712 W3 %1001

H44 ol$72 WA

FAA AL DevereuxS'Y o] £AS nj=F 4
3ol A A Wdel o3 g Fol
T3t

A4 FF=1.0axX[(FHE F99 FA+H4L
7 FA+FAA o]&7T WA - (FAHY ol
71 9 7)3]1X0.8+0.6(g)

FA4 2F AF(gm) =344 FF(g)/AMERH
A (m?)

AR A dasdA 3579 FAH FEEY
27 AL 2o =&Y 2 9E sample
volume & €39 8§ &=/ H7t =5 x4
3] FAA &2 2704 9] time velocity integral
(TVD & 23439 JduE3Fs FE3dd

Ak 2 (cardiac output . CO)=¥3 A&
(stroke volume : SV) X 2145 4> (heart rate . HR)

ojgt7] 7159 AR BN SREB A 27] o]&7]
HAY €F £ X% peak E velocity 9 A% £5A A
¥F &% peak A velocityS £33} E/A ratio 9}
%7)] ol¢7] 79 7 Al (Mitral valve decelera-
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DEGFE A 144 2A TR} 684, A2} 764

A Hd A% 56+ 134 gon FF gL
50l 2 A @A} 220), oz} 28l H I HE AH L 524
I AT F 14 Y RS FALY Fui A
FA R AL A7 FHARE V|EF R VT OR
BEFAed 12 429 (29%), 1T 248 (17%), 11T
4837 (33%), IVE 208 (21%) o)At 28 #zF
U] Hat A%, AFE 43 Atololl {93 o) 7}

AAT AFE 1T 64.2+9.5kg, 1T 65.54 10.4kg,
I 64.5+9.6kgo 2 A4 hZF(58.4% 10.5kg) ol
Hla] fostA FrhEe AR (p<0.05) & &
Atolell frold atole AU AA#F AFe ¥
Aol A 25.0+ 8.5kg/m? 2 A ZF2] 226+ 2.98
kg/m?ol Bl&f £ostA F7hH Aoy vFA
olg g ol UUT

%7 gL mMF(165+ 19mmHg), 117 (162+
16mmHg), I¥(155% 13mmHg), IVF(152 19
mmHg)9] ¢22 A4 Z=F9 118+ 13SmmHg X
4 s Ehom(p<0.05) IITNA EREl
vla) frostAl F7hEol AATHp<0.05). ol ¢

ke 1IF(100+ 1lmmHg), 11F(95+ 7mmHg),

Table 1. Clinical characteristics

IVZ(94+ 9mmHg), 17(93+ 9mmHg) 9] o2 3
A thZzF¢ 78+ 8mmHg Bt} 9 A e
(p<0.05) I 9] o] &7] Wt Bl B} § A
E%om(p<0.05) T, IVE, 179 o|¢7] e
AR Fod atol7t AU LY ol
71ZF 11 (22.1+ 40.270€9), v (18.6+49.9719),
17(16.5+ 26.070¥), 17(8.3+25270€)9 ol
ol & Abolofl §93 Aozt YA (p>0.05).
AR Z44 uid7 e 4= U3 139 A
7zt 69% 2 T1% 2 IVTEY 62% 9 1Y 53% 9l
HiE ddFeg ggoy BAGHORE fod A
ol gl th(Table 1).

2. M-y AxEn ¥ =& AX30 oA

A3 HAA n8GTAA 0|7 AL FF FA
(Interventricular septal thickness in diastole : IVSTD)
2 $27] A4 24 57 (Interventricular septal thic-
kness in systole : IVSTS)E 9.2+ 1.6mm/13.7% 2.6
mm, o] 7] FA4 FH 9] FA(posterior wall thi-
ckness of left ventricle in diastole © PWTD) ¥ 3 7]
FAA F9] T (posterior wall thickness of left
ventricle in systole) = 9.5+ 0.9mm/15.5% 2.7mm A4
W27 {3 Zol7t gRem(p>0.05) FH4A
o] t71% W 7 (left ventricular end diastolic dimen-
sion . LVEDD) 2 FHA4 #5712 W7 (left ventri-
cular end systolic dimension | LVESD) HA] AAt)
2% F9% Aol7h ARR(p>0.05), HAA F

Normotensive group

Hypertensive group

(n=50) (n=144)

Group 1 Group 11 Group 1II Group IV

(n=42) (n=24) (n=48) (n=30)
age (yr) 52+ 9 574 14 58+ 12 58+ 10 56+ 15
Height(cm) 1595 + 78  159.2 + 85 1601 + 76 1663 * 64 1602 * 8.0
Weight(kg) 58.4 +10.5 642 + 9.57 655 £1042 645 + 962 62.1 + 9.4
BSA(m?) 1.59% 0.17 1.66+ 0.16 1.69+ 0.162 1.67£0.162 1.64% 0.16
BMI(kg/m?) 226 +2.98 253 + 2772 254 + 3.66° 251 +8.34% 241 12828
Systolic BP(mmHg) 118+ 13 155+ 132 162+ 162 165+ 192 152+ 192
Diastolic BP(mmHg) 78+ 8 93+ 92 95+ 72 100+ 112b< 94+ 92
Dura tion(Months) 83 +252 16.5 +26.0 22.1 +40.2 18.6 +49.9
LVHby ECG criteria 53% 1% 69% 62%

a: p<0.05 versus normal control group
b 1 p<{0.05 versus concentric remodeling group
¢ p<0.05 versus normal left ventride group
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8§ 9 fractional shorteningd FAolon, A
2F(4.86+ 1.12V/min) 2 A9 EAS(2.93+ 0.69Y
min/m?) & A4 iz v F7tdo] Aoy
FARHOZ FAF Zole AATH(p>0.05).
Concentric remodeling ol A& o] ¢t7] A4 §2
FA 2 £%7] A4 F2 F7E 101£2.0mm/14.4
+22mmZ AY HAEFTF 8.7+1.6mm/i2.7+2.5
mmEth B 5o YA o] ¢7] FAHAL FH o FA
2 557 F44 F89 FAE 11.32 L.1mm/16.4%
2.8mmZ FAWZTY 9.1+ 1.5mm/14.3% 2.3mmE
o F7tEo] dden #AAA olgvE WAE F

AN FZ2T WAL 45.8+3.9mm/27.2+ 4.5mmE
A 2ol vlaf #9 Al Zas o] A ATH(p<o.
05). A4 T8 &3} fractional shortening, 4 3%
(4.83+ 1.071/min) 3 4%t A 42(2.92+ 0.70/min/m

NE A J2EH FA3 Zol 7t FAH(p>0.05).
FAA vgFe o v ojgr] A4 54
A 2 £27) 44 £7 FA= 18 6+28mm/182

+3.5mmE ol¢hy] FAH FH FA & F
FA4 THe FAE 138+ 2.5mm/19.4% 3.2mmE
A dzE 2 et va dAsA F7HEo A
A1 FA A oLl € FANH FEIIT WAL

Table 2. M-mode echocardiographic data in each group

Normotensive group

Hvpertensive group

(n=50) (n=144)

Group 1 Group 11 Group 1II Group IV

(n=42) (n=24) (n=148) (n=30)
IVSTD (mm) 87 + 1.6 92 + 16 101 £ 2.0 136 £ 28> 110 + 182
IVSTS (mm) 127 £ 2.5 13.7 = 26 144 £ 2922 182 + 352 153 + 292
PWTD (mm) 9.1 £ 1.5 9.5 + 09 114 £ L.1? 138 = 232 101 + 1.2
PWTS (mm) 143 + 23 155 = 2.7 16.5 £ 2.8 194 + 322 159 + 26
LVEDD (mm) 479 + 42 504 + 4.0 458 £ 3.9 484 £ 45 54.0 £ 4.52
LVESD (mm) 29.7 £ 3.3 314 £ 4.0 27.2 £ 4.5° 296 + 4.3 $3.6 £ 4.62
EF (%) 61.1 £ 56 61.7 £ 7.2 64.3 £ 7.9 622 + 7.6 60.8 £ 7.2
FS 385 + 573 375 % 695 408 + 586  39.1 + 595 378 = 590
RWT 039+ 008 038 * 004 055 020°0 057+ 0.11° 0.37+ 0.05
LVM (g) 1493 £34.4 1695 +336 1753 £34.0 2783 £79.02¢ 2329 +40.4°
LVMI (g/m?) 93.4 +18.2 100.7 +16.3 101.9 +14.8 166.5 +44.9%4 139.9 +18.22
a . p<0.05 versus normal control group
b : p<0.05 versus concentric remodeling group
¢ : decreased value versus normal control group(p<(0.05)
d : p<0.05 versus eccentric hypertrophy group
Table 3. Doppler echocardiogaphic data in each group

Normotensive group Hypertensive group
(n=50) (n=144)
Group 1 Group 11 Group III Group IV
(n=42) (n=24) (n=48) (n=30)

LVOT (cm) 1.98+0.17 2038+ 0.19 196+ 029 2.10%£0.14 211+ 0.12
TVI (am) 19.88+2.99  21.80%+ 3.23* 20.85+ 3.37 20.91%£3.39* 19.80+ 3.50
HR (beat/min) 72+ 14 70t 12 71£12 66+ 11 7515
SV (mb) 61.4 +9.9 69.5 +104* 678 £154* 71.6 £9.82  70.0 +£12.82
SI (ml/m?) 38.9 +74 428 + 7.00 410 = 7.5 483 t£7.7° 425 + 8.2
CO (Vmin) 4.44+0.97 486+ 1.12 483+ 1.07 4.78+1.09 516 1.092
Cardiac index (I/min/m?)  2.82+0.76 293+ 0.69 292+ 070 2.87%0.68 3.17% 0.82

a . p<0.05 versus normal control group
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AR 2T G Zol7t fnes FNAH FHE,
fractional shortening> /g0t Aut&(4.78%
1.09V/min) R A& A%(2.87+ 0.68/min/m?)E
A4 dEEEY F7HHO gidoey FAFgHeR
#9% zole AU

HAAA HidFY olg7] A FH FA 2 £37]
AA 22 2AE 11.0+ 1.8mm/15.3+ 2.2mmE A4
2ol vs F7kEY AR o] FAAL F
Hol 24 2 £27] FA4H o9 FAE 101+ 1.2
mm/15.9% 2.6mmZ AN hz2FH F94F Zolst
Ak A olgr|dUE 2 AHA FF7E
WAL A4 2T 47.9% 4.2mm/29.7+ 3.3mmol
H)3] 54.0+ 4.5mm/33.6% 4.6mm= o 5A F7}5
o] Jgom AurEeE(5.16+ 1.09/min) & FA4 hZ
7(4.44£ 0.97/min) B} Fo31A St AN
o (p<0.05) A¥tE A4(3.17% 0.821/min/m?) A
A o Z2F(2.82+ 0.76/min/m?) o] B3] F7}E o]
Aoy FAGHo g F9F Aole YA (p<o.
10)(Table 2, 3).

3. 0|2k7] 7|=9f vld

1A peak E velocitye 343 W= o7}
AN peak A velocity(0.79+ 0.21m/sec) & 43
2 Z(0.65+ 0.19m/sec) 2t} 7t F7hs o] UL
(p<0.05) E/A ratiox 9zt A HO JATE. Mitral
valve deceleration time(MVDT)®} F& o|¢g} A
(IVRT)GA A4 thxFd Y& 3 43H Q)
Ao} 1T A= peak E velocity ¥ peak A velocity7}
A 2 2ol 7} 9.9 E/A ratos Aol glt}.
MVDTS} IVRTE A4 d2Fo vjs] d3=o 9
KAt} HIT o A & peak E velocity(0.64+ 0.18m/sec) &
A4 hZ2F(0.8+0.19m/sec) o) ¥l & FoFHA Fa
5o} 19121 (p<0.05) peak A velocity(0.79+ 0.24
m/sec)= A 2Tl va FstAl FrtH o) A
A (p<0.05) E/A ratior B4 thz2Fol vl&) 24
Ho] At MVDT(279.6+ 66.3 msec) & IVRT(138.
9+ 36.7msec) & A4 hEF 2 ol v dA3)
Z7k5 0] 9o} ol&7] 71 Zejrt 7HE AA A
th vl e Al =7 ¥l 8} peak E velocity(0.

Table 4. Doppler echocardiogaphic data in each group

Normotensive group

Hypertensive group

(n=50) (n=144)

Group 1 Group 11 Group 111 Group 1V

(n=42) (n=24) (n=48) (n=30)
E velocity 0.81+ 0.19 0.73% 0.20 0.71% 0.22 0.64+ 0.182  0.69+ 0222
A velocity 0.65% 0.19 0.79% 0.21° 0.67+ 0.22 0.79+ 0.242 0.77+ 0.232
E/A ratio 1.34% 0.52 1.01% 0.452 1.07+ 0432 0.82+ 0.282 091+ 0.342
MVDT (msec) 2145 +184 2491 +41.4* 2425 +63.7°  279.6 +66.3%> 236.8 +54.4
IVRT (msec) 1009 +12.8 121.6 £382.6% 1214 £21.62 138.9 +36.72> 117, -36.7

a. p<0.05 versus normal contrel
b : p<0.05 versus concentric remodeling

Table 5. Total peripheral resistance and end systolic wall stress in each group

Normotensive group

Hypertensive group

(n=50) (n=144)
Group 1 Group 11 Group III Group 1V
(n=142) (n=24) (n=48) (n=732)
Total peripheral resistance .
_ 1702+ 376 1970+ 4942 1975+ 4322 2160+ 556>> 1835+ 47
(dyne sec cm™%)
End-systolic wall
68.2%10.7 73.8%26.1 57.9%+20.5 54.4%19.7 74.6% 21.:

stress(10° dynes/cm?)

a . p<{0.05 versus normal control group
b I p<<0.05 versus concentric remodeling group
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69+ 0.22)& ZHAE 3L peak A velocity(0.77+0.28m/  RWT|  Concentric Remodeling Concentric LVH
se0)= 37tH 0] 928 (p<0.05) E/A ratior ZA
5o} AUk Y MVDT(286.8+ 54.4msec) <}
IVRT(112.5+ 36.7msec)= B3N Z7(100.9+ 12.8
msec) & & Ao]7h GAATH(p>0.05)(Table 4).

4. AN W X% J|5

F T2 AL 1IF(2160+ 556dyne * sec * cm™ 5
%), II(1975+ 432dyne * sec * cm™%) 1#(1970+ 494 LWMI=101.9g/m? LVMI=166.59/m?
dyne - sec* cm™%) 9] o2 AHFWZF(1702+ 376 :!:\F/,T;%gim'_‘g ;\;\;T;%:;m}_‘g
dyne - sec - cm ™)) H]3] F7lE o] YNeH vE C1.=2.92V/min/m? C1.=2.87V/min/m?
(1835i 447dyne . sec cm_5)‘ﬂ’ ;S“E} ‘ZHZ:?:"-V—]' %94 044 TPR=1975dyne*sec:cm~5 TPR=2160dyne*sec-cm~°

g o7k YA .
End systolic wall stresst IVZ(74.6+21.1 10%dy-
nes/cm?), I7(73.8+26.1 10%dynes/cm?)olA A4

08

RWT

100 150 200
LV mass index(g/m?)

Fig. 1. Diagram divided into four fields by the left ventri-
cular mass index and relative wall thickness in
normal control group.

OO 50

‘ 100 150 200 250 300

LV mass index(g/m?)

0 50

Fig. 2. Diagram divided into four fields by the left ventri-
cular mass index and relative wall thickness in
hypertensive group.

Normal LV Eccentric LVH

&
LVMI=139.9g/m?
RWT=037
SBP=152mmHg

LVMI=100.7g/m?
RWT=0.38
SBP=155mmHg
C.1.=2.93l/min/m2 Cl.=3.17/min/m?
TPR=1970dynesec-cm~® | TPR=1835dyne-sec-cm=5
normal
LV mass index(g/m2)

Fig. 3. Hemodynamic and geometric profiles in hyper-
tensive patients with the four pattemns of left
ventricular geometry.

27 (68.2+10.7 10°dynes/cm2)ol] H]3] Z7}5 o)
AN 2w 117 (57.9% 20.5 10%dynes/cm?) F 1112 (54.
4% 19.7 10%dynes/cm?) M= A 2R 24
5ol oy BAdH o2 Fo% ole AT
(Table 5).
I ot

HAA9 FAA vde A&5HQ 2L g
By Zgoz dARGIL GHAH R, F Laplace
o] WA we} Q] Y Ko ©E B
Aoz AFAA A4A VZ=E A8 3o
ol vlAste] A FA7 FAYANY F
AR gL ARAoZ olghdle Ho|FHo =
AzZtslo] . n @Yo A FA A 3T
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ggsty Add A% 9% vliAe dAe ¥Y
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Sorr oo ox

steA BAA Al Fgg BolmsY) dxd
e HA4 ZZFE Zgod FAA 9o FA
FA97 concentric remodeling Y422 vEbdT
0B Aol F 1449 X E WA ge By
LY EAE EFF 2 12 (B FAH 18
) 429(29%), 117 (concentric remodeling™) 24™
(17%), MZ(EAHY vdhT) 488 (33%), v (H
AA BgE) 309 (21% )0l T Ganaus'99] AT
of 9J3td F 16599 NEWA G Hejy 1y}
25 8% AT AFAHA FAH44 Mg FEE
HY1 13% A& concentric remodeling %S X
deH 27% oA AL AHY FEE BAT 52
%AME B AHLE 7HA L vk e o]
vl 2 @7AM e 3 LT ddFH R AL
FES AL FAA4 vl FFS Bl Tl B
%k ol AU vith FF A AFHL Ao}7t 9
Av et e 28Y 27 FdH o2 =4
AGEHA7 ozt 47 ot

£ a7 A #4444 18T F57)
et} ol97] dsto] F7kEol o F Bz A
ol F71 Hol e ole F7Hd ¥ R3he} 4
A¥ 9] 5| Apolo] FHo] o] Fo] A2 FF & ofv]
ok FAHA9 ojdrE WA, A Fi AT
AR FAA Ak, F44 78 & L fractional shorte-
ning, A& ¥ € A9E AFe BF FdolUd
Iy 718 HAYAY AdEe ZAAEI
Hla] F7ke o] glo #4449 718ty 2 Y
ol %750 Fgelw FE ¢4Y FaE v
g}, Concentric remodeling Tl A& Z4 29
via) 57 e o] "o ¥ Tx AY, F
A A HFAE F7tE AAR FAHA ol
71 WS ATl vlE ZaH AT A
AF 9 H44 AF Age 33 dz=2H $A%
Aoz fod o7k AU HAA FEEH frac-

tional shortening, AW& &3 HutE AFfs ZN
H2TIH foAF Zol7t AT F#571E FAHLY
3T A dzdd v ZaHY A o
A e DRt 8 F RS ghe 7Y
Uee YuighFAA vUEE el v§ 5 7]
2 ol¢h7] ot Frhh A F T2 Ao
7} gol 7k AT HAA oy E YA
A4 F8&, fractional shortening2 Aol
AudzF D Adus Aes JF uxdig %‘7}5]"1
Adoy BAGH R F% Hole UAY. &

71T HA4Y A JAYzLRG uig‘)}
AR ole n¥St dste] R w7t AP
FAY FRAAEE AL 9n gt AL AujdE
F2 7159 Ay HgHs00 2 QlF Aiga
dHA Fod E ATdAMe ARAF 4 34
ol AF7t e ALE AYdgeng old FHI
HA gom ulT Atole MAF Ao {7 3
ol It 571 & o|g7] "L ot F7lH o
AAom HutEFe A oz B Fo314 F
7tE o] A en AuEAS GA fo3HA 71 o]
ARk FE71T 44 135 E FhE] U™
<o ol FHAL vyt EFAFE 9njsy
T2 A A dE2TH f9F 2ol7t U
FET AALY 137} 524 B3 #
A FEE] YL AL #5750 FEYE
dujgctt. AAdE =EFY 2SFE o] &3 g
H FHE AGAIIA ot HAA vlu7h 2
g2 23 #ut Ay FAE WA 23
o B drQMe 25 2898 o] &5 o Hut
Agol e AeT Aoz o] 219 ¥
A& & Utk GrossmansHe WA ¢4y B
e SAA HYE Yoy BF 83 B
HAA v g Yot en Abi-Samraso o]
ojstd n¥Stel dig FHA vidie 4 R
uig B3Rgoln 44 widzt HA dojd ¥
F&Yo] ZAaHE HAA vd F4E Ui
3%t} CampusE¥ & 6199 A LA g 1YY
A5 o zsta 4 AMY 1HYT, THAY
)2, AAA vt ATes BR3y vag
AT BAA vgFe F7HE FR3to] vE #
A v 7t B8 3R S dFed =
Brsin £7)50) Aol e Fe F715

2 ol%x
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Aol FAA vlde N AR Hog HolHe W
€ 5 A0 s 48 T Aaxgos
o8 AGF FUle #Ba AT MY &
Fim A 7)ateta pxel HAA Ao
FE o HAAL vd TN AeEE Zrte
dFF S7ke #A7 lev) £ J5o] A
Q1 AL venous toned| Z7teF H ko] F71d|
71R1 gk B AFolM A gutA] oo BeA ndgt
2o ZEAtole] fY 717EE o)z} giley A
A2 ¥te] BT P& A7 FH37lE of
" Zt FAtolY AITHE &M E AF3EH) ol sy
HAAQ vi7t AR o2 o) g3l Aol A2 A7}
HAe gon 4d Rae &3 Ryt FAld &
Adte ZAA vd f¥oz A7 €.

LY A A A o)gk7] 715 Fefel I
&S A e 8902 A4 U F, A 58
B, AF, F4A £ 715 oy ol &} 244
o|g7] 7159 AR AA = Baztoute} ol s} et
2824 2 AT NE A4 HAY DHGTAA peak
E velocitye B4 B2 #ol7F Ao} peak A
velocitye %7F F71H 9] AR E/A ratios <7
ZAaEH AR oy Aot} Mitral valve decelera-
tion time¥ 5§ o]k A|7F AA] B thzof v
AR Qoem2(p<0.05) FAA FAFZo] F715 R
% LG FAAME o]&7] 715 Fol7t US&
& & YA ol FouadS'Ve A}l Y3t
Concentric remodeling@ o] A= peak E velocity %
peak A velocity?t A4 & o]zt e E/A
ratio /3o %1t} Mitral valve deceleration time®}
T8 ol AL A gz vE AFH gl
Aok A4 vl A= peak E velociye F4
zTo] H3 Fo8A TasH UANSY peak A
velocityes A4 tizaol vs] fostAl FrhH
AU E/A ratow B4 2T H 7Aoo
9l lth. Mitral valve deceleration time® S& ojgt
A Atz vE @A FrhEo] U
o|¢t7] 7159 A7t 7HF BABIAT ol A
Aol Frtgtel whet A o] HA G4 S g
A3 =7 Wi Aoz Azt "o HAA ¥
A e B Rl ¥ 3 peak E velocitye Za
peak A velocity® $750] 9121 E/A ratoe #A
5ol Ak 281} Mitral valve deceleration time3}

I o & o ok

¢

nog
ROHY

>

22 olg AZte A UEREH KA Aol7t ¢
Rt

B dA7Es n¥g @xleA HAH 7518E
g y7tA f3¥e2 Yo EHEAH A, ¢
%7 7%, ol¢7] 715 & vinsgey Z 439
¥ vl BAEA ¢ o} Korens2ol oatd
oY A 10d FFH FHAM Y AHH 1
YAFdMes AlgY Pz Agdoz dou}
A4 duldiee A 37 X @ol 21% oA
TBIAY ooz A% AILE Y EF o 31
%A BEE AFT HEY 48 ¢l AT
e F449 M AEE TN 44 239,
24 59 289 Wy 2o AT FE A

A2 Zg3tn] FAA vt IS FEAFHRA
dFE A A F Ut olxAY I FEZ
AR Z43ke d# BAAQ hvdralazine 5& @)

o HAA AFo #AE o)A FE3hy HE
A, Za AGA], AL HE g4 AAA,
T34 2 224 G AdAE v g7 (4~
§7) AN ALe AUt LA Fopo,
9717k AR AT HAH BFY #Fa: VAL
BEA = ok uF AAA A, dd <A
QA o] A, M EY 242 W3}, humoral subs-
tance, A% <12}, proto-oncogened] W3S X3}
cAolgtl &1 itk Z+ {3 w} ¢
Fatet 84 Fae Az B QA FErt o
22 §F 4 §3o & & n¥gAY HE R
A #Eo] #g A7rt Hastele 44 Ao

(@] ot
hd =

o7 Hi A :

Dol g A4 Hgr|Ae Bgsiy A
A Ao JFE nA = AR G R}
ol9je]l AH, ¥, JFTY UdH 849 dF 2
GRE AH, HTEY A AR, 2 AAHA &
A, 3% 328 59 A7t #9 oz oy
F¥o2 Jeid £ Y. B A3 Buy n¥¢
Faoll A FAA v F8E U7t B F sn
7t F4AA AR, &3

$30 me Yejexa
% 2 olgk A% vw
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Hi té{:

19921 d 99 HE 1994 8 Alojof o|3te A}y
S & B Beld RG-S D L 144
dot FA YT 5048 ddez MY HzxEH,
oA Jx&u, =5 AXSTE A8t 44
AEn AHAE e JuH FAE o] E3to H44
Y7k BRI ZF F44 v

1449 9] DY} #AE vFo2 EF3H IT(H
4 F4 4 18) 4278(29% ), 11 (Concentric re-
modelingT) 243 (17%), NF(FAA vt F) 487
(83%), v (HAA vldiZ) 308 (21%) ol ATt

D A4 #AAA ndgFo e 34 2ol v 3
F37] 84T o] &) Hgtol Frts ol don(p<o.
05) & %z Aol F7t Hol AH(p<0.05). FHA
Aoy o] euH WA, oy T HAAY FhHFA,
FHAH 4%, F44 +8-8 2 fractional shortening 2
Agolgloy, Autga 2 AuaAss A gz
o Hlaf Friso] AUy BATGHoR FoF
Aole YA (p>0.05). 71T FAAY 1A
T A% Wz vE FrkE oy 545
o2 FF Aol JA(p>0.05). F, FA4 A9
718ty f2E Adela #E7]%50] el
2% ot F31 g ofv] stk A4 o 22 o) v &) Mit-
ral valve deceleration time(MVDT) @ 58 o]ghA]
Zke] AFel Ao o|&7] 715 FhE YehlU

2) Concentric remodeling o A& A4} thz 7o
Hig) #%7] @4 ol¢hy] et F wxAYLe §
ofstA F7bHo] AU HHAY FAI F7t5 ]
ARew HFAA o|g7d WAL FgTol vls) 7
2 5o} QAT ol oE Rt &3 RE i
THE o7 USE ouisich A48 2 2 &
A AF AFe A A2zITS EAGH o2 #9F
zHol7F gldth. &4 A 78 &3 fractional shortening,
AaEF 7 AdE Agse AN dzdd fa38
ztol7b . AAAY F=E B4 dzTd
Hla ZAase 3% LYoy A%z ouje
AR Hp=0.10).

3) TAA BUE2 g2l vs] £%7] & o] ¢7)
tel F7h7F dAdy F T2 Aol 71 Fol

7] AU (p<0.05). HAAA ol grB A
HAH4H FY&, fractional shortening 4ot}
g g g At Age A4 d2ERY F715
Aoy FAFHOZ Fg Aole AN FA
AY 13xe A4NET B gaHo e
(p<0.10) BAIZAH o2 {98 Aole YN ol
2l didted AAA wdyt AFeAY BRAY

€ A& gugn. o]g7] 7159 AEY peak E
velocity®] Z+2:9} E/A ratio®] 74, MVDT, §4& ©]
A ko] Aol Eboll M EA 3L o] H7] 7159
ezt At

4) B A2 e $57] & o] ¥ ozt
F7tE o] Aoy durede 4 2T B F
o 3tA F7hs o] AN (p<0.05) AurE AT FA
F7tHe] Ao FAGAH R FF Aol §
A (p<0.10) H4A Y VFEE F7HE ] AA=H)
ol A vigrt FAAFES oujdin F R
A A dz2ITH F9F Aol7t AU FA
Ay ARE7E F2dE B8 AU 7880
AEYe AYA FH71%50] BELE v g

2 E:

ojel Z2#2 7 F¥ o wek 4y F3 ¢ £3
F3t A= 4 2R Fert d2Eg F ¥ 7
TR e F nIGAY N & A g #g
A7 dastelzt 44 doh
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