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Relation of Hemodynamic Load to Left Ventricular Hypertrophy
and Performance in Essential Hypertension

Jeong Cheol Seo, M.D., Myung Soo Lee, M.D., Chang Sik Chae, M.D,,
Ki Jung Jo, M.D, Whan Tae Kim, M.D, Dae Sik Koo, M.D,,
Dong Soo Kim, M.D., Kyung Soon Lee, M.D.
Department of Internal Medicine, College of Medicine Inje University, Paik Hospital, Pusan, Korea

Background : Left ventricular function and left ventricular hypertrophy often show weak corre-
lation with the degree of blood pressure in hypertensive patients. So we assessed correlation
of hemodynamic load to left ventricular hypertrophy and left ventricular performance, and
whether left ventricular wall stress is the major factor on the regulation of left ventricular
function.

Method : Relationships between echocardiographic hemodynamic parameters and indices of
left ventricular hypertrophy and left ventricular function were evaluated in 40 patients with
essential hypertension who have not been previously treated.

Results : Left ventricular mass index correlated weakly with blood pressure, cardiac index,
and stroke volume. End—diastolic left ventricular relative wall thickness, as an index that
assess the severity of concentric hypertrophy showed significantly negative correlation with
cardiac index (r=—049, P<0.001), stroke index (r=—0.46, P<<0.001) and a positive correlation
with total peripheral resistance (r=0.55, P<0.001). Furthermore, patient with cardiac indices
tend to have higher end—diastolic wall thickness at any given level of blood pressure.

Fractional shortening suggesting left ventricular systolic function was not related with blood
pressure, stroke volume, cardiac index, left ventricular mass index, and peak systolic wall stress.
In contrast there were significant negative correlations between fractional shortening with mean
wall stress index (r=—042, P<0.005) and with end—systolic wall stress (r=—0.72, P<<0.001).

Conclusion : These results suggest that anatomic and hemodynamic changes may be patho-
physiologically interdependent and left ventricular function was regulated by level of left ventri-
cular wall stresses reflecting afterload (blood pressure).

KEY WORD : Left ventricular hypertrophy and performance * Hemodynamic load - Essential
hypertension.
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YZ2Eoe) M3 A2 gu0ed &3 Py®
o8] HAFZA F7(interventricular septum,IVS),
FA4 W7 (left ventricular internal dimension,
LVID), 4439 %7 (posterior wall thickness,
PWT)E 5 2 3870 2474 A S st ch(Fig
1).

HAAA ZAZF(left ventricular mass, LVM)-L&
Penn®] ¥ 22](LVM=1.04 [(LVIDy+PWT,d+
IvSd)®— (LVIDg)®*] — 14gm) ol &} 3} &8t n? 2
Ade FAA vt (Left venuicular concentric hy-
perrophy) & Wg3dtes &FL7] FdF ¥ 54
(end —diastolic relative wall thickness, RWTd) & 2
PWTd/LVIDdo. 2 FF .

A F34d7] &2 (left ventricular end — dias-
tolic volume, LVEDV) 3} $=227] £ (left ventri-
cular end—systolic volume, LVESV)-& z}Z}e] Ate)
olA #HAA WA MAFoz HEstn?, 1Y
(stroke volume, SV)& LVEDV—LVDSV o &, A}
gtk o 1P EX AHlE S T18] 3 Stroke work in-
dexe HAEY(mmHg) X FHFAF2Z SH3G
t}. £ 22 %3 (total peripheral resistance, TPR)-&
(378G (mmHg) X80)/A&F(L)e] FHo=2
8k

FH3E vetde A4 HIF=( Left ventri-
cular wall stess)¥E WilsonS!9 o] njagxoz
PS5 gl o8 JuFE7] ¥ U= (peak sy-
stolic wall stress, PSS)+ 0.86[(0.334 X LVIDd X sys-
tolic BP)/PWTd X (1 +PWTd/LVIDd)]—27 X 10°
dynes/cm?0. 2, 2% 7] 245 (end—systolic st-
ress,ESS) + 0.98[(0.334 X LVIDs Xsystolic BP)/
PWTsX (14+PWTs/LVIDs)]—2X10%  dynes/cm?2]
FAg olgd AT wY, WF A4 &
Z27] 9 1A% A 4=(mean wall stress index, MWSI)
£ Quinones 50] A T £27] HFX
[(LVIDd + LVIDs)/2(PWTd +PWTs) Jo]| <3 73
o A A Ml 2 F3H &l & P<0.059 #9
40 2 Swudent t—test AAL A A 3Y
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gete Hi 163+ 20mmHg, o] 7] S 105+
16mmHg, ¥ YL 125+ 16mmHg oAtk T+
g A4E 52+ 24ml/m2(B A 30 thE A
3] 48+ 20ml/m?, NS), Jat& |5 878+ 1.90
L/min/m2(F4 3.45% 1.0L/min/m?, NS)o|lo.m,

F WAL 1,969% 903dyne.sec.cm’(P<0.01,
1530+ 445) 0] 2T},

2. A =8nje4dH

A x&ae A Ha AA5E FAE 16104
cm , 8 $AE 1.2+ 0.3cm(P<0.01, vs ZAFX]),

3.0+ 0.6cm ok BAL7) A A ¥§ FAE 055+
0.13(P<0.01 vs A’} 0.44+0.16)Q ¥HA, $Z7
A A ¥ E7E 1.22+0.86(P<0.01 vs A} 1.04%
0.19)gch FHAAY TFA = Ho] 198+ 87g/m?
o W= 45—407g/m2(P<0.001 vs B4 101+ 35
g/m?) olon, F4H £Y IdZEL 38t8%

(20~58%)=2 39| ko] HFA2] 95% A g
T3t ol dtel] AU

3. XA dicHet of2] HASEN He
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HAAHRE el e A5 H44 2%
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0.36, P<0.01), #Z718H(r=0.38, P<0.01), °]
7184 (r=0.27, P<0.05)3F FHBATE AU
U, F82(r=0.47, P<0.001), stroke work index
(r=045, P<0.005), F&71'F &HAF(r=0.40,
P<0.005)9t= iAo 2 B ¢ & 4ATA
g B olo w3 S3u7] ddA ¥yFEAE
e FRBAVE e AuEIFASF(r=
—0.49, P<0.001), 738 & (r=—0.46, P<0.001), St-
roke work index(r=—0.33, P<{0.01), =27 &

o &

Fig. 1. Determination of the left ventricular end-diastolic and end-systolic dimension, and the thickness of the
ventricular septum and of the left ventricular posterior wall in M-mode echocardiography
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HA 4 (r=—0.38, P<0.01) o= gviglE A4d
AE EA3(Table 1), 53] YutEAFoe w4
F4T JFBBAE EYo2A (Fig 2) ¥T¥
Fel w3 3o wARQlOl AHEAFI @
xR M FAYFAE B FAKANH(Fig. 3).

a3 A AAA v A Fete] FEd
AN HAHE2EAFASF(r=-032, NS)

= 3aaAZ gy $FL7] G HEA
(r=055, K0.001)¢k= wis- Juie FH&AA7

S1A tH(Table 1, Fig. 4).

4. ZpY FH7|SD EASEHY s FAA
H|CHeto] ARRRA|
HFA4H #7158 Uil AeEe £47)
FAH Y D24 Jeded A o
A (r=0.16, P>0.1 ), ZHAH ZAFA ¢ (r=0.
005, P>0.4), B FY(r=0.03, P>04), 7P
A% (r=0.18, P>>0.2), A1k 2)4=(r=0.14, P>>0.

Table 1. Hemodynamic determinants of left ventricular hypertrophy in hypertension

Correlation versus

left ventricular

Correlation versus

end-diastolic relative

Variable mass index wall thickness
R P R P
Mean blood pressure 0.36 <0.01 0.21 NS+
Systolic blood pressure 0.38 <0.01 0.23 NS
Diastolic blood pressure 0.27 <0.05 0.26 NS
Cardiac index 0.36 <0.02 —0.49 <0.001
Stroke volume 047 <0.001 —0.46 <0.001
Stroke work index 0.45 <0.005 -0.33 <0.01
End —systolic volume index 0.40 <0.005 —0.38 <0.01
Peripheral resistance —-0.32 NS 0.55 <0.001

+ NS : not significant
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Fig. 2. Relation between cardiac index(vertical axis) and end-diastolic relative wall thickness (horizontal axis).
Cardiac index is inversely related to left ventricular relative wall thickness at end-diastole.
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Dol ABAAZE N, A3 357 ¥ 1=
(r=—0.08, P>03)9% ouglEe A#RBAE ¢
Ak ol wha] H4AH B G=2EF HT Y

%4 % 27 9 213 % (r=-0.72, P<0.001)
S Wi Fog J3BBA Yo (Fig 6),
FE527] 4dd ¥y FA(=0.70, P<0.001)9}%

ARE A%G=-042, P<0.005)E F4& 4T guigs ABBAE BYD, $327] §Y5
BAZE AR L(Fig. 5), t]go] A4 £8 EF  (1=-067, P<0.00)3 % JAAAAE VY
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Fig. 3.

Relation between end — diastolic relative wall thickness (vertical axis) and mean blood pressure (horizontal

axis), with patients classified according to the level of cardiac index. At any level of blood pressure,

relative wall thickness is greater in patents with a lower cardiac index.
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Fig. 4.

Relation between end — diastolic relative wall thickness (vertical axis) and total peripheral resistance (hori-

zontal axis). Left ventricular relative wall thickness at end—diastole is directly related to total peripheral

resistance in untreated hypertensive patients.
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Fig. 5. Relation between left ventricular fractional shortening (vertical axis) and mean left ventricular wall stress
index (horizontal axis). Left ventricular systolic performance, measured by the percent fractional shorte-
ning of left ventricular internal dimension is inversely related to the mean left ventricular wall stress

index.
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Fig. 6. Relation between left ventricular fractional shortening (vertical axis) and end— svstolic wall stress (horizo-

ntal axis). Left ventricular systolic performance, measured by percent fractional shortening of left ventricu-
lar internal dimension decreases linearlv with increasing end—svstolic wall stress.
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