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Relation of Left Ventricular Mass to Body Size and Left
Ventricular Wall Stress in Normal Adults

Jae-Bum Soh, M.D., Sung-Sik Shon, M.D., Seok-Hwan Kim, M.D.,
Jin-Won Jeong, M.D., Yang-Kyu Park, M.D., Ock-Kyu Park, M.D.

Department of Internal Medicine, Wonkwang University School of Medicine, Iksan, Korea

Background : Increased left ventricular mass in patients with essential hypertension, coronary
artery disease, chronic renal failure or in general population has been suggested as a useful pred-
ictor of increased cardiovascular morbidity and mortality. Many studies have reported that left
ventricular mass is correlated positively with body size. Thereafter normalization of left ven-
tricular mass for body weight, body surface area or height has been tried in experimental and
clinical studies, but it is uncertain which is appropriate. This study was designed to determine
the appropriate method for normalization of left ventricular mass to exclude influence of body
size in normal adults.

Methods : We measured left ventricular mass in 100 normal adults by M-mode echo-
cardiogram using ASE cube method without(Devereux and Reichek's method) and with cor-
rection(Devereux and Alonso's method). Left vcntricular mass were normalized for body
weight, height, body surface area, body surface area'®, height* and height*”.

Results :

1) Left ventricular mass by Devercux and Reichek's method correlated well with that by De-
vereux and Alonso's method(r=1.0, p < 0.001).

2) Corrected left ventricular mass correlated well with weight(r=0.64, p < 0.001), height(r=0.
49, p < 0.05), body surface area(r=0.53, p < 0.01) and body mass index(r=0.58, p < 0.001).

3) Correlation coeflicients of left ventricular mass/weight with weight, of ventricular mass/
height with height, of ventricular mass/height* with height, of ventricular mass/height®’ with
height, of ventricular mass/body surface area with body surface area and of ventricular mass/
body surface area'® with body surface area were 0.12, -0.05, -0.29, -0.42, 0.13 and -0.11
respectively.

4) Peak systolic wall stress correlated negatively with age and indexed left ventricular mass,
but end systolic wall stress did not correlated with indexed left ventricular mass.
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Conclusions : The current indexation method of left ventricular mass for height may reduce
the variability associated with body size. Furthermore, it could be used reliably in normal Kore-

an adults.

KEY WORDS : Echocardiography - Left ventricular mass - Left ventricular mass index.

M =

4 Fgol Z7h HW A, TG B, W
3 ARAY EE BEE B 2800 JA 28
o) ogHg 3} Aol sobun Bel, & A4

= A8 A% o]Bg T AEEe)
o o
o 7}
3

?_‘,

o il

CERENEEE

sk QA deid Sk, A4 2u
PRoz 12§ AT urke FHATE)

S7AE FA BAY F A A2 PHE B

o] o] gsl=dl*” A FHE MW FFu AR

7ol whek zpol7h Qo AEH

Ao} Ao

H &

= ;(]_E

h

3lste] mA e P v} olqlﬂ.” A& fEHA 0T A

t
b3

o
o A

ol

3}

m

KT =4
=

ﬂa:

7re] AA 2] WBEluE

92 ol Huo] gl Abgrolut Hlwis) na}
& Bel 242 wtiel 380l Aozt 9
=i g

ol Alshs ojst

28 HAA ko] Aolde A4 &) Yste] ofg
7HA A s o] AAlE D AT, G, ;;qq A4 W

AFEE TS F)2 Aste] Z7483 ol WA

95} Selubetsh 2 2
7t Ae el &He F

[ I
A& 5 3

Ak oy 12

ol-gsto] A4 T Hd

A%

o

N £
N

N

=
oi
=2

=]
i
el FH A T3 ol 5L A EH3}

ARSI T oS3} Ao HA4 71
s BATE A skt

-

Cchat 3 st

SEEEE BIEHEMI s fg—m e 3
Al A

1 =
2oz 44 279 2l

8} sh=vl 2fo]7t

& HZot FAAHo|

L ol3h Hapazst dto] Aol Ak A
A, F5% XA 2 xS o)) gla xSl
ARELe AlZo] golg 100% (F 61, o 39)& e
= 39k

2. MxZ3m ZA

BE oAzt AAR 2087 RS ARl
ATL UM 9 system dZ&37]9] 2.25 MHz9| 9%
A BEFAE AR dh9lolA 15~30% 25 HeY
Aol A ol Al Z&3) 7 gtel| A M3 289
EE 2% 100mm £E2 7|53 A8 oA
Mz e A8t #HA44 M3 élég-ﬂr_‘»:_% gEals
FH& F299 3~4 50N HEFFA GSAA
M& beamo] 2% A% A5PE X‘7—¥°] = &3}
71834t AS2 29 #EATE AEg viAe]
screen’doll 7H¢ Agstn FA4sy| & AE BA
A7l 71 Al WA 23718 AMst 2Hs AEES
o}, 7A$ol webdE polariod filmoll BAlste] &4s
%t Friedman$'™e) wWel wel A4 sz
AL AAE R AHoNA #5718 AA4L AAF

7

g B 258 40N 42 AZsg 294

o

o
O

o

-

o>* J‘
mﬂ

_J

T3 EA, 57 2 $37] A4
vz A2 &8s (ASE) Fhies A
=3tk F44 F2H(LV mass)2 Devereux$t Re-
ichek?] H¥Ql t}&3} 22 F4& o] &3l 4F&3ty
=3

LV mass=1.04[(LVIDd+PWTd+IVSTd)*-
(LVIDd)*)-13.6

(LVIDd ; 44 83714 274, PWTd: &37] &
HEA, IVSTd . &371 AdE4F77)

E8 Devereux® Alonsos'¥e] ARE-3F WIQl 72
0.80{1.04{(IvSd +LVIDd+PWTd)*~(LVIDd)*} +0.6
% 0.80(ASE-cube LV MASS) +0.6& o] &3lo] 2A
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A7) fiste] A ATAY AFHAY, AF(HE), 41
FHHE), AFeS A3 AR oA A m}ste] A
. AAZE2|4=(BMI, body mass index), A%, MFE
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A 57| 714 %(peak systolic stress, PS)=
0.334xSBPxDd
Tdx (1+Td/Dd)

7] $%7] %% (End systolic wall stress. ES)=
0.334 X SBPXDs
Tsx (1+Ts/Ds)

(DA : #4A e &7 A4, Td : §34712 95
7, Ds: 743 #HaAle] 44 #5712 A4, Ts 1 &
7% T8 5A))
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o2 fosikar HASHERL Gt Aols Stu-
dent t-test HAS ABtH T 7} W] FadAe
AR S o] &3t
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D tiaake] Ha A", A% A% Axn, A%
4= 39.4+ 13.04, 1.65+0.80m. 63.5+ 10.0kg,
1.69+0.15m? 23.4 + 3.4kg/m®)1, 7]

371 44 WF, 2387 44 3 7, #3471 F
A 39 5, £571% 44 WE, 71T A4
2 A, FEY S £ T, A4 Hd

7] ¥IZE(PS) 2 A4 73712 ¥INFE(ES)

= 747} 116.5 + 11.3mmHg, 51.5 £4.2mm, 8.3+ 1.

3mm, 8.7+ 1.3mm, 32.0 +4.0mm, 12.7 = 2.1mm,

14.1+2.1mm, 148.1 + 35.7x10°dynes/cm® 48.4 +

12.3% 10°dynes/cm? ©)%1tHTable 1).

2) tdAL & - Azt AE, £ Y, Al %
7] ¥R E, FE7Y HARE, AAF e dol
of frojgk zol= gievt A AF, 7] FA44
U, MBERAL A7t oA B} f-olstA F71E
tHTable 2).

3) A4 FFHE Devereux® Reicheke] =
(LVM)2.2 37 193.5 + 44 6gm, Devereux$}t Alo-
nsod] W (g 44 FF, CLVM) L2 Hi 1717
+35.8gm I3 LVM3 CLVM wi$- 593 At
#AE B¥chr=1.0, p<0.001. Fig. 1). LVM*%}
CLVME gz7b oztich F7hejovt LVMY
CLVM$E Axsstg e wol 7he] fojgt Aol ¢l
AHTable 3).
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Table 1. The subjects characteristics (n=100)
Age(years) 394 +130
Hieght(m) 1.65 + 0.80
Weight(kg) 63.5 + 10.0
Systolic BP(mmHg) 1165 +11.3
LVDd(mm) 515 + 4.2
1IVSd(mm) 83 £ 13
LVPWTd(mm) 87 = 13
LVDs(mm) 320 + 40
IVSs(mm) 127 + 2.1
LVPWTs(mm) 141 £ 21
PS(x 10°dynes/cm’) 148.1 * 35.7
ES(x 10°dynes/cm’) 484 +123
BSA(m’) 169 + 0.15
BMi(kg/m?) 233 + 34

BP=blood pressure : LVDd=left ventricular end-diastolic
dimension ; LVDs ; left ventricular end-systolic  di-
menision : IVSd=interventricular septal thickness in end-
diastole ; IVSs=interventricular septal thickness in end-
systole ; LVPWTd=left ventricular posterior wall thick-
ness in end-diastole ; LVPWTs=left ventricular posterior
wall thickness in end-systole : PS=left ventricular peeak
systolic wall stress : ES=left ventricular end-systolic wall
stress ; BSA=body surface area BMI ; body mass index
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Table 2. Comparison of the clinical and echocardiographic parameters between male and female subjects

Male(n=69) Female(n=31) p value
Agelyears) 387 +124 406 + 134 NS
Height(m) 169 £ 0.72 159 + 054 < 0.001
Weight(kg) 66.2 + 9.4 59.3 £ 95 < 0.001
Systolic BP(mmHg) 1169 + 103 1159 +129 NS
LVDd(mm) 522 + 44 504 + 3.7 < 0.05
IVSd(mm) 84 £ 12 81 + 14 NS
IVPWTd(mm) 88 + 12 85 + 14 NS
LVDs{mm) 325 + 45 315 + 3.2 NS
IVSs(mm) 129 £ 19 122 + 22 NS
IVPWTs(mm) 146 + 1.9 134 £ 2.2 NS
PS(x 10°dynes/cm’) 149.6 + 394 1459 + 295 NS
ES(X 10°dynes/cm’) 478 +128 493 +116 NS
BSA(m?) 1.75 £ 0.13 160+ 0.13 < 0.001
BMi(kg/m’) 233 + 34 233 + 33 NS

BP=blood pressure ; LVDd=left ventricular end-diastolic dimension ; LVDs=left ventricular end-systolic dimentsion ;

1IVSd=

interventricular septal thickness in end-diastole : IVSs=interventricular septal thickness in end-systole : LVPWTd=left ven-
tricular posterior wall thichness in end-diastole ; LVPWTs=left ventricular posterior wall thickiness in end-systole ; PS=left
ventricular peak systolic wall stress ; ES=left ventricular end-systolic wall stress ; BSA=body surface area ; BMi=body

mass index : NS=non-specific

y=.8x+16.882, R-squared : 1
> i I 1 ! | I !

T T T T T T T T
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100 125 150 175 200 225 250 275 300 325
Devereux and Reichek’'s method LV mass(gm)

Fig. 1. Correlation of left ventricular mass by Devereux
and Reichek's method with that by Devereux and
Alonso's method.
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AchZHz r=0.64, p <0.001, r=0.49, p <0.05, r=
0.53, p <0.001, r=0.58, p <0.001) (Fig. 2).

6) CLVMZ A &3} atdgd) zHzte] AA=7] ¥
s}e] AABAE A BH CLVM/Wtek Wt, CLVM/
Hte} Ht, CLVM/Ht*°¢} Ht, CLVM/Ht*'¢} Ht,
CLVM/BSA$} BSA, CLVM/BSA'“9} BSA%He] 37
= 7z r=0.12, r=-0.05, r=-0.29, r=-0.42, r=0.
13, r=-0.11°]1t}HTable 4, Fig. 3).

7) PS % ES¢} d#E el dAE IAARAE B
(27 r=-0.26, r=-0.24. P <0.05), PS$} LVMIzH
¢] #71E= CLVM/BSAY, CLVM/BSA, CLVM/Ht?,
CLVM/Ht*, CLVM/Wt, CLVM/Hts=2.2 d4a3
AL Yok (Zz} r=-0.25, r=-0.24, r=-0.23, r=-
0.23, r=-0.21. r=-0.21, p<0.05). ES: LVMI%
Felgt o] gltHFig. 4).
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Table 3. Left ventricular mass and indexed left ventricle masses by two methods(A, B) in normal subject

Total(n=100) Male(n=69) Female(n=31) p valve
A) Devereux and Reichek's method
LVM 193.5 + 44.6 201.2 + 429 181.4 + 45.0 <0.05
LVM/BSA 114.1 + 23.1 115.1 + 23.3 112.4 + 23.1 NS
LVM/Ht 1173+ 279 1195 + 26.5 113.9 + 27.5 NS
LVM/W! 3.05 + 0.54 3.04 £ 0.54 3.06 + 0.55 NS
LVM/BSA' 883 + 183 88.0+ 190 88.7 £ 174 NS
LVM/HE® 717 £ 175 718+ 179 715 +17.2 NS
LVM/HE? 50.7 £ 13.3 50.1 + 13.7 517 £12.6 NS
B) Devereux and Alonsods method
CLVM 1717 £ 356 177.9 + 343 162.0 % 36.0 <0.05
CLVM/BSA 1013 + 184 101.8 + 18.6 100.5 + 18.2 NS
CLVM/Ht 104.1 + 21.6 105.6 + 21.4 101.7 + 22.0 NS
CLVMMWIt 2.71 + 043 2.70 + 0.43 2.74 + 0.44 NS
CLVM/BSA'® 78.4 + 14.7 77.8 + 15.4 79.3 + 13.8 NS
CLVM/HE?® 63.6 + 14.2 63.4 + 14.6 639 + 13.8 NS
CLVM/HE? 449 + 109 442 + 114 46.2 + 10.1 NS

LBM=left ventricular mass ;: CLVM ; corrected left ventricular mass : BSA : body surface area : BMI ; body mass index ;
Ht=height ; Wt=weight : NS=non-specific

180 180

80 T T T T T T T T
30 40 50 60 70 80 920 135 14 145 15 155 16 165 1.7 175 18 185
Weight(kg) Height(m)

T T T T ¥
1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1

Body surface area(m’) Body mass index(kg/m’)

Fig. 2. Correlation of left ventricular mass(Devereux and Alonso's method) with body size.

. Korens”& &3l §le nddsael ] 2404 F oA Bo] o] &5 1 o™ LVMe] S7HE of
HdE 8 249 B FEUaHEA 2o o 2y 3 AAFA 2 35, 3A44A A4, vlas g5
g flgdatel i, Ada Ao Abgat 913 2 3T/ 371 AJAWA) 9 et WstE ¢
7P owgt dl&at eka stdch. A4 vldie] Frh F glo] sl LVM7E Svtste ke A4 Bld
Ze AR, FF XN L A2S9E o8  glovt 7F AAA vtiRT 889 AbEEol O BTk B
Az g4 wstel F44 23S 44 428 Ha JoPP. LVMS Devereux? Reichek 348 9]
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Table 4. Relations of unindexed and indexed left ven-
tricular mass to body size

relation r-value
CLVM Vs Wit 0.64
CLVM Vs Ht 0.49
CLVM ] BSA 0.53
CLVM Vs MBI 0.58
CLVM/ Vs Wt 0.12
CLVM/HLt Vs Ht -0.05
CLVM/Ht Vs Ht -0.29
CLVM/Ht Vs Ht -0.42
CLVMY/ Vs BSA 0.13
CLVM/ Vs BSA -0.11
Wt=weight . Ht=height . CLVM=corrected left ven-
tricular mass ;. BSA=body surface area: BMI=body
mass index
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Fig. 3. Relation of left ventricular mass/height to (A) height

(r=-0.05, p < 0.04), (B) of left ventricular mass/
height"’ to height(r=-0.29, p < 0.05) and (C) of left
ventricular mass/height’” to height(r=-0.42, p < 0.
05). LVM=left ventricular mass.
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Fig. 4. Relations of peak systolic wall stress to (A) age(r=-0.
26, p <0.05), to (B) left ventricular mass/body
surace area(r=-0.24, p < 0.05) and to (C) left ven-
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