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RE#EET : ZTINZ=REZ (Left ventricular hypertrophy)

INEE (Electrocardiography)
IMNiEBE R (Echocardiography)

TINEESIEE (Left ventricular mass index)
FEENZEEEEE (Relative wall thickness)
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M-mode /7 X\l & » HlIffraHcube (Teichholz) formula
(& =) > BRI L= O RETESE b LY
1.05115 » ElLeft ventricular mass (LV mass) =
Myocardial Volume X 1.05 gm/cm’

Myocardial Volume =LV Volume - Blood Pool

LV Volume = (IVS + LVIDd + PW)’

Blood Pool = (LVIDd)’

FlT LA Myocardial Volume = (IVS + LVIDd + PW)’ -
(LVIDdy’

Left ventricular mass (LV mass) = [IVS + LVIDd +
PWY)’ - (LVIDd)'] X 1.05 gm/cm’

Hrp

Myocardial Volume= /UILZY &

LV Volume= /&0 E 25 &

Blood pool= [MM#&% &

IVS (interventricular septum) = /(% HJR/E

PW (posterior wall) = TR RE R

LVIDd (left ventricular interior dimention) = /0%
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HEHNMEA » LV massBEN /A 7 (gm) » LITNE
(IR
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{8 A R IERE T & R O B AR B TR - 78
B E s
—. McFarland A 20K 5

LVmass(gm) = 0.77 X 10°X [(IVS + LVIDd +

PW)’ - (LVIDd)® +2.4]

(PR BZK » KA BRI
10° R 2277

— {K#Reichek &t Devereuff /| Penn

(University of Pennsylvania) A & {7 7€ Il &7 3K
5

LV mass (gm)= 1.04 X [(IVS + LVIDd + PW)’ -
(LVIDd)’] - 13.6gm
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Normal Concentric Eccentric
Geometry Hypertrophy Hypertrophy

B— : ZINZEEEVRE

LV mass

=Myocardial Volume X 1.05 glem®

=[(IVS + LVIDd + PW)* - (LVIDd)*]
X 1.05 glem?®

RWT
=({IVS + PW) / LVIDd
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wall thickness) » ilil2Acube (Teichholz) formula
A7 INZEE (left ventricular mass) °
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ASE measurement8IJjflZ leading to leading
edge °
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= {KASE(American Society of Echo-
cardiography)idiss » M IERIVAXE
LV mass (gm)= 0.80 X [1.04(IVS + LVIDd + PW)’
- (LVIDd)'] + 0.6gm
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length (AL) % truncated ellipsoid (TE) 77 ZCHI & ([&]
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FHEUE (three dimensional echocardiography) #1787
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Tis Al HBA2 AmmATL-AZ
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REB P Rendocardial border (REZpapillary
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BR : —#BEK (three dimensional
echocardiography) StTEZINEEEK a—b
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2B YE (limb lead criteria)’ » ELEG
1.RIfElead 1 + S fFlead III > 2.5 mV
(millivolts)
2RIETEaVL> 1.1 mV
3.RIEfFaVR > 2.0 mV
4.STfFaVR > 1.4 mV
LA Ry wir 4 28 B 22 B AR HE (precordial lead
criteria) f145
1. RIFFEVSEV6 > 2.6mV
2RIETEVE + SIEAEVI > 3.5 mV
3R + B RS >4.5mV

__.. Cornell criteria
ZTHRIEAEAVL + SIETEV3 > 2.0 mV 5 HE >
2.8 mV

—. Romhilt } Estes HLL point-score system f5#2
ErimdE R2)* B KR40 Re B
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RI¥fFaVL > 1.3 mV
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B >28mV
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< : Romhilt-Estes score (point-score system)

Romihilt-Estes score

HIE % oan 4
WhE: FF& T IIE—IH 3
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11% : B—aVRIJSIE KA 1.4mV » BURERET%
i B —aVFRYRIE A2 2.0mV » HEBUEE R E1%
F=)"e

—*=
i

OEEZE O EINE F AR ZETTE
(E/ LR B R RS IR 2 AN R RBURRE.
S PR s S Y B R a VLAY R I I L V3 ST
TEZCERTE 2.0 mV s BHEKR2.8 mV > MR



SEE RO FT R A E R 103

iR KRR KRS KE4.5 mV > LURSIEAE
VI L V5 BV6HY RIFCASHE3.5 mV o AR
FAEZ B & OF PR » EagnAE O EEE
HIMERENE = Scott® ABFZE1000MEIEH » &
O B AW LA E A2 B ARE - IR AT E
85%" °

Framingham Heart Study f/f5%3351{ A FH
g > FEB M > Cornell criterial TR AR fE
TE 2 PR AR B ) B AR AR #E (voltage criteria)
AR YEE T o ST L B 2 e g [ A4
MR MR R A P8 » EHNREE
T~ AE AR~ PRI R R R e DL
5 HATZZEEER S LUK+ DL Ez
fEREE T o RIS N Z QRSB RHE 5
LPL20%295% 2 FHE A 5B > VIFISIK + VSELV6
(IR /NRS5.3mV > 99% BIEH » ki
EAAE O EIEER: - L EE 2 R
' o PipbergerftfF 52 R 45 H » #E20F 785K
QRS ZEMRF TN 6.5%" o EMTEREREE -
TEIRITELIE Y AR » Kilty fzLepeschkindg Hi » 45
LIRRTHRE Z RS + R KB4, 5mVAKZE
L EE » Llponderal indexER8REST T » 1E
A gm it OERE RS gEidke -
Cornell/IMiEH » # LIBE R TG & @i ERS H
¥85 > i H Cornell criteriaiZ i /2.0 F B & 2
JEFE FH39% T IR 52% " » 14 A1l e R 1 71 A FEAU
I > HIEQRS BIRAM M+ B AQRSE
RAR A » Bailey(E114 AWFFEHHEH » VIS
BAERAF 3 4mV > (EEHAB M3 2mV 3
BAZWER2.6mV > fEEHALHER1.6mV" e
Chicago Heart Association Detection Project in
Industry i 13911078 N B 192166 H A F 4
HREE o NGl e B R B R B K A R AR Y
et » BAAELEE L= R R AR
IR E A IS VN

LUV 8- G- Mt (Vs ey o
[+ A AR A BE R ~ Rl ER R ~ 181k RH 25
PERTPE B O U3 o 18 7 ({8 RS BHL T Y B 55
M > Klein et al {8 FH/Cligia S iEaR 2.0 = LR
L V2SN EVERIRIE KA4.5mVIE; » H
2l oD B NE R BUR L E5E86%™ o M ER

TR B N8 T R ZE 1 il - TR1 25 i 0 2 6 S 1
A R QR S & (R B Z I/ 11 F KL B [ 32
W Ao D ENE R R BUREE » JEUIRTE RS a3k
TERIRRRE K B Sa ™ o 28 Ji2 0 WILIoR 58 T oy ok
7% (amyloidosis) K i 52 AE #H B /O B 722 955
(scleroderma-associated heart disease) * 71 & {#
QRSFEIRFEEMAE-LEE EA 5 &S LEE
B2 o

MRS HN gL ELOER L AELE
NEJERY R > (HFT A 52 B K DU i s
Z2e s H AL R R 32 B AR (52 LAYk 2L
T EREBURE - (HIEERR BB E N
40755 {8 FH BB ARAFHEIR » S JRAEV N E VS 3ive
) R BT ARES.3 mVi= o A G inaglh /2.0 %
NEJE R HEfE 1 = SR T 2% {18 52 B AR MR BT (R RS 1%
(false positive)JFE4: » KLY T LU & I 5 i
2l - iR OB NE R R o
IR LG -

Hor o GG ECERE o
M-mode /7 20 ¢ — 5 22 [ 1O ke 5 6 & E &%
H R > M-mode /LIRS SR RE (L T #iE
AT R 22 PRI Ml R o S T R i R A
OEIIEAR » AITE I BE R AT B S 2
BHAERE EEAEiE R - g R A e A
(7] 2 [ P 980 2 g 7 e il B Rl 2 1 = RIS
MENNIEREYE > Bl L [RIRE S OF ZfE 735 2 g
iy o (HEATERIK R BEIZIER - 28 m
M-mode H BTHRHEEVZ LA » FERERI TN K
i S B DI U A D EE &
B PR L & (AR H20 50 = il 28 5 e B
o SRR D RERY M58 - H AT C AR 1R 00
bog - NP ER b - FERZE R B L) R 22 1
Ol R AR > RIS A /O i & s F o O
FEHYEIRE T EEA AT o HI e o =
B AR B SE B A D IR AR R A O B
B JEn] R A0 = ALF - R H A
A = HERE SR AT A O B NE R A 5 RS -
RARBT 2R Z. -

SZXRA

1.Norman JE, Levy D. Improved electrocardiographic detection



104 REM #HEsdA HuE

of echocardiographic left ventricular hypertrophy: results of
a correlated data base approach. J Am Coll Cardiol 1995; 26:
1022-9.

2.Koren MJ, Devereux RB, Casale PN, et al. Relation of left
ventricular mass and geometry to morbidity and mortality in
uncomplicated essential hypertension. Ann Intern Med 1991;
114: 345-52.

3.Liebson PR, Grandits G, Prineas, et al. Echocardiographic
correlates of left ventricular structure among 844 mildly
hypertensive men and women in the Treatment of Mild
Hypertension Study (TOMHS). Circulation 1993; 87:
476-86.

4.Yuda S, Khoury V, Marwick TH. Influence of wall stress
and left ventricular geometry on the accuracy of dobutamine
stress echocardiography. J Am Coll Cardiol 2002; 40:
1311-9.

5. Schiller NB, Shah PM, Crawford M, et al. Recommendations
for quantitation of the left ventricle by two-dimensional
echocardiography. J Am Soc Echocardiogr 1989; 2: 358-67.

6. Aurgemma GP, Douglas PS, Gaasch WH. Quantitative
evaluation of left ventricular structure, wall stress and
systolic function. In: Otto CM (ed): The Practice of Clinical
Echocardiography, 2nd ed. Philadelphia, WB Saunders,
2002; 65-87.

7.Sokolow M, Lyon TP. The ventricular complex in ventricular
hypertrophy as obtained by unipolar precordial and limb
leads. Am Heart J 1949; 37: 161-8.

8.Romhilt DW, Estes EH. A point-score system for the ECG
diagnosis of left ventricular hypertrophy. Am Heart J 1968;
75:752-8.

9.Casale PN, Devereux RB, Kligfield P, et al. Electroc-
ardiographic detection of left ventricular hypertrophy:
development and prospective validation of improved criteria.
J Am Coll Cardiol 1985; 6: 572-80.

10.Romhilt DW, Bove KE, Norris RJ, et al. A critical appraisal
of the ECG criteria for the diagnosis of left ventricular
hypertrophy. Circulation 1969; 40: 185-95.

11.0Kin PM, Devereux RB, Fabsitz RR, et al. Quantitative
assessment of electrocardiographic strain predicts increased
left ventricular mass: The Strong Heart Study. J Am Coll
Cardio 2002; 40: 1395-400.

12.Scott RC, Seiwert VJ, Simon DL, et al. Left ventricular
hypertrophy: study of accuracy of current electro-
cardiographic criteria when compared with autopsy findings
in one hundred cases. Circulation 1955; 11: 89-96.

13.Manning GW, Smiley JR. QRS-voltage criteria for left
ventricular hypertrophy in a normal male population.
Circulation 1964; 29: 224-30.

14.Yamashita S, Dohi Y, Miyagawa K, et al. Reliability of the
electrocardiogram for detecting left ventricular hypertrophy
in elderly. Am J Cardiol 1998; 81: 650-2.

15.Pipberger HV, Goldman MJ, Littman D, et al. Correlations
of the orthogonal electrocardiogram and vectorcardiogram
with constitutional variables in 518 normal men. Circulation
1967; 35: 536-51.

16.Kilty SE, Lepeschkin E. Effect of body build on the QRS

BRE RWE Bz

voltage of the electrocardiogram in normal men: its
significance in the diagnosis of left ventricular hypertrophy.
Circulation 1965; 31: 77-84.

17.0kin PM, Roman MJ, Devereux RB, et al. Electro-
cardiographic identification of left ventricular hypertrophy:
test performance in relation to definition of hypertrophy and
presence of obesity. ] Am Coll Cardiol 1996; 27: 124-31.

18.Reiley MA, Su JJ, Gullar B. Racial and sexual differences in
the standard electrocardiogram of black vs white adolescents.
Chest 1979; 75: 474-80.

19.Xie X, Liu K, Stamler J, et al. Ethnic differences in
electrocardiographic left ventricular hypertrophy in young
and middle-aged employed American men. Am J Cardiol
1994; 73: 564-7.

20.Klein RC, Vera Z, De Maria AN, et al. Electrocardiographic
diagnosis of left ventricular hypertrophy in the presence of
left bundle branch block. Am Heart J 1984; 108: 502-6.

21.Rudy Y, Wood R, Plonsey R, et al. The effect of high lung
capacity on electrocardiographic potentials. Circulation
1982; 65: 440-7.

22.Scott RC. Ventricular hypertrophy. Cardiovasc Clin 1973; 5:
219-53.

23.Goldberger AL. Clinical Electrocardiography: A simplified
Approach. 6th ed. St Louis, CV Mosby, 1999; 315-21.

24.Sundstom J, Lind L, Arnlov J, et al. Echocardiographic
and electrocardiographic diagnoses of left ventricular
hypertrophy predict mortality independently of each other in
a population of elderly men. Circulation 2001; 103: 2346-51.

25.Incalzi RA, Fuso L, De Rosa M, et al. Electrocardiographic
signs of cor pulmonale: A negative prognostic findings in
chronic obstructive pulmonary disease. Circulation 1999; 99:
1600-5.

26.Rautaharju PM, Park LP, Gottdiener JS, et al. Race-and-
sex-specific ECG models for left ventricular mass in older
population. Factors influencing overestimation of left
ventricular hypertrophy prevalence by ECG criteria in
African-Americans. J Electrocardiol 2000; 33: 205-18.

27.Murilo Foppa, Bruce B Duncan, Luis EP Rohde.
Echocardiography-based left ventricular mass estimation.
How should we define hypertrophy? Cardiovascular
Ultrasound 2005; 3: 17-30.



B S BEAR T BT A S RIS 6 4a

The Diagnostic Correlation of Left
Ventricular Hypertrophy between
Electrocardiography and Echocardiography

Yeh-Peng Chen, Li-Chuan Hsieh, Jen-Jyh Lin,
Ping-Han Lo, Kuan-Cheng Chang, and Jui-Sung Hung

Division of Cardiology, Department of Internal Medlicine,
China Medical University Hospital, Tai-Chung, Taiwan, R.O.C

In clinical practice, electrocardiography is a kind of basic examination for changes of electrophysiology,
cardiac structure and coronary perfusion, besides, left ventricular hypertrophy is often met by electrocardiography.
In Framingham Heart Study, left ventricular hypertrophy is an important factor which will increase cardiovascular
morbidity and mortality, so, how to increase the accuracy of left ventricular hypertrophy by electrocardiography is
very important for clinical physicians. However, there are several diagnostic criteria for left ventricular hypertrophy
by electrocardiography, so, in this article, we will discuss about the correlation of left ventricular hypertrophy
between electrocardiography and echocardiography in purpose to early diagnosis and well control left ventricular
hypertrophy. ( J Intern Med Taiwan 2009; 20: 99-105)



