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ZIEXRDLERZ agnosis of left ventric-
ular hypertrophy ac-
companied by complete
right bundle branch
block
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Summary

The new electrocardiographic criteria for diagnosing left ventricular hypertrophy (LVH) were
evaluated in patients with complete right bundle branch block (CRBBB) based on the relationships
between left ventricular mass and multiple electrocardiographic variables obtained from 12-lead
electrocardiograms. The subjects consisted of 88 patients with CRBBB, whose ages ranged from 18
to 86 years. Patients with histories of myocardial infarction, moderate to severe pericardial effu-
sion and an undetermined axis were excluded from the study. LVH was defined as left ventricular
mass (LVmass) =215 g calculated from the Penn method using standard M-mode echo measure-
ments. All electrocardiograms were interpreted by one investigator who had no knowledge of the
echocardiographic results. Items calculated were the amplitude of Q, R, and S waves and their
A/R, R/S, and S/A ratios, the mean frontal QRS axis, ventricular activation time in lead Vs, the
Morris’ index, ST-T segment depression in leads Vsg and negative U waves in leads V545 We
selected 22 items for our criteria according to their sensitivity and specificity, and added to the
11 previously reported ones determined.

LV wall thickness correlated best with R I (r=0.57, p<0.01), LV diastolic dimension with RV
(r=0.48, p<0.01), and LV mass with R I+S III (r=0.60, p<0.01). With these results taken into
account, we compiled new criteria, the combination of 3 items, for diagnosing LVH in patients
with CRBBB; meeting one of 1) S III=3 mm, 2) RaVy=11 mm and 3) RV;=26 mm, and to have
high sensitivity, specificity and diagnostic accuracy of more than 84%. Moreover, addition of 2 items,
i.e., 4) RaV 211 mm and 5) ST-T depression in leads V;g, improved the correlation between the
LV mass and the point of the electrocardiographic criteria; point 0:174+40g (mean+SD), point
1:249+57 g, point 2:328+65g, and point 3:568+39g.
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PERBE T TWAEEBRROLERZE R
i, DENCEEEREIEMCERTE, £
DBWENIELLET TS L vbhTnao.
DEAGEEEEOH THERHZVWEEEH 7 »
2 (CRBBB) filic 81} 5 £ B R ELER, =
RETIRIEOPREShATVWEY, EEEREL
12 FELEROER 20 TR LR £
72l unete,

EEEROFBMOREEIATE o K% &
v, BREEIRICE LN E P o, BET
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iZhotk?. 20LkT, FhiCXZEZRERLED
EXLoEZEICLT, LDEX»LEZBKD
BEZHRATSC L3, EHEREED TEER
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ZOMEDCEMIZ, Lz a—HhrbRDE
CRBBB fEflnA=ER L 12 FELER L 0F
1% & #at L, CRBBB iz} 3 EZBADLER
DWEELIERT L TH 5.
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HMREFE

1. 3 &

w53 1986 £ 4 B2 5 198943 B Tic, M
T—Fhza—KRE R X ¢ 12 FELERRE
DR 2 BREILANICHETT & 7z CRBBB o B4
58 45, etk 30 o4& Ft 88 4 (4Rl 18~86 5%,
H56%)Ths. £nd>b, WHO o2l
W TEIME X 21 i, Foflid £82 6 .0E
HEEOLOLZa—HREZEEINLOT
»5.

7%, CRBBB o¥Eix.LERE 1) QRS F
=0.12%p, 2) V; il rsR” ¥, 3) I, Vse 55
WoIEEY S BEE@E»3 b0 L L, REBK

@), TEFHEE QHl), PERELE O LR
B A4), BIOMFOFERLETLTa—KA
AEApE R E O ) i3xtgr b3 L.

2. M E—-FDIa—-RHOEHEE L VEHRLE

Dra—Fix YHP LB T R 2HKE
model 77020AC (¥Efh7/EHkEk: 2.5 MHz %7
¥ 3.5MHz) 2L, RROT A 2% v
L 22— % — model 77500B (4% v #EE : 50 mm/
sec) Tiogk L7=.

Lz —NEARKEL, EERAEETE
gL M =— FokExa—[ (Fig. 1) » 5,
iR o DEPEEE (IVSTd) L EEKREE
(PWTd), B IUE=RIHEHE (LVDD) &5«
N F—2HACTEHAIL, E=HEE (LVM) %
Penn iz Xk vk /.

{LVM (g)=1.04 [(IVSTd+PWTd+LVDd)

—LVDd3]-14}

P, EXEKIERER 2215¢% LHEL
Iz

3. R2FHOBROEFS L UEHAE

DEM BB TR&G L. DEFHZAAR
ELK =58 model 2800, model IE31 #fEH L,
BE 1mV=10mm »3%w3i 1mV=5mm, #
3% Y &EPEE 25 mm/sec TG L.

DEROREIZEAT 4 A F—BXULr—%
AL, 0.5mm B TFHALZ. FHAER I 12
FEo QRS o &£iRiE QRS FHERH
(AQRS) BX U V; FH#o.LE=EERMK (VAT)
Thbs (-, RAEICEREASR Vs FHo
ST-T FRBIUEH U koFELZHRF L.
7B, EEARIE Morris #53° 3 —0.04 mm/sec
UFobodl, B U BZ128ED> b0
%#E QT MifE& » Bt HiEoiRh
By, HEMCHL M U L LT@EMsh
%5 05mm PUEndbol L.
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Fig. 1. Penn’s conventional measurements for
determining left ventricular mass.
Measurements were made at the peak R wave and
endocardial echoes were excluded from the diastolic
interventricular septal thickness (IVSTd) and
diastolic posterior wall thickness (PW'Td), but were
included in the left ventricular dimension (LVDd).

4. HBOEE

2ZWiRe I 0 A%, true positive (TP), false
positive (FP), true negative (TN), false negative
(FN) 75, J&EE (sensitivity) # (TP/TP+FN),
K REE (specificity) & (TN/TN+FP), ik

FERAMT v v 7 w8 S LR DB B

(accuracy) # (TP+TN/TP+TN+FP+FN) &
LTEMETERD L.

5. & &t

B DA 5 K EERT o Heigtic Student’s t-test %
W, p<0.05 24 o THBEEDD L L1

& S

L bra-—-RIz&k3ETEROEE

JesEfE ki CRBBB 88 frilrf, ¥ifk 36 f5,
PEIBlDF 4561 (51%) oAk b, *OFH ek
B2 TH o i, EEGIZEM224), 4
PE21 FloFE 43 51 (49%) T, SEHFEIZ 49T
bole. AFEEHITE, 40 RN 16 flrp As B
i 441 (25%), 40 3% _E 60 gl < 29 i 11
Bl (38%), 60 EELL it 43 I 30 ] (70%) &
sz X Y e IR R o S HEN L 7z

2. KZERLOEROBG

DT a—h 6k b EBEEER I WES
e, DER?LE S EREOMAERKRIC
SWTHE L7 (Table 1).

feaR B (IVSTd+PW'Td) (3 U 8 o BT,
K RI L bivfal (r=0.57, p<0.01) #55%
L, ZEsfEdeg (LVDd) 3 EZUREFHE0E
fir, ¥z RV Lfg bR (r=0.48, p<0.01)
¥R L. %7, EE&ERE (LVM) i3 RI4+SIII
rofEp (r=0.60, p<0.01) BELE <, KNT
RI (r=0.57, p<0.01), RV; (r=0.55, p<0.01) »
ET&H -7z,

3. EEBEXICHTI2ERELEDRZERES

THETHFRTICX YV MESh Tl
¥R IS W T, E=EERKICHT 22HHEN
Hit L7z (Table 2). ZohT, WL
SIII+(R+S) fz K g #6 5% & =30 mm o> JLHE
(69%) A 11 EEOP TR bE» - 7228, JRE
(69%) B XOUEEEE (70%) 22D TENIEER
B ote. RICBWHEEE DA - 7201k AQRS
<—30°~—90° (66%) T, Z OIAETTE I FEE
(95%) %57 Lz hvekieix 38% o+ oz,

WICT 2 \C K 32 A8 HA = Mz,
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Table 1. Correlation coefficients between left
ventricular wall thickness and mass,
and various ECG parameters

ECG IVSTd+PWTd LVDd LVM

AQRS —0.28** —0.31%* —0.37%*
RI 0.57** 0.23* 0.57**
RII 0.01 0.00 0.04
RIII 0.03 —0.07 0.01
S III 0.42%* 0.23%* 0.45%*
RI+SIII 0.56** 0.30** 0.60**
RaVy, 0.52%* 0.20 0.50**
RaVy —0.04 0.04 0.04
SaVy 0.31** 0.19 0.33**
SV, —0.00 0.16 —0.08
SV, —0.18 —0.07 —0.17
RV, 0.28** 0.37%* 0.42%*
RV, 0.33** 0.48** 0.55%*
RV, 0.26* 0.30** 0.38**
(R+S) max in precordial leads

0.31** 0.41** 0.48**
SV,;+RV; 0.32%* 0.41** 0.50%*
VAT(V;) 0.35%* 0.38** 0.50**

*; p<0.05, **; p<0.01

ECG =electrocardiogram ; IVSTd=diastolic inter-
ventricular septal thickness; PWTd=diastolic poste-
rior wall thickness ; LVDd=diastolic left ventricular
dimension ; LVM =left ventricular mass.

Bokit 21774 o = (Table 3). *AINIEA R, E
W (EEERE<215g) oF3maib EEAE
JERDYEREEL L2 bDOTHS.

ZOER, DhiEE X SIII=3mm (77%), RI
+SIII=9 mm (76%), RaVy,=4mm (74%), (R/
S)III<1.0 (72%), RV;=18mm (72%), RI>
6mm (71%), AQRS<—30°~—90° (71%) » 7
HE A, SIHI+R+S) £ KK FEE=30mm
(69%) nE#EE ERI-7. L L, BEFWTH
HEL 70% LLFTHole.

T, HEROBMEE LML TEROHEE &
MArsdbt, BREF T FICRELTES LT
B 3R B % {772 - 7= (Table 4).

FoiER, 1) SIII=3mm, 2) RaVg=11 mm,
3) RVs226mm oWwFhn 1HEZRAD 3 L0

Table 2. Sensitivity, specificity and diagnostic
accuracy of the previously reported
criteria for the diagnosis of left ventri-
cular hypertrophy

Criteria Sensitivity Specificity Diagnostic
% % accuracy %

(N=45) (N=43) (N=88)
AQRS < —30°~—90° 38(17) 95(41) 66 (58)
RI+SIII=25mm  4( 2) 100(43) 51(45)
RaVy,=11 mm 13( 6) 100(43) 56 (49)
RaVy=20 mm 0( 0) 100 (43) 49 (43)
RV;=26 mm 31(14) 95(41) 63(55)
RVg=26 mm 0(0) 100(43) 49(43)

SV,+RV;=35mm  9( 4)
S III+(R+S)max in precordial

100(43) 53(47)

leads =30 mm 69(31) 70(30) 69(61)
LA overloading 7(3) 95(41) 50(44)
ST-T |in V4 9( 4) 100(43) 53(47)
VAT(V;)=0.05sec  9( 4) 100(43) 53(47)

N=number of cases.

L LIRS, BE (84%), FRE (84%),
ZWREE 84%) LbIRELFT<ChTwi. Kig,
EERAOEBEZLER»OHET S, 3
Hiz 4) RaVy=11mm, 5) ST-T FF (Vsore)
D2EBEMZ, F2 1RELTRABRLERE
BERLOBREAR (Fig. 2). zo#EE, 04T
13 174+40 g, 1 513 249+57 g, 2 5 cix 328+
65g, 34Tk 568+39g LBtV A O RBRITE
BEVRE DL,

% -3

EEEROLERBEICHG Sh 5 —ikEieH)
EHY%Ex, CRBBB %5 f TIREMEST ET
FRTERNESATWSY, #HE, EXEX
*ERER2215g LHRE LSS, Bx oK
<1, flxi¥ Sokolow 510 pfgipsFE A SV,
+RV;5..6=35mm, RV;, =226 mm oKEEI,
zhTh 9%, 31% LELLIBEVWLDTH-T.
ZoFEHEIZ CRBBB TRARNERENERITE
NTHHE SRR, QRS FEofkKR~R7 bAHART
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Table 3. Sensitivity, specificity and diagnostic
accuracy of our own criteria for the
diagnosis of left ventricular hypertro-

phy
Criteria Sensitivity Specificity Diagnostic
% 9% accuracy %
(N=45) (N=43) (N=88)

*AQRS < —30°~ —90° 53 (24) 88(38) 71(62)
AQRS 0°~—90°  38(17) 88(38) 63 (55)

*R I26 mm 64(29) 77(33) 71(62)

RI=11mm 9(4)  100(43) 53 (47)
*R I1=10 mm 18( 8) 84(36) 50 (44)
*R II1=8 mm 11( 5) 88(38) 49(43)
*S 11123 mm 67(30) 88(38) 77(68)
*RI+SII=9mm  69(31) 84(36) 76 (67)

(R/S)III<1.0 58(26) 86 (37) 72 (63)
*RaVp>4mm 69(31) 79(34) 74 (65)
*RaVp=8 mm 16( 7) 79(34) 47(41)

RaVp=11 mm 9( 4)  100(43) 53(47)
*SV,>5 mm 20 1) 79(34) 40(35)
*SV,=7 mm 11( 5) 81(35) 46 (40)
*RV,>18 mm 64(29) 79(34) 72(63)
*RV,=12 mm 44(20) 84(36) 64(56)

*SV,+RV;>24mm 44(20) 79(34) 61(54)
negative U(V; ) 24(11) 91(39) 57(50)

N=number of cases.

ErHicmbrv, AREFETIE S ERELIR
WL, ERESFECENTL T0EE8s 217 R
EARE T bLEXZLNS.

Murphy 5% 3 B#F 23 Ao HIRBER» o,
CRBBB it 8 2 EEIEXOZBHTICIEFEAR A
BLRWERE (RE 78%, HRE 19%) Thoiz
LHBELTWS. L, Dza—KEfAvnek
Leonardis »%, Vandenberg &% m#gatciz, &
BAMOBREIXZThZh 28%, 20% o3&,
Fx ORETD 7% LK -7z

Leonardis 52340 &l Lo s 5tk L,
EERREEERE=2215g LHELESHA,
SDHEEEOT TR OBRELE» > 20X
AQRS<-30° (52%) TholztELTVS.

SEEEMT v v 7 245 EZEAO.LERZE

Table 4. Sensitivity, specificity and diagnostic
accuracy of a new combination of
criteria for the diagnosis of left ventri-
cular hypertrophy

Criteria Sensitivity Specificity Diagnostic
% 9% accuracy %
(N=45) (N=43) (N=388)
1. a. (R/S)III<L1 or
b. RV3=26 mm 71(32) 81(35) 76 (67)
2. a. SIII=Z3mm or
b. RV;=26 mm 78 (35) 84(36) 81(71)
3. a. (R/S)III<1.0 or
b. RaVp=11mm or
c. RV;=226 mm 78(35) 81(35) 80(70)
4. a. SIII=3mm or
b. RaVg=11mm or
c. RV;=26 mm 84(38) 84(36) 84(74)

N =number of cases.

¥ 7z, Vandenberg »®i3AEEEZAREHET
BMEL, EEEXEBHE>132 g/m?, &4£>190 g/
m? LHFE LGA, 40 Rl E0E TRERE,
BRELbLICE» o720, SIII+R4+S) KK
MR E =230 mm (RE 68%, RRE 66%) &
AQRS; —30°~—90° oE#RAL (RE 59%, &
BE 71%), BIUOZhb=o0iEEoMAAD
& (REE 52%, K6 R 84%) Thol LHELT
wa. ’

WL LERBIVOERREROEREIRLR S
73, Vandenberg 59 L i ZIFRIENPERIZDOWT
Rt LS EOR « ORICRE W T b, ZERE
DEd o =z o iz SIII+R+S) BAMLpTHE>
30mm (RREE 69%, K RE 70%, BBIFREE 69%)
& AQRS —30°~—90° nAEflRAL (RE 38%,
BRE 5%, DEIRE 66%) Tholk. AR
ERA BRI ORREBNENDIRERERICE S LD
Thel, EMFiEE T v 7EFAOEER B Z &L
Pl LHEIh .

SIII+(R+S) AL FHER =30 mm i3, Ger-
isch &YW REMHIET v v 7 EH O EsIEARH
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LVMl=
800+t -
+ p<0.01
i N i e B
640+t +
480+ ¢
[ ]
320+t 4 .
i3
| 'q .
|
1604 !
0
0 1 2 3 POINT
N 43 30 12 3
MEAN 174 249 328 568
SD 40 57 65 39
Point score system
1. SHIZ3mm .........c00vnnn. i_l;oint
2. RVg=226mm ................. 1 point
3. RaVyzilmm................. 1 point
4, RaVg=21lmm ................ 1 point
5. ST-T| in Vggrge e eveeeennneenn 1 point

Fig. 2. Relationship between point scores of 5

ECG items and left ventricular mass (LVM).
Dotted bar shows the upper limit of normal range.
N=number of cases; SD=standard deviation.

FIEALLEETH S, EREELHAECE
WU SEEEN, Bk OERIEEER L HEANE
WIERFEEM OFIEESAHAE b I h TV B
W, thoEECHNFHREESEORIbDOLE
bh3. %7, E#fRiiix CRBBB tZ&{koX
& Z ihmoRgErEEZ T 2WE, BAO
REEEFOLOEBHENIBE L LTV,

Ehottbo tBbhs.

LHL, WFhicLTbH, #EkoHEEETE
BRI IS CE 3 R T OBHIEELBSZ L
13 ¢ &3, CRBBB % f 5 fEFNC i3 7= e Wi
ERNE LB bh.

SR~ i, 18ZLL o CRBBB jEH 88 4
PRI LT a—ErbRDI-ERERLE I12F
WLVEROBR RS L, CRBBB iy 5 A4
AD7=HDEERER (EEER=215g LEE) 2
WIHHERERRT B Z L 2 RA. ZTOFERE, BIE
BETRLEVRHRBELZ R LZOR, EFHOE
3mARILL Ew SR £ Lz 1) SIII=Z3 mm
(RREE 67%, K RE 88%, BWIREE 77%) Th-
7e. El, ZOREBICESEOBDWE#ETHD 2)
RV;=226 mm 3##A&b¥, FHEO WFhr %
BB b0 L LIBEA, HRER 84% LETIE
T LA, REIR 8% LtELkofc. EXEHE
RERBEE L ESIRNE» 5RO bh, EEEE
B L kit o i v SIIL 3 X AR
LHEOEY RVs 2 HAWiEEoEAE bEE,
REPHETIDEENTH 12

¥7-, EREAEEoPIE ST ok LHEK
+ % RaVy ok (RaVe=11mm) %75+ EEH
B4 9%) EH bhi-. SEIOKREFTIR, 20
HEHIELMICTERD o, RO
izt RaVe=20mm 0EERHZZE, Zn4
#plizvwFhb AQRS 3 +80° pikw, II, III,
aVp Fillic/h&h q BrfEo Tl R édm
b, EEEAMERMIC AQRS 2 EH~RAL &
EB LD THRL, EEBRROMHH 5V izELL
FOREEK, FHAO 7 ey 7 8L, %L
vy 7 0AHRESREELTWE b LERSH
fz. Lih->THIEE2HEB 2, 3) RaVy=1l mm
oEErFCME, Zhd3HEOWTh,E
BOBbOLTBE, BER 84% LERL, &
WU L LR BRECETEDDILNTE
7=.
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CRBBB Ef DL o —R A SR EERER
L R2HELERE0BRERIL, CRBBB
BT BEZERLERBEEEOIER &2 /.

. EEFEELHENE»>nix RI+SIII
(r=0.60, p<0.01), RI (r=0.57, p<0.01), RV,
(r=0.55, p<0.01) T 7.

2. EmEKOBW AL LT, 1) SIHIz
3mm, 2) RaVy=1llmm, 3) RV;=226mm o
3D L, WTFh»2RH5 L0 EEET
3. ZOBEEEORE T 84%, KR 84%,
BWHREEE T 84% TH o1z

3. 1) SIII=3mm, 2) RaVy=1lmm, 3)
RaVy=11mm, 4) RV;=26mm, 5) Vo6 ®
ST-T THOZYERKLAEZERIN R IVE
ICIEMB L, 0~3HB oM TIXBEY & 5 FHMT
Ho2RAEREE (p<0.01) 23b o7z,

® #

E2AM 7w v 7 (CRBBB) SEf|nEEEHE &
12 FELEROBREZEREMICHKRET L, CRBBB
BT BEZEXLEXDRIELE O ER & |, &~
7z. *t%ix CRBBB o 544 58 f], ot 30 fiod
A7 88 47 (Efh 18~86 5% P56 5%) T, RE
BL, OHEE, PEELEOCEREE O
= a2 — [ ORABRRESIIR L. EXERI
M £— Fihxa—» o 0EPREE, A£E#
BEE, EEJESZREFHAIL, Penn kick YK
Bic. LEMBEHFIMEAMLT, L= a2 —RRED
Bt 2 BRILINICEGE L. ODEROHIER
12 8wy 3 QRS Ko&iRiE, QRS EHE
Kih, Vs FEoLZRERME (VAT) Ths. %
7z, FIRRICEREAR, Vsors o ST-T T
BIURHE U EoFELRF L. EZBXE
EREBR=2215g LHEL, DA hET
HE SN 1HB LAFEORKE» S 22 A
L, AFF3BEBICO W TR L.

EEBEREGHEEFEOEN, £ RI LELH

SERAMT v v 7 4D EZBKROLEXZHE

WiERS (r=0.57, p<0.01) 277 L, EZEHIRY
R EARESFEOEMN, Fic RVs LELEV
#HEY (r=0.48, p<0.01) 2R L 7= %7, E=
EE 1 RI+SIIT LB LEVHERE (r=0.60, p<
0.01) #5;7L, &< RI (r=0.57, p<0.01), RV;
(r=0.55, p<0.01) DJETH - 7=.

EZRERCH LE LBHRBE &> 20 i3,
=Z=onigBoiEsrEbE T, 1) SIIIZ3mm, 2)
RaVy=1lmm, 3) RV;=226 mm, ow$hil
FHHERDBLDTh-le. FORKER 84%, &
BRI 84%, BEREEX 84% Thotz. %1,
hb3mEFII 4) RaVy=1lmm, 5) ST-T
TH (Vsore) D2IHEZMAELBEERLER
EREOBRE, BIMEA R LTI 174:40g, 118
Bk 249+57g, 21HE Tix 328+65¢g, 31EH
Tt 568+39g L ReFLIEFABBARE R L.
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