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Summary

The difference in the patterns of left ventricular hypertrophy (LVH) between the athlete’s heart
(Judo player: Judo-Ath group) and the hypertensive heart (HT group) was studied using vectorcardio-
graphy and echocardiography.

The both groups were classified into two types based on the pattern of a QRS loop vector in the
horizontal plane, respectively. One type (type II) satisfied the vectorcardiographic criteria of LVH
by Upshaw, and the other (type I) did not satisfy it.

The subjects composed of 12 Ath-I, 18 Ath-II, 10 HT-I and 16 HT-IIL.

In the Ath-I, the characteristic vectorcardiogram was demonstrated in the horizontal plane, where
an increased amplitude of an initial QRS vector was in the right and anterior direction. A mean ratio
of the thickness of the interventricular septum to left ventricular posterior wall (IVSTd/PWTd) was
1.20 (p<0.001) in their echocardiograms.

In HT-I, on the other hand, a decreased amplitude of an initial anterior vector and an increased
amplitude of a posterior vector were observed in the horizontal plane. IVSTd and PWTd did not
increase in these patients.
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These results indicated that an increased amplitude of an initial QRS vector in Ath-I is a reflection
of the increased IVSTd.

In type II, both IVSTd and PWTd were symmetrically increased.

Concerning a spatial maximum QRS magnitude and left ventricular mass (LV mass), there was
a significant correlation between the two only in HT-II (r=0.75, p<0.01).

It was concluded that there was some vectorcardiographic and echocardiographic differences
between the left ventricular hypertrophic patterns of the athlete’s heart and the hypertensive heart.
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2R —VBFOLERNEMICET s BE 3L
I, BhicheEFEE QRS oFEiRiEL QRS
B ok, Re2AM 7 = v 7, QRS EK#E R
itz ¥ OBENBESATHWS. LA LOERE
b L T RERIZS L DT 5> & BRE L 23R 13 72 v
X5 THB. 2R =Y LRERAIC bR 5ES)
AWITE VAT DIERE £ 2 LA ZV A,
ZOLERS RBEAR—VOBEICLY BAY,
isometric exercise overloading {2 X Y .(MEKAS,
% - isotonic exercise overloading IZ X ¥ .0ME3E
BAEL, WbwBERR—YLBEETS LA
Tn5.

Morganroth 58|z X 3 L, isometric exercise |
B ILESE & 7 3 REIRFIRAE & [F] L ATHRX T
DIEAZRT LHEL TV 523, isometric exer-
cise L EIMELE & DOIEERRAEZ L CRET
HDbDOLORFFRER TN,

AE, BriZRE—0HDH 5, isometric ex-
ercise IZX DMEKRER T LVbR T 5 HEE
FL, BIERE L OLEEFROER MBI
W, X7 bWLERAELWITLT a2 — K OMEH»
D HlERAT L 7.

MNERELUHE
S HRGFEEFY 8.3 £, FHEE 203 Ko
FERFBREFERTF (UT Ath ) 304 &, Mk

B 6.1 45, SEHEER 57.1 RoEmERE (X
T HT #) 26 £ Fvic. 2B0EBHLE,

WREESEF BRI L. WEEL LR MLE
X Frank #gHi#gzic kv, X, Y, Z FHE% data-
recorder IZEE8% L, FRFICEZHIC X v QRS
ez,

Upshaw?® iz k5 Ry ¢ LERESEARRYRE
AV, X7 bVDERKFERLE LY Ath B,
HT Bomitsz, zhZh

I #4: QRS w37 THEBMREIER S RICE Y
LT, Upshaw oE#ER iz S 2 b 0.

IT #: QRS |PES THEARY bABRES
MiZEE Y L, Upshaw nE#EZ AT 3 .
LITKRBIL, Ath-I %112 4, Ath-II %I 18 4,
HT-I %110 4, HT-II % 16 4o 4 >0 HElic4y
i 7e.

P FRER & bAYER QRS BEALE 10, 15,
20, 30, 40, 50 3 X 1r 60 msec Fr D FHEh OB
B2 b, B XU maximum QRS )~ o
KE&LFAERMEL, &5k¥EmE QRS B
KEFBS Rx), BR#EFHms (S2) &AL,
Rx+Sz %3k, [FIRFICHIZER L To maximum
QRS Ry brORESEFRAILEKRD .

Dxza—izA>xzf EUB 10B 2 v, OEE
Bicky fiExmEoL, M £—FKhxza—K
BEGE L. FEFL L, EXEIREHNOLEEA
% (LVDd), F=#%egE (PWTd) & XoubhEs
fEegE (IVSTd) #EHIL, & 5iz Devereux o
RO Xy EELFER (LV mass) 2Rk 7.
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Fig. 1.
athletes and patients with hypertension.
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The configurations of typical vectorcardiograms (VCG) in the horizontal plane in

Ath-I=Athlete-type I; Ath-II=Athlete-type II; HT-I=Hypertension-type 1; HT-II=Hyper-

tension-type II.

Type I: not satisfied the vectorcardiographic criteria of left ventricular hypertrophy (LVH) by

Upshaw.

Type II: satisfied the vectorcardiographic criteria of LVH by Upshaw?®.
In this figure, the configurations of Ath-I and HT-I show VCG without LVH pattern, while those

of Ath-II and HT-II with LVH pattern.

B

1. R MPVOEEHRR

Fig. 1 a£8lozhzh 1 EH okEER QRS
BORy FALERTHY, LB Ath #o 1
e I &, FB» HT #o I 8L 11 BEich
%

#

Table 1 3RDB D 4+ B> T, KEH
QRS A L v 10, 15, 20, 30, 40, 50 5 Xt
60 msec FFDEHBEER Y P ADF L KRS &
KbLicbDThs. LEFRHS TH3PHR
7 b 10msec BROEH R 7 P L DK E ST
HT-I, HT-II ©zhZ£hFEH 0.15mV, 0.17

mV T3 olckt L, Ath-I, Ath-II 133524 0.26
mV, 0.28 mV L FEITHEAL Tz (p<0.001).
15msec B EHR7 M0 KE SIZBNT D,
[RIEpiz Ath BEA#IK LTz, 60 msec B
By sroFEE Ath-1, Ath-II 72 hZFh
—115.3°+14.0°, —1074°+15.0° =, HT o 2
BLH~NAERE~RMLTWe. %7 Ath #o
60 msec FFo k& & I 8, II &L iz
oz,

Fig. 2 ;3 Table 1 TCOEHBRIER 7 ML B X
VAFEEEFZER QRS 7 rroFLkE s
Xy, #HRICHN- QRS BTh 3. Mokix
Ath #, Aix HT #c, zheh | #eps
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Table 1. Vectorcardiographic data of mean instantaneous QRS vectors in the horizontal

plane

10 msec. 15 msec. 20 msec. 30 msec. 40 msec. 50 msec. 60 msec.

Ath-I Direction 99.5 95.4 60.8 22.3 —21.4 -—-90.2 —-115.3
+24.0 +22.0 +27.4 +16.8 +48.3 +48.1 +14.0

Magnitude (mV) 0.26 0.44 0.70 1.15 0.96 0.78 0.62

+0.07* +0.08 +0.34 +0.27 +0.51 +0.34 +0.34
Ath-II Direction 109.7 96.1 74.8 12.4 —-2.56 —=32.3 —107.4
+31.4 +18.6 +27.5 +30.7 +26.4 +29.9 *15.0

Magnitude (mV) 0.28 0.43 0.46 1.04 1.73 1.18 0.67

+0.27** +0.41 +0.21 +0.30 +0.32 +£0.31 +0.26

HT-I Direction 97.1 80.1 58.0 16.5 —41.6 —=76.9 —91.1
+42.1 +29.2 +43.9 +£32.9 +34.9 +35.9 +30.7

Magnitude (mV) 0.15 0.27 0.64 1.19 1.04 1.13 0.81

+0.12* +0.16 +0.40 +0.49 +0.47 +0.46 +0.36

HT-II Direction 118.4 85.8 56.1 13.4 —-11.8 —44.4 —86.6
+42.6 +27.9 +41.1 +17.0 +25.9 +35.0 £26.8

Magnitude (mV) 0.17 0.21 0.47 1.28 1.88 1.30 0.78

+0.11**  +0.15 +0.27 +£0.35 +0.66 =+0.72 +0.53

* p<0.001 (Ath-I vs HT-I), ** p<0.001 (Ath-II vs HT-II).

I : dotted line
II : solid line

180°

Data expressed as mean+SEM.

Fig. 2. Schematic diagrams of the vectorcardiogram in the horizontal plane in athletes
and hypertension groups according to the Table 1.

<, I BeEmckblTws. HT #HomE
L4 QRS Bo E#KETO 55 o8 Ath
Bt~k & <, QRS B0 IHI~X s b
Ath #op I 7, II #ir 4 HT BRIV E
BiFREIVHLTWE. ¥k, #hZzh 1l #c
OAEREREK QRS X7 rroFHEKE EDE

gz, Ath-II © —9.83°, 1.76 mV, HT-II <
—7.54%, 2.14mV ¢, HFKRK QRS x7 b~
o FERRE: HT #ic b~ Ath BT X Y BE
BRI B - Iz

Table 2 i3A¥HE QRS BEAEFHH DK
&5 (Rx), BR#EHFHESDOKE & (Sz), spatial
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Table 2. Vectorcardiographic data of each parameter

Rx Sz*

Rx+Sz

Spatial max. Frontal plane

magnitude Max. vector Axi

(mV) (mV) (mV) (mV) (mV) 1
Ath-I 1.31+0.21  0.68+0.37  1.99+0.33  1.83+0.38  1.72+0.44  37.7+15.8
Ath-II 1.7240.35 0.70+0.26  2.42+0.39  2.26+0.38  2.19+0.37  38.5%+ 7.3
HT-I 1.2540.38  1.12+0.52  2.42+0.64 1.82+0.62  1.37+0.46  19.6+16.1
HT-II 2.05+0.45  0.82+0.43  2.87+0.83  2.30+0.55  2.26+0.49  22.4+13.9

*. HT-I vs HT-11:p<0.05; HT-I vs Ath-I: p<0.05; HT-I vs Ath-II: p<0.05. Data expressed as mean

+SEM.

maximum magnitude 35 X O'Ei%EE QRS H&
KRZ PV OKEESLEOBRHERDLILLD
<$ 5. Sz i3 HT-1 it TFEH 1.12mV L
o 3 Bic LRARI (p<0.05) THEKRLTH
p, HT-II izswvcix HT-I iclh~BEC (p
<0.05) FHLTWBbDD, Ath o I8, II
Fiz e <t if HEAERAIC S - 7z, Spatial maxi-
mum magnitude 3 Ath #, HT g II &
DIES NENEFHREY 226 mV, 230mV & I
BUZ AR LTV, MERIETELALL
fedro o, BiAEE CoESE <, HT-I, HT-1I
Ly EEmE R Lok L, Ath Bamile
LIEFE#ENTH - 7.

2. Dxa-EmRR

Fig. 3 3 &80 zhZz2h 1 EFlo MIEBFET
CoELEN M £—Fhza—HThY, LE
25 Ath g I 2 II #, FEMN HT #o 1
e Il #iths.

M ®— Fhza—RKX ) FHIL 7 SR OHEE
kcoLEENR (LVDD), EEFREB LT, %
BEnEEE (IVSTd, PWTd) ofEiz Table 3 i
sfL7-. LVDd iz Ath-I 54.843.5 mm, Ath-
II 55.5+4.4 mm LFHFOBITIZEZ 2 o T
725, HT # iz HT-I 44.1+4.8 mm, HT-II
48.5+53 mm & II ElcHEER A D - 7.

IVSTd & PWTd & ohikcix, Ath-I
IVSTd 2% 10.7+2.0 mm, PWTd »s 8.9+1.7
mm rOEPEEAEERR (p<0.001) Evonic

% L, Ath-II x IVSTd # 10.6+1.7 mm,
PWTd # 10.74+20mm & i2ERIE0ETEE
3oz, i, Fig. 4 ITRTZTEL, D
EhfEEEE L %R L ol (IVSTd/PWTA) i
Ath-I = 120, Ath-II < 101 ¢h Y, HED
fliz p<0.0l oFELRZEERBD .

—%, HT g¢<ix HT-I i IVSTd 28 9.6+
1.3 mm, PWTd 23 10.5+1.6 mm L#%EEE DI
SHBEWERICD » e, FEEZEIBD b o
HT-II iz #h#h IVSTd 11.3+2.5 mm, PWTd
114422 mm r 2FFAE0ETH -7 (Table
3). %7, IVSTd/PWTd < HT-I i1 0.92,
HT-II 3 099 ©% Y, W& OMICIHEEEIRE
» b ol (Fig. 4).

3. EZOHESR (LV mass)

Devereux »3X,

LV mass=1.04 {(LVDd+IVSTd+PWTd)?
—LVDd3} —14
XY ki £Bo ERLFERT, Ath HTR
Ath-T 2% 260.6+77.6 g Th 5B nizx L, Ath-II
1% 297.1+74.3 g L #EIMER I & - 7 (Table 3).
HT <z HT-I 28 185.6+40.0g TH 5 Dic
L, HT-II %, 267.6+100.7g : BAEIT (p<
0.05) #n L T v 7= (Table 3, Fig. 5). %7z,
Ath-1 13 HT-I iclp_EER (p<0.02) #ink
R L7 (Fig. 5).
4. Spatial max. QRS magnitude & LV mass
Enmpmk (Fig. 6)
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Fig. 3. Typical M-mode echocardiograms in athlete and patient with hypertension.
IVSTd is significantly (p<0.001) greater than PW'T'd in Ath-I, while there is no significant diffe-
rence between IVSTd and PWTd in HT-I. Both IVSTd and PWTd increase symmetrically either
in Ath-II and HT-II compared to Ath-I and HT-I.
IVSTd & PWTd=end-diastolic thickness of the interventricular septum and the posterior wall
of the left ventricle.

Table 3. Echocardiographic data of each parameter in Ath-I, II and HT-I, II

LVDd IVSTd PWTd LVWT LV mass

(mm) (mm) (mm) (mm) (8
Ath-I 54.8+3.5 10.7+2.0* 8.9:+£1.7* 19.6+3.5 260.6+77.6
Ath-II 55:5x4.4 10.6£1.7** 10.7£2.0%* 21.3+3.2 297.1+74.3
HT-I 44.1+£4.8 9. 6113 10.541.6%* 20.0+2.6 185.6+40.0

HT-II 48.55.3 11.8:E2. 5%* 11.4:£2.2%* 22.7+4.5 267.6+100.7

LVDd=left ventricular internal diameter (end-diastole); IVSTd = interventricular septal thickness (end-diastole);
PWTd=left ventricular posterior wall thickness (end-diastole); LVWT=left ventricular wall thickness (end-
diastole); LV mass=Ileft ventricular mass.

IVSTd vs PWTd: * p<0.001, ** N.S. Data expressed as mean+SEM.

— 618 —



IVSTd
PWTd
1.4¢
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—P<0.01-

—P<0.001—

I

1 1 1 1
Ath-1 Ath-II. HT-1 HT-UI

Fig. 4. Comparison of ratios of the thickness
of the interventricular septum to left ventricular
posterior wall (IVSTd/PWTd) among four types.

Ath iz I &, II B b 2hFh r=—034
r=—001 t4afgx b -7-. HT g <z, HT-
Iz r=026 L4EEHIZ b o728, HT-II 2o
WTit r=0.75 (p<0.01) L HFEAHEBELED .

% ES

1. HT BzHHZ T bIDOER EO0a—-EHO
BAfR

Cabrera 511243, & MLEE - KBIRFIASEE
D & ) REZOIHEHATR &, KERFASHTL,
BRERFED & 5 » EE 0 HRHAR L2 K5l
L, RZ MLBHFIROBENEHELTHS.
05, EEOIMEHMATR T, ARIEICHD
Q BTHB FHRY MABIEND Fiid Hk
LTkY, QRS BAEERHHH DV ZEHICHH
> ThDRESHEFMIL, KK QRS R4
FE I BRABERL TS RT3,

Hx opE iz, HT-I okEHRE QRS Bo#)
R PR LETHCE P> ThbES~, *
LTKREL EBF~R7 b RALL, 50 msec
RHECRFRAVBRRE 2D ZhigxtL,
HT-II <ix 10 msec B+ 60 msec B> X7 k
AoFRERE ST HT-I r#EEsroi. L
AL, 20 msec BECHIFS A, 50 msec B TH

ZAR—= VLB X URBILENT BT 5.0 EEHR

LV mass(g)

400}

300

T

200

T

!

-P<0.05-

100 P<0.02

] 1 1 A
Ath-1  Ath-II HT-1  HT-1II

Fig. 5. Comparison of mean values of left
ventricular mass (LV mass) among four types.

FRABELIRBYL, 40msec BETIIRELE
Fr~FEHL, max. QRS x» r i 2.14mV &
WRKLTWk. ZhiEbza—F2»060FA
(Table 3) <, HT-I T EBHIE, ZEREHEEL D
BERERTHS, HT-II ciiEdiE, &£
=HgeEL Ly HT-I ChBELTRY, BHHEE
CECEEERR A TWS D, FEOEESN
BHHICHBR LW S bItEEEHEEIHR Ry
FBBloEbheRRIZCE B3 b0 L EXDR
Iz.

2. Ath BIz&HIT3 XY FMIVOEBERE LTI-FD

ESTER

Ath gEci/AFEmEROH QRS ~ 7 kv 10 msec
BoEH oK E &%, Ath-I, Ath-II ¢33 HT
BCH~EEIC (p<0.001) #AkLTHY, B
FEERBIT 07 F VOB £ 3k s
Moz, 15msec BRIZEBWT Y, EHF~EBER
> TROY, EEOIEHATMEERED 23
BRI 72 o 7= (Table 1, Fig. 2). [z =
—E» 1%, Ath-I CREEICH~LEPRENRE
Elz (p<0.001) EL (z» 5%, IVSTA/PWTd
>1.3 1312 5l 4 )T & - /), Ath-II i3 Ath-
I £ IVSTd @3Zbbirna, PWTd EL %
2 T3, ZoZ kXY, AthBFHoOIHixs b
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Max.
QRS mag.(mV)
3.0 o
o
o o o o
A AAA o (o] [e] o
o o
2.0 °
o ©° oaoQ
A ba A A
A
1.0F Ath—1 A n=12
r=—0.34
Ath—II O n=18
r=—0.01
1 1 1 1 J
100 200 300 400 500
LV mass(g)

Relationship between maximum QRS magnitude and left ventricular (LV)

Fig. 6. (a)
mass in the athlete’s heart.

Max.
QRS mag.(mV) °
3.0} o ©
o
o
o o ° °
2.0- AgA o o
N
Loo
a8 a HT—1 a n=10
X r=0.26
1.0}.
0 HT—II o n=16
r=0.75
P<0.01
700 200 300 %00 500
LV mass(g)

Fig. 6. (b) Relationship between maximum QRS magnitude and LV mass in the hyper-

tensive heart.
A significant correlation is shown between maximum QRS magnitude and LV mass only in HT-II.
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DOWRITLEFREAMICEI D b0 LEX LT
%7z, BELEORELRERM X Y Ath-1I ©wo 40,
50 msec BpDEBF~DIEY H LT, BE~IEE
BRALELDEEZ SN (Fig. 2, Table 3).

3. HT gL Ath BLODEEHFROLE

I B¢z, BIUERGTLEPREEE, AE%EL
LEELTRLT, AREVehoTc. ThiTH
L, Athlete #3911 QRS <7 kA OAHITH~
DERY, FERLEFREECHKICKMEh
TnwaeExbhi.

IT Bci, mgEed 1 B cofEd s 04
QRS <7 b FHEBHIRI A TV 72 45, max.
QRS 7 p @R LEZ ol X1z, BE
JE{, symmetrical [ZEE L LKL Tz,

4. Spatial max. QRS magnitude ¢ LV mass

& DB

Uhley 594, Bi— oD F#HEOTEBHEAL L E
B LIEROH oIz EZ 2 <, LAEBREED
H#iNAS magnitude IR &5 LR|EL TV 5.
L# L, Massie %43, E=EKRKicks QRS
magnitude DK & LT, LMFIEKIC X 0 .OfFER
HEOTEMTEmAE LML, Z DD NIRRT SR
L current flow 25h14 % Lk TW 3. Fiz,
Bennett 51930z o —K & O SEROE
EE (LV mass) ¢ QRS voltage ¥ offic+EE
BHoTlcLBRTWS. Fill o9 3RO ELIER
£ spatial max. QRS magnitude ¢ LV mass
EOMICEERHERD S LHRELTH 5.

Tx bROMEDERERI O H 5 HT-II 2k
T, max. QRS magnitude & LVmass & nf
iz r=075 rRWHEERE L. LHALAR
b, FEEFIIMEE QN AEATOMES O
AIREME 72 & A% max. QRS magnitude 2§58 % &
ELclw, fHRRZ LWL niEx bhik.

5. DEEHXOBFIZONT

—RICMERE & L THROHAHE & RBLE
I X 52 K% <, Windkessel ZoFH
ik, BROLEE2ECLEELT3L nwbh
TWa.

ZR— VLB LUELENTET 3 LEREER

Welzer & Boger!? 3@ MERE % 1BRIFH
@y, 1) DRMER, 2) RBERE, 3) &
HHRERR, 4) 1)~3) oRABRIHEL TV 5.
BILERE OFIH, SHER ciLAME MR
Hon3n, %, BERIC,3 L aRMBIEGIT
BRL, DHHEZERFHEEL 2> TL 51819,

ZDEHRBAFOBEKRKIZX Y EED compli-
ence DIET & DFIEKRE E-TET, R bV
LERIZS QRS magnitude miEik L LTRE
h, HT-II @ pattern 2L T 3bnLEX
Bha. i, —RRICHHLEIC L B IR, g
BROBNFINREL 2B b TN SO, Ha
DIEH] TH Fn AR 40~60 FZE P KEE L,
HT-II 3REBERE O & 4 70 BILERE A5l
LBbhil.

Athlete B EHFIL EE 19~23 BoOFZEEF
(REENS~4EH) TH 34, —RICKEAR
EHTREFOBREEENEEY, OHEHEN X
DEIRELR->TL 3. FHIFELLT, iso-
metric DEBIAR TH 3 & &h 5 352, isotonic
PELH Y, BILECAFKN LIV LER-T
WBEREMEY D 5.

Z » isometric exercise overloading izx}L,
LR EZIRAYBREBRESEEH, b
IZ autoregulation 2 X Y [MUFESHEA 2R LT
IS5 X925, Lirl, BIEETHD
NARMIESL oA E, Athlete #f CIESRIC
BLLABOLTEY, FRHICLEEETHS
ZEIZEVEWLDLEDbRB.

Z DX O IMITHERNIC, B1IC Athlete BT
i REGEBAT T X 5 DINKE 123, Hyper-
tension #f T &RMIEHHEM (- ATTHII) 50
BRI »bFHEL, SEIOF—2ICHBN
528K, X7 ML ERLEEZEK pattern %
LT I BlizigwT, Athlete #f (R
F) ik QRS I~ bV ERT LERREEEN
BEEICHRTIEE L, —J, Hypertension-I <
BIEEZELALHZONT, HEEORICHESE
ook, LaL, 1I BCIxmEEL
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LEFARBERRATETWS bD EEZLR
7=.

-3 #

AR =V (FEBF—Ath #) L BUERE
(HT #) o LIEEFROZRERD 51w, <2
FALEBREB I OLT 2 —HE Ay THBHRET L
Iz,
Wit L b, Upshaw R/ M LBRIEEIEK
EHEL Vv, AKFHE QRS o pattern kv
oo, 1 #: QRS B|ALES T HBAFIHRS A
IEYH LT T, Upshaw m3#E % 2z S o1
b, 118 : QRS |/RES THRRRY b ABE
HHicE v L, Upshaw of#s2 Zizd b L
iZkBL, Ath-1 12 4, Ath-II1 18 4, HT-I 10
4, HT-II 16 4 o 4 Bliz43 13 7.

Ath-1 <i3/kFi QRS g1~ 7 s v O ARTH
~DOEARBEHNTHY, Lza—FE, HED
fReE L Ems%EE L ol (IVSTd/PWTd) 3 1.20
LEEIC (p<0.001) LEHREOIE S HED - fz.

LA L, HT-I ©ix, A¥EEEicsWT, 9
R PVOKEEDORD BRI R bR DO
Kb otehd, PREEE, HEEL LEEE QMM X
UHEERICAEEZ I 2o 7.

ThbofEE Ly, Ath-I » QRS I~ +
NOERGLEFROBEICRKBEALTHNS LD
LBbhi.

II ®lcix, ML I BC B <X symmetric
EREOEK L, ERZLMIEROEARD -k

% 7z, spatial maximum QRS magnitude &7
FEOGEE Lo Bz, HT-II oxiz r=0.75
(p<0.01) oFELHEEARD - /2.

kXY, 2EB—vibLEIEDLE TR, 20
DIEEERI, Dza—RB IRz b bER
E, WERHZEREZRBD .

X #
1) Ganse WV, Versee L, Eylenbosch W, Vuylsteek
K: The electrocardiogram of athletes comparison

with untrained subjects. Br Heart J 32: 160, 1970

2) Smith WG, Cullen K]J, Thorburn IO: Electro-
cardiograms of marathon runners in 1962 Com-
monwealth Games. Br Heart J 26: 469, 1964

3) Venerando A, Rulli V: Frequency morphology
and meaning of the electrocardiographic anomalies
found in Olympic marathon runners and walkers.
J Sports Med & Phys Fitness 4: 135, 1964

4) Zeppilli P, Pirrami MM, Sassara M, Venerando
A': Frank vector-cardiogram in athletes of different

sport activities. J Sports Med & Phys Fitness 19:
371, 1979

5) Arstila M, Koivikko A: Electrocardiographic and
vectorcardiographic signs of left and right ventri-
cular hypertrophy in endurance athletes. J Sports
Med & Phys Fitness 4: 166, 1964

6) Parker BM, Londeree BR, Cupp GV, Dubiel JP:
The noninvasive cardiac evaluation of long-
distance runners. Chest 73: 376, 1978

7) Bekaert I, Pannier JL, Van De Weghe C, Van
Durme JP, Clement DL, Pannier R: Non-
invasive evaluation of cardiac function in pro-
fessional cyclists. Br Heart J 45: 213, 1981

8) Morganroth J, Maron BJ, Henry WL, Epstein
SE: Comparative left ventricular dimensions in
trained athletes. Ann Int Med 82: 521, 1975

9) Upshaw CB ]Jr: Simplified clinically applicable
vectorcardiographic diagnosis of left ventricular
hypertrophy (Frank system). Am Heart J 74:
749, 1967

10) Devereux RB, Reichek N: Echocardiographic
determination of left ventricular mass in man.
Circulation 55: 613, 1977

11) Cabrera CE, Monroy JR: Systolic and diastolic
loading of the heart II. Electrocardiographic data.
Am Heart J 43: 669, 1952

12) Cabrera CE, Gaxiola A: Diagnostic contribution
of the vectorcardiogram in hemodynamic over-
loading of the heart. Am Heart J 60: 296, 1960

13) Uhley HN: Studies of the transmembrance ac-
tionpotential-electrogram, electrocardiogram and
vectorcardiogram of rats with left ventricular
hypertrophy. Am J Cardiol 7: 211, 1961

14) Massie E, Walsh TJ: Clinical Vectorcardiography
and Electrocardiography. Year Book Medical
Publishers, Chicago, 1960

15) Bennett DH, Evans DW: Correlation of left
ventricular mass determined by echocardiography
with vectorcardiographic and electrocardiographic
voltage measurements. Br Heart J 36: 981, 1974

16) FugHl, HMFRL: EZEKX BKLHE 55:
3067, 1968

— 622 —



ZH— V0B X UELEMN BT 3 LEEERFR

17) Welzer K, Béger A: Die Dynamik des arteriellen 1979
System. Der arteriellen Blutdruck und seine 21) Sugishita Y, Koseki S, Shintomi Y, Asai K,
Komponenten. Ergeb Physiol 41: 292, 1939 Yamaguchi T: Clinical studies on the cardiac

18) Bello CT, Sevy RW, Harakal C, Hillyer PN: hypertrophy and dilatation, with special reference
Relationship between clinical severity of disease to the classification of athletes’ heart mainly by
and hemodynamic patterns in essential hyper- the use of ultrasonic cardiogram. Jpn J Med 17:
tension. Am J Med Sci 252: 194, 1967 292, 1978

19) Cohn JN, Limas CJ, Guiha NH: Hypertension 22) HEHE—, ¥ R, O, ARAKIER, SN
and the heart. Arch Int Med 133: 969, 1974 Fn=: @EHIcE T 3% REGHAFEEOOKIG DR

20) fREZRW, FIEMEIL: WIMLELE RIS 5 MITH¥H) 7. BEREMRERIUE 27: 237, 1975

B —FERAOSTE N > D EE—. B AR 37: 3375,

— 623 —



