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Table 1. Classification of subjects by clinical dia-
gnosis and electrocardiographic findings.

| B K BN L B B PR R
. @ P 2HER M TR
b | ARMIBEMEANE TR
j 2 | SHIBRMBNTIR
1| meERRne b | HRBEHERRYE TR
a | EfRBHREEMmETE/L
b ERFAREL U
m| Emck® AR MR T
c.| AERRAR.C R EEE
C.| FTERUBER
1 2~ rA—LREF EEEX
V| EmEE 2 arrR-ALTR EEEX

group I-a: healthy controls with po-
sitive T waves in all pre-
cordial leads

healthy controls with ne-
gative T waves in right
precordial leads, so-cal-
led persistent juvenile T
wave pattern

patients of neurocircula-
tory asthenia(NCA) with
positive T waves in all
precordial leads

patients of NCA with ne-
gative T waves in right
precordial leads

patients of ischemic heart
disease(IHD) with ische-
mic T wave changes in
left precordial leads
patients of IHD with ne-
gative T waves in right
and ischemic T waves in
left precordial leads

group I -b:

group II-a:

group II-b:

group IIl-a:

group III-b:
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group IlI-ci: patients of antero-septal
myocardial infarction

group [ll-ce: patients of inferior myo-
cardial infarction

group V-1: patients of well-control-
ed hypertension with ele-
ctrocardiographic findings
of left ventricular hyper-
trophy(LVH)

group IV-2: patients of insufficiently
controled hypertension
with LVH.
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Table 2. Distribution of the number and age
of studied cases.

group male female total

[ 2 N=19(42+10) |n=5 (45+10) |n=24 (42%+11)
b 4 (39+ B) 21 (42%16) 25 (42+15)

n L2 3 (31£ 9) 9 (52+13) 12 (47+16)
b 3 (44%17) 8 (57%12) 11 (53%15)
a | 16 (60% 9) 13 (58+10) 29 (59+ 9)
b 2 (68+ 1) 26 (56+12) 28 (57%12)

E c,| ™ (5=x11) 5 (55+14) 17 (56%12)
c, 7 (56+10) 0 7 (56+10)

v 1| 10 (43% 9) 6 (58+10) 16 (49%12)
2 7 (58%10) 3 (66 3) 10 (61% 8)

total 83 (50+14) 96 (52x15) | 179 (51%14)

n: the number of cases studied
( ): mean age + SD, group: see Table 1.
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Table 3. Effect of propranolol on heart rate, RR, PQ, QT and
rate-corrected QT intervals (QT/ /RR).

group [Heartrate™2o| RR sec | P-Q sec | QT sec | QTA/RR
before after before after before after before after before after

) W * " * '3

2 | 65£11 s9x77| 0.9 1.05 | o.16 0.17°| o0.38 0.39 0.398  0.380
+0.14 +0.14 | +0.03 +0.03 | *0.03 =+0.03 | +0.025 o0.022

I 2 LR ] X * *
p | 029 BT 0.87 1.00 | o0.16 0.17| o038 0.3 0.405  0.385

+0.11 +0.12 +0.03 +0.03 +0.03 +0.03 +0.023 +*0.030

. | 6= 6615 | 0.8 0.98 | o0.14 0.15 | 0.37 0.38 0.407  0.385

+0.25  +0.22 | £0.02  +0.02 | +0.05 +0.05 | +0.022 +0.025

II o * n I3 *
NI 0.81 0.9 016  0.17 0.3  0.37 0.402  0.386

£0.10 *0.11 | 0.03 +0.02 | x0.02 +0.02 | *0.007 =0.017
BEREE IKE 00| o  on | om o03% | osz o3|

+0.16  +0.16 | 20.03 +0.03 | +0.05 +0.05 | +0.035 +0.037

L E ] > * * L3 ] *

o | o1 exld [ 0% 0.98%| o016 o017 0.38 0.46"| 0.406  0.39

+0.15  +0.15 | +0.02 +0.03 | +0.04 +0.04 | 0.022 =+0.023

m 5 E 1 I3 >
o | oz el | om0 0.9 | 0.15 0.8 0.36 0.37 0.38  0.378

£0.16  +0.18 | *0.03 +0.03 | *0.03 *0.03 | *0.030 =0.031

.| 88 go+7 | 0.92 1.0 | o061 017 | 038 0.0 | 0.397 0.3
+0.15  #0.10 | £0.01 +0.01 | £0.05* =0.05 | £0.029 +0.033

, | 7210 58+8 | 0.91 1.067] 016 016 | 03 o4 | oen 0.3

v +0.13  *0.13 | 20.02  *0.02 | +0.05 =+0.08 | *0.03¢ =+0.031
, | =12 5746 | 0.9 106 | 07 018 | o030 o3 | o040  0.390

£0.15  *0.11 | +0.03 +0.02 | *0.03 +0.04 | *0.027 +0.028

Values are given in mean + SD of each group.
before: before administration of propranolol.

after:
* p<0.05,

group : see Table 1.

Table 4. Changes in percentage of heart rate(HR),
RR interval(R-R), PQ interval(P-Q), QT
interval(Q-T) and rate-corrected QT

interval(QTc).
group | AYHR | A%RR | A%P-Q | A%Q-T A%QTc
al —9x9 | 412412 | +4x5 | +2x5 | —4=%3
! b| —12+6 | +15t8.] +4+5 | +3£5 | —5%5
al —12+10 | +15%13 | +5+7 | +2+4 | —5%6
I b| —13£7 | +12¢5 | +5+7 | +4x4 | —4%3
al|l -10£7 | +1229 | +3+6 | +2%x4 | —azx4
b| —10t6 | +11+x8 | +4x8 | +3%5 | —2%5
i c| —oxe | #1128 | +4x6 | +3x4 | —2%4
c.| —10+9 | +13%13 | +4+4 | +5%7 0+4
1| —14x9 | +17+12 | +3+9 | +4x6 | —3%5
v 2| -u+9 | +13x13 | +727 0+7 | -3=+3

Values are given in mean + SD for
each group.

after administration of propranolol.
* p<o0.01

F 7213100/ F UL Loz A sk 57z, T
BizhoBE L ) R0.0dB 8 S Ea A A LN
72. propranolol ##5ic L ) ZREICHEHBL 2%
1Ll RR, PQ, QT MR NHIER S & 1 QTc Mk
LTHotz, LI ONOBLRSICLY
BEICED L 725, WL RRIC % - 2 EFI
Abhhh72, ZNLNELEBFETRY
ERANTELT, LIABIT BB L L TFEH0%
DL ERL 728, FOMNEBIZ 5 BHiED
FlhERTICEEE -2, BSISRT LIS,
FEHB L RREBEOEB L ICHEENHEE LR
PoYad -5 &0 g RPN AN

— ! decrease, + . increase,
group : see Table 1.
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Table 5. Correlations between changes in percentage of
RR interval(X) and of PQ interval, QT interval

2. REmNEI (%6)
RESIZI-aBnI, aVr, I-b

and QTc(Y). BV, V3, lI-a®ED 1, aVg, aVL,
Y A%P-Q A%Q-T A%QTc I-b#n 1, Ill-afoll, N-b
P a T P q v e e e
group P13 L BOVIDEFEIIBTHERED
[ el o 22 o | om 22 o8] -0 ~3.38 —0.40 e :
b| 0.9 —0.17 0.47°| 034 —2.456 056 | 0.2 ~531 0.03 WPEmLEZ, ZLTRT, &8
g oo 2a o —0.09 4.57 —0.12 | —0.17 —1.78 —0.26 IRt EL, BEENDRBALZ2HD
b| 022 1.2 042 | 009 010 034 | —-037 05 —0.80" -l BT RES L UT BE
-
a| —0.12 4.2t —0.19 | 0.4 —0.10 0.32 | ~0.21 —1.14 ~0.45 -
DAL & s DL L D
o e om s om 0.16 141 026 | —0.25 0.35 —0.37 BT & AR BALEH
- e =7 -
c.| 006 28 009 | 014 1.4 029 | —0.27 0.9 —0.5" EBENOHB 2D L -7z,
c.| 013 1.84 033 | 035 05 0.6 | —0.10 0.95 -0.34 3. THEENEIL (K9)
L) )
v L oa —en 0.54" | 0.31 —0.79 0.5 | —0.12 —1.28 —0.30 afic s, I, I, aVe,
2| 0.03 617 0.6 | 002 —0.72 0.05 | —0.10 —1.28 —0.51 . . .
Vs FETERICHEELLE, 20
fY(Jmt;éi for first order linear regression: 4l I-b, -2, [I-b # & F IV-1
=p q =
. . : ok N o 2 >
r: coefficient of correlation Bicyi@l aBhoni, Ly
* p<0.05, ** p<0.01 L M-a, Mi-c, V-2 #Cla Z DR
group : see Table 1. 138 b T, T-b BT L IL L
Table 6. Effect of propranolol on amplitude of R wave.
Values are given in mean + SD for each group.
toad
II 11| aVk aV. aVe Vi V. Va Vi Vs Vs
8 2+.18 | 1.08%.50 | .48+.33 52| 1.18+ 58 1.78% .59 | 1.86+ .48 | 1.41%.35
B2 ak 2] 82x.49)-.0x.30] 2x.18 186248 ] La1=.35]
L 21x .17 1.03% .46 1.80+.43 | 1.39% 32
RC 3% .24| 75%.5 1.42%.57 | 1.28% 47
A 2+.23| .713%.56 1.41+.56 | 1.26%.42
B x.23| .62%.48 1.50+.58 | 1.17%.57
N _Sax.2) Gex.4B) 38x.28) .60+.35) Ba%.40, 1.55%.58[1.50.38
1 LI 0+.20| .60%.44 1.50%.63 | 1.18%.67
C 5t 13| 61=.32 1.48% .47 | 1.17%.37
A 0+.17| 60%.28 1.53= 49 | 1.21% .39
.8 a1x.28| S0%.43| 3227 3| Lnxs7| 79z 62| 1812 .aa 1,362 32
A .25 a8x.38| .30x.26 a3 [ 112+ 58 1.82% .60 | 1.86% .45 1.37+.33
AC asx.25| S1x.30) .32%.23 37| .96x.a5] 1.8+ .57 | 1.68=.47 | 1.38.43
m 42 5%.23| 49x.29| 30=.21 (36| .94+.45 1.48.58 | 1.68%.48 | 1.37x.41
e .28 .42x.24| .s2x .81 12 [1.0ax1.24 .79% .82 .5t.65] .72%.44
. | x| dez.2| e 8l) &7E.Azf1.04x1.24] 79%.82) 65.65) 7244
A 1+.27| d2%.24| .a9+.79 13 [1.05+1.28] .82x.86 | .70%.70| .75+.a3
e 65+ .32| — 06+.53| .48 .31 66| 1.40% .89 [ 2.12%.99 2.16%.77] 1.68% .64
BB A AT e 80y 18] 65 3 fa 501140 83) 2. 12 !
A 62+.38] .00%.57 1.39x.88 [ 2.1821.02 2.19+ .80 | 1.70% .61
e 58+.32| .80%.49| .50+.33 45| 115+ 41| 2.26+ 65 2.61%.7a | 2.06.58
e 57+.35| 87+.50| 48+.29 4] 1.00% 38 | 2.22+ .70 | 2.51% .64 | 2.03+ .54
.8 e1x.a2| 73x.a5) ax.s .38 | 1292 71| 2.332.1] 2,812 55| 2.2 68
Al o141 67+.36| .68+.36] .31%.20 39| 1.32x.71| 2.33%.47 2.85+ 57| 2.16+.58
unit: mV

B: before administration of propranolol

A:

* p<0.05,

group:

after administration of propranolol
* p<0.01
see Table 1.
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Table 7. Correlations between changes in percen- Table 8. Correlations between changes in per-
tage of RR interval(X) and of ampli- centage of amplitude of T wave(X) and
lude of R wave(Y) ingroups with of amplitude of R wave(Y) in groups
decreased R wave after propranolol. with decreased R wave after
propranolol.
roup [lead
group P a i group |lead P q r

1| -0.26 —430 —0.27
I 0.02 =5.71 0.03

aVg| —0.07 —2.82 —0.12 a
I avy 0.06 —4.00 0.18

V.| —0.41  —0.71 —0.30 I

v,| —0.01 -7.23 —0.16

Vv —0.17 -1.19 —0.14
: v,| 003 -a08 o1

—-0.21 -5, -0.
! >0 0.28 I 0.13 —9.90 0.41

alaV,| —0.37 1.21 -0.
* 0.54 alav,| o013 —5.47 0.25

I v I
av,| —0.04 -7 ~0.04
- ¢ % 0.0 av,| —o.o0  -8.32 —0.05

1.76  —20.00 .48
ol i b II 0.01 0.42 0.01

a 0.19 —10.67 .
I 0 0.08 alm| —-0.03 -838 —0.11

i

b| v.| —0.67 0.57 —0.37 Iii
b| vV, 0.02 —7.06 0.05
Y=pX+q Y=pX+
r: coefficient of correlation =P ff,q. ¢ lati
group: see Table 1. r: coefficient of correlation
group: see Table 1.
Table 9. Effect of propranolol on amplitude of T wave.
Values are given in mean + SD for each group.
Tead
- 1 I aVe aV, aVe Vi V: Vs Ve
Jelnx0e] sl peoaof-oer08] t6x.07| 2x2] arw] 72 60+.29| .39%.17
I A 252,13 .32x.18| .80x.2 68 38| 4s=.18 ]
e 1812 |-.13%.07 | .21%.25 2x.19 .36
A 2+ .15 |-.13x.07| .21%.23 wx 8| a1
a8 +
. .24%
A
I
B
b}-
A
B
a
A
[ . .
b
- Al 17+.08] .20=.10] .05 07+.06
Bl o) owr2] ux 09£.07
Tal-.0r+.07[ .09x.12] .15¢ 10+.09
. 8] nza0]-0sx.10] 162, 15+ .08
Ta] “10=.00]—.04%.11 [~ .15%. 13% .06
(fBf _pzas] exs] o5k 05%.12
g i L) IRENT 2+, 13| 0% . 04+ .12
Bl al oxas] naxasleosxa)-0ex.1s
il ISl b - il Sihgeadl Biuisbublyid f Ot Miatid
al-.03.21] 082,26 .14x.16[+.03x.20{~.10x.15| .09x.16] .3ax.20[ .57+.46 —10%.77 [~.17% .48

unit: mV

B: before administratioh of propranolol
A: after administration of propranolol
* p<0.05, ** p<0.01

group: see Table 1.
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Table 10. Correlation between changes in percen-
tage of RR interval(X) and of ampli-
tude of T wave in lead Vs(Y).

group P q r
I a 2.43 —6.58 0.88*x*
b 1.17 11.22 0.23
I al —10.02 18.27 —0.40
b 2.49 —-0.14 0.84%*
a —1.05 10.85 —0.18
1 b —3.00 71.78 —-0.19
c, 0.93 —21.38 0.14
c;] —0.05 12,29 —0.03
1 —0.06 71.87 —-0.01
1\
2 —-2.33 20.03 -0.39
Y=pX+q
r: coefficient of correlation
* p<0.01

group: see Table 1.

*Eln

?.

Table 11. Correlation between changes in percen-
tage of amplitude of R wave(X) and
of amplitude of T wave(Y) in lead Vs.

Table 12. Correlation between changes in percentage of
amplitude of T wave in lead aViX) and of

amplitude of T wave in lead Vs(Y).

Y Y=pX+p

Zoup X A%TaVF A%TVS p q r
I a 18.0+33.4 23.5+36.6 0.8 8.4 0.77%»
b 23.7£30.0 29.0%41.9 0.6 16.2 0.45 =

a 3.3x27.4 37.9£37.8 -0.7 40.3 —0.52
1 b 67.8+116.0 66.4+126.7 1.0 —0.8 0.91»*

a 9.1%£22.2 —2.1%54.1 0.4 =5.7 0.17

b 18.6+37.2 38.7%120.3 0.6 27.3 0.19

b [ 3.4*13.9 —11.2+52.5 -0.5 -93 -0.14

[N 1.2+7.8 11.6x26.7 -0.6 123 -0.17

1 60.9£72.6 70.9+88.9 -0.1 74.6 —0.10

v 2 30.3+69.8 ~13.2+40.3 -0.5 1.4 —0.09

Y=pX+q

r: coefficient of correlation
* p<0.05, ** p<0.01
group: see Table 1.

aVr FETCHATIRDOEEH A L NIz B
BETREBRNELERE kh o7z, EMNWERS
ETTHROMPEBOLBOPT, FaB LU
I-bBETIRRINCRT L, TENELEE
RRERNIEER Y ICHENEE 2R 7205,

DB TIIBO LN L -1z, £72 Vs FEN
THES & REFNEENMIC L RINITRY £

group P q r
a 1.20 25.81 0.29
: b 1.16 28.89 0.29
a 1.18 37.13 0.55
I b 5.49 43.28 0.34
a 0.88 —4.80 0.12
b 0.58 37.53 0.06
i C -0.33 -9.14 —0.06
C: 3.07 7.89 0.67
v 1 —3.63 65.17 —0.41
2 —2.22 -~8.35 —0.47
Y=pX+q

r: coefficient of correlation
group: see Table 1.

JCHABEDHE 2ROk
72, TEREHEOBEFRICOWT, %
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B TIREDHLNLE D12,

4 MWERFEEN QRS WK NHAT
#(H1) '

QRS B DFEATHIL Vs, Vi %
AL Vi 22 Vs F BT THML
Twv 7245, propranolol %52 k1)
Vi & 5 Ve iI2EAL L 22 5EFIA* 261,
Va-adr b V3 12 L L 72 B 571 Bl
bHo1enAT, fMciZEILL 2ER
BTN (Rid PR AN

5. EMJEAQRS, TX7 1

ERHERKQRS <7 vk, Y,
ZERSBLEUOKRES (R2), FiL

ABLois (K3) i2v¥ihd propranolol
BEICIVEENEERS 2P -2, EREK
KXQRS 7 F ook E SnBbE LiaElt
CEBENHEZ RTELRED L -2 (FR13).

ZEBERT~N7 P AnX, Y, ZEESB &
UAESTRAICRT ZELKABLEIAL
n, ThbhbXKSIZI-b, IV-1 BTEREIC
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9993338 KT~R7 Lk E EDOELII,

Vaos ﬁﬁﬁg QRS ~7 b k& EnEfbEid

dia Ssasmss N-a@+#REEFEOHEEELREYL

Vs g2agatit| o b otz (%15), T b LOKE

v S SOBIbE Vs BENT B NE

v a §§§§§§§§ fb&itI-a, I-b, lI-a HETCHEEN

3-4 gooesEEn _
gasaadas HHE &R L 72 (F16).

2 8358 ZREBATZ7 F D
v proe cos =Y/ [XZ+ Y2+ 22 TKReb 72
LT #, B5mT & 5 Icl-b, Iv-1

Ve BOEBEORMD 2R LIY, 1o
Voee &8 BTRABOELEBOT, 1

Fig. 1. Effect of propranolol on the transitional zone of QRS

in the precordial lead.

YRaH AL 2720 T, 22/
BRTXZ ORI &
12&%hpr o1,

before: before administration of propranolol
after: after administration of propranolol
Legends: group I-a: O, group I-b: @,

group II-a: @, group II-b: @, group Il-a: [,
group NII-b: M, group Il[-C1: [/, group IlI-C2: (4,

group VI-1: A, group VI-2: A

¥mL, I-a, I-b, llI-b # Ty WiNEMmA AL
n, LERD ] FES L CEMNRHEENT K
EEiER &3z —3 L 72, Y f5rid I-a, I-b, II-b,
M-bBLUIV-1BTERICHAL, 2NHDE
DU, 1, aVr ZEOTEIEELEETS S
L E—&L7, ZHAi21-b, II-a, IV-18TH
FEiowmL 7z, H-aBo V. FENTEIFEIC
B, FbBLUN-1BTIEVI H 5w
BV BEOTHIZEET, BRIEKT~7 b
NDZESGE, Viddrwid Vo FMIcHHEIN
BTHOKEZ LIILLTLL—ERL L7z,
Urn&Batr bBEL RZMBRKRT7 b
nNoHkE &L, I-a, I-b, II-a, II-b, IV-1 ¥ T
FEICHAL, cnsoBNERKSEZENT
BEYrRRICEBL2Z L E—RL, Zofio
BTIITX7 ok E 3 Y, LANGHRAEDT
KRLEENEERE Lh 7z, BHEBEKT
7 b ks EngktE: RR HROZELEE
DIEEE AL EREUIZRTEL, I-aBT

-
—

ZERAT 7 P VO HHifL
tan~! Z/X TXRHzHY, K6 ISR
4 & {, propranolol #5 iz k
DI-bEET—27.6"25—22.2° IZ
FEOEILERLZ, L Lo
BTRXPDIVEZIRFVAEBICELLLAET
VEBLFMANEETRE o2,

ZTRERRRKTRZ7FVEQRSXZ7 P Lok E
BDWIZE 7ICRT 2L, M-, lI-c1, H-c2
BIUN2EUNoBTRARICE AL,
ZEFARTRZ PAOKEIHHEARL 2B —
FELZ, M-bEITX7M0E QRSXZ7 L
LHEBEOELERE L, 720, T/QRS i
I3RL 7.

ZelR Ak QRS-T kA I-DBETIRAERICHE
BSLIh, OB TRERNENEZRDLL -
7z (X 8).

6. TE®ROZERC BT 5 width, length,
width/length (%17, X9)

TRNIFEEF2ZICB N TRATER@NE
22K, ORCHRKRELEMIcET S
width 5 X (F length & L 7z, width (2 II-a, III-
aBTHEEICHAL, lengthiiI-a, I-b, II-a,
II-b B L UIV-1 BTHEEICHAL A2, width/



1148 n Wiz
X component
before
2.0{ mV '_FI/
1.5 |
1.0 ——
0.5
after
0 T T T

-
0.5 1.0 1.5 2.0

- Z component
0.8 06 0.4 0.2

after
= 0.2
0.4
--0.6
| VA L o8
’ before

E

F
Y component
-1.5 -1.0 -0.5
i i i 0
after
£
/ -0.5
218 -1.0
1
-1.8
mvV
before
Magnitude
before
2.5 mV
/|

1.5- !
H
H e d
after
1,0 Iis 2.0 2.5

Fig. 2. Effect of propranolol on the X, Y and Z component and
magnitude of the spatial maximum QRS vector.
before: before administration of propranolol
after: after administration of propranolol
Values are given in mean + SD for each group.

unit: mV

Symbols: see the legend to Fig. 1.

length ($1I-c) B+ B & oo B3 A 2 MEm
A N AN

5 L 7243213 width (3R KEHETKE
BIUKFHEICESHFEALEL, lengthii3MHicH
#7 L Cv>72, propranolol #5654z k ) B KEN
FEAYELZERL ALY, —ENE
MIRHINCRT K BDLNLh -T2,

7. KFHEIHBIT 5 TRHE

AFECHITE2TERABZRINUITRT L
10fE5HIC 38, RETL72, T4 bbb 1. HK,
2.=HAR, 3.¥A%, 4.8F%, 54K, 6.
VT, 7.0%, 8.=AT, 9.H&, 10, R

SMETH 5. open loop i3 £ h Fh o EBIEIC
FHiz, wThnoBEL propranolol 52 Lk
—ENELIERE oz, LA LRRT 53
LR, DEBEAMICEILALELLLh
lBEERETLE, HoEbz T 26l %»
7z, BEGRNETIE, [-a HREMRELT
borkd £, BRRERNLDL A LN,
[-bBIIBEHEL IBRDL DY S -7z, 1IH
AR, MK, B, BReEcONER
L7z, S LUIVEBIRZENBEN L DL EH
o7, EEODBICIIER, BROLOEN
R AR B 7z,



Beta-Adrenergic Blockade (I-propranolol) #45i- L 3 L EHK,
~_7 P VLEROELICET AR 1149

—90° (Post)

2l

+30°

+90° (Ant)

+180° (Sup) +120°

W

Elevation

+30°

0° (inf)

OI-a @1I-b, Q-2 @ O-b, (1 M-2, W U-b,
A m-c,, d 0-C,, A N-1, A N-2.
inner : before, outer . after administration of propranolol

Fig. 3. Effect of propranolol on the azimuth(left) and elevation(right) of the

spatial maximum QRS vector.

The inner symbol for each set of paired ones represents the value
before administration of propranolol and the outer one after

administration of propranolol.

for each group.
unit: degree

Values are given in mean + SD

Symbols: see the legend to Fig. 1.

8. TIROMWIEEE
KFEEICBT2TROWREE % 1.2 LH°
ROH L DS, 2. 00EBE, 3.ELHEMZ
TEBIE, 4. 26—, 55808 L KLOMHE
B 6AETEFTCHS LN B L7
T340, meEBEICSE, ML (H12).
propranolol ## 5-/iciz I B L O IIBZ &1
ICEL, MBLUIVEIX4, 60572, W
T hnEL propranolol #5102 L ) —ENEAL
PELL 728, 60264 EBLLzL b
4B A LN,

9. KF¥HicHit 5 TROEEH
propranolol #% 542 & ) 13icR~T & <,
BEF e —ENEILITED LN kd - 128,
BRDOLDIBELR T WG A LN, B

itEIE %3 % L i3 I-b, II-b, Hl-c &z £»
-7z,

10. AXFM@Iic 1T % width, length, width/
length (#%18)

Width (3 [-a $ & FIV-1 BT, lengthi3 I-a,
I-b, II-a, II-b B L UIV-1 ETEEICHEKL,
width/length (i[l[-a 8 L CTII-bE % B & filLo
BRI EEERL 2,

11. KFHEICBITE2RATH LU QRS~< 7}
Lo FE e T-QRS % (%£19)

propranolol 51z k ) QRS X7 F L H R
KEBOELIZRBH N 5720, TXZ
WiE I-b B L UIII-b B TEREH» 6 L ETAIC,
M-aBTREMBE2LLVEFB Z LHF
Bic@ZoHosnz, T-QRS & [I-b ©-22° »
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Fig. 4. Effect of propranolol on the X, Y and Z component and
magnitude of the spatial maximum T vector.
before: before administration of propranolol
after: after administration of propranolol
Values are given in mean + SD for each group.
unit: mV

* p<0.05,

* p<0.01

Symbols: see the legend to Fig. 1.

L1 HEICZELL, Hl-a, M-b B TH KD

tude of spatial maximum QRS vector(Y). B A b LT

12. & b#EonthT, TIRAH* propranolol #£5
BilcERFCHEL TWREFICBEL T, X
FHICBITOBEBATE LU QRS X7 b Lok
E2rFRAB L LERD ViFECBTATE
EREFICDWTHREL 2 (F20, X14).

KFEIC BT /A QRS X7 braRES L
FHEICABENENRALN L - 125, VI HE

Y=pX+q
r: coefficient of correlation

Table 13. Correlation between changes in percen-
tage of RR interval(X) and of magni-
group P q r
I a 0.01 -1.91 0.03
b -0.07 1.06 -0.07
I a 0.14 0.92 0.15
b —0.92 17.98 —0.22
a —0.01 —2.03 —0.01
b —0.16 1.32 —0.15
I
c 0.04 —0.64 0.05
C; 0.57 —4.26 0.31
1 —0.03 —1.48 —0.09
v
2 —0.03 —1.03 —0.05

group: see Table 1.



Table 14. Correlation between changes in percen-
tage of RR interval(X) and of magni-
tude of the spatial maximum T vector(Y).

group P q r
a 2.15 —7.92 0.85%x*

I b 0.87 14.03 0.29
a 0.89 30.82 0.12

1 b 1.66 12.44 0.43
a 0.02 3.40 0.01
b 0.70 3.03 0.21

m c{ —0.48 11.72 -0.13
C, 2.45 1.23 0.59

v 1 —0.15 45,80 —0.03
2 3.54 —28.91 0.34

Y=pX+q

r: coefficient of correlation

* p<0.01
group: see Table 1.

+180° (Sup)

0° (Inf)

Fig. 5. Effect of propranolol on the elevation of

the spatial maximum T vector.

The inner symbol for each set of paired
ones represents the value before
administratino of propranolol.

Values are given in mean + SD

for each group.

Table 15

Beta-Adrenergic Blockade (I-propranolol) #4i k 3 L EX,
~7 P VGEROEICET 2L
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. Correlation between changes in percen-
tage of magnitude of the spatial maxi-
mum QRS vector(X) and of that of T
vector(Y).

Table 16.

group p q v
I a 0.26 19.14 0.06
b 0.19 27.35 0.06
I a 3.67 26.71 0.84%*
b 0.40 38.23 0.22
a 0.59 4.88 0.22
i b 1.01 11.62 0.33
[ 0.55 6.93 0.11
C 2.34 25.45 0.36
1 4.55 52.08 0.26
1Y
2 0.48 18.47 0.07
Y=pX+q
r: coefficient of correlation
* p<0.01

group: see Table 1.

Correlation between changes in percen-
tage of magnitude of the spatial maxi-
mum T vector(X) and of amplitude of
T wave in lead Vs(Y).

group p q r
a 0.97 5.41 0.89%x*
I b 1.01 1.38 0.61%x*
I a 0.44 21.24 0.58 *
b —0.45 84.80 —0.14
a 0.43 —4.38 0.23
1l b 0.04 1.48 0.08
¢| -0.62 2.88 -0.32
c] =0.05 13.13 —0.09
0.60 44.83 0.46
IV
—0.43 ~3.84 —0.61
Y=pX+q

r: coefficient of correlation
* p<0.05, * p<0.01
group: see Table 1.

unit: degree
* p<0.05,
Symbols: see the legends to Fig. 1.

» $<0.01
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(Rt) —180° \‘ '

RN

Ol-2, @I-b, Qli-a, @l-b //
Ol-s, MO-b, PH-C, @I-C, /

AN-1,AN-2 —_
inner ; before [==
outer ; after propranolol
* p<0.05
—
+120° +60°
+90° (Ant)

Fig. 6. Effect of propranolol on the azimuth of the spatial maximum T
vector.

The inner symbol for each set of paired ones represent the
value before administration of propranolol and the outer one
after administration of propranolol. Values are given in
mean + SD for each group.
unit: degree
* p<0.05
Symbols: see the legend to Fig. 1.

before
0.5]
0.44 Fig. 7. Effect of propranolol on the spatial maxi-
mum T magnitude-to-QRS magnitude ratio.
0.3 before: before administration of pro-
. pranolol
after : after administration of propra-
0.21 nolol
Values are given in mean + SD for
0.1 each group.
* p<0.05, ** p<0.01
0 v Symbols: see the legend to Fig. 1.

0 01 02 03 0.4 0.5 after
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N7 P WLERNEGICET 2R 1153
before Fig. 8. Effect of propranolol on the spatial QRS-T
14071 angle.
before: before administration of pro-
120°1 pranolol

after: after administration of propra-

1001 / nolol
Values are given in mean + SD for

N each group.
80 unit: degree
* p<0.05

60°1 L Symbols: see the legend to Fig. 1.
/
| 4k
20°
Y0 2 40 60 80 100 120 140
after
Table 17. Effect of propranolol on the width, length and width-to-length ratio of the
spatial T loop.
eroup Width Length Width,/Length
before after before after before after
a 0.15£0.05 0.15+0.06 0.51+0.21 0.54%+0.19% | 0.34+0.15 0.30%+0.11
I b 0.07+0.03 0.07*0.04 0.39+0.17 0.48*0.20**| 0.22+0.12 0.16%0.08**
a 0.19%+0.06 0.10%0.08 * 0.36£0.20 0.42%0.20 * 0.28+0.18 0.25%0.12
I b 0.07£0.03 0.07%0.02 0.24+0.11 0.30%0.11%*| 0.35+0.22 0.26%+0.12
a 0.13+0.06 0.13%0.06 0.29+0.11 0.30*0.11 0.48+0.17 0.47%+0.21
b 0.06+0.04 0.06*0.04 0.26£0.15 0.27%0.11 0.29+0.17 0.25%0.14
i C, 0.16%£0.11 0.18%x0.10*% | 0.30%x0.12 0.32%0.12 0.53%£0.27 0.56%0.23
[ 0.12+0.05 0.11%0.04 0.32£0.15 0.36*0.14 0.42+0.13 0.37%0.18
1 0.16%£0.12 0.18%0.11 0.37+0.23 0.46%x0.22%%| 0.48%+0.24 0.38+0.14
v 2 0.20£0.07 0.21+0.09 0.52%£0.22 0.58*0.22 0.46+0.22 0.39%0.13

Values were determined by employing the largest width and longest maxi-
mum T vector among the three planes. Values are given in mean + SD
for each group.

unit: mV

before: before administration of propranolol

after: after administration of propranolol

* p<0.05, * p<0.01

group: see Table 1.
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Fig. 9. Effect of propranolol on the width and length of the spatial T loop.

Values were determined by employing the largest width and longest maxi-
mum T vector among the three planes. Arrows indicate the direction from
the values before administration to those after administration of propranolol
Values are given in mean + SD for each group.

unit: mV

* p<0.05, * p<0.01

Symbols: see the legend to Fig. 1.

Width Length

before before
LS F H LS F H
after after
Q0000000
00000008 | @0 s20en ooe00g | Dooa C@aa
00000000 %171 ] [e)a]a]n|s]s]
Ls |2aeabegg Ls | SRsEg:
RRRRECD asas
aApABAAAA
A
ooma geons ceomm
F F
000000868
0000 oomA (900022220 oenn cotans
[ 1slel"] 0@e@ee0D0 AaR nanaans
H DAAa pomemasa( H 2RRRRR
a EPRRERRd Pragad
@@@aaAll AAAAAA
AALAAAAAL 'y
Fig. 10. Changes of the plane contributing to the largest width and length of the spatial

T loop following propranolol administration.
before: before administration of propranolol
after: after administration of propranolol
LS: left sagittal plane
F: frontal plane
H: horizontal plane
Symbols: see the legend to Fig. 1.



Beta-Adrenergic Blockade (l-propranolol) 5.2 & 3 . EX,
N7 P WLBEROBEIICET 2R 1155

before| 1 | 2] 3 |4 | 5 6 7 T899 10 Fig. 11. Effect of propranolol on
the shape of T loop in the
after N\ |\ & Q % \ Q B Do horizontal plane.
" aoum ° before: before admini-
& o Te stration of pro-
2 pranolol
3 . 82§§ o after: after administra-
22 tion of proprano-
4 A a lol
PP T T TTIRTS 550 1: linear, 2: crescentic,
5 23252 3: semilunar, 4: figure
BoaE ‘ of eight, 5: clubbed,
e o |ee oooo0oolona (m |0 |[ooo 6: elhptlca_l’ 7: tear-
6 333999 a drop, 8: triangular,
e 1] 9: circular,
ar@@aa R
F . g gocosima 10: irregular
7 a gggg- Symbols: see t_he legend
a vy to Fig. 1.
na
[s] A nooon
10 . adasa
IAAAAA
before 1 2 3 4 5 6
" o S ~ :
after \\ ' \\\ \ \\.) \u\\\" \'-\\ \(?\) Fig. 12. Effect of. propra.nolol on the
~ e ~ A ~ speed of inscription of T loop
993990000 in the horizontal plane.

1 000000060 before: before administra-
4444 tion of propranolol
ggzaaa3aa after: after administration

2 A of propranolol

1: efferent slower,
p— 2: initial delay,
3 @aasa L L 3: delay over efferent limb,
4: uniform,
5: afferent slower,
ooooo0
Qooos 0®aa 6: irregular
4 22229 Symbols: see the legend
@asss to Fig. 1.
1]
5
Qoano
A n a]s] | | ]
6 ER2P@
agia
@
NREBIIEEICHA L2, T~X7 iz I-b, B E2RL72A [I-b BT LD A L Nieh -7z,
H-bETHEEICKELS L, HEIZI-b, II-b, SEFHUZ I-b B9 B, II-b B 7 I, II-b #2261
I-b dwFnoBE AR L VETHIcEE, T- Thotz,
QRS An#ErHER V- TANELARICEI L. 13. Ventricular Gradient (#21)
V1% T ik |3 propranolol &5l &Y, I-b propranolol 5 RNZEM VG. Hk& S, 5

BTEECRENRRELZRL, II-bELZNE s EUMAid I-a B13103 «Vsec, 30°, 58°
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B Fig. 13. Effect of propranolol on the rotation of
A cCw Ccw 2 8 the T loop in the horizontal plane.
B: before administration of propranolol
88888888888 onm A: after administration of propranolol
3:::::3:3;: CCW: counterclockwise rotation
CCW| 28500950903 CW: clockwise rotation
SEEEEEEE‘E‘EE £: linear shape
frrriirhrt 8: figure of eight
Asnbadadas TTIT Symbols: see the legend to Fig. 1.
o ESIIIE el L
cw oo@aoa
oERAmA
AA
oeaOm [T} oumm
2
ma
8
|
Table 18. Effect of propranolol on the width, length and width-to-length ratio of the T
loop in the horizontal plane.
Width Length Width /Length
group
before after before after before after
I a 0.11+x0.05 0.13+0.07=* 0.46+0.22 0.50+0.21% 0.28+0.14 0.27%0.12
b 0.06+0.03 0.05+0.03 0.34+0.15 0.41%0.18%*| 0.19+0.08 0.14+0.07%*
I a 0.08+0.06 0.09%0.07 0.28+0.20 0.36+0.19#%x| 0.34*0.17 0.27%0.18
b 0.07£0.02 0.06x0.03 0.21*0.10 0.25*0.09=* 0.39+0.26 0.28+0.18=*
a 0.10+0.05 0.10*0.05 0.24+0.11 0.24%0.12 0.45+0.20 0.46%+0.22
1l b 0.05+0.03 0.05%+0.03 0.22+0.13 0.21%0.10 0.28+0.24 0.29%0.21
[ 0.12+0.11 0.12*0.12 0.29+0.13 0.30*0.13 0.43%£0.31 0.39%0.30
c, | 0.12x0.05 0.11*0.04 0.32+0.14 0.36%0.13 0.46+0.16 0.34*0.15
v 1 0.14+0.10 0.18+0.11%%| 0.34+0.21 0.43%0.20%x| 0.43*x0.20 0.40%0.15
2 0.16+0.09 0.19+0.09 0.47+0.24 0.50%0.25 0.42+0.23 0.40%0.19

Values are given in mean + SD for each group.
unit: mV
before: before administration of propranolol
after: after administration of propranolol

* p<0.05, * p<0.01
group: see Table 1.
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Table 19. Effect of propranolol on the maximum T vector, QRS vector and of the T-QRS
angle in the horizontal plane.
group T vector QRS vector T—QRS angle
before after before after before after
a 43.8%x17.1 41.7%x13.9 -5.4%24.7 -4.0%+20.7 48.8+26.2 46.5*+24.4
. b 2.0+20.9 7.3*14.5 -11.0%£22.2 -9.0%21.2 13.0%34.9 16.3%28.7
a 36.3+21.0 40.5%x17.5 -13.7£25.4 -14.3%x24.5 50.0%£37.2 54.8%29.7
Il b | -21.2%429.3 -11.5%25.3%%| -0.8*+12.4 -0.6*14.3 -22.0%x38.9 -10.8%34.5%%
a 59.0+27.9 53.0%27.8%* -6.8+36.4 -8.2%+34.0 61.1%£43.1 55.i+37.5
b | -28.0£26.8 -24.4%20.0% | -3.6+16.7 -3.8%17.5 33.5*+31.6 28.6+28.9
i C | -39.1x111.4 -36.4%111.2 -57.4%£33.3 -58.2%+33.0 18.4£121.1 21.1*121.3
[ 2% 58.9+41.4 65.4%47.7 3.1x24.6 5.3%23.2 55.7+47.3 60.1%t47.7
1 51.9%+35.0 54.9%28.1 -15.0%25.0 -14.2+24.7 66.9+t50.4 69.1x42.0
v 2 25.4%105.6 20.4%+102.1 | -15.1%23.8 -21.0%x22.1 40.7+118.5 42.6*+113.4

Values are given in mean + SD for each group.

unit: degree

before: before administration of propranolol
after: after administration of propranolol

* p<0.05, ** p<0.01
group: see Table 1.

Table 20. Effect of propranolol on the maximum magnitude and direction of T and QRS
vectors in the horizontal plane and on the amplitudes of T and R waves in lead V1.

T mag. QRS mag.| T ang QRS ang. | T-QRS ang| Vi Tvol. | V1R vol.

G mv mV degree degree degree mV my
B| 0.25%0.12 1.06+0.34 | —20.6x14.5 0.3+20.9 | —20.9%23.2 | —0.19+0.05 0.36+0.17

O Ta] ommesms [ toeam | Cserion]| avens | —esemer | smense| samsomt
B| 0.16%0.06 0.99+0.33 | —38.6%x22.5 5.3+11.9 | —43.9+32.3 [ ~0.17%£0.10 0.23£0.15

TOTa] omeocor | mesms |-maemet] awems | mremes|-omeoss | oot
B| 0.22+0.13 1.28+0.38 | —37.3x22.1 2.9+17.2 | -—40.3+£29.5 | —0.18%0.07 0.32£0.23

T omson | vomon |mremes | seems | mizmes | -oteeoss | smeocer

The cases included had the T loop in the left posterior quadrant before admi-

nistration of propranolol.
G: group--see Table 1.
B: before administration of

mag: magnitude,

propranolol

A: after administration of propranolol
Values are given in mean + SD for each group.

units: mV and degree

Ead

* p<0.05,

ang: a

p<0.01

the number of cases--- I-b: 9, II-b: 7, ll[-b: 22

ngle, vol:

voltage,
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-90° -90°

1.5mV

1.5mV

I-b

1.5mVv

Fig. 14. Effect of propranolol on the direction and magnitude of the maxim-
um QRS and T vectors in the horizontal plane.
The cases included had the T loop in the left posterior quadrant

before administration of propranolol.

The solid line stands for

the control and the dot line for the values after propranolol

administration.

@ : T vector before propranolol, O: T vector after propranolol,
M : QRS vector before propranolol, [J: QRS vector after pro-

pranolol

Values are given in mean + SD for each group.

* p<0.05, ** p<0.01

the number of cases———-I-b: 9, II-b: 7, II-b: 22
Symbols : see the legend to Fig. 1.
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DEHMNEL, ERFIcE-7, 12, NEEr
bicl-aBLNAEL, E0BFIcHEEL .

propranolol # & kN I-a, I-b B & IV-18
REFBICKE2 2L, Tadkiz2flEbic,

II-b #i 3 i 2 5, IV-2 BEi 560 4 Blhks
KL7%, AARNV-1ETEREICHEML, [I-2,
[I-b B3 2B A Icmb Vs, T-a B T3 1160d
5BIHATHIC, 6FIAIELICEE, I-bETIZI6
BlR10BIh 8T F, 6 Bk h Mz, A
HBEOLILE 3 - TBII b 72, [-a BHI11H]

7 HITHm, 2 61T L, I-b Bol66d11
Bilchgtn, 5HTEAL 7,

% b BT propranolol ¥ &5-8ilc TEAE
BHICEEL TWERMICBEL T, KFHEIC
BT VG nkE3tHmERETL ., HLp
FI-bEICTHIHN, K& SI341+154 554+

21uVsec ICHEICHAL, HAIZ—16+£16%
L—5+12° ICHBICHIAICEIV /2, II-b Bl
280dH 040104 534+3 4 Vsec L% ) AT
2HEL LN %#ME-14:505—9+ 2°
% -7z, N-bEICIZFZAFIH 6 Bld - 7297,
44+25% 541 +17uVsec, —271+29% 5 —13+
100 EbL, —ENMEAZ2RBDLHr -7z,

14. ECG o ST {R{t

ERREZENROEY STERTOAZNRE
L7za%, ll-a#kic 6, IV-1Zric 441, IV-28
2 4 #1& - 72, propranolol #&5-ic & ) l-a#
T3 4 BIDAZE, 16z STIERTOREH RS
Ly 1BIE Ve B Vs BETEINETL
72, N-1BTRIFHNGAE, 18IxE R %
N, V-2 BT 28 TAE, 2HTLNST &
TawAL 72,

15. Mm%y )7 LafE
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Table 21. Effect of propranolol on the magnitude(Mag) of ventricular gradient in both the hori-
zontal plane(H) and the spatial(Sp), azimuth and elevation in the spatial.
H-Mag PVsec Sp-Mag Azimuth  degree Elevation degree
group before after before before after before after
a 88+46.5 100i42.; 103£53.8 1151‘49.6 30*x15.2 30%13.8 58+10.1 61%8.9
I
*
b 57+£32.6 73%33. 2‘ 68+38.4 87142.‘9* -0.3+22.7 3.6*x12.8 57+8.8 60+£7.4
a 45*8.5 53+7.1 51+11.9 61*8.0 13+9.5 21+0.4 62*+4.6 60+0.2
I
b 40%7.3 46*11.0 48+8.6 50+8.6 -8%11.9 -1*14.1 59+7.4 61+5.9
a 42x24.9 48+30.4 52+26.3 56%+30.4 15+32.0 20+29.7 58+18.2 59*17.4
b 45+23.3 40*15.4 52+24.3 47+18.0 -11+14.2 -10%9.5 60+9.3 59%*10.5
111
<, 48+13.3 45+5.9 56+10.9 53*3.6 -103+21.1 -99+21.7 64+18.7 65+19.4
C. 96 107 104 61 66 68 73
* * * ¥ *
1 67+50.9 79+46.2 78%x60.0 91%56.5 12+21.6 24x18.2 69+19.6 67*18.8
1\
2 86+48.4 109%44.7 87+£49.5 112+44.5 4 +102.4 12*107.6 82+5.3 80+8.5
before: before administration of propranolol
after: after administration of propranolol
Values are given in mean + SD for each group.
unit: Vsec and degree
* p<0.05 ** p<0.01
the number of cases---T-a: 11, II-b: 16, II-a: 2, II-b: 3, lll-a: 10, lI-b: 9,
M-cz2: 3, Ml-c2: 1, IV-1:13, IV-2: 5.
nEQlL propranolol # 5 §ii 5 & #5605 11 #i%E
54 Lm@ES ) 7 LEIERIBICRTIES, W

I-a I-b T-a O-b WM

-s M-» O, O, N-1 N-2

Fig. 15. Effect of propranolol on the serum po-

tassium level.

[J: before administration of propra-

nolol

& : 60 minutes after administration
of propranolol

Values are g
each group.

iven in mean + SD for

Classification : see Table 1.

NOBLEFGEEICH), BECINVFENE
fLizg@hosniro72,

16. f#EB

KizEMB % RT,

X163, 20%%, LHEOBEE (I-DE) »56
Bonizbnths, BEELZHMUCEERR
13827 - 72, propranolol # 5 &£ T, >
FEEIIT0/ S h 557/, QT Mf@I20.34% 5
0.36sec. iz, QTcl30.37%50.35&% ), V13
ENHTHIZ—0.15% 5 —0.05mV, Vs T130.30
»50.50mVICHEL, ZHEKKRTXZ LD
KEX(30.22H50.46mV, FHAIZ—-16.0%
L+21.8° s b L, ZEMEK T/QRS i, 0.12
A 50.26i=% M), ventricular gradient ?k %
R1348.1%5 584 .9usec. V, HHIHIZ—T7.0H5
14.3° &L 72,
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— 0.25mV

Fig. 16. A case of persistent juvenile T wave pattern(Group I-b).
The upper tracings show those before administration of propranolol and the lower
those after 90 minutes of propranolol administration.

F: frontal plane
LS: left sagittal plane
H: horizontal plane

A 20-year-old healthy female with normal physical appearance had a small T loop in
the left posterior quadrant before administration of propranolol. The T wave was

inverted in Vi and notched in V.

After 90 minutes of propranolol administration, the

T loop became enlarged and located in the left anterior quadrant and the T waves in-
creased in height in II, III, aVF and in all precordial leads.

H171352mH LT, 10EFICTERENT
HFM AT BREYNH B, EFIIH 2 Fhie

52-3 HRI—K, FRLCETIHETHS.

BEMICREL2ZHT, MBHRENE L 28
an(d-aff), w2y —n _EESHAFREBR LS
T#H -7z, propranolol #&iz L 0, .L3a%ud
95/43 % 555/4r, QT 120.36 5> 50.42 sec.,QTc
130.445°50.40L 7 ) V1 BB T 312 0.28%
50.29mV, Vs Z5E 130,204 50.52mV |2
AL, ZHBEAT~Z FAHKRE3130.20mV
»50.52mV, FHrMA1323.5% 520.1°, ZERIHRK
T/QRS i30.114*50.26ic 7% 1), ventricular
gradient Nk & (349,45 580.6 usec.V, F{iL
AlZ-7.00°514.3° (C &b L 72,

E X

LERFCBWT, TENELTIERILS
W', KEIL T QRS EnEficksbnEzh
WKELLWBEEN2BYPEZLNTWS, T
bbb 1) LEOBRSEIEFFRETH S L,
QRS HAEALEET 24, ZNBAESHEMD
¥, REYEETH->TH, BOE, T4bb
THICELE &L T %S, ZHIETHED
ZREIZE{L & BEIE N, Ventricular gradient {3
ZeLiv, 2) BROBROIEFFEETH-T
LETHT ENEIZ—KkBIZELE 81, QRS
BIZEET, VG 2EbT 34, Zhicix2
DOBFEHEZLNTWE, ZDE—IF, &3
NT—RICEBHEMLNE, HEorbohr, %
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before

after
60 min

before

after
60 min

—tmV

—025mV

Fig. 17. A case of neurocirculatory asthenia(Group II-a).
The upper tracings show those before administration of propranolol and the lower
those after 60 minutes of propranolol administration.

F: frontal plane
LS: left sagittal plane
H: horizontal plane

A 52-year-old female with normal physical appearance and normal exercise tolerance
test had palpitation occasionally without precipitating cause. After 60 minutes of 10
mg oral administration of propranolol the T loop became enlarged and the T wave

increased in height.

IEEEICELY D 56T, BIROIRFED
EETH->TCLTHRIIELZET., £1I3—
BOBHEMLOF, RNy, £13WE
BILEH D - 2HA T, BABROEFIIRE
EiY, THEIVELTEZ L% 5, FBRKMIC
Ao b THENEIIZIE, Thbs—kBIBLU

TR B HEICEE L Twh eE I N5,

kR, BEOLLRBEHLLEVWTENE
fEizFF 289 (nonspecific), & % i3 HFEM
(functional) Z T L E ‘B ENTE, T
PiCEAMEGRB E DRIV EETH 5 MERE
RENEICALNE TENELS, BRAICAL
NOEEEMTHRELIZTING, FLEADLK
RRBBENTEIRICELG HEZ EHh 5, FH—
LB OEELEICL Y, LEENEILL
BRI RN L TROEILEE 2T LIZE

Zbis,

22T, RN LTHENELOBEE, &
BMEROBEFENE I LBEICEILNS
PEALIPITELDIREF TR 72,
BENERE (IB) o5 b, FbEOXES
BIETHY, ZHZENRRFENEE TR,
Wb LEEETIEY, TEICE(ALND L
VI HEROBELO L —H L, 22 -b Bo
ventricular gradient #/h& {, #HHICHEH -
r2ordy, TS Er bV EEZLND,
HWEERENENIIEIZ a, b L biIckiEr S5
BhESHLY, REMNFRECENHLEZLN
7218 gl RBO ) BOM-bEIC BT
L, 90%%E s,

propranolol M #5312 10mg 2 —fEicEOH
5 & L7z, Coltart!® & 3420 — @5 T3 EA



1162 M g

BEMER R SRR MPHREIZ40
ng/mTh-72EL, A BREICETSIC
BABNRGEZ2ET 2 LOBEL H 5202,
L2 LEICHELRAIEERIC LD 23~8.5ng/mE
W RBETHRORAFALBRE?LH,
MEEEEERALN L, TL S AZEREKE
AEDLONHBEADLIZDOITIE, KBENH
HELTHBEEZ LN TWHB2 725
mg2®), 10mg” N L& % A>T ECG L% #ET
LEBELH5, it TINEBD—EIZEHKIC
&> THECG, VCG o8B 5 253neE 2
L, BEEHTHEREOLIABIKAVERD S
N2z iz, BUEMBRNH 122 LETRTL
nEEZ LT,

1) BBICHBL THEDH LN LERNE
= onWT

AEIITITHBL TRR, PQ, QT MMRHIE
&L, QTcizmA L7, T4 bbldalkid £8
L LIC10%RER A L 72, = N3 propranolol
12 & 2 iAS 86 o) M B iE B AL ) kR 1 B 4 B AR
DGR FBICEKBL CRALLLNLEE
Zbhd, PQRIBOERL SHICBWTRE
(RERIEDT L 72 726b & E 2 5 117223.2427:28.29)
propranolol #:512 k N £ QT M HEER %
# 1L 72%%, RRERAEHICERL 272512,
QTc iz L 72, Stern 539 Seides 530
£# QT BBNER, QTc DB E2HEL T
%, L# L Milne 533, EE.GCIAETICEBIT
%15 C, propranolol 52 &) QT Mfgn
HED B VCIITEFNIIHFEL 24, EmEslas
ol b HEL T b, Propranolol #£5ic &
D, EBEMOFRGEREEICEMHEL, THRHLE
HET B LN ENH2IBN BT LD
P8, LEHNBES BT SHEE T
BUVEDNFHLHY, —FL TChievy, -
T QTe A Lz F L L Cid, BoBEnE
M 7o0d, EBENOFEREEO— Lo 28
NHEZ Lindz,

2) R#®, QRSEH S L U QRS Mk N#HAT
Iz DOnT
REBNEIC OV TIX, REHELEES
HHEEZLNGEHATARICL 2HBERZE
(, BEBTRRE»ESL, EHIRKES T

¥ F

3HET 5 L DRENAH S\, propranolol
#5ic L a®EHI LAY, Stern L3303 RE
BIC10mg 2 BIRIES L, Q R, S &, QRS
RicZE L2 BH Ty, RIEGOEIZEL
Tix, EEIEAMNIIHIC Brody 2839, L &
BT OMBEBROEE LOEEL, B—
NERTIIHATE LV, FMETRERED
HEICEGE L, #ornBEIUBET, R
BEOAENRL BRSO, L LERREXR
QRS X7 FNCIRF B OB AN Hh o7z,
FLABCRESVRS L BOZLTHHE
KBV, REEETHEES LU RREBEOM,
ZEfiHA QRS <7 F LdkE & & RREBHE
LR ENRIC I EENHELERD bl h »
7. $€- < propranolol #5412 £ 0, LEBOK
SWAICELREL 2 L A BEINS D, &%
B EEICTEIRERS L UEBERNT R
ZALEETIE, U, M, aVr, Vg FETRESEL,
EmERBEETIREILL kh o722 LIC g
T3¢, REBDORSIIEBEERIC L ELYEGR
BECLALN, FEMEICL—ENEAHZ
LT, BREERIS LV EHEZ LN,
QRS DBATHICLELE2RH T, ZHEX
QRS X7 PO FMA LB EZBD o722
EERIGL 7,

3) T, TRIZOWT

propranolol &5 X N BEENT KIZHE
L, BENTEELIIEELZWL ZnEmE
R, BENTERELITAEH I ITLINE
FOERZHET L vb Ty 579304149 KEEge
BWTLEERCIZI, I, M, aVr, Vs
FECTEHIARICHEEL L, ZRRATR7
FADX, YRGHHEARL, KE3 8L,
ECG ic#H4 ¥ 2 bR L 72, B R BB
TRINLNELZRET, BROBE LK
TEEREHENL.
THEBNOEL L MNEE & DEEIC OV TA
% L I-a, [I-b BTl ia8uR A T kA5
BT3RO LENIH, HMOBTIRRED L
hic#h -7z, Behar 52 45T L LAk
THEYG—BL L2 L 2RRT 3, -
T propranolol # &2 & % T ik imEIC i3 LAk
PANERLRE(EELTWRLELLNR,



Beta-Adrenergic Blockade (I-propranolol) #5-i2 & 2 .>&R,
X7 P NLEROEICET 2R 1163

FTabbEIcTE L L THLBRBRMED
BE5 LT3, THECIIEZREENE
EykEweEZ ont,

L ERIMEREEC BT 2 THRSOELE
REBOEIERLICHFENHBIZIRS Lk h
ol ERJEARTR7 PAOKESL, [T-a
THNHQRS X7 MDD RER LFENHE 2
Hlzht, MOBEETIIBD L -2, - T pro-

pranolol #5612 k5 Ti#, TROEL~DRIH,

QRS ROBE I e EZ btz

FVs FEATHES & ZHBEATRI vy
XEx3nELEiZ -3, I-b, I-aBRTHENIE
BEzRL, VsHH L aVrHED THAELEIZ
I-a, I-b, II-b B CHENZILERLA, LA L
Vs, aVF FEDTHERL TR FVDOKEEHE
FioBALTY, &20licHBE*2D%h -
EELHY, FLTX7 I VoOKEIFBEAL
Ty, XBoE YRSHVRGCHEMT 5 X iI3R
bl olz, o TULT LLERETHEKR
RRICTRPKRES LB EIFRLLWVWEEZS
niz,

T BYRAPEEICRAL TLI-b, IV-1 3
UARIBICEEDRBIHALN L -T2, &
N2 % cos =Y/ JXE+ Y2+ 22 TRebiz 1z
B, FaBLr TRYRFPLTX7 P AnkE

Lok L, MANHENEILZEZET,

M-b tIV-1 BTRYBEFOEANFEHKEED
WMRKIDVKED D EEZL,

FHRARI-b BETHAERICERF»H LY
AIAICELL 224%, OB TIIEENELER
o7z, L L [-b, II-b # ¢ propranolol
BEFNCTRYERFICH-LNICBRET S
&, MBLLIETRIZLVGIHICERCHE,
BB TH T,

7 Width/Length { EHHBROEE, &
® % RYTHEN—>oTH 5. propranolol # 5
AT W/L *IEEEWLL Lo § »idill-a, ey,
M-cz, N-1BL U N-28TH ", Chou 54 (L/
WERWTW55) DEZRK, OHEE, LHE
mTREBEZRTLOBRE L £{—KL 72, [-b,1I-
a, [I-b BEOED/INE DL, Bk % 43T
B g -12t2h %2 bLhd, propranolol
52 L) W/LizI-c B R EEAERZ R L

2. ThB3Lo¥ARNAL LT, BoELLHE
ELTwa L, BRRENHET ZHEEES
ZTaBboo bbb E2LN5,
i propranolol #5-1% ¢ Il[-a, HI-c1 HARES
fic: FE-7znicxl, lM-cz, IV-1, IV-28
IMTIZEEMEICE TR Lz, Zhidll-a #
DLTE P 14F A5 HEERE 1 FLATH LD
L, M-co BT 76IP5FA1EL EEAL
T3 Z & Mo DRI D 5 EENE 2
Lz, T4 b bll-a, [-c B CIESEERE
DEENFLVBED DV IITRMERNE S H
&A%, M-c: RIVEO T HEbICIZ R
HWEROBEEF LV RTHL LHEEINT, &
BZEIC BT 2 W/L 25 L 288mid AKFEmE
LIRS, KFEmIcHITE WL &bz
iz B 2 Zbic L 2@mERL 295, %
IEHLY T <, W/L oREHIZZ=REICE
T2 WL ZRAWADdELEEZ LN,
EBEODbBIIAHWTFEICEETELET
BHTHE. ZORIBIVHLOIEAICALNLS
EEMTHT (persistent juvenile T wave
pattern)V (RN, BFELEICE (A LN,
ZOBEN—DIC HEMBERDEESHITon
T304 GFIEATHIR*ET S0
L THARIZEERLEIS DO TOREDDF T,
LA ECRETEREZAL, TRIVERS
ICRMLY 2386, EERBEoROEELEE 2,
R b UEDERIC 3 BRILREYFET 2
ZErEBNTWE, FFRICE W CH-bEIIE
MR EEZ bz, ['[bE LU I-b B
123G BRI % RS 5 ERRAT RIS s e
ol FWENCL PELUEDERH SH -
A, HOBEDTHEFET R RFELURC
LHEETHZEE2TLTWS, 6> TI-b II-b
BT OHERL X 3HOBFIC & 5 THELR
# 3 5 ht-, propranolol 51z & 1 I-b, II-b
BIUN-bHFHIcXBL (EBHLNLEIR, &
FBRATNZ F A YBa#EAkE T/QRS #k
THN, BEBILALNERE—ET 3,1,
- BETIREMBEAT N7 b LOKE S HHEKR
L, ZMBRFENTHL»HEEL, BEHLRE
BoElbER L2y, M-bBETIRINEILE
1% 8% -7, F 7 propranolol #5Rijic
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EEMTHEOBHEZLIVALPICTRITR
HEBFHICHFEL TWItERIICB->TAB L,
WENOBLERICHIAICENE, KFEICHT
5 TQRS kL HEICH DL 72, - THRA
KALNEFETRBICEIEERMERLBE
L7 R L LNHTH Y, propranolol &5
cE N lFaBicA LN TRICEDE, L0AT
FEEE, kE{Lh-eEz b, I-bH#
SRR AR L T b 72ic, Bl &R
RHERROMENFFELHADLL, HEIZETH
KB A, KESRBERICALNBIZEHK
L oizb%2 515, ventricular gradi-
ent ZM-bHTIIRESLHALARENEIL%E
REY, RO OERBELEUOREERL 1,
NI HRBERENERE (NCA) TH 5,
propranolol #: 5 5ic TBIC L, Lipgd %<,
T#AIELS, TERHI/NE L, VG /3R
hiR Lz, NCA Ic##ey % ECGRTRIZ %
W e DIEISD L, 5 A%, FIFE L RIRDORTR
2EHTWESVY H A, propranolol # 5 &
0 I1-a i3 I-a #ic, I1-b &t I-b BicELUD
ZiuEm %2R L, Wolf &9 - FRNER
2187, o U NCAEICALNBEWTIHE,
NECTRL ZRMERIES L T 2R
MLELTHY), BEMBIRSICL D BERTHE
Y (WAL - iR AAVAR NORE - % (WA

IVEi: ECG TEZRKNFFR#FT 5 SME
fE I TH 5 5, propranolol 5z & N IV-1
BIETHRICEKL, EAWSRHEN T K HE
L, VG.o#Ak»Brbi, I-afLEULElL
EnRLiz, W2BREBNTH, TROZELZ
N3k ot2h, V.G 2EHAIL 725 Bid 4 Flic
KEIDWRERDHI,

4 ) Ventricular Gradient |z 2w

AHIC BT 5 V.G. DIEFEIZ Mashimal? &
FONB/EL TIIELRE B, AFEICEBW
T FNOENFHEL EFEHBERN TH - 72,
BBPLE T2 RES I T-aPTKREL,
DETIZPE 72, ZhidahRL 72z L 5121~
bEIC KN Shroelzh EZ bnt:, R
ICHBEFANS DI TED Eh - 12 l2bd, [-a
B L. Bh - 27286550, BB it
REMERERIEEL T a7 bbb

¥ F

Zv, MEH/NE D - 12030 BRI H R 552
LTwahheEZ bhi:, Flifirl-ads
DBl BHTRE SIS 72D
ERLERIC L % &2 57z, propranolol
HEWCEINLIL IVEBETVG 3 KELEY,
VG. N ANMARI-DBLIVI-b EOPTTER
»* propranolol 5 Rjic ERFICHEEL Tz
BBIUVIIIBICBYC, ARICRTTAMICE
HicHeL i,

5) miE#H Y 7 LflEicOWT

EMERELTROBME ELTEELER
TH3Y, #OFTLIES) TLAEIEET,
#Y T ARWRBRIC L ) THREOET 2% 2
N2z bH 725, EREMERL L) 74K
BFCEE L T35, EBARIHLWIZH )Y
L5 LB MES ) 7 LED RS BUEKTH
BEICLVFBHET D LOMESD D B, K
Bl B v>Tid propranolol #5ic L ) fuiE A Y
TLABECEEZALWEORELH S, &
% Tld propranolol 58] & #5604 Ti3,
OB LMEL ) T AMECERENEILE RS
d o1z, —4, ECG, VCG NHZ1LiZ607314ic
LHBALL, o TonbnBEluizmiEs ) 7
LEOEEHZEFRL L WBNERIC L3Nk
Exbhiz, Tiabb pEMERENLNICE
BEDERTHDE LEZ L,

U konz £h 2, propranolol ##&5ic L 3 T
BEREOEF L L TRRDEIIICEZLNS,
Tabb (1) LEERIIHEMERIC L 2 XE
ERT TV aA, H—% L NTI3% Y, pro-
pranolol #5512 & » TR EMBEN S ZFRIE
¥ h, LHEHENORREPHICEINEE
bE2EL, ZOBMELCTENELZERT,
ETBLNTHS, ERNHETIE, B ST -
THRELR EICRRHRERRTTHEIC L 2 BEH
BIAHEICL), HEVEATaInT I
THREEIBZEICENETS, ZLTH
EWEIC LN ZNLPRIEINZZEICEST
ST-T WEILIZHERT 2 EENTD, —
FHEX%HWEERT, isoproterenolff5ic
& 5%1ki3 propranolol TR L1555, &AL
BN 4 0Ic propranolol #3%5 L 72354, 48
%, BZ{z¥, Purkinje HMENZHEEEL &I



Beta-Adrenergic Blockade (I-propranolol) 51z & 2 .0 EX,
N7 P VLEROEICET 2% 1165

ZEihEEL v, - CIEFEERRIC IR
BRITA& NS5, propranolol |3 IR ME

RENEBDAMRERAT L LOHLH 25,

L2 LAMECENT, BEHEZ2EHT, TE
DWEE * L 2B 3~ TH propranolol &5
BIIC, RECKBRMERRRLEREICH 2L
3F 2. —F, BIXRMEREIEMLTH
BLEZLNLEBBFICALNLBEEMT K
%{t#?, atropine 5 ER A ML & THET
BT ENFMLNTVBESY, - TTikELICI,
RRAME L BRI ROEE DB K & {
BELTwRZErEILNS,
THENELIZ XY 2 hn#FF & L C, (2)pro-
pranolol &5 & N .LHDERNEE » #tidn
HEhHEIN S iz, ECG TST: T
REVFBOITE L)L H 56626 F 70
L—F Tl biamEL, GBEEEERT, E
HEET X E0LWRIERIZ X ) LSHBEEER
BORL, ALENENEL - LIZE-M
FEEXEL T3 SRRHE L EN T E
2 &0, GRBRA oM R8RS E
ERADEL, ZORRL L (BZROERBRY
HEINDLET2L0THE, LrLInsn
BREFIIBIRNARRE H 5 Wiz RHIEHIC
WTHENZLNDTH S, F/.0HHIERLH
BLTY STENBAETHS LtoFELAL
n3%8 KRBV TRERLZSHCTHE
W&BtAS, propranolol # 5 FjiC L i BB LK B8
I2H-72L13% 2 8\, $€- T, propranolol #
Gick 3 THENEE, LHORMKENHRE
FEER TR %<, FIRQ)0LHESELNG
AL EfbnER e L ThEL2LnEEZ LN,
FHRICBNTRERTE, ENTHICH-
72 TE&R%¢ propranolol # 5z L ) #i& ¢ k& <
otz LEEEL THEFBBERNIEETH
% ventricular gradient 4 ETHICKE{ & »
72, V.G nAERKE 2 ZEBNEAL O EER,
L%k, BE VG nEFEL COMBTELT 5.
Schweitzer &5 |3 B4EHEIC BT 2R3 T, B
MEBRETLICED, VG IREFHAFMEZR X
KEZEZRETHLBEL T, BEMKE
(pronethalol) %5 & N EEH B TIIERHLE
b2 BDHTL v, FHETIE V.GIZETEN &

JICI, DBIUNBETEEZELR, 2K
%2 Tl propranolo]l # O£ &% 5 L 12728,
LR B EFMGEMHE L7 EE 2 5B P,
BERINOREEED.LCHEFT~NEEICEZN D
0, BEICLBEMNBRELLEERT—HKTE
WeEEZLNE, LELTERVFETHICKEL
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Effect of oral administration of propranolol on the electrocardiogram
and vectorcardiogram in man
Tomoko KAWASAKI
The First Department of Internal Medicine, Okayama University Medical School,
Okayama

(Director : H. Nagashima)

The effects of oral administration of propranolol on the electrocardiogram (ECG), vector-
cardiogram (VCG) and plasma potassium levels were studied in the following groups: healthy
controls, and patients with neurocirculatory asthenia (NCA), ischemic heart disease (IHD),
hypertension and persistent juvenile T wave pattern. ECG and VCG were taken before, 30,
60 and 90 minutes after oral administration of propranolol in a single dose of 10 mg. The
results were as follows:

1) RR, PQ and QT intervals were prolonged while the rate-corrected QT interval was
shortened in each group.

2) The amplitude of the T wave and the magnitudes of spatial maximum T vector and of
ventricular gradient (V.G.) were increased in the healthy control group.

3) In the NCA group, which was characterized by a low T wave, small T loop, small V.G.
and posteriorly directed V.G. before propranolol administration, the T wave, T loop and V.G.
were enlarged and V.G. was rotated toward anteriorly.

4) In the IHD group, which was characterized by a low T wave and small T loop and V.G.,
the changes were unremarkable after the administration of propranolol.

5) In the well controled hypertensive group the effects resembled those of the healthy
control group. In the hypertensive group without sufficient treatment, the effects were similar
to those of the THD.

6) In the persistent juvenile T wave group, a typical pattern was the location of the T loop
and V.G. in the left posterior quadrant. The drug rotated the T loop and V.G. anteriorly.

7) Little change was found in the R wave amplitude and spatial maximum QRS vector
in each group.

8) Plasma potassium level was not effected by the drug.

9) No undesirable effects were seen during the study.

10) The maximum effects were obtained within 60 to 90 minutes after the administration
of propranolol.

From the above results, propranolol appears to be useful in differentiating T wave changes
associate with increased beta-sympathetic tone from changes due to other causes.



