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TRHL, TOEAKIC VLTIER2,

MRE b UL FHE

B IE35F 2 B50F & TORIEME MITRESH, %
SNMCHERIEEL LCL - MBFRICEEDA LD N
WIEEIMEE26FTH 2 (F 1), BMEERIZEED
DB T2 LEEEMEBICL > TI ~ NV
SEEL (R2). 26 DOHHRE IC Masters’ double

two step test #EW L, ZOH, BLUI3H, 64,
102 LREER (ACG), EElRE (CPT), L
M s LER (FIHYE) »REEE UL, 2
BAER s VRRIEREEE IRV B THE L L
BOTHSL,

B 1#®

1) WHEEAEE  (SBP)  [UEHIE R E¥MEM °%
B 109+ 11mmHg TH 2 LERF 3% 114 £ 9
mHg EFEO LR (P<0.05) 2%, BHE
I, UBTHTETH- 1, —FEMFEIN, VETE
THIFC BT ENER160+27, 166 +35mHg T5H
2% L, AfE3ISTCIR, FhEnl173+33(P<0.
01), 176 £34mHg (P <0.01) :EHEwLRL, 20
BEGEFEMERICH L KR 2 @550 5 A1 (71D,

Table 1 Number, Age, Mean Blood Pressure and Cardiothoracic Ratio in
Normotensive Subjects and Hypertensive Groups

Nlm'lbel&aosfes Age MBP (mmHg)* CTR &)
NT 26 46 =5 85kt 7 464
HT; 14 476 112x 7 465
HTn 37 47 £6 120£ 11 50+3
HTn 13 50 8 122£ 17 51 %5
f HT v 19 49 +7 124+ 20 53£5

MBP* : Mean Blood Pressure, CTR+

Cardio Thoracic Ratio

M echanocardiographic Analysis of Cardiac Function in Hypertension (II] Mechanocar-

diographic Findings after Exercise by Master’s Double Two Step Test
Takeuchi, Department of Internal Medicine (1) (Director
of Medicine, Kanazawa University.

Nobuo
: Prof. R. Takeda),School
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Table 2 Classification of Hypertensive Subjects
Hypertensives (HT)
Normotensives(NT)
HT; HTn HTin HTw
Cardio male : 49% or less|| 49% or less | 54% or less 59% or less 60% or more
Thoracic Ratiof| female : 514 0r less | 519 or less | 56% or less | 61% or less | 62% or more
High Voltage |Sight Depress |Remarkable
S ViR Vs >3.5ion of ST (0.05 | Depression of
mV, R Ve >26 {~0.1mV), and/ |ST (=0.1mV),
ECG normal normal mV,Rin [, I, II,|or T Wave T Wave Inver-
aVF>>2 0mVand |Inversion (ﬁg_s sion (=0.5mV)
/or RinaVL> |mV) or T/R <|and/or Old In-
1.2mV) 10% faction
8P
milg - . -
am ki *J 08P
L g Nll“g
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Fig.1. Top: systolic blood pressure changes
induced by Master’s double two step test
in the normotensive group and four groups
of hypertensives. Bottom:mean dieference
betweenthe values before and after Master’s
double two step test in these groups. *: p
<0.05, %% :p<0.01.

2) HERHAE (DBP) @ RHIER AW 34, 65
grbic, FEMER SMEI, IHTETE, &
MEN, VETEEC LAET2HEREZRDLEED
weTikahore (B2) 6

3) iymfE (MBP) : FHmME AT 3 2&ICIE
WIER, BMEI, IBTRLIRLRETH-2
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Fig. 2. Top: diastolic blood pressure changes
induced by Master’s double two step test.
Bottom: mean difference between the values
before and after Master's double two step
test

2%, BIMENETEELRT3ERERD, VETE
W24 £ 20unHg T B 2IIHL, AFEERISTH
129+20mHg s EEWIC LH L7 (P<0 05) (K3)

4) BREE (pp) BREEZIEH MR CLEHF 35+ 8
mHg 2 & @#E% 34730+ 8mmHg L HE WML
(P<0.05), BIE | BCRAWIBR TEROEH &

SR



R A O .o A 15

Hap

mnHg
150 w2

before ¥ 6 0

Fig.3. Top: mean blood pressure changes
induced by Master’s double two step test.
Bottom: mean difference between the val-
ues before and after Master’s double two
step test.

Fig. 4. Top: pulse pressure changes induced
by Master’'s double two step test. Bottom:
mean difference between the values before
and after Master’s double two step test.
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Fig.5. Top: heart rate changes induced by
Master’s double two step test. Bottom:
mean difference between the values before
and after Master’s double two step test.
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Fig. 6. Top: changes in systole induced by
Master’s double two step test. Bottom:
mean difference between the values before
and after Masterl’s doudle two step test.
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St o DR L, BIEI, I, VETLHE
FNEN5TL18, 5917, 63+24mHg » 5 &FE& 3
5361+15 (P<0.05), 68+21 (P<0.01), 71+425mm
Hg (P<0.05) XHEOHEMHSED SN (4

5) LI (HR) @ LR ATREHLLEED
BimERL . EEMERIITHI0E 8N, &
Wik 3465111 o/ (P<0.01), BMET, II,
I, VEIREEETAEN, 70211, 64£10, 619,
B4E12WCRE L, EREIFTI6E15(P<0.01), 69+
14 (P <0.01), 6613 (P<0.01), 70£15 (P <.
01) LMLz LEHOEREC VL TRENES
BELEBENFERCELARE TS (B5)

6) IUEE (Q-1I) :INHEBII&BFE L EROME
AT UL, FEMER L4821 msec oxf
L, B 3458404 £26msec LR LT (P <0.01)
EmEI, 11, M, VETRIERZLZTN0422]
411437, 422420, 411+25msec TH3HL, &
H®3INTRITAZN 380 £29 (P<0.01), 393£39
(P<0.01), 405+28 (P<0.01), 394+ 33msec(P
<0.01) EEEELL, BIE BB 2EMOBE
REBNERCH LUK, 2EREZED R (B6),
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Fig. 7. Top: changes in pre- ejection period
induced by Master’s double two step test.
Botfom: mean difference between fhe values
before before and after Master’s double
two step test.
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8) ZINMEL (ICT) | SR ERELE
BOEHEER LIz, EEIMERTIXZ#HEE84+ 12msec
S ERHE 34373+ 1imsec ML 72 (P <0.01),
EIME 1, 1, I, VEIZEEZHLZTN81E13, 88
+£13, 9110, 93+15msec »SEAFHIHFTIEEN
2R70+12 (P<0.01), 77£12 (P <0.01), 78+11
(P<0.01), 82+ 14msec (P <0.01) :%E#EL /2
BEABCB 2 EBREFEMERCI L EM R
Motz (E8)
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Fig. 8. Top: changes in isovolumic contractio
time induced by Master’s double two step
test. Bottom: mean difference between the

values before and after Master's double two
step test.
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+27 (P<0.01) , 285%35msec (P<0.05) &HE
WWEMEL, BT BT 3E8MIEkTH-
Tz BOEN, VETREEOEMIZED -
7z (E9),

) FAEBEHIEFH (ETc) ETc BERmMERT
12 L HRIE 304 T16msech & T 3 4% 311 +16msec
EEBCESE LT (P<0.01), SIFE I BTIRTE,
I, MFETRERERDZRL, VETIZLER289+
22msec 765 HEH 3434 295 t19msec LEEDEE
MBEEH s (P<0.05) (K10),

11) ET/PEP :ET/PEP RAWREEL LEE
WKL, B IERMERIEHR.720.5008
it 3433.0+0.5A L (P<0.01) BIMAET,
I, M, VEBEIGRERFZNZTN2.6£0.5, 2.4%+0.4,
2.410.4, 220400 AWK I FENEFN2.920.7
(P<0.05), 2.7£0.5 (P<0.01),2.7£0.5 (P<
0.01),2.4+0.4 (P<0.01) LEEZHEALL, &I
EEBCBU2HAEREEMFERCHLEN P
7z (E11)s

12) Tension Time Index(MBP xETxHR:TT
D) o TTI IEEIMER CLHEF1565+224mHg sec
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Fig.9. Top: changes in ejection time induced
by Master’'s double two step test. Bottom:
mean difference detween the values before
and after Master’s double two step test.

/min 2> 5 EH 3 51685+ 206mmHg sec/min, A&
BEowkERLE (P<0.01), BIE I BTIIRET
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+291, 2163:£317, 2220+680mmHg-sec/min % 5§
T 33 T2 *h2306+£313 (P <0.01),2449+508
(P<0.01), 2482+680mnHg + sec/min (P <0.01)
EEEOERSED 5, FEMEL, VEOEK
BIEFMERCHL K 2 HaERED S (F12)

13) Tension Time/beat (MBP XET : TT/beat)
: TT/beat REM I DR TEEMERZARLETHY,
B I #i3%essme 32,552, JonHgsec 7o &7 3
St 31.5+3.3mmHg-sec L HEOW Y ERL: (P
<0.05), MOMENFETIRERNI®RTTE, I, VET
BT 3 5%, BAOEAMPED shisEBOELT
iEehoiz (K13),

14) II— OFRE . II — O IX EE M ER TR
128 X 16msec i & & 3 S 124 £ 17msec L HEIC
L7z (P<0.05) BIUET, I, WM, VEETRH
Rz hZh125+ 14, 135+19, 151 £23, 159 +31msec
NOEW 3FBEAEFNILNLLI3 (P<0.01),124£22
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Fig. 10. Top: changes in corrected ejection
time induced by Master’s double two step
test. Bottom: mean difference between the
values before amd after Master's double
two step test.
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(P <0.01),138 £24(P <0.05),149 +26msec(P <0. 05)
EERDOEMHETR L, BIEREE B 2EBEE
FThbEFMERCH LK @R H - 72 (H14),

15) efsRiF AL (DF/OE) : DF/OE &
ERMERZS CICENE D, NHTREARI%RTT
EThold, BHEIN, NETRIERZAZTNIS
+8, 28+ 8%n6BTINEERETNLI2 (P
0.05),32+11% (P<0.05) :EAEDEAERL:
(E415)e

16) AXFRIEEL (RF/OE) : RF/OE BTEE
MEF T AREIRCAE, BILE IR TS
+ 3%0 5 AM 3SR 6B LEEROHAERLY
(P<0.05), i BMER TR EARMB TIETH -
7z (E16)

17) a#&H (a/OE) : a/OE RIEHEMER, &
MET, IFECRAMINBRTEROEH 2RI Lo
TeDizHL, BIEN, VETREHEZAZNI L
4, 13 7% 5AFM3IHH®I2ES (P<0.05),16%
7% (P<0.05) HEOEASED>hiz &1,

18) BH aBHOHIRE [ 12%LUED aBBLEEZRT
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Fig.11. Top: Changes in ET/PEP induced
by Master’s double two step test. Bottom:
mean difference between the vajues before
and after Master’s double two step test
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Fig.12. Top: changes in Tension Time Index
induced by Master’'s double two step test.
Bottom: mean difference between the values
before and after Master’s double two step
test.
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Fig. 13. Top: changes in Tension- Time/beat
induced by Master’s double two step test.
Bottom: mean difference between the values
before and after Master’s double too step
test.
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ined systolic wave %7}t systolic bulge) o HE %
BRI BT TR T16%, VEET6%IC3D & h
eH, AR IS OHBERERES LA (K19),

% x

EEAFC L 50 - MITHEOEH D & LT
i 213 EE R D 2 I ERER BT 2LH % 4
5 OHEETH 2 2EHD L & VI BRESR T
BEORFREBENESNT, & 3HUBORE
DWTHRET L 720 OIS B EE & & BRFETICEL LS
DREBIZHD, R OPBRENEBRCHEET2 s
Tv»% Tension Time Index 2) % BMF 1 B45 kK &
DT RCOBECHEMERLTHBY, L% FE+
57D DEBATO BN —SER N bD L E X
515,

EEMERIC S TIIARE, HEED LR, IR
FEOEK, LEfoEMm, PEPLZs I CTOE

10 T T
nse T . ‘T
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Fig. 14. Top: changes in II- O interval induced
by Master’s double two step test. Bottom:
mean difference between the values before
and after Master's double two step test.

#, ETc 0K, ET/PEP o#ix, IRT 0@k
REPED NIz, ACG HEERSICOVTARL &
DF/OE, a/OE DEENIDD dhishroiz,

Ross, J. Jr. et al 3) IEBIER I & 25 L EEE
FHE DS, stroke volume DZEH L A HIEKREEE
(LVEDP) o%&h» oL TH, EE LT
& LVEDP 3% % 31334 L, stroke volume
BEMDH 2 ZFEPTBELTBD, LSEERERS
% L, stroke volume X#f04 %28 LVEDP o F
RE#H-THBD, FlUBEEET i LVEDP 3
FL T stroke volume @HAHT2 L LTH5,
EFOERMERCH 5N LROLER 525 &,
WRED®EX, ETc 0#ER, ET/PEP 0k s:®
51, stroke volume DMENERED 4240 L
#z25h%, —5 ACG o DF/OE, a/OE DA
FRDH5NY, preload DK, ERIBREED L
F6)-8) 3Ex 8, #-T Ross, J. Jr. et al »
DOEEUEBRORS: LTEMBEAE S, HR O
#im, PEP ¥thic ICT oE#I 5 BiRs ol
T, DO TTEERBT 29 b D EZ 503,
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Fig. 15. Top: changes in the ratio of DF/OE
induced by Master’s double two step test.
Bottom: mean difference detween the values
before and after Master's double two step
test.
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Harrison, J.R. et al 1Dz & #uid D cathechol-
amine SEDOHIWCEL T, %7 Buckley, N.M.et
al 12 LR OBET 2% EMw LD I RTIHE
ET5kwnd,

I RTIABR - EEERX D 5KEE - EBERX
¥ COMRTHY, KEREPERES [ R TwHE
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roTwaWY, fo CLMEEDETIE#ED IRT
DEEZFEEOET & & b KEAMRAIC BT 2
EEOERTELRI LTI bDLEZOND,
S TEEQEEMERICA >N EEFRO I - OMR
OEE I OIGEED I Y, BREHOEZER
TEOERKZEMT IR LEbh 5,

EmMEI#CXPEP, I CTOMEM, ET/PEP
DK ELEEETE R 919 SRR T ARTRIIED
a3, TTIRTETHD, REDEKPETc
DEEE WD b Fstroke volume DR IEE 2 B,
#7:ACGEERS 2w s DF/OE % a/OE ©
Az 60T preload Ok LVEDP O EH b
2BV, £ IHYCHRE LM BIE T HTRE
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Fig. 16. Top: changes in the ratio of RF/OE
induced by Master's double two step test.
Bottom: mean difference between the values
before and after Master's double two step
fsst.
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ETc oE#EREH oY, L 2BFERER 2T
LTBD, S5KRRECHEDHEALZER 5 L stroke
volume AL T3 bDLEZ6N5, ACGH
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BEIH, Ko TENEIRICASNS LEOE
B3 IEH 2 DB ERIRLTwA L O LERTE %,
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Fig. 17. Top: changes in the ‘a’ wave ratio
induced by Master’s double two step test.
Bottom: Meandifference between the values
before and after Master’s double two step
test.
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EOHKIF NS DETHB VT, stroke volume ¢
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DWAMBY, LVEDP 0 EREREL Tl 3, f
> T, ®IMMEN, NEED.LEE5E, Ross, J. Jr. et
al DV LREERMIZHL T 2,
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Fig. 18. Changes in frequency of large ‘a’
test in the normotensive group and four groups of hypertensives.
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Fig. 19. Changes in frequency of abnormal systolic wave induced by Master’s double
two step test in the normotensive group and four groups of hyprrtensives.
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Abstract

To evaluate the cardiac function in hypertension, exercise test (Master's double
two step test) was performed in 26 normotensive subjects and 83 hypertensive

subjects.

Apexcardiogram, carotid pulse tracing, phonocardiogram and ECG (Lead ) were
simultaneously recorded before and 3, 6, and 10 minutes after exercise.

Post-exercise changes In the
apexcardiogram were analyzed.

cardiac cycle and the pattern of the

PR
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Hypertensive patients were divided into 4 groups according to cardiothoracic
ratio (CTR) and ECG findings, Group I : 14 patients with normal hearts, Group I :
37 patients with high voltage in ECG and/or CTR ranging from 50% to 54% for
male and 52% to 56% for female, Group Il : 13 patients with slight ST.T changes
and/or CTR ranging from 55% to 59% for male, and 57% to 61% for female, and
Group IV : 19 patients with severe ST.T changes (Minesota CodeIV-I and/or V -I) or
old myocardial infarction in ECG and/or CTR over 60% for male and 62% for
female.

Significant increase in Tension Time Index was observed in all the groups
except hypertensive group I.

In normotensive subjects, elevation of SBP, increase in pulse pressure and heart
rate, shortening of PEP and ICT, prolongation of ETc, increase in ET/PEP, and
shortening of I-0 interval were observed, while the diastolic filling wave ratio
(DF/0OE) and the ‘a’ wave ratio (a/OE) of the apexcardiogram remained unchanged.
These findings seemed to suggest increase in myocardial contractility and stroke
volume, and no significant elevation of LVEDP.

In hypertensive group I, increase in heart rate, shortening of PEP and ICT and
increase in ET/PEP and shortening of 0-0 interval were observed, while pulse
pressure and ETc remained unchanged, suggesting no increase in stroke volume.
DF/0OE and a/OE were also unchanged.

In hypertensive groupII, increase in heart rate and pulse pressure, shortening
of PEP and ICT, increase in ET/PEP, shortening of I-0 interval and increase in
DF/OE were observed, while a/OE remained unchanged. These findings seemed to
suggest increase in myocardial contractility and stroke volume without elevation of
LVEDP. Therefore the cardiac function in this group was thought to be in normal
state.

In hypertensive groupll and IV, elevation of SBP, increase in pulse pressure and
heart rate, shortening of PEP and ICT, prolongation of ETc, increase in ET/PEP,
shortening of I-0 interval, and increase in a/OE were induced by exercise. It seemed
that in these groups, increased stroke volume was associated with elevated LVEDP.
Therefore, the cardiac function in these groups seemed to be in abnormal state.




