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BEOoHREERAOLYT, BOAEEFECE Y 25 4ED
THIFREBEHRA TS D, NYHA 3 BRI &0 1.
Pl &

OAHENE 1 5 O BHBINR B % 5 I FELERIT 5
CREINVERSEZCBIALSREEARTEEL
oo bIVRVa—H-137 0 YEFHE TY 303
(BB 2MLE) 26EML, BIEHET LTS
I [ # 8! Physiological data amplifiers MCM
8000 75 & Tz &~ 4 v %18 Mingograph 800 % {#
AL, #E0EE IR 100mm/sec. TRkl 7.

BRI 5 Ui ACG LB BB 0t T & U
CEHHEB LT oW Th 5.

1) O¥E% (HR) : LERR - REREAELE
HLk.
2) &WEMARESL(DF/OE) @ LIAtasiE o

Evaluation of left ventricular performance by using the non-invasive method
[ 1] Analysis of the time intervals of cardiac cycle and the ratios of the diastolic filling
waves of the apexcardiogram before, during and after the venous tourniquets test.

Takashi Saga, Department of Internal Medicine (II) (Director :

Prof. Ryoyu Takeda),

School of Medicine, Kanazawa University and Division of Cardiology (Director : Prof.
Eiji Murakami), Department of Internal Medicine, Kanazawa Medical University.
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5) I1-O0/MR : IFKERFRSOIMDHL 5D
LHHBIROOLET.

6) REHQ-1) : LERQEOHEDPSIE
KERAFESDDIEDH ET.

7) BEEXHH (PEP) @ IR LERIBIIE OEEE
Wik, 815 (Q-10) -ET &L TRoL.

8) HAWGH (ICT) : LIaBhsNEEHRE O I
BEMDAR (C) »oHBREOILSL EAD A (U) &
T ORIRE & R &R (- Inc) tOBEEHL
fz. 1B CU - (I'-Inc) & LTR®D:.

9) WREEERRRT (11-Inc.) : I KBIRA RS O
Hh SHEEREOVIEE T.

10) EXH (ET) : WHEMREOILS Lo8h s (U)

DRBEE O a i & 28

»H»SYHR (Inc) #T.

11) MmiTEhRELL (ET/PEP).
WHELLEEMEALIC T 30 SELLOR B £ & 5
ok, RHBOERIEZEREL, TheosoJag
ldem, EX15ecm D2 Y v e 9 hE2TEBZIDEDE
BIESh ¥ THRAICHRER Ic fial#% = . EROSA #4
Pulsorette S 2200 2E/E L € 60mmHg O E %Nz
TERMmMLU.BEE 14, 345, 5ABLUTARESUR
EXIMARR 1 438 & U3 i BRI 258 L. 2k,
ME RS LMEREEERC 7 7 RMEFHIC L ORIEL
1.

24 &

RE OB EKMBAE 14, 35, bABLUTH
# o CICERMRR 1 HB LU I NHIcB T 3 E,
OHEEE T o U IR Lo RBIEHE o ERBR ST
IS RHEEED S OELROESES K CBERRERE
1, £2BLUKIIRTML TH B . FHEKMIc LD
HEOLLERLEBEEOAADSDET Tz

Table 1. Effect of venous tourniquets on blood pressure and heart rate in normal subjects and patients
with heart diseases.

before 1 min. 3 min. 5 min. 7 min. off 1 min. off 3 min.
m SD m SD m SD m SD| m SD m SD m SD
112 7 113 7 111 8 110 6 111 6 110 6 108 6
Normal
+ 1 3 -1 4 -2 5 -1 3 -2 5 -4 5*
SBP 130 25 129 23 | 129 25 | 128 23 | 129 23 | 128 23 | 128 22
NYHAI
(mmHg) -2 5 -2 3 =2 5 -1 5 -3 4*1 -2 6
155 64 | 157 64 155 63 | 156 65 157 66 | 158 67 | 158 66
INYHAT, I
+ 1 3 0 5 0 4 + 1 5 + 2 4 +2 3
73 8 73 8 72 8 72 9 73 9 73 8 72 8
Normal i
0 4 1] 5 0 4 0 5 0 4 1} 5
DBP 86 17 87 17 88 17 87 17 87 16 86 16 87 16
NYHAI
(mmHg) 0 3 + 1 3 +1 3 0 3 0 3 0 3
100 37 101 37 102 39 102 37 102 38 101 37 102 37
INYHA I, I
+1 1 + 1 3 + 2 3 + 1 3 + 1 2 + 1 3
61.6 10.3 62.1 11.1 62.7 11.3 62.5 10.7 63.0 11.1 61.9 11.7 61.5 12.1
Normal
+0.5 3.0 | +1.1 2.7 | +0.9 3.0 | +1.4 2.8 | +0.2 3.2 | -0.1 3.2
HR 64.2 10.5 64.6 10.7 65.3 10.9 66.2 10.7 65.5 11.4 64.1 10.3 ; 63.4 10.5
NYHAI
(beat§/) + 0.4 1.8 | +1.1 2.3*) +2.1 2. +1.4 2.6*| —0.1 2.3 | —-0.7 2.3
min.
62.5 11.5 | 62.3 10.6 | 63.3 10.9 | 63.0 12.2 | 63.9 11.7 | 62.7 11.6 | 62.9 11.9
INYHA I, I
-0.3 2.2 {-+0.7 2.0 |+0.4 1.1 |+1.3 2.6 |+0.2 2.0 |+0.3 2.1

Data represent mean values (m) and standard deviation (SD) of the measured values (upper) and the

changes from control values (lower).

Abbreviations: SBP= systolic blood pressure DBP = diastolic blood pressure

* p<0.05  ** p<0.01

HR = heart rate




JER BRI DERRRE M BT A TR (1)

A BERL, 2RLII~5aMicicke BT Sk
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TORBEERM S AROACOPVWTET 5.

1) IRMEHME (SBP) 4 & ¢ ic 4k R #i I FE
(DBP) : UXHEHAIFE 72 & O HKRRHANLE d REEE,
EEBNOULEEROSHLOTROE(LERSNL
btz

2) O (HR) : DEKRRBL LEMBRE
winERERL  BEBTRIEREOLL (FilE64.2
10.5/min., 8511 5 4 % 66.2 £ 10.7/min., P <
0.01, BXIMAERR 1 2% 64.1 + 10.3/min) BE D S H
RO 2B TREETR L, 2.
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3) fikiEAFERkS L (DF/OE) : DF/OE 3@

R (BIE2T.0 £ 4.1%, 5K 543 23.9 = 4.0

%, P <0.01, BXMARM 1 9% 27.5 £5.9%). BIE
B(AIE24.4£5.5%. M 52%20.5+5.2%, P
<0.01, BXImARER 1 238 23.7 + 5.4 %)% b I ERE
B(HifE43.1 £9.7% . 5XM52%33.8+£8.7%. P
< 0.05, BXIMARRR 1 0% 40.4 £ 15.7 %) O&EE b
EMmEERCHEL URMAERERNEELL (1),
%72, EXIfic & 3 DF/OE o /D EEEREERICB L
TREL, BEBSSUCBEROE(BLELER

#ERRLA (P <0.01, P<0.05) (KT).

4) alEl, (a/OF) : a/OF (d @EEE (FiE6.1
+1.7%,. BM545%5.5 +1.7%. P <0.01, BX1fL.
R 12%6.0 £2.0%) BREMEEIL X 4.4%,

Table 2. Effect of venous tourniquets on apex cardiographic parameters in normal subjects and patients
with heart diseases.

before 1 min. 3 min. 5 min 7 min off 1 min. off 3 min.
m SD | m SD | m SD | m SD | m SD | m SD | m SD
27.0 4.1 25.4 4.7 23.6 3.5 | 23.9 4.0 24.0 4.6 | 27.5 5.9 | 26.7 5.8
Normal
—-1.5 1.7*% ~3.4 2,1** -3.0 2.0"7 -=3.,0 2.1 +0.5 2.7 |—-0.1 2.5
DF/OE 24.4 5.5 | 21.6 4.6 21,2 4.8 | 20.5 5.2 | 21.4 53 | 23.7 5.4 | 24.1 5.2
NYHA I
(%) —2.7  2.7*"| -3.1  2.1*% =-3.9 2.1"%~-3.0 2.4* -0.7 2.1 | -0.2 22
43.1 9.7 | 36.7 7.4 36.3 10.0 | 33.8 8.7 34.9 8.4 | 40.4 15.7 | 43.0 14.6
INYHA I, II
—6.4 4.9 —6.9 5.2**—-%.4 5.7*1-8.3 9.5%|-2.8 6.7°| 0.1 5.8
6.1 1.7 6.0 1.6 5.2 1.6 5.5 1.7 5.5 1.5 6.0 2.0 5.9 2.3
Normal
~0.2 1.1 -0.9 11.2*Y~-0.6 0.8**-0.7 1.1 -0.1 1.3 |-02 1.3
a/OE 9.5 4.4 8.4 3.6 8.3 3.6 8.6 3.9 8.4 3.9 8.9 4.0 9.1 3.6
%) NYHA I
o -1.0 1.8*|-1.2 2.0{-0.9 1.9"|-1.1 1.9* —-0.6 1.6 |—-0.3 1.7
27.2 10.4 | 23.0 9.4 23.8 10.2 | 20.7 8.4 | 22.3 83 | 25.2 13.9 | 27.1 13.4
INYHA I, IT
—4.2 3.0* -3.4 3.8 | -6.4 4.07|-4.9 6.8 —-2.0 4.7°|-0.1 3.8
12.2 3.2 1.4 3.9 10.5 3.1 10.7 3.0 10.6 3.1 12.7 3.7 12.3 3.6
Normal
—0.8 2.0 |~-1.7 1.4*-1.5 1.4** —1.6 1.5*7 +0.6 2.3 |+0.2 2.3
RF/OE 8.3 4.3 6.7 3.3 65 3.1 | 59 2.8 6.4 3.2 7.7 3.8 7.5 3.7
NYHA I
(%) -1.6 1.9* —1.9 1.6*% —-2.4 22" —1.9 1.9"%-0.7 1.8 |—-0.8 2.1
8.1 3.1 5.4 2.7 5.1 3.6 5.0 3.2 5.2 3.3 7.2 4.2 7.5 3.7
NYHA 0,11
—2.7  2.2%|=3.0 2.4%{-3.1 2.4*|—-29 2.77|-0.9 1.8 |—-0.6 2.1
118 17 120 16 118 15 | 118 15 119 14 116 16 118 14
Normal
+2 q* 0 4 +1 6 +1 6 ~2 q 0 6
I-0 157 38 160 37 160 41 | 159 38 158 36 153 35 157 38
NYHA [
{msec.) +3 10 +3 9 +2 10 +1 10 -4 12 0 12
165 24 176 25 177 24 179 30 174 26 168 21 167 21
INYHA ILII
+11 6** +11 8" +13 10"] +9 6T | +2 7] +1 7

Data and symbols as in table 1.

Abbreviations : DF/OE=total diastolic filling wave ratio.
I — O =interval from the aortic valve sound to the O—point of the apex

filling wave ratio.
cardiogram.

a/OE="a” wave ratio. =~ RF/OE=rapid
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EXiM 5 2% 8.6 +3.9%., P < (.05, EXMAZR | 9%
8.9+4.0%) N ICERER(FIE27.210.4%.
EXIM 5 3% 20.7 £ 8.4, P < 0.05, ER IR 1 ik
25.2 £ 13.9%) o&RBE SEMEFRICHED LM
BRBERIEICE L (K2). £, Biic £ % a/OE
ORVEFREERICBVLTRE, BERI LUK
EEBOERIC LEEEERLE (P<0.01, P
<0.01) (®7).

5) BEFKBEEL (RF/OF) : RF/OE 2@y
(HME 12.2 £3.2 %, BXIM 5 538 10.7 £ 3.0 %.P <
0.01, BRIMARE 1 518 12.7 + 3.7 %), BIER (Fig
8.3+4.3%. BRMN55%5.9+2.8%. P <0.01,
EXMARRR 1 7% 7.1 +3.8%) XU ICEER (Fig
8.1%+3.1%, BMm55%5.0+3.2%. P < (.05
EXMARRR 1 2 T.2+4.2%) O/BLE SHELHD
LERIMARRRSEIME I E L (R3). £/, Kilic &3

Table 3. Effect of venous tourniquets on systolic time intervals in normal subjects and patients
with heart diseases.

before 1 min. 3 min. 5 min, 7 min. off 1 min. off 3 min.
m SD m SD m SD m SD m SD m SD| m SD
404 22 | 404 23 | 401 22 400 21 400 21 402 23 | 403 22
Normal
0 4 -3 4% —4 6*| —4 5% -2 5 -1 4
Q-I 410 34 | 407 35 | 405 37 | 403 37 | 404 37 | 407 35 | 408 35
NYHA I
(msec.) -3 6 —4 ™ -7 ™Y -6 g -3 8 -1 7
420 35 421 30 419 33 419 34 419 33 420 33 420 32
INYHA I, I
0 9 —2 5 -1 4 -2 6 -1 7 0 7
104 9 108 10 109 9 109 9 108 8 104 9 104 9
Normal
+4 3** +5 2** +5 2*7 +4 3+ 0 3 0 3
PEP 130 22 133 23 135 24 135 24 135 25 131 24 131 33
NYHA I
(msec.) +3 4" +5 4** +5 6% +5 4 +2 5 +1 4
148 28 | 152 28 | 153 29 153 30 153 29 148 26 149 28
INYHA I, I,
+4 3" +5 41 +5 5*| +5 4* 0 3 +1 4
75 8 79 10 80 9 80 9 79 8 76 8 76 10
Normal
+4 3 +5 3" +5 3" +4 3* 41 3| +1 3
ICT 97 22 100 23 | 102 25 102 25 | 102 25 99 24 99 23
NYHA I
(msec.) +3 4* +5 4** +5 6" +5 4" +2 5 +1 q
106 21 110 22 111 23 112 25 111 24 106 18 106 22
INYHA I, I
+4 3*! +5 5" | +6 5| +5 5* 0 4 0 5
300 19 | 296 20 | 292 19 | 291 19 292 19 | 298 20 | 299 20
Normal
—4 4** -8 3" —8 4** —8 4 -2 4 -1 4
ET 280 23 | 274 22 | 21 24 268 23 | 269 23 | 275 22 | 278 22
NYHA I
(msec.) - 6 6™ —9 6" —12 6% —11 ™Y =5 6" —2 6
273 43 | 269 42 | 265 45 | 266 44 265 43 | 271 42 272 41
INYHA II, IT
-4 8| -7 7™ -7 8| -7 8" -1 7 -1 5
2.89 0.30 2.76 0.33 2.70 0.31 2.69 0.29 2.70 0.25 2.87 0.30 2.89 0.34
Normal
—0.13 0.09""—0.19 0.07*%~0.20 0.05"%—0.19 0.10*%—0.02 0.09 0 0.08
2.22 0.41 2.12 0.37 | 2.07 0.37 | 2.04 0.36 | 2.06 0.36 | 2.16 0.39 2.18 0.40
ET/PEP| NYHA I
—0.10 0.10*%—0.15 0.10°*-0.18 0.13**~0.16 0.10**{~0.06 0.07"*|—0.04 0.09*
1.93 0.62 | 1.86 0.63 | 1.83 0.65 1.84 0.65 1.82 0.61 1.92 0.62 1.91 0.64
INYHA I, I
—0.06 0.05°%—0.10 0.08% |—0.09 0.11* |-0.10 0.08*{—0.01 0.06 |—0.02 0.06

Data and symbols as table 1.

Abbreviations : Q—II=total systolic period PEP=pre-ejection period ET= left ventricular ejection

time

ET/PEP=ratio of the ejection time to the pre-ejection period.
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Figure 1. Effect of venous tourniquets on total diastolic filling wave ratio in
normal subjects and patients with heart diseases. * P < (0.05 * * P <0.01
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OE
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10 N————
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Figure 2. Effect of venous tourniquets on “a” wave ratio in normal subjects and
patients with heart diseases. Symblos as in figure 1.
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Figure 3. Effect of venous tourniquets on rapid filling wave ratio in normal
subjects and patients with heart diseases. Symbols as in figure 1.
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A% 1 53%% 168 £ 21msec.). 1 2% 104 £ 9msec.), EREM (FIE 130 +

7) IR (Q -1 : Q- NEfIRBER (FIE 22msec., BX1f1 5 435 135 + 24msec., P < 0.01, &

404 + 22msec., BXIM 5 2% 400 + 2lmsec., P < AR 14388 131 + 24msec.) 75 & T ERERE (Bilg
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Fiqure 4. Effect of venous tourniquets on pre-ejection period in normal
subjects and patients with heart diseases. Symbols as in figure 1.
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300:
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Figure 5. Effect of venous tourniquets on ejection time in normal subjects and
patients with heart diseases. Symbols as in figure 1.
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0.05. ERMARM 1 538 148 £ 26msec.) O &L K
mgERcER URMARRERTEEL 2 (K4). &
- ERiMic & 5 PEP O EEREIEHE bERETH
Sk (ET7).

0) SRR (ICT) « ICT W EEE (FIHET5 +
gmsec., BX( 5 43%% 80 + 9msec., P < 0.01, BRI A%
B 143 76 + 8msec.), BEER (FiH#E 97 + 22msec..
g1 5 4% 102 + 25msec., P < 0.01, EXnf#RR 1 4
%99 + 24msec.) M oI EAE B (FIE 106 =
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1 4314 106 = 18msec.) ORBL SEKMBERIC
HEE LERMARRR R EHEICE L /2.

10) BRI (ET) : ET W#E & (FiE 300 =
19msec., X1 5 43 291 + 19msec., p < 0.01, &
R 1 438 298 + 20msec.), HRAE B (HiE 280 +
93msec.. EXIf 5 43%% 268 + 23msec., p < 0.01. EX
mARK: 1 434 275 + 22msec.) # 5 CCEAERE (BifE
273 + 43msec., 5Kl 5 43%#% 266 = 44msec., p <
0.05, BRIMAZR: 1 %% 271 + 42msec.) OREL HE
MmigH B LR MARRERIEcE L (K5). &
. BRifiic & 3 ET OEREEE JRAERM Mo 2 B
HLKEBERTS » L ERERBH SNUD - 12
(®7).

11) ET/PEP i3 %% (Hif# 2.89 + 0.30. B 5
$%2.69 £0.29, p <0.01, EXMARMK 1 1% 2.87
+0.30 ), BRAEBF(HIME 2.22 + 0.41, BX1fn 5 431 2.04
+0.36, p <0.01, EXmfigkk 1 2% 2.16 £ 0.39) 7
SUCEER (BIE 1.93 £ 0.62. EXMm 5 4% 1.84 £
0.65. p <0.05, EXMAFK: 1 % 1.92 £ 0.62) D&
BHEoBMEsFRCRD LEMMRp K@ cEL -

+

(K6 ). &1, Bifnic & 3 ET/PEP o By/LIRE R EIE
BB Th&d, BEBLIoURBEROELRKC
HLEEZ2RLE (p<0.01, p<0.05) (RT).

% #®

S IRER (M R HEIR < Mk % I E & RS
S>URHARNOBDE b5 T &b oaEE LIRS
OEED 1> LTHEASKTVS', Ktk K
BRI E s N AR, Ebert oMok 5 & @
FECBOTLERNME cHATRL & vic—fl L&
%7~ 10 S8R L 72384, 580 ~ 890 ml, ¥ 720
nTHY, TORHTFR, WS v tho—f LK
OEBRMEEIH I BES2E0H . 12, Warren
Stk BEZECEBVTHEMKBES 0 ~
80mmHg T 6 ~ 10 2T 3 E EEE I 36 ~
65mmH0 BT L, xuid 500 ~ 1000 nl DM & %
MBICHEMT 5 L0 5. Bilf, Habak o'Mi3EEER
5 U RELLEZ B WT I ARSI BRI
EA#ML . Strain gauge plethysmograph %{# -
THECFEI NS MEREZMEL:. #Boickdd
HEOHETL 2 T & AR % 60mmHe T BRI
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Figure 6. Effect of venous tourniquets on the ratio of ejection time to pre-
ejection period in normal subjects and patients with heart diseases. Symbols as

in figure 1.
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Figure 7. Changes in filling wave ratios and systolic time intervals caused by
venous tourniquets in normal subjects and patients with heart diseases. The
bar represents the standard deviation of the meanresponse.

@® : normal group

A : group with NYHA functional class I

B : group with NYHA functional class 1I, I
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Abstract

To evaluate the utility of the venous tourniquets test for the indirect assessment of
left ventricular performance, the time intervals of cardiac cycle and the ratios of the
diastolic filling waves of the apexcardiogram were analysed in 16 normal subjects and
32 patients with heart diseases ; 7 patients with old myocardial infarction, 7 patients
with the other ischmic heart disease, 13 patients with hypertensive heart disease, one
patient with beriberi heart disease and 4 patients with idiopathic cardiomyopathy.

Patients were divided into 2 groups according to physical capacity of NYHA : 21
patients with NYHA functional class I and 11 patients with NYHA II or II.

Apexcardiogram, carotid pulse tracing, phonocardiogram and electrocardiogram
were simultaneously recorded in the left semilateral decubitus position. Blood pressure
was measured with the cuff sphygmomanometer. Venous occlusive cuffs were applied as
high as possible on the both thighs and cuff pressures were kept 60mmHg. The time
intervals, the ratios of the diastolic filling waves of the apexcardiogram, heart rate and
blood pressure were measured before, 1, 3, 5 and 7 minutes during the application of
the venous tourniquets and 1, 3 minutes after sudden release of the venous tourniquets.

Blood pressure remained unchanged, but heart rate increased only minimally
during the maneuver in all the groups. In both the normal subjects and the patients with
NYHA 1, significant decrease in the total filling wave ratio, the“a” wave ratio and the rapid
filling wave ratio were observed during the maneuver. And significant prolongation of

- PEP and ICT and shortening of systole and LVET were observed during the maneuver.

In the patients with NYHA II or [, the changes of the ratios of the diastolic filling

waves were greater than that in the normal subjects or the NYHA I group, while only
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minimal changes of PEP, ICT and LVET were observed.

It is concluded that the analysis of the time intervals of cardiac cycle and the ratios
of the diastolic filling waves of the apexcardiogram before, during and after the venous
. tourniquets test are useful for the indirect assessment of left ventricular performance.




