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Evaluation of left ventricular performance by using the non-invasive method (II)
Analysis of the time intervals of cardic cycle and the ratios of the diastolic filling
waves of the apexcardiogram before, during and after the leg raising test and the
construction of the left ventricular function curve by using the non-invasive method.
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.




JEE Beiy Lo RRAT i ki BE 3 2 BT5E (2)

LV EBEOEERLLBEEOAERObORT
Gl HHBICEERL, TR THERETH
@, BEEERC L VEEROKESO b0 1 3L
WIcEHMEICE L 2. BIAM % R4 5 DF/OE D £ {t
BEFIAEBBRTHIOTUTORBEIIE LS 2
BOBILOVWTET S,

1) IN#FEHRIMAE (SBP) : SBP @& B, SERQ
SURBEHOSHE B EEF FRMEEEZRL .,
BEBRTREEOE(L (F/E 128 + 22mmHg., % k3
5% 133 + 2dmmHg.. p < 0.01, 2 LiE% 1 5%
198 + 23mmHg ) BE DB S hieds, o 2B TREE
OELTIRIED 1.

9) eEHAMFE(DBP) : DBP & E L IEFEOE
fLERE Eh otz

3) L% (HR) : MR BERTRALE TS
St —HLRERERTRIEIRBEERL LEED
AR LI (FifE64.3 + 10.3/min., # F 3 2
62.6 = 10.7/min., p < 0.01. #2K¥: 1 5% 64.0 *
9.5/min.). LA L, SEHTRIALETH-K.

4) 2iGEHERBSL (DF/OE) « DF/OE ik

565

WE (BifE26.7+3.8%. %F34%30.9+6.5
%, p <0.01, k% 1 D18 26.1 = 4.3 %), BAEBRH]
B23.4+5.2%. L3 5%2.0+£59%.p <
0.01, fiZ 14538 23.3 £ 6.6 %) 1 & I BIESRF (Fi
B41.5+6.9%, L3 7% 49.8+9.4%.p <
0.01. BB 1 92%# 40.5 £ 6.3 %)DRBL OB LKEE
BIEALERERBIC L DEEIELZ(®L). £,
T bk 2 DF/OE OKIEFREERICB VT
K&, BEBLOBMCEREZMED L (p <
0.05) (E7).

5) alEk (a/OF) : a/OF G BREBTEARET
oot BIER(AIEY. 1 £4.2% #3098 11.0
+4.8%. p<0.0l.BRINK%KIL2+45%) 55
VI EER (FiE26.3 £9.0%., #1:35%30.2+
9.8%,. p<0.01, BB 1 3% 25.8+7.2%)TRT
EEFHEECHALERCL D AIIECELL: (B
2). g4, %o &k 3 a/OF OMARE I EEBHE
ERCHELREVERTS LB EFETR P »

(B7).

Table 1. Effect of leg raising 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
110 6 | 111 8 | 111 12 6 | 112 5 | 109 6 | 108 7
Normal
+1 5 | +2 3| +2 51 +3 4] -1 4] -2 3
SBP 128 22 | 131 22 | 133 24 | 131 23 | 132 23 | 128 23 | 127 23
NYHA I
(mmHg) +3 . 4*| +5 5% +3 6% | +4 7* 0 5| -2 6
156 64 | 156 63 | 158 63 | 159 65 | 159 63 | 159 63 | 158 64
INYHA I, I
0 5 | +2 4| +3 4| +3 4*| +3 7| +2 5
73 7 74 8 74 7 73 8 74 7 72 7 72 7
Normal
+1 3| +1 4 0 3| +1 4| -1 31 -1 3
DBP 86 16 87 16 87 15 88 15 87 16 86 16 86 16
NYHA I i
(mmHg) +1 3| +1 3| +2 4] +1 4 0 3 0 4
100 36 102 35 102 35 103 35 102 35 102 35 161 36
INYHA I, I
+1 3| +2 3 +2 3| +1 3| +1 3| 41 4
61.5 11.0 | 61.5 10.6 | 62.4 9.8 | 61.0 10.4 | 61.2 10.6 | 62.2 11.6 | 61.2 10.9
Normal
-0.1 1.4 |+0.8 2.6 |—~0.5 1.8 |=0.3 2.6 |+0.7 5.4 |-0.3 2.3
HR 64.3 10.3 | 63.0 10.1 | 62.6 10.7 | 62.5 11.0 | 62.3 10.3 | 64.0 9.5 | 64.9 9.9
(beats NYHA I ~1.3 2.3 -1.8 2.7 -1.8 3.1° o
min) 3 2. 8 277 -1.8 3.10°| -2 2.6 -0.3 2.5 |+0.6 3.1
62.8 11.3 | 62.8 12.2 | 62.6 12.8 | 63.0 12.3 | 62.9 12.6 | 63.2 12.7 | 61.4 12.7
INYHA 1, I
0 3.2 |—-0.2 3.0 |+0.2 2.3 |+0.1 2.8 |+0.4 2.4 |-1.4 2.6

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
* p<0.05

**p <0.01

DBP =diastolic blood pressure

HR =heart rate
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Figure 1. Effect of leg raising on total diastolic filling wave ratio in normal
subjects and patients with heart diseases. * P < (.05 **x P <(.01

Table 2. Effect of leg raising 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|i m SD| m SD| m SD|{ m SD|{ m SD
26.7 3.8 | 30.2 6.7 | 30.9 6.5 | 30.4 5.3 30.0 5.4 | 26.1 4.3 | 25.9 4.1
Normal
+3.5 31" +4.2 3.6" +3.7 2.5"% +3.3 2.2*°( —0.6 2.8 | -0.8 2.0
23.4 5.2 1 29.3 6.2 | 29.0 5.9 | 28.4 6.7 | 28.2 6.7 | 23.3 6.6 23.2 6.1
DF/OF | NYHA I
(%) +5.9  3.4*% +5.6 4.0 +5.0 3.8%% +4.9 4.5*¢ 0 3.6 |—-0.1 25
41.5 6.9 48.5 11.2 49.8 9.4 49.4 8.6 51.0 9.8 40.5 6.3 40.7 7.5
INYHA II, I
+7.0 6.6"7 +8.3 4.6"7 +7.9 5.2°% +9.5 6.2*7 —-1.0 5.6 | -0.7 3.2
6.2 2.1 6.3 1.8 6.3 2.2 6.0 1.9 5.7 1.7 6.0 1.9 5.6 1.6
Normal
+0.1 0.9 }+0.1 1.1 {-0.3 1.3 |-0.5 1.1 -0.3 1.1 |—0.7 1.0*
a/OE 9.1 4.2 11,0 4.6 11.0 4.8 10.8 4.3 10.6 4.9 9.2 45 8.9 4.0
NYHA I
(%) +1.9  L7*7 +1.9  2.2** +1.7 1.7"% +1.4  2.1*% +0.1 1.3 | —-0.3 1.4
26.3 9.0 | 30.3 11.9 | 30.2 9.8 | 30.8 10.6 31.7 11.5 | 25.8 7.2 25.4 9.0
INYHA T, I
+4.6  5.3" | +3.9 2.5“°| +4.6 3.0**| +5.5 4.8"% —0.4 5.0 | —-0.8 2.7
11.9 3.4 14.9 4.6 | 15.7 4.1 15.5 4.0 5.5 4.5 | 12.2 3.6 11.9 3.4
Normal
+3.0 2.2°% +3.9  2.5*" +3.6 2.4** +3.6 2.6"Y +0.3 2.0 0 1.9
RF/OE 7.3 3.6 10.3 4.5 9.5 4.2 9.9 4.4 9.6 4.5 7.5 4.3 7.4 4.0
NYHA I
(%) +3.1 0 2.3 423 2.1*Y 4+2.6  2.1%* +2.4 2.1*" +0.3 2.3 +0.2 1.5
7.2 2.5 9.9 4.0 11.0 4.6 10.4 4.0 11.1 4.8 6.6 3.9 6.8 3.5
NYHA I, II
+2.7  3.5%| +3.9 3.2*% +3.2 2.9** +4.0 3.2**| —0.6 2.3 | —0.4 2.1
118 16 112 13 113 13 114 15 114 13 121 18 119 16
Normal
—6 6 ~—6 6* —4 5" —4 6* +2 5 0 5
I-o 158 36 146 34 150 39 152 36 151 35 159 35 158 38
NYHA I
(msec.) -13 10" ~9 8 -7 9% -7 7 +1 70 -1 9
167 25 158 18 157 18 160 18 159 18 176 31 171 26
INYHAI,IT
-10 9™ ~10 10 -7 11| -8 10* | +9 14 +4 7

Data and symbols as in table 1. ]
Abbreviations : DF/OE=total diastolic filling wave ratio. a/OE="%a" wave ratio. RF/OE=rapid
filling wave ratio. I—O=interval from the aortic valve sound to the O-point of the apex cardiogram.
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6) EEFEBEEL (RF/OE) : RF/OE 3 @HH
(FME 11.9 £ 3.4% . 8BL37%15.7+24.1%, p <
0.01, 2 LR 1534 12.2 £ 3.6 %), BER (FiE
79+3.6%, #L3A%9.5£4.2%. p <0.01,
w1 ART.5 £ 4.3%) 15 IEER (FE
7.9+2.5%.2L35%11.0+4.6%. p <0.01,
BB 12%6.6 £3.9%) OBBLLELERER
eRALERERIC L OFMEICEL: (R3). k.,
Th bic & 5 RF/OE 0 ARE 3RIERHSM O 2

567

Bt LN B ERTCH > L HFRTRE, -2 (K
7).

7) I~ OFRK : I - ORI EEE (Rl 118
+ 16msec., 2 1 3 43 113 * 13msec., p < 0.01,
R 1 53k 121 + 18msec.), BIER (FifE 158 +
36msec., #_t 3 43% 150 + 39msec.. p < 0.01, %
R 1 5348 159 + 35msec.) 10 o i ERER (Hi{E
167 =+ 25msec., # £ 3 9% 157 + 18msec., p <
0.01, 2 FAZER 1 5312 176 + 3lmsec.) DR L b E

Table 3. Effect of leg raising 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
403 21 | 409 20 | 409 19 | 409 21 | 409 19 | 405 22 | 405 19
Normal
+7 5** +6 5% +7 4 +7 4* +2 6 | +2 5
Q-1 407 34 | 415 30 | 416 33 | 416 32 | 417 33 | 409 33 | 409 35
NYHA I
(msec.) +8 7* +8 6" +9 8% +10 8% +1 6 | +2 6
421 36 | 425 34 | 425 36 | 425 37 | 423 37 | 420 38 | 424 36
INYHA II, I
+4 6 +4 8 +4 7 +2 10 ! 7 +2 8
104 8 | 101 9 | 100 9 | 101 71 101 8 | 105 10 | 108 9
Normal
—4 'Y —4 3" —4 3*% -3 3*f +1 3| +3 2
PEP 131 24 | 124 20 | 125 21 | 127 23 | 126 21 | 133 25 | 134 27
NYHA I
(msec.) -1 6*Y —6 5" -5 4% -5 5** +2 5| +2 7
149 30 | 143 26 | 145 28 | 145 29 | 143 28 | 148 30 | 147 27
INYHA I, I
-5 6** —4 5% —4 6 -6 7 0 2| -1 5
76 8 72 9 71 9 71 8 72 7 76 9 79 8
Normal
—4 3*™ -5 4*% —4 4% -3 4% +1 3 +3 3
ICT 99 23 92 20 94 21 95 22 94 20 | 101 25 | 102 26
NYHA I
(msec.) -7 6" -5 5" -5 5*% —5 5** +2 5| +3 6
107 23 102 19 103 21 103 23 101 22 108 23 107 20
INYHA I, I
-5 8 -4 6 -4 6 —6 7 +1 3 0 7
298 19 | 309 18 | 308 17 | 309 19 | 308 18 | 299 21 | 297 18
Normal
. +10 6** +10 7* +11 4** +10 4** +1 6 -2 5
ET 276 22 291 19 290 20 290 21 291 21 275 23 275 23
NYHA I
(msec.) +15 8% +14 9*% +13 9** +15 10*% -1 71 -1 7
273 41 | 282 41 | 280 41 | 280 43 | 280 44 | 272 44 | 276 42
INYHA 1, I
+9 8 +8 7 +8 ™ +8 8" 0 6 | +4 6
2.88 0.30 | 3.09 0.34 | 3.10 0.36 | 3.09 0.30 | 3.06 0.31 | 2.87 0.38 | 2.77 0.30
Normal
+0.22 0.11*% +0.23 0.16** +0.21 0.11** +0.19 0.10**| —0.01 0.12 | —0.10 0.09°*
2.17 0.41 | 2.40 0.41 | 2.38 0.45 | 2.36 0.49 | 2.38 0.47 | 2.14 0.43 | 2.14 0.45
ET/PEP| NYHA I
+0.23 0.12*% +0.22 0.17** +0.19 0.16**| +0.21 0.17**[ —0.03 0.10 | —0.03 0.12
1.93 0.63 | 2.06 0.62 | 2.03 0.63 | 2.04 0.67 | 2.06 0.67 | 1.93 0.64 | 1.96 0.62
INYHA I, I
+0.12 0.10*% +0.10 0.09* | +0.10 0.12* | +0.13 0.13** 0 0.04 | +0.030.07

Data and symbols as table 1.

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

ejection time BT /PEP=ratio of the ejection time to the pre-ejection period
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Figure 2. Effect of leg raising on “a” wave ratio in normal subjects and patients
with heart diseases. Symbols as in figure 1.
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Figure 3. Effect of leg raising on rapid filling wave ratio in normal subjects
and patients with heart diseases. Symbols as in figure 1.

LEERCEHLE LRRIC L DETEEL .

8) A (Q-1) : Q- IS RER (AlE
403 = 21msec., 2 | 3 3% 409 + 19msec., p <
0.01. % L#RE% 1 23 405 + 22msec.) 5 5 UICRE
B (HIfE 407 + 34msec, % £ 3 2 % 416 +
33msec., p < 0.01, ¥ LK 1 % 409 %
33msec.) THREBFFHFRICER LS HRRIC LD T
BicmLx, —F, EERTIEEERQ - IMROE
REMERLAVEROB(LTIRIE, - 1.

9) HIEXtH# (PEP) : PEP (%8s (RiiE 104
8msec., # £ 3 2% 100 + 9msec., p < 0.01, % Lk
fBr 1 43 105 £ 10msec.), BER (FE 131 =
24msec., 2 3 % 125 + 21msec.,p < 0.01, #
R 1 534 133 £ 25msec.) 74 & O i EAEBE(HIE 149

+ 30msec., 2 I 3 43% 145 + 28msec., p < (.05,
B AR 1 5316 148 + 30msec.) ORBEE B FEE
BlolomL s bmc L oBifEcEL (R . g1,
BECL2PEPOGEHEERIBL I EIEARET
Bote (7).

10) EFMEHACT) « ICT R (AHET6 =
8msec., # F 3 43% 71 + 9msec.. p < 0.01. % L&
B 1476 + 9msec.) T SO ICEBRERE (FiE 99 =
23msec., # £ 3 5% 94 + 2lmsec., p < 0.01, % L
iR 1 2%% 101 £ 25msec.) TRELHREBRICEBEL
BEEMRICXOFEICELL. —F, EERCREL
®ICT olEmEANED SN MEEROE/LTIRE
bt

1) B #8 (ET) : ET @ @ % 8 (298 £
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19msec., 2.k 3 5% 308 = 17Tmsec., p < 0.01, &
RfERR 153 299 + 21msec.), ERE B (HIfE 276
99msec., # £ 3 5% 290 + 20msec., p < 0.01, ¥ L
i 1 2% 275 + 23msec.) 18 5 Ui ERIE BE(HIHE 273
+ 41msec., # - 3 23t 280 £ 4lmsec., p < 0.01,
2 AR | 239 272 + ddmsec.) ORBE bELRE
HEEELBLERIC X ORIMECELA(XS). %1,
2k 2ET OEREREIEEHIMED 2Bk L
MMEBERTH Y, BEHEEERMCEEENED
st (p <0.05) (7).

12) ET/PEP : ET/PEP {5 8 (BifE 2.88 =

mssc. Normal nase.
200 200

NYHA | nase.

0.30, 2 E35%#3.10 £ 0.36, p <0.01, # LK
153%2.87 £0.38), BER (WiE2.17 £0.41, %
E32%2.38+0.45, p < 0.01, % LMK 1 3%
2.14£0.43) 0 5 N EFERE (HifK 1.93 £ 0.63, %
E32%2.03+0.63, p <0.05, %L1 2%
1.3 +0.64) o&BL 6B FRFRICHEALE LR
BRICLVBHEICE L (K6). 74, FLick?
ET/PEP 0¥ AEEREER MO 2 Bk L TA
SLEEENEDON (p<0.05,. p<0.05) (B
7).
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Figure 4. Effect of leg raising on pre-ejection period in normal subjects and
patients with heart diseases. Symbols as in figure 1.
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Figure 5. Effect of leg raising on ejection time in normal subjects and patients
with heart diseases. Symbols as in figure 1.
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Figure 6. Effect of leg raising 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
leg raising in normal subjects and patients with heart diseases. The bar
represents the standard deviation of the mean response.

O : normal group
A\ : group with NYHA functional class |
[J : group with NTHA functional class II, I
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I) FEREMGZsICELARICETS DF/OE &
ET/PEP & 0 BA%

Wic e, THEKMS o e TE# FRcE 3 3
ACG £ B BB St (DF/OE) & ET/PEP & %
HiEE ETOBEHMER SN L 2R a1, Il B
WTE—HLSWLEBBCERL, CoiBoBRME
285 L7. £/ 8 #lic B W\ T Lanatoside C
0.dmg OBREH W DHB I T EH BV T
Propranolol 10mg O#ARES 10 S odHBROLE L
FEEL. & SCHBEOHERE I L 3 ROALRYE
DREFE & It KO & 2 B OB OR2H
OBEITROKAL OB oA IEE I L TE
L.

R 8 i THRERIMA & i B LEM D] o th o i B
i+ 5 NYHA 78D &£ 8 0 DF/OE 0 15 {E &
ET/PEP OEEE L OBBFHEARLEZ D TH 2. BE
BBEBIOUCKEERO IR L & DF/OE &
ET/PEP & ORIc i3 s WHERANEEY b1, o EER
RETHCAE LEREROFERIRER L LEE
KRDLTVWEONED LN,

X 9 3 OEER LRI (CTR) , @ ERREC X
AEREEE (AT) B X OWMRE (CD) 45 iz UCG
ok ZEXHR (EF) itk h EERE REBICHEL

&30 DF/CE 0 Fi4E & ET/PEP 0 EHgiE & O EIE
E2H1bDTH2 WFhSREBRIETHIMEL,
BOEWREHRORKE EEBcH LB LTV 20k
BEHohl.

K106 o0 1l 3EREROHREE 100£LT
DB EO—iE L LT oBEML o 0t A Rt
LEbDTH 5.

E—H® 5\ Ed¥A%KCERLA o DF/OE &
ET/PEP ¢ DEIREBOFEIZI L A & 45° D ER
LEEL, ToXHBOTHRIZ0.5+0.5TH -1t
(X10).

BROEEEEREST 5 L2 L EIREROFRE
AL, zoXEEE+2.1+1.9TsnEEOLIL
TH-7(p <0.05) (F11).—H, B — SRR
WAl E 5T 5 & ERER ORI 8 Flth T FIAsED
L. 20Z{BR-14x1.0TH 0 BEEOENTH
-7 (p<0.01) (E11).
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Figure 8. Relation of mean values of ET/PEP to that of DF/OE, before, during
and after application of venous tourniquets and leg raising in normal group,
the group with NYHA functional class I and the group with NYHA functional

class II, II.
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Figure 9. Relation of mean values of ET/PEP to that of DF/OE, before, during
and after application of venous tourniquets and leg raising in patients with
heart diseases. Abbreviations : CTR = cardiothoracic ratio AT =appearance time
obtained by dye dilution method. CI = cardic index obtained by dye dilution
method. EF = ejection fraction obtained by UCG method.
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Abstract

A study was performed to evaluate the utility of the leg raising test for the indirect
assessment of left ventricular performance and to present the method for the
construction of the left ventricular function curve by using the non-invasive method.

Sixteen normal subjects, 21 patients with NYHA functional class T and 11 patients
with NYHA I or Il were studied.

In all the groups, no changes or only minimal changes of diastolic blood pressure
and heart rate were observed during the leg raising maneuver. In the normal subjects,
significant increase in the total diastolic filling wave ratio(DF/OE) and the rapid filling
wave ratio were observed during the maneuver. And significant prolongation of systole
and LVET and shortening of PEP, ICT and II = 0 interval were observed. In the
patients with NYHA I, significant increase inthe “a” wave ratio was also observed in
addition to the changes as descrived above. In the patients with NYHA 1 or M, the
changes of the ratios of the diastolic filling waves of the apexcardiogram were greater
than that in the normal subjects or the NYHA [ group, while only minimal changes of the
systolic time intervals were observed.

Left ventricular function curves were obtained by relating the changes in
LVET/PEP and DF/OE before, during and after the venous tourniquets test and the leg
raising test. In all the groups, linear relationships were found to exist between
LVET/PEP and DF/OE. The regression coefficients were 0.060 for the normal subjects,
0.041 for the patients with NYHA [ and 0.014 for the patients with NYHA I or II.

In each patient, the coefficient showed good reproducibility and increased
following administration of digitalis and decreased following propranolol. Moreover
the coefficient increased with clinical improvement in patients with heart failure. -

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 leg
raising test are useful for the indirect assessment of left ventricular performance and
the coefficient of the regression equation relating LVET/PEP to DF/OE before, during
and after the venous tourniquets test and the leg raising test is useful for assessing
myocardial reserve quantitatively in clinical course.




