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Assessment of left ventricular contractile reserve during isometric handgrip stress in

patients with coronary heart disease.

Mareomi Hamada, 2nd Department of Internal

Medieine, School of Medicine, Kanazawa University.
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2 ) Cardiac index(Cl) = Cardiac output/Body
surface area(BSA)

3 ) Stroke index(SI) = Cl/heart rate

4) Total peripheral resistance(TPR) = Mean
blood pressure(MBP) x 1332 x 60/CI

5) Mean systolic ejection rate(MSER) =
Sl/ejection time(ET)
6 ) Ejection  fraction(EF) & Area-length
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Abbreviations: Q—II=electromechanical systole, ET =left ventricular

ejection time, PEP=pre-ejection per
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iz, OHEREMRELERT. Q THEIE, oM
BTERERCHLEEOEESRLL. ET i@
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FHOER, OMI BIHBO 2 BT ET K ER
Inl7zas, #ic OMI FBBTRERDEMERL .
PEP i3, BER2RIBTLFNLEROERER

~t

Fig. 2. A TYPICAL CIRCULATORY RESPONSE TO ISOMETRIC HANDGRIP EXERCISE
Abbreviations: BP=blood pressure (mmHg), Syst.=systolic blood pressure, Diast.=diastolic
blood pressure, HR=heart rate (beats/min), PCG=phonocardiogram, ECG=electrocardiogram,
ACG=apexcardiogram, CPT =carotid pulse tracing, {t=start of isometric handgrip exercise,
@ =release from isometric handgrip execise.

Table ] Responses of hemodynamic variables to isometric handgrip exercise (I)

l {vs normal)

N | Age HR SBP DBP MBP QI ET PEP ET PEP aWR LVEDP EF

e RE R E RE R E R E R E R E R E R E

Mean+SD 43 61 68°** 115 151**" 77 99°** 90 116°** 409 408 2092 293 117 115 2.49 2.53 5.8 7.0 8 77

- 8§ 7 8 2 17 5 9 6 10 15 1% 4 17 6 6 0.20 018 25 2.4 3 7

Angina

pectoris

M(n—_}_lc;D 56 55 63"* 122 157°*" 71 92*°** 88 113°%* 426 424 309 314° 117 110°* 2.65 2.88"% 10.3 11.2 1 71

eanEs 8 10 15 25 6 11 8 4 31 35 24 28 10 1 0.21 0.29 4.8 3.9 5 11

Pvalue #% * * % * * kK

(vs normal)

OM! (EF 250%)

(n=17

Mean+SD 53 59 6B'** 124 160*"* 78 100°** 94  120°** 427 424 301 306 125  118°°* 2.41 2.62°°* 8.5 11.8°° 12 60
9 10 3 11 16 9 1 9 12 22 25 23 22 13 13 0.33 0.35 3.5 4.2 6 7

Pvalue % * * Kk *ok

(vs normal} .

OMI(EF <50%)

(n=11)

MeankSD 54 59 B8°°T 128 153°TU 78 067795 15T 434 422t 202 288T 142 13T 201 221 167 2447 23
11 6 8 20 20 12 12 14 13 31 32 26 28 13 15 0.19 0.26 4.0 4.2 g 5

Pvalue w * *Ahk dk Kk k % Yo & A ok Aok ok ek ok

Abbreviations : OMI=o0ld myocardial infarction, HR =heart rate (beats/min), SBP=systolic blood pres-
sure (mmHg), DBP=diastolic blood pressure, MBP=mean blood pressure, ET =ejection time (msec), PEP =pre-
ejection period (msec), aWR=a wave ratio(%), Q-Il=total electromechanical systole (msec), LVEDP =left ven-
tricular end-diastolic pressure (mmHg), EF =ejection fraction (%), R=resting state, E=during exercise.

Significance in difference between rest and exercise within the same group : *=p<0.05, **=p<0.01, ***=p

<0.001.

Significance in difference between normal and other groups % =p<0.05, % % =p<0.01, % % % =p< 0.001.
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05, EFOEBETLTLWE RABR TR RERK K

ET/PEP DIET£8%, - AMIC & AHMB LIS ET/PEP
ot —HaWRIZ 2B E bHMARL, OMIRK 2.0 |

BETIEIHG AT TrELOWEMEARL, &< H
TEIHEmML k. 2.5 H H H

® 6k aWR & EF 0BR%E 7o » b L i % 5
T, BEBE, ELHicUBL, OMIBREFL0A

FTHichiFTBL, EFOETE L &ic aWR 0 1.5
RT20Mbh 5. BEHLE OMI Bicsid 3 aWR & awR g
EF officidy =-0.67, P < 0.0] o FWiEEEMESD 30

phf. ChcL, BOVERNG, BEBRC OMI B

20

&HR
14 beats/min 10 H

Angina 01d 01d
pectoris myocardial myocardial
inTarction infarction
(EF250%) (EF<50%)
Fig. 5. Responses of ejection time (ET) /pre—
ejection period (PEP) and a wave ratio (aWR)

to isometric handgrip exercise.
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.,01

Angina

myocardial myocardial A
pectoris infarction infarction
(EF250%) (EF<50%) a A oo
o
Fig. 3. Response of heart rate to isometric . a °
. . 7 8L LA L]
handgrip exercise. *=p<0.001. P o,
o $ o o ®
o® ®
) °
50 oo o, O°
uBP °
60 | mmHg o, o——
°
50 oo .
a0 Cel
£ ye116x-0-344
r==0.67
20 P <0.01
a awk
10 5 10 15 20 25 A

usP Fig. 6. Regression analysis between a wave ratio
Normal Angina 0ld myocardial 01d myocardial

pectoris infarction infarction (aWR) of apexcardiogram and ejeCtiOI'l fraction

(erzeom) fereoun) (EF) in patients with old myocaldial infarction

Fig.4. Response of blood pressure to isometric and normal subjects. Most of the open circles
handgrip exercise; SBP = systolic blood pressure, (angina pectoris) are distributed in the area over
DBP =diastolic blood pressure, MBP=mean blood this hyperbolic curve; A Normal, O Angina pec-

pressure. *=<(.001. toris, ® Old myocardial infarction.
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Table I Responses of hemodynamic variables to isometric handgrip exercise (II)
Case -
No. Sex Age HR MBP QII ET PEP ET/PEP aWR
Normal R E R E R E R E R E R E R R
1 M 35 53 57 95 112 422 419 303 304 119 115 2.56 2.64 5.8 5.0
2 M 48 61 72 89 111 383 366 267 257 116 109 2.30 2.36 7.8 6.2
3 M 48 61 64 89 106 405 415 291 295 113 119 2.58 2.52 9.5 10.0
4 F 45 64 71 93 113 414 409 299 295 115 114 2.60 2.59 5.6 6.5
Mean£SD 44 60 66> 90  111*** 406 402 289 287 116 114 2.51 2.53 7.2 6.9
6 5 7 6 3 18 25 19 23 3 3 0.14 0.12 1.8 21
Angina
pectoris
1 M 56 58 67 87 125 492 441 306 318 123 123 2.49 2.59 9.1 8.6
2 M 47 51 60 103 142 440 444 315 331 125 113 2.54 2.95 7.9 99
3 M 58 48 57 82 105 425 424 310 313 115 111 2.70 2.72 9.1 104
4 M 44 50 66 90 123 430 425 327 328 103 97  3.17 3.40 7.0 13.2
5 M 60 51 57 93 121 480 477 348 353 132 1256 2.64 2.83 22.6 20.8
6 M 61 57 60 99 111 417 417 295 298 121 120 2.43 2.49 10.4 135
Mean+SD 54 53 61** 92 121*** 437 438 317 324* 120 115* 2.66 2.85* 11.0 12.7
7 4 4 8 13 22 22 19 19 10 10 0.27 0.32 5.8 4.4
P value * * * * * K *
(vs normal)
OMI (EF=50%)
M 60 53 59 104 120 427 432 293 300 134 131 2.19 2.29 5.0 7.3
2 M 52 70 82 107 149 409 409 276 292 133 115 2.08 2.55 10.5 10.7
3 F 62 54 63 79 124 455 474 337 356 117 117 2.88 3.04 8.0 12.8
4 M 52 54 68 89 122 454 452 322 319 133 133 2.42 2.40 5.0 13.1
5 M 55 59 66 91 115 438 430 321 316 117 114 2.73 2.77 7.8 9.1
6 M 41 52 63 95 136 454 445 319 317 134 128 2.38 2.46 9.6 20.1
7 M 50 52 61 104 136 443 448 315 326 129 122 2.45 2.68 10.2 9.0
8 M 41 81 88 98 120 390 389 272 279 118 110 2.31 2.54 10.7 7.0
9 M 39 45 51 89 103 457 457 338 340 119 117 2.85 2.91 7.0 8.5
Mean+SD 50 58 67*** 95  124*** 436 437 310 316 126 121** 2.48 2.63** 8.2 10.8
8 11 11 9 13 24 26 24 24 8 8 0.28 0.25 2.2 4.1
P value * * *
(vs normal)
OMI EF<50%) 66 81
1 M 54 59 70 101 123 404 381 259 257 145 124 1,97 2.08 21.4 25.9
2 M 66 54 60 101 123 484 458 337 335 145 124 2.33 2.70 14.7 22.1
3 M 61 61 74 97 110 460 448 320 317 140 131 2.28 2.43 14.8 24.2
4 M 44 63 68 98 129 418 393 278 259 140 134 1.99 1.93 19.2 17.7
5 M 58 63 67 97 106 440 427 284 276 157 151 1.81 1.84 13.6 22.0
6 M 49 54 67 89 117 447 441 301 294 146 147 2.05 2.00 12.1 16.6
7 M 61 60 66 113 129 441 435 299 300 141 134 2.12 2.25 10.4 12.9
Mean+SD 56 60 69*** 99  120*** 442  426** 297 291 145 135** 2.05 2.18 15.2 20.2%
8 4 7 7 9 26 29 26 26 6 10 0.21 0.31 3.9 5.0
P value * * * *okok Kk k% Kk KKk

(vs normal)

Abbreviation : R=resting state, E=during exercize, HR =heart rate (beats/min), MBP =mean blood pre-
ssure (mmHg), Q —II=total electromechanicalsystole (msec), ET =left ventricular ejection time (msec), PEP=
pre-ejection period (msec), aWR =a wave rave ratio (%), ETI=ejection time index, PEPI = pre-ejection period
index, C.I. =cardiac index (L/min/min/M?), S.I.=stroke index (ml/beat/M?), MSER =mean systolic ejection
rate (ml/sec/M?), SWI=stroke work index (g-m/beat/M2), TPR =total peripheral resistance (dyne-sec-cm™),
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SWI
R E R

98 125 1881
63 83 2218
69 105 1745
82 95 1780
78 102** 1906
16 18 216
53 71 2504
92 122 2430
100 111 1515
97 124 1820
85 105 2160
57 72 3246
81 101***2279
81 24 603
86 91 2576
79 100 2270
59 83 2142
70 82 2282
68 84 2240
50 78 3690
68 102 3341
65 79 1990
70 70 2728
68  85"* 2584
10 10 578
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45 52 4040
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45 49 3643
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LVEDP =left ventricular end-diastolic pressure (mmHg), EF =ejection fraction (%), OMI=old myocardial

infarction, SD=standard deviation.
Significance in difference between rest and exercise within the same group : *=p<0.05,

* ok
=p<0.001.
Significance in difference between normal and oter groups : % =p<0.05, % % =p<0.01, % % % =p< 0001.

**r=<0.01,
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Fig. 7. Responses of stroke index (SI), mean
systolic ejection rate (MSER) and total per-
ipheral resistance (TPR) to isometric handg-
rip exercise.
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Fig. 8. Comparison of non-invasive data of ET/PEP and aWR with invasive data of SWI
and TPR from simultaneous records in response to isometric handgrip exercise.
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fraction =509), B Old myocardial infarction
(Ejection fraction < 509%).
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Fig. 10. Linear regression analysis between stroke

work index (SWI) and ejection time/pre-ejection
period (ET/PEP); a is the correlation of the two
variables in all groups;

ANormal, OAngina pectoris

@®O0ld myocardial infarction (Ejection fraction<509)

B Old myocardial infarction (Ejection fraction < 509).
b is the correlation of them in only normal subje-
cts, but not significant. But judging from ET/PEP,
some tendency of SWI of normal subjects to be
underestimated is demonstrated,
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Fig. 11. Changes of ET/PEP and aWR at rest and during isometric handgrip exercise in

four groups;

Aand A= Normal, Oand B= Angina pectoris,

@and C=0Ild myocardial infarction (Ejection fraction =509).
B and D=0Ild myocardial infarction (Ejection fraction < 509).
A, B,C and D indicate the mean values of each group.
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Fig. 12. Changes of the cardiac index (C.1) total
peripheral resistance (TPR) and mean blood pre-
ssure (MBP) at rest and during isometric handgrip
exercise; A=Normal, B=Angina pectoris, C=0Id
myocardial infarction (Ejection fraction =509%),
D=0ld myocardial infaction (Ejection fraction <50
%).
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Abstract

For the purpose of evaluating the left ventricular contractile reserve, isometric
handgrip (IHG) exercise was performed on 48 subjects undergoing diagnostic cardiac
catheterization. These patients consisted of 9 normal subjects, 11 patients with angina
pectoris, and 28 patients with old myocardial infarction (OMI). The OMI patients were
subdivided into two groups by the ejection fraction (EF) of 50%.

Each subject performed IHG at 30% of his maximal voluntary contraction. The
results were as follows : ,

D) The heart rate increased significantly in all the groups.

Both systolic and diastolic pressures were elevated in all the groups.There were no
significant differences in responses of HR and BP to IHG stress among groups.
1)

1) In the normal subjects, in regard to IHG stress, there were no significant
changes in ET, PEP, ET/PEP, aWR and TPR. However, CI, MSER and SWI increased
significantly.

2) In patients with angina pectoris, ET, ET/PEP, and aWR at rest had higher values
than in normal subjects. [n regard to IHG stress, the values of ET and ET /PEP further
increased significantly, but aWR revealed no significant change. CI and SWI increased,
but SI and MSER were diminished, and TPR increased.

3) In patients with OMI whose EF was over 50%, ET/PEP at rest was almost equal
but ET and PEP were prolonged in comparison with the normal subjects. Regarding
IHG stress, ET was prolonged, PEP was shortened, and aWR increased moderately.

CI and SWI increased but the magnitude of increase was less than in the normal and
angina groups. The magnitude of SI and MSER was less in the former two groups, and
diminished in relation to the stress. On the contrary, TPR was greater in magnitude
than in the former two groups and increased significantly with the stress.

4) In the OMI group whose EF was under 50%, in relation to the IHG stress, Q-lI
and ET were shortened significantly and distinctly from the former three groups, and
PEP at rest was greatly prolonged. aWR at rest was high and with the stress, it
developed greatly.
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SWI and CI at rest were very low and according to the stress, SWI increased
slightly and there was little change in Cl. But TPR at rest was very much higher than in
the former three groups and increased further in relation to the stress.

5) In conclusion, in regard to IHG stress, in the subjects with good left ventricular
contractile reserve, there were :

a) increased Cl and SWI, little change in TPR, and maintenance of SI and MSER,

b) little change in ET/PEP and aWR. .

On the contrary, in the patients with impaired left ventricular cont ractile reserve,
there were :

a) increased TPR, little change in CI and SWI, and a decrease of SI and MSER to the
stress.

b) high values in aWR and ET/PEP at rest, and a further increment upon the
application of stress.

But as impairment of the heart worsened, the magnitude of ET/PEP diminished and
aWR increased.

1) In comparison of invasive and non-invasive methods from simultaneous records,
there were much the same responses to IHG stress in the ET/PEP-SWI pairing, and the
aWR-TPR pairing.

But in normal groups, SWI was underestimated judging from the ET/PEP.

IV) There was a moderately good correlation between aWR and EF, but many of the
angina group did not fit this correlation.




