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Summary

To detect myocardial ischemia and to estimate cardiac reserve in patients with effort angina pectoris
without history of myocardial infarction, left ventricular diastolic filling was measured using Doppler
echocardiography during isometric handgrip exercise. Nineteen patients with effort angina pectoris
undergoing coronary angiography and 16 normal subjects were studied. The angina patients were
categorized in two groups: 12 with single vessel disease (SVD) and seven with multiple vessel disease
(MVD). Fifty percent maximum voluntary contraction isometric handgrip exercise was performed for
two minutes.

1. The resting A/R in the angina group was significantly greater than that of the normal subjects
(SVD: 1.20+0.24, MVD: 1.21+0.27, normal 0.85+0.10) (p<0.001). However, the values of many
cases in these three groups overlapped.

2. In SVD, the A/R increased significantly during isometric handgrip exercise (1.20+0.24 to
1.96+0.66: p<0.001). The 4 A/R (0.76+0.15) was significantly greater than that of patients in other
groups (MVD: 0.10+0.13, normal: 0.09+0.01) (p<0.001). Consequently, the A/R after exercise
clearly distingushed the SVD from the normal subjects.

3. In MVD, the A/R did not change significantly during exercise (1.21+0.27 to 1.31+0.41), and
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there were no significant differences in 4 A/R as compared to the normal subjects (p<0.01). The A/R
decreased during exercise in three of the seven patients, and this was markedly different from that of
the normal subjects.

These findings suggest that assessment of changes in left ventricular diastolic filling during iso-
metric handgrip exercise is useful in detecting myocardial ischemia and in estimating cardiac reserve

in patients with effort angina pectoris.
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M OBARERICH 3 2 LD OTEREIRE I
SN, IEHREICE T 2 BB R L VA, Ik
RYIBBICEALTRVWELRA 2 RABE V. &
£, BEEAVR - Fy 5 —HEOFKEICL DY,
EERAMFPARXSEBHBZ CHOLD L O
7Y, FELRBICR) 2ESTIRMEIEY, Z
DfFFE AR — DL VR EhD X dichko
T %610,

SERA RO OIERHBERICER L, 8%
ErAnvz - Fy 77—tk T, treadmill
ergometer 7 ¥ @ dynamic exercise {2, fii
DEBB DR, ETEROHBRL DL, BE,
»> simple 720 BEREHIE D FE T b % handgrip
BfikE v, SUHBRARHEKCH T 2 E£E TN
JCERE D S, B OFFTER & OVEAEEE O 3 0
RIREME & BRET L 7c.

xt ®

SR EFERORIE LA L, EEHAFRRIC
TEHREEOHMER IOEEDSTHET2ED

riEfTT, EBMRFTR L Y, AHA 5H5¥7T 90%
DEOBEBRAEREE BT 5HEMRLERE
(AP) D FITh 5. WERKICEI VAT 2
HELE. Thbb, |KOBERELAET %
VEMERECME (single vessel disease : —#EE) 12 44,
28 LL o EpkeZe # B+ % (multiple vessel dis-
ease : ZHEE) 7 1T, FHEMIITL T h, S5,
61 Th o7 EELERAE, BILE, %70
BEOEEDH S b DRI LI

XHBL LT, HHFR, LEX, BWHvE O
Ta—HEFICRE R, 2HERERORWE
WEE16 4, ¥ Slge v

BB, ZhboMRILFIRFAET, BiEHRH
SRR, BISMREESES (6 @/ 0L L), M7
v vy, WPW SEREE 2 & R TEERIZERSL L 72
(Table 1).

bl &
EEHAMGERRICE, BEEEEHFA AV 2
Fv 75 —%E ALOKA f SSD880 (15 /A
¥ 25MHz #v iR LEKS 6 KHz) & fwvic.
Pt # BEAERNBVLE U, LRI D O Kb

Table 1. Materials
Group Age (mean+1SD) (yrs) Male/Female Total
Normal 37~63(51+9) 10/6 16
Effort angina pectoris
Single vessel disease (SVD) 38~66(55+9) 10/2 12
Effort angina pectoris
Multiple vessel disease (MVD) 49~74(61+8) 5/2 7
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JEEHEH L, fE0E SRR Ysisic sampling point
¥REL, Ny 77—EFEEL. AffRE
b, # i sampling point 73FpHg o B ICERE
ENTVWBZ LR L. Fy 77 —FE50%N
Wrix i Fourier 283t (fast Fourier transfor-
mation: FFT) #{#iffj L, strip chart recorder
12T, MR 0 100 mm/sec THME L. =
PEAMGE L IR T ik, TEERE o 23 A &5
BRI O FEIHE I S WA O Mo~ 5 — v
EoRLic. ZoOWBLY, IREMIEEE ALK
HE R (cm/sec), FLHRHHINE AL KEE A (cm/
sec) L L, 0k AR #Rkwic. %7, R0 12
OFE DK R B R ICES 5 £ TORF, 7
b5 acceleration half time (AHT), R 7226, %o
12 12+ % £ CoOMf, $742bbH decelera-
tion half time (DHT) %3k, R-R T L <O

xnusn: -nsg 1E8LSUNLYe es

AR AR RIS B e SIS

HEIC X A WIEEIT - - (Fig. 1). O3, R
mrngk o 11 FHE B X » R-R BRIz IEL
TRz, &k, ThboHEEEEE S LEo
B e LTl MEE, @Eon 7EEH
WO, IHEIIMLE, PERBIME %, £ IGEE
E I oFE L v double product (DP) #3k®
e,
BAEMEEICE Smedley BB+ v, B
FHw 15~20 345 ER & L, Z0%EKEHO
50% # 2 3Rk & & 7. Afrhic Valsalva %)
EDMb B enX 5+ CHBA L, ARR

BREWAT U, 258y, AfT 24y, EHEH1 45,
34y, SAMTHBIF BN - Ry 75—, M

JE, DI EBIE L7 (Fig.2).
HRtI LB X G + 1 R ZE TR L, A
PrFERE Iz Student t MEE HV, fElRsR 5%

AHT

DHT

Parameters measured

R : peak velocity in the rapid filling phase

A:

peak velocity in the atrial contraction phase

A/R AHT : acceleration half time
DHT : deceleration half time
Fig. 1. Parameters derived from transmitral blood flow velocity pattern.
Rest Exercise Recovery
0 2 1 3 5 min
15~ 20 min
IHG
| . |
| 1
Pulsed Dopp:er = T x* x* =
(mitral flow)
BP = = = = Ll

Fig. 2. Measurments during isometric handgrip exercise.

BP=blood pressure.
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Hh, +F, A8, E»
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1. Handgrip &#fIc &3 0%, MF, double
product (DP) (Z{t (Table 2)

KEely, AP BorBEmchk LhEREEL
RLER, ik DP it BEZRZDALh-
7z. Handgrip Aff 2 Hic TRETIE, LK
DEERERE2RY, zoFER, DP 3&pL b
BEIZEMLE. —EBECEEERcE LAR2
4T o double product fEIZBZICKTH » 724,
Z OEMRTE, BERE 559%, —EB 46.9%,
S 398% L, BEHIRLKErok. &
PRtk 1 5T, @B L bAIEEER» ICRE
DEIZE L, LAMEER% 34, SHLeER%D
ECHEB L. £, BEH —BF SEEO
WFhiZBWT b, AR, ROERREE, LR
EFRIER, REROFEBIIBD 21 o7

2. ZHBOEERAMRE/N Y-

R iz gt 57+10cm/sec, — B8t 48+
12 cm/sec, £#%Ef 53+12cm/fsec THY, —h
SILEDTRT L bICBERICH LI T2
2B, —BREEEHCE LERIR/NTH 7.

A FrixfgE i 49+10 cm/sec, —#EE 55+8 cm/
sec, iR 628 cm/sec T, FIMEREII BN R
KHLKTHY, ZELREEBCRERICKRTD
-7z

ZolkThHs AR 13, EEER 0.85+0.10, —
BeRE 1204024, Shme 1214027 &, =FT
BEREHCHELAERCKTH o 2. LL, —
B SEO2HMCIFEREZIRDbhA o
(Fig. 3).

AHT 3 3 #ficiicEEZE 2 <, DHT i1
BOEMCRERCEL, FEREEZ2ED L
(Fig.4).

3. BWM2BICBHIEERAMBENNY -V E L
VRHE L DHE

ARICT R BEEH L SER TR
B R RET, —EBETIX 48+12cm/sec » B
38+16cm/fsec ~t, LEHRFICH LERRBY %
Rlie. 20ORE, A2 <o R Fia—ER
THRERCKL, FECFRL2B ERLE.

A FBRARICTEERT 49+10cm/sec 25
54+11 cm/sec ~, —iXEETIX 55+ 8 cm/sec 7 &
65+i0cm/sec ~LHFBIBAERLKL. Lo L
AT 2T, BERCHL—BRTARR

Table 2. Changes in systemic blood pressure, heart rate and double product during isomet-

ric handgrip exercise

Normal SVD MVD
(Rest) .
HR (/min) 64+ 5 60+11 61+ 7
SBP (mmHg) 113+12 136+13 136+ 7
DBP (mmHg) 79+10 89+ 6 82+ 7
DP (X102 mmHg/min) 68+20 81+14 83+10

(2 min exercise)

HR (/min) 72+ 6(12.5%)***
SBP (mmHg) 146 +12(29.29)***
DBP (mmHg) 97+ 8(22.8%)***

DP (X102 mmHg/min) 106413 (55. 995 )***

69+12(15.09%)*
174+ 17(21. 895 )***
10811 (21. 396)***
119419 (46. 99)***

70+ 6(14.89%)*

166+10(22. 194 )*+*
94+ 9(14.69%)*

116+ 12(39. 895 )***

mean+1SD: ( )=percent change from rest.

*: p<0.05, **: p<0.01, ***: p<0.001 (p value for rest).

HR =heart rate; SBP=systolic blood pressure; DBP=diastolic blood pressure; DP=double product.
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cm/sec

100+ ® 1004

57£10 53%12

504+ 504

BERATFERICH T 2 EEREINE
A/R

i3

ul o

124024 121027

0.85:0.1
109

N SVDMVD
mean £ 1 SD

Fig. 3. Comparison of R, A and A/R among 3 groups at rest.
The A/Rs of single vessel disease (SVD) and multiple vessel disease (MVD) are greater than
normal (N), but there are no significant differences between 2 angina pectoris groups.

*: p<0.05, **: p<0.01, ***: p<0.001,

AHT/ VR=R DHT/ VR=R
msec msec -
wl 40t
18205
20l ME02T 45105 2]
0 0

N SVD MVD

Fig. 4. Comparison of AHT and DHT among 3
groups at rest.

There are no significant differences in AHT among
3 groups. DHT in the 2 angina pectoris groups are
longer than that in the group N.

For abbreviations: see Figs. 2 & 3.

RKChole. ZHHETIAMIBTIRIBLALE
fbEREeh ol

AR AWM TEHLIEAEZEDSLO0,
—HEETIiE 1.20+024 26 1.96+0.66 ~&, &
RIZZDOEEBKEL, AM24 o AR &b
BICH LABICKTh oz, TR, FHx 0
Flics Wi, handgrip BfficT —BHCRRAE
iz AR ofEmzkL, 1§zBRWCRERL
L12 g THBICRBIT & 2. —F, BT
FRICK LzoBfiz/hsL, 7Hd3pc, #
2 AR DIET 2R3+ b 0MRED bhic (Figs. 5,
6).

AHT BAMICTIHLE LI LAY BbET
Iheholz.

DHT QA&fICTRERIE LA LBLET,
—HEEix 3.8+0.5m/sec 25 4.5+1.3 m/sec ~ &
EBICEEY, £58 X 3.5+08m/sec 75 3.2
+1.0m/sec ~LBHZICERE LT (Fig. 7).

BHEH OLEZRAMIE & — i3, BEE, —
B, SR LICARMKRTHRES»CEEL,
K1HTRELTHRHFOMEICE L. 20%345,
SHLBERSOETHBL, BEEHICEITIE
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ST
e
1960566
R A
cm/sec cm/'sec
100 4+ e 100+ & 201
[t} rm 1310412

0.95+0.1

504 504 104

0 N SVD MVD N SVD MVD N SVD MVD

Fig. 5. Comparison of R, A and A/R among 3 groups at 2 minutes’ exercise.
The A/R ratio of SVD is significantly greater than those of other groups.
* %% and ***: see abbreviations in Fig. 3.

Rest 2min. Exercisc
P xS
AR e AR s o3 o
o3 . B
30 0F
H
20} 20 '

IH g g;;f"i

0 0 +1SD
N _SVD MVD N SVD MVD
(n=16)(n=12) (n=T7) (n=16) (n=12) (n=7)

Fig. 6. Comparison of A/R before and after exercise in individual cases.

There are many overlaps in the A/R between the groups SVD and N at rest. The A/R at 2 minutes’
exercise clearly separates these 2 groups except for one case (with severely elevated left ventricular
end-diastolic pressure).

* ** and ***: see abbreviations in Fig. 3.
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AHT/ VR=R~ DHT/ VR=R
msec msec N

60 60 o

[ [' 45+13
s} wl
1805
20 MEO3 403 20}
0 0

N SVD MvD N SVD MVD

mean £ 1 SD

Fig. 7. Comparison of AHT and DHT among 3
groups after 2 minutes’ exercise.

There are no significant differences in AHT among
the 3 groups. DHT in the SVD group is significantly
longer than those in other groups.

* and ***: see abbreviations in Fig. 3.

BRBEEICIEPED LR .

4. Handgrip BHICHT 3 EEHHGE
Doppler 0 &5 D T Kb Bbo Hh»
K&h-knix AIR ¢, 20AMRE3ELE
AR iCEBT 5L, —BRETIMBECKLEAE
WZRKDOME (+0.76+0.15) 257 L 7. SHBE Tk
AAR 3/h0fE (+0.10+0.13) 25R L, RERL
AEZEReh o (Fig.8). %7, 2&EHKA
HoigEchH s AHT, DHT oa#i%OBL
# JAHT @3@L b3l B r BT,
ADHT 3 —E@cRERCHKLARICK, £
BeEdichEWEER LK (Fig.9).

% #

Handgrip A7k & 2 Bt R BORIER
X OBEREhE 0 5EM X Donald &'V icih: v, =
NETRLEEBEShTELISY. hb
D& T EICUUFERAEICE T 5 b » T, handgrip

AMRAFHERICH T 2 EERHISE

AA/R
+10
( PEE s

0.76x0.15
+039 |

+08}
+07}
+05}
+05}

+04}

+03f 0.10+0.13
+02}

0.09+0.01
+01 [ T

0 meant1SEM

N SVD MVD

Fig. 8. 4A/R during exercise in each group.
4A/R is markedly greater in the SVD group than
in the N group, but 4A/R in the MVD group is much
smaller than expected.
** and ***: see abbreviations in Fig. 3.

DIEAR TORMOFEEHEL B LT 5
D, LBRVWETZLORDY, WEFERO—
BERTwAv. —F, LHEEEZE SRV
EFICB T, INFEEEICRE SR bhivwREH
I, TCRESIERENED GRS v ) #E
PERESh 5150, 2 2 TAPFEROHEE OB
IS EH S le W EMEROIME B3 ORISR I 1
B L, handgrip AFficx ¥ 32 EZHBEERER
26, BOOFEOHE, BIOEEEOHEN
AEELE P ERE L.

ZErE0 AR 13, SVD 8, MVD 8 L 4 icfg
FHCHELAERCKEL, RHEBIIBWT LD
EHTT TREERBEEOFEENLEZL b 3.
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AAHT
+10r

+08f

+08}

+04}

+02}

*0

ADHT

+10

+08

+06

+04

+02

+0

meant1SEM.

_Gn.—

Fig. 9. 4AHT and 4DHT during exercise in each group.
ADHT increases significantly in the SVD group compared to the N group, but it decreases in the

MVD group.
Abbreviations : see Fig. 3.

Z OFEEL Bonow 5202 Polak 518 g4 L —
E+5b0Thsd. FERERELETHRUE
BETE, #RLUEMCESh, Ok
bR EDEEZECTWARAIEEEXHB. Z DTk
», DFBIULEREEALTYWS. i
Yamagishi 617 o+ 5 X 9 ic, SAMEH O
FEEEEES) O —B (asynchrony) B#EEL, K
BRI CEEEE X 5P, Zh b ORTF IR
BHloEZERHRELSISEI L, R KoEH,
DHT oiEE# bicb3?. —F%, #ELic A Ik
TRENB T L, ZoERMOFEKEE R
EHRM OS2 OERR CRE S, BRI
BHEHL, BEEFOLHHESHERIAT
w3,

Lo LAE oK T, Ao AR offio
HTIE, BERL OBICERMOER ) BPEEER
W B, LR O TEIRBYE O 5l 721 T i3 o

FEOHEIIRHETDH - 2.
Handgrip A#E:IC X 5 @M #ARKICH L,
AR F—HHTRERCLARRIKEL, A
#2aHTco AR OETERALRERERL, 14
FREBERHLARCENT > EIHE L. —
¥5, EEETIX, FHRICKL, Afficks 4AR
BAAEL, Lad 7% 34 AR OB ER
W, —HBELERRRIGER L. AWIZLS
AR OB EF LI 3FNE, Wb REHFEOE
SFEPERBE » 20 mmHg DL E & @&l %R U 7ckE
FlTH o7z,
SERAWIHEKIES 50%, 2 53 o handgrip
AT TIX, MJE, double product Z/EL LEFE
BB E R L. A 24T olfifE, double pro-
duct ZEEH LY AP BETEWERICH 3,
LB OMEICH T 2HMBTIL LA REROS
BREL, ERBECRETAMEOEORE I
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PhRrnwbniELORS.

Handgrip £#72EARF L i3> T, double
product OWIMTRENSDZ &L, DHBRRNE
BoWRE Lot SEIOKRFCRERE D
FER O ML LER 0B iR % 58 e fix
R o T, PLESF T, = double pro-
duct DK HILMF I U T AHXHRY 72 BB MR BE %
FlERZTAIHEM D 5.

Brown 523, mBEdnt.CoEE B 8% i< handgrip
AR ERATL, TEARDT R 2 & AR IC X 2E8hk
o reflex constriction 2#2EL, = 0BG I
W% X VT L, double product mHEK iz
%, handgrip ERFFAIGEM % FH3+ 5 ek
ERLTWS.

Flessas &3 EmEHILIC X Y, E = HAM
BEFENEO =2 —RkE: Hv, EEEEEHO
#8255 handgrip A7z X 5 new asynergy o
HEEZB DTV 3.

Ludbrook & 2934 SRR DK EEES O
—%, ¥7bb asynchrony pBERILELEME*
Z{b &+, handgrip ARHFIC X 5 8B R B AR H
Z » asynchrony k%3] &= L, B
REBEOEZRHEELZ X VAT LH]EL
TW3. Z0kdic, SEBL ORI TRLRE
BEHLRMVERLE ORI AR 0%k
DEZ, SHBATHERCI 3 0FELLEED
asynchrony OBz X > THI &z &hikcb o
LEZ5.

Handgrip Affic X 5 4JAR 0EBREAEZE
Lic—BEtic L, SR Tadiic AR oRd
BRUEGBEE L. Zh b 0EFIT
DEBIERME X3+ <ic 20mmHg P F » & iE
hy, AFICX YV EICERHL ERYRLE.
DEELRLLEEEREERHICEVERBE &
LTHiE, R EoMEEELS. LrLARRB,
ZEETILT P RAEE L CERE TS IC E
AL, DELAWEHIBRINHKT + 5 2, LEE
HzBWTR ER LEERERLERG LKE A
afterload & LTfER L, “atrial kick” iz X 3%

BERATERIC} T 3 ERFHIE

ARBITFBZ Lizk500, ~fER A FoR
DERLIELDEEZD. 20k ) AKBATR
x4 5 AR offi& 2o, BIAROESIREY
LRI LB LBbh3.

4, BRxBPHAVCEBERESALVZ - Ry 75—
Tz k 3 REEFOOBERE, M £— KL=z
a—Mkicle L, FETHY A geometry DEE
BRI, DTNV v FREBEEREICE
ZREMIT L RIRIC, EShEEoRiticg
LTWs. XEig, EBAR 2 L ORFHELOE
BICH+0ERT 5 Z L XA ETHE. —F,
bandgrip AL A+ RBEREZ L2
FTZENTE, LrbIRREL LT LBITARE
REFETH 3. 202003 AL DY,
WMERE ORHBEOEERER L OB AR
T 2 EERBISEFRRNOBRF» 6, B0
EEHEE L 2o IRE RN 02 b b BERE O b
LB LDLEZS.

2 #

EBIRER < THESRAELE T 5 FIEMROME
BEIIGIZ, REBREICX Y 28 (—FEEE: sin-
gle vessel disease &, £ :EE: multiple vessel
disease) I243¥F L, handgrip B ##fTL, 8L
Brinvz - Fy 7?5 —HhicTBbhERRAR
BOBDOHS &Y, BELLOFEES X O EREE
DHERE & A A7z,

1. Zgm5 AR i3, %8 0.85+0.10, —icas
1.20+0.24, SR 1214027 ©, AP gEaipes
B LARCEBERZTRLEY, EFf0ERY
BREH LRI,

2. —E@, handgrip AfficTAHZ K AR
DERERD, ToOElE JAR 13— 0.76
+0.15 T, SHEE 0.10+0.13 s X ovEE s 0.09
+001 iclkL, FEECKTh -7/, FiAfH2
S0 AR ELHERICKT, Hx DEFlICEN
Th, 1pl2kE, BERLARCEISE.

3. ZEEETIE, ARICXk3 AR oZELWE
feiz <, AR IEERLEEEZEDRI -
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Lirl, 7HIF3flicimklyLaEd

TaHrBEOLh, BERLARRIBEERL

7z

PEXY, BEFHEAVR - Fy 7 7—HERV,

LB O Z 72 53, handgrip ARTEFOEE T
REREREBET sz L3, BILOLOFEB XV
ERECHEIERH O LELLNS.
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