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Summary

To investigate diastolic dynamics of the left ventricle in postextrasystolic (PES) beats during
myocardial ischemia induced by rapid atrial pacing (RAP), transmitral blood flow velocity was
evaluated using pulsed Doppler echocardiography in 13 subjects. The subjects consisted of eight
patients with ischemic heart disease and five healthy subjects. An atrial extrasystole was artificially
induced before and immediately after RAP, while the transmitral flow velocity was recorded con-
tinuously. The ratio of the early peak diastolic velocity to the peak atrial velocity (A/E) on PES
beat was less than that in a basic beat without an extrasystole. The A/E increased in the PES
beat in four patients who experienced myocardial ischemia ; whereas, other patients and the nor-
mals showed a decrease in the A/E in the PES beat even after RAP.

These findings indicated that left ventricular dynamics coupled with left atrial contraction are
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quite defferent in myocardial ischemic and nonischemic situations, and that postextrasystolic
potentiation may be a useful means of detecting the ventricular diastolic dysfunction.
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Fig. 1. Protocol in this study.
Rapid atrial pacing was initiated from 90 beats/min to 150 beats/min with a 20 beats increment
An exrasystole was induced before and immediately after rapid atrial pacing.

Pacing=basic pacing rhythm above a 10% increase of a spontaneous beat ; Pacing+PESP =induced
postextrasystolic potentiation during basic pacing rhythm.

in every 3 min.
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Fig. 2. A representative transmitral blood flow velocity patterns.

Upper panel shows transmitral blood flow velocity pattern before rapid atrial pacing loading ;
the lower panel, that after rapid atrial pacing loading.

Ec=E in a basic pacing rhythm; Ac=A in a basic pacing rhythm; Ep=E in a postextrasystolic
beat; Ap=A in a postextrasystolic beat; C-PESP =postextrasystolic potentiation before rapid atrial
pacing ; A-PESP =postextrasystolic potentiation after rapid atrial pacing.
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Table 1. Changes in E, A, A/E, FV and PFR in a postextrasystolic beat in 3 groups

E (cm/sec) A (cm/sec) A/E FV (ml) PFR (ml/sec)
Ischemic Pre-RAP  38.5+170.1 51.3+11.8 7.39+0.43 68.8+16.3 241+62
Ny 42.3+ 4.8 52.3+10.4 1.26+0.28 77.1+15.2 265+53
Post-RAP  37.6+ 9.3 58.5+13.3 1.50+0.08 55.9+13.6 234+51
36.3+10.2 52.3+10.4 1.59+0.16 58.2+16.9 226+37
Non-ischemic ~ Pre-RAP  40.3+70.7 45.0+ 8.8 1.13+0.14 60.2+16.1 255454
5?:% 43.2+ 4.8 2.7+ 5.7 0.99+0.09 67.4+13.2 274+18
Post-RAP  42.8+ 9.3 50.4+ 5.0 7.20+0.20 65.5+15.0 272+53

47.0£10.2%*  43.9+ 6.3**  0.95+0.13* 75.7+16.7%% 298+ 57+*
Control group Pre-RAP  48.5+ 9.0 37.1+ 7.9 0.71+0.12 60.1+ 7.9 32461
(N=5) 55.4410.5 35.6+ 9.1 0.62£0.06 73.4417.8%  340+75
Post-RAP  48.5+ 9.0 38.4+ 9.1 0.80+0.171 54.0+ 9.5 296-+49
53.2+ 8.2% 35.3+ 7.2% 0.67+0.10%*  69.7+ 8.8* 324+43*

Values in the basic pacing rhythm are shown in the upper column (italic), and values in a postextrasystolic

beat are in the lower column.

E=peak velocity in the rapid filling phase; A=peak velocity in the atrial contraction phase; FV=filling

volume; PFR=peak filling rate;

* p<0.05 vs upper column,
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Pre-RAP =before rapid atrial pacing;
** p<0.01 vs upper column.

Post-RAP=after rapid atrial pacing.
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Fig. 3. Comparisons of E, A, A/E, FV and PFR in 3 groups.
Values are measured as percent changes in each index on PESP before and after rapid atrial
pacing, and are shown as means+SD. RAP=rapid atrial pacing, * p<0.05, ** p<0.01.

3. §51E AE

R—y 70 AE OFRIEMLBET -79+
8.1%, FEMempE —12.1+5.5%, xti#t —109+
95% ThH Y, wTFhit PESP o AE 3/t i
BEFRICH Tz, LHLR—v 7% T3, £l
BT 5.7£122% L REL RABHME RO
%t L, JEEmEETIx —20.84+4.1% (p<0.001), st
BRI —15.6+5.5 (p<0.00]) L nwFh i ~=—
VUTHIEREOBILERL, Lok o TR
DOEGEMD 2 FE L ZHL IR > TV

4. EE—MEFAZ (FV)

R—y v rHio FV o bRz EMmat 13.1+
9.7%, JEpz M 14.1+16.0%, 5f B¢ 21.3+18.09%
T, IHMICEEREI Ao, L=V

7% T, MO 8.5+4.5% icxt L, FEMIMmEE
15.7+3.3% (p<0.05), xtHERE 32.9+34.2% (p<
0.05) &, HB_HTHLPIIKTH o7z,

5. Peak filling rate (PFR)

R—y U IHIOBRE I BRICEEE X e h
ofc (B 12.1+11.4%, FEifEE 9.9+15.5%,
SHBEE 52+11.0%). _—2 v /% TIRENER
—234+6.9%, 9.9+2.5% (p<0.05), 10.3+6.3%
(p<0.05) &7 Y, MRIMBEDLELIZEA S 2o 2
BLIIRR TV

E #

BELER—Y v AR b IR ARRITL
EHHMEEER L, BOR O OIS INHEE %

— 469 —



TEm, =E#A, K, 32

DIRICI VT 2 IR SRR LR b & £ E LR
BEr R LI 25, EOEZ MRS LT 5
EEJGETRE G, MM & R IR i & 2
RhihoTwik., thbbd, HRELER—Y S
AREI T, PESP i X Y E=—EFHA R HEMN

L, AJE A LT, ERIREBIRIFET S
Ak ole. ZHIZHFLTR=Y U 7ARIREY
LGB AFER S h i<z, PESP © A/E »
WRkTaHEmMERL, EESRIHS MCEML
Iz,

— WO DU - R L vy ABhEBIC &
STHESNBZOLEZLNTWS. T42bbL,
INEED I T ADBIRRAICER S h, Z08E
ERERTsz LIk VISR Y, Mg
WCHEBE S NI v U A DM Y AR
ZriickviEz %, shwx, HBEBAICILY
7 A B—ERAT ZHNEE# OLRIZB TS
PRSI AT T, R TR FME L 55
zrichkenn®,

JEBIRIC iF+ PESP o s RetLicE
BA 42 G 13, peak negative dp/dt?, time constant
of relaxation® 7z ¥ 75 # T, PESP o%h# 1387
SEMTRVWESRATWS. LL, EIEFEEn
T2 D RE L e S BOFE R TR, FERMRE
< PESP iz X v BHI A MR KHE, LB
EH PR K, EE—EFAR, peak filling
rate TIREN BILEBEIHO ML =
noDERIZ, ERETVTORMTE, FHIRF
Bz & 0 DEREX Y Zi ey, DGR O
BhgbhdRElnwd Z LTHRASADILLL
nkwv.

CITHEBTANEZ LT, BTN IEE
fipg L3 BAe v, fLEREE PESP X o-Thit
ELRWIrDDEWEHICELYT S L TH 5.
PESP g4 oW 3 iEiR R F8 4 U 7o ISMINRE
2 X OB OWERE v L T b O—BER IR
KT xh 53, Nakamura 59373 F—v
R FEAERITII AL LD sarcoplasmic reticu-
lum iz3at3 2 BEFPE ST 7o i, TERRER D3 E

ET5L8MELTWS. £7- Katz® 3, gl
HckBEELCXY pH OETFTHAEL 207
W, INT T LAF v LEFHMIEOREEBHERS
50TH5H EBRTWS. WFhic LT LR
RIEBTIIARBANIC AN S T LA F B8N 5 7
Wi, ZOWEHEIETT3¢ExONS.

b
BERALVR - Ry 77 —E B C@igRE
BRI & #88% L, postextrasystolic potentia-
tion MEEIBEMEICKETHRERIL 2.
1. JEEEMMEIZIE postextrasystolic potentia-
tion 2 X Y ZEE~ D MIEHABIHE 13 7T L /2.
2. B4R postextrasystolic poten-
tiation |2 X Y EZE~0 MIEFHABIEIZIET L.
PErb, EmfAERCWTE, Mgl
YU LALF U OBEIMICLY, EEIIEERENEL
TR LB RBREINT.

3

-3 ¥

DM R 5538 > postextrasystolic (PES) beat
B B EEIREEY, @K VR - Ky P
S—ErHVTHRILE.

8 filo> itk ORBE ETe 13 FliC ABILE R
v v 7 — AR O IS AR EMERISMRE
#IERR L, Boio o PES beat iz 13 5 {8iEFH
MLFRRET & ek L 7.

DER—Y v AN, 5 E LicapT,
ELHFE A L5 e e R & U BB R HA TR A L 5 v
SHEEED M, (A/E) i3 PES beat Bic)d L7235, <
=Yy SR YVEBRBFERSHT 4 fiTiz AE
FHEAL, BILABFERE SN0 o fefhofE o
ERAIEEE L3R 5ELERL.

PEb 6, ELEEHEERE) L 3 5 EEIRE)
e MRS L SR M TIBE & TR Y, post-
extrasystolic potentiation 37258 f3E BhEE Sl >
LOERRFERICRY IBLEIDN.

— 470 —



1)

2)

3

4)

X
Hamby RI, Aintablian A, Wisoff BG, Hartstein
ML : Response of the left ventricle in coronary
artery disease to postextrasystolic potentiation.
Circulation 51: 428-435, 1975
TRFZEL, ZEAE, RERE, BOikE, b
%, B KB, FENNL MEES, BTAR, b
BPRBRA, ARHEES, KMIRZER : SEEmAEs &
UM e BRZERS o R FRO IR BB 12 B 5 5 SEBRAOBF
4¢—Postextrasystolic potentiation (PESP) iz} %
Rit— HARERAETS ML 14: 244-250, 1984
Kuijer PJP, Heethaar RM, Herbschleb JN, Zim-
merman ANE, Meijler FL : Postextrasystolic re-
laxation in the dog heart. Eur J Cardiol 7 (Sup-
pl): 133, 1978 :
Blaustein AS, Gaasch WH, Adam D, Levine HJ :
Myocardial relaxation: V. Postextrasystolic con-
traction-relaxation in the intact dog heart. Cir-
culation 64: 345-351, 1981

— 471 —

5)

6)

7

8

9)

WML DS 381 B IEIRBhIE

Mgz, Wafuok, FEE— H&sgid, Lig
¥, BBz, |y 185: PESP o X 3 g ikoE
BOEZFHABE. HBEHBEGHE 12: 367-368,
1986

Katz AM: Effects of ischemia on the contractile
processes of heart muscle. Am J Cardiol 32 : 456-
460, 1973

Parley WW, Sonnenblick ED : Relation between
mechanics of contraction and relaxation in mam-
malian cardiac muscle. Am ] Physiol 216 : 1084-
1091, 1969

Rodgers RL, Black S, Katz S, McNeill JH : Thy-
roidectomy of SHR: Effects on ventricular re-
laxation and on SR calcium uptake activity. Am
J Physiol 250: 861-865, 1986

Nakamura Y, Schwartz A : Possible control of in-
tracellular calcium metabolism by [H+]: Sarco-
plasmic reticulum of skeletal and cardiac muscle.
Biochem Biophys Res Commun 41 : 830-836, 1970



