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Summary

In order to evaluate the response of left ventricular (LV) performance in pacemaker implanted
patients (PMI pts) with constant heart rate during exercise, supine bicycle ergometer exercise was
performed simultaneously in 21 PMI pts and 4 age-matched normal subjects.

PMI pts were classified into two groups; Group I consisted of 16 pts with relatively good physical
work capacity (maximal load: male; 80 watt or more, female; 60 watt or more), and Group II con-
sisted of 14 pts with depressed physical work capacity (maximal load: male; 60 watt or less, female;
40 watt or less). During dynamic exercise LV end-diastolic dimension (EDD), stroke excursion (SE),
percent fractional shortening (%FS) and posterior wall velocity (PWV) showed a significant increase and
LV end-systolic dimension (ESD) showed a significant decrease in Group I in contrast with Group
II and normal subjects. Systolic blood pressure (sBP) and sBP/ESD ratio significantly increased in
Group I and normal subjects than in Group II. Furthermore, resting cardiac parameters were more
impaired in Group II than Group L.

Thus, it was suggested that Group I adapted to exercise according to Frank-Starling mechanism
(increased EDD) and contractility due to probably increasing circulatory catacholamine (increased
PWV and decreased ESD). On the other hand, Group II did not adpat sufficiently to exercise because
of the limitation of preload-reserve and contractility-reserve on exercise and also at rest.
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EEICEW L, DO L ALHHEEA
fERTH Y, ZoHHBRELHRE LR, £
& L T preload, contractility, afterload, 3 X0t
DHEDOIRFICL>THEShTWB., L
L pacemaker {iAH iZ X 5 BEE.LG 0 BE I,
B O DHEEMB D 20, Fliz£ < K
LTRY, EHITI L TWRIZERT % i Eek
W EOHBERFERIIL, thoRFoBhE
EBET 5L T, &)MELRELBRECEIEN
TJREIC 25 LEX BN 3.
FHETESNCEWW L THCIRER O 20
pacemaker {EAL B D FLEE 7w v s flick
WT, EBALT = —MEE BT L CERER
BRIMTCoEEBBEBEL, EHiCH T 500
DHEEEFERFALILbDOTH 5.

MEELVHE

EEC SvwL, HORHEE 0 2 v AL
pacemaker (245 <> F&l, 3%7%E L — b 70/min)
WA BROTEREET vy 7 BHE 21 flexts
Lic. 72d, EBINRER, FEE, OFESR, B
KO B b 72 DRAH] i ok Lie (Table 1).
Fig. 1 TR+ X5, HohL o SHREAMNA
#REL ergometer % MifTL, ZOBRKEATEN. B
1 80 watt, Zoit: 60 watt Ll ¢, SESIRER
HIRICh TH 3 BHE6 6, 54, & 11 4%
I3, BEKAMEN B 60 watt, o 40
watt DUF L EBREXETLTWaBHET 6, %
34, F104]% II B L L. %7 age-match
LicfgEsE (C #) 4 plic BALH#RE ergometer
EHWCEHAMNOT = —RE BT L, Eihic
P> EEGRER 3 BB CHBIL, &5 ICRBERD
BEREREIRE L OF TRET L7z oo A4firds X UBA

I BERHE ergometer FfTiZ, initial load 20 watt
HORAL, 34T Lic 20 watt NS ¥ B EEE
Ped:c, thik#i%E: symptom-limited & L7-.
e M £— Fibza—HBEENEEEz AW
T, BFE LV 0EEEGHE T — LK &R
LiaMRbEZH line scan recorder 2T, Mk

Table 1. Subjects

Group No. (M: F) Age
I 11 (6:5) 59.5+7.7
II 10 (7:3) 55.9+9.0
Control 4 (4:0) 60.3+8.2
watt ogroup |
120 © legroup I
100+ o
80 0000 o
60 o000 0000
40 oo oo
20
1 1
male female

Fig. 1 Maximal load given by sitting bicycle
ergometer.

Group I consists of 11 patients with relatively good
physical work capacity (maximal load in male is <80
watt, and in female is <60 watt).

Group II consists of 10 patients with depressed
physical work capacity (maximal load in male is =60
watt and in female is =40 watt).
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Fig. 2. Findings of resting cardiac parameters.
CTR, EDD and ESD are larger in Group II than in Group I. %FS and PWV show more increase
in Group I than in Group IIL
CTR=cardio-thoraxic ratio; EDD=end-diastolic dimension; ESD=end-systolic dimension; %
FS=percent fractional shortening; PWV=posterior well velocity.
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Fig. 3. Changes of EDD, ESD and SE during exercise.

e—e group li
o--a control

*» p<0.05(1vs )
+ p<0.05(1vs C)

AEDD and 4SE increase significanntly in Group I. JESD decreases more significantly in Group

1 than in Group IL
SE =stroke excursion.
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Group I (R.M., 53-y-0, female)

Rest Max. exercise
ESD (mm) 39 ESD 35 (—4)
EDD (mm) 53 EDD 56 (+3)
SE (mm) 14 SE 19 (+5)
%FS (%) 26 %FS 34 (+8)
PWV (mm/sec) 50 PWV 82 (+32)

Group II (K.S., 41-y-o0, male)

Max. exercise
ESD 49 (-2)
EDD 70 (+3)
SE 21 (+5)
%FS 30 (+6)
PWV 54 (+16)

Fig. 4. Left ventricular echocardiograms at rest and maximal exercise from a patient
in Group I (left side) and a patient in Group II (right side).

Y 25 mmfsec TG LK. RMMEZH 7
B FEFHC X Y IkER (S), HL3EH (D) B X UE
¥iuJE (mean AoP: S+2D/3) &k, ZB%
BEOHAESR TS 3~5 LIETITY, 20%
BEEZHW .

15 i

L g OsEE (Fig. 2)

Lk (CTR) ¢ I 8 50.7+5.49, II @ 55.7
+68% Thy, IIHTCAEVWEHALD. E
EIRAHIEREDD), EmIUHERYE (ESD)
I #cxh®h 47.1+7.0mm, 31.9+7.7 mm,
II #<ix 56.5+9.0 mm, 4.0+9.9mm <5 Y,
Il HCHBICKTH - e EXNEERHR (%FS)

i I &, II #koksn 33.5+70, 22.6+82%
T, | BTHRICK Th ol EEBBEINHGEE
(PWV) ¢ I g 48.3+7.5 mm/sec, IT #¢ 40.7+
11.6 mm/sec ¢, I #ckAnsEREZRLIE.

2. EFPREEHR

1) EDD, ESD XU &KiRiE (SE) %1k
(Fig. 3)

3 HM o HAWERE o EDD offfkix 1 #
ThbobbRTHY, 2T Il #, CHoIET
bole. ThbLERARROLELE I 49+
1.5 mm, IT # 2.0+14mm, C # 1.0+1.0 mm
ThY, FEETO I Hoinifho 2 B itk L
FEIEKTChok. —F, ESD ozsfhix 1 &,
C#, Il HolEcdhby, BKAMRE I 3 —3.6
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Fig. 5.

o--a control

+ p<0.05(1vs C)
s p<0.05(C vs Il)

Changes of %FS, COP, PWV and sBP during exercise.

A49%FS increases significantly in Group I Increase of 4COP and 4PWYV is impaired significantly
in Group II at 9 min after exercise. Increase of sBP is impaired significantly in Group II at 6 and

9 min.

COP=cardiac output; sBP=systolic blood pressure.
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+1.5mm, C # —234+0.6 mm, II # —0.7+
23mm <, L<ic g3 TR L, KB
LLEBRBYOENNTH o, ZDRER, SE
B IBLLEHET Lo, [HTOEMI
fhoo 2 B LAERICKE L, BKARR M
i 1 # 84+1.8mm, II # 3.6+1.2mm, C#
2.7+3.2mm Th o lz. EHARAIR L CRKE
R & L b —X% Fig. 4 iITRL
(&: 18, A: 1L

2) %FS z{k (Fig. 5 £F)

ZAMBRELY I oo MMRERT, o

2B LARIRKE L, BKATR I # 119+
2.29%, C# 5.3+4.1%, II # 4.3+1.2% Tho
Iz.
3) QmfiE (COP) &b (Fig. 5 A1)
D a— Xk VRkpiz COP (Pombo #:4) %5
fbix Cgt, 18 II#olHEickTHY, LI
94yt C # 4.8+1.7 [/min, I # 3.942.0 //min
ThaoiHL, I gz 1.5+0.3 min <, f
B LEEREEL L o k.

4) PWV Zfk (Fig. 5 £F)

T#<cix64y, 99BOEREREHL 168£
7.7, 20.7+5.3 mm/sec T, ftid 2 FHIZH LN
#ELL, 294 BEcix IT 3 (14.3+£3.6 mm/
sec) L DMEICHERENRB® bhi.

5) InfEHiME (sBP) &k (Fig. 5 A7)

3nETI IBLY BERSO #BME RLE
2, 64y II # 20+7 mmHg, 1 # 36+
16 mmHg, 94H Gk DR D 26+16 mmHg,
44+17mmHg <, II HCHERCEEELTRLE.

3. sBP/ESD z{t (Fig. 6)

EOEEREL LT sBPESD 3 I #, C
B, Il #olEc®k LR, 1T #cix3alieg
DEMTELA LAY, | HELERICE
fE<, BZRAFR, C# 2.0+1.1 mmHg/mm, I
# 1.940.7 mmHg/mm, IT # 0.6+0.3 mmHg/
mm Thote. Fie I BIZBII364505 94
T hT T OBINTRE Th - .

4. XBIRFHE-EEEE (mean AoP/COP) O

A sBP/ESD

mmHg/mm
2.0r P

1.0} [

9 min
o—ogroup | « p<0.05(1vsll)
e—e group Il

s p<0.05(C vs Il)
o--o control

Fig. 6. Changes of sBP/ESD.

An increase of 4sBP/ESD is impaired significantly
in Group II.

sBP/ESD =systolic blood pressure to end-systolic
dimension ratio.

#1t (Fig. 7)

KA MG IESTIEHE & L T » mean AoP/COP
=iz Cat, 1 #, II HolgcELL, 348
<z C B —4.8+40mmHg/], I # —3.3+24
mmHg/l, IT # —0.8+1.8 mmHg/l <, II #ix
fho 2 BiCl LELRPNTH 2. £ 64 H
iz, II g (—24+23 mmHg/l) £ C #
(—=7.145.1 mmHg/l) BIcHEER% b hiz.

5. COP & EDDimxtk (Fig. 8)

COP & EDD iz X 3#E8)F oireth#i &~ 5
L, Av=nro COP o s, 1T ik C B
2L EDD oEk» K& <, mHBRAE» P s
2hThote. 11 ideitres» > EDD ok
R&bh, EEicohTo COP kv EDD o
HINX & bICIRETh o7 (B 11 BicBiT 5
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3 6 9 min
T T T
\ §*
.\‘
\\'
_2 . .
‘\ o—o group |
-4} \ 0/0 e—egroup Il
\ o--a control
q\
-6l « p<0.05( 1 vs )
N .
§ p<0.05(C vs I
mmHg/L P ( )

A meanAoP/COP

Fig. 7. Changes of mean AoP/COP.
A decrease of 4AoP/COP is significantly impaired in Group II.
Mean AoP/COP =mean aortic pressure to cardiac output ratio.

9 538 COP mE/ic-n»WTix, EFERD 2
Wie, BIEMRZ Lidvxien.)

6. Jdmean AoP/COP & JESD #5 kU 4sBP/ESD
Eoxte (Fig. 9)

HredhmogEx 11 8, 13, C HolFcw
BonT, iz I BT 3HM0 6400 hi
T 4dmean AoP/COP @4+ 5% b oo, 4ESD
# LU 4sBP/ESD BEE DK T & RTICE >z

% #

EHRE OOEEE, & CESBEIRHE LR
¥, B L IZ preload, contractility, heart rate,
afterload D4 EFIC L Y HESh B, EHEE
DEEE ORI S W L TOERETF RS TtE R
i, DR —ERREICEESh I B LEXD
h5. FHFFET—ELEE O pacemaker fEiAA
BEEPHRCRHEIToc0X, 20X 5 RER
TEFH DRB & R IcRIE T O LBRER 5 7o)
Th 3.

EERERRGFCH S | FiES o EDD 1

kB X0 ESD L, #RLLT SE,
%FS BEHIHEML, BEH L ZEREOLHA
HEBARA L. Zhid—EHRHENCEH
WNEENRT3b0T, FOBEFLELT, F—IT,
EDD #£# bEREEAICES < Frank-Starl-
ing BB OIEBI SRR S h 5. Zoz Lix COP
L EDD ¢ oxtibicknwT, Frv<nro COP #
fmzxrL, I #icsirs EDD o#EaskE <,
Z OWEEHBRAE PP 500 THB L 1bbH
LrThHB. —RICEEAD EBAFICINT,
EDD BAREZEE BT 5 L Eh TN B 507,
AW iz Weiss 59 nfER L Flikic EDD #
KBHZbh, EEF Frank-Starling #2385
ATHLHL2IED b, I FHTilmEEEmnss
R, FOEWRIEHIZEHLRZDTHS
2.
#m—pisfE L LT, ESD R, PWV Bk
U sBP/ESD k%5, ZIRHER 0fRIE(LICHE
YBRIT T I UHME ER L Lk, positive
inotropism DFIFAIRM Eh 5. Guyton 59z
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e—e group Il
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Fig. 8. Correlation between COP and EDD.
Regression lines of thease function curves are shifted

to the right in Group I and Group II and their

slopes are more gentle in Group II than control.
COP =cardiac output; sBP =systolic blood pressure.

i, SEENC B ARSI R R R i
X v contractility #F®», OHEEEMELELT
LEnaa, OEEHEmN w2y pacemaker
HARBETE, BRITIFTIVOEI—EO
BIATFRERBZO. LELaRs, FELINE
mefgiE | BLEEsLoMTAEE RvE
7, ERERARA T CoESICHT 3 ELGED
EE T preload #KAkThH v, EIREYIT contrac-
tility R LS L T—ERHEERE b LD L,
b5 VRNVOEEE T AL SRR MEE S h,
EECELET3boLELONS. —F, Bk
3 FE S PR AR, 2 e LIEBhAR o if
BRI & Y R FRGTIREA L, misasEm
%18 <{ autoregulation N EBI+5 L &h3
A AR T LR FRT OB T3, &
EHH L LR ER L. LALAREL, AR

iF B RIGHEOHRIZED bhieh o Tk

EHREIE T I #fcix, EHho EDD #
KBL ESD iz I Bl LZELEET
»Y, %/ SE, %FS, PWV % Xt sBP/ESD
LoR U IHBIERE, BXUOIEEREOBAL
B TRETH 5. 2 RHRDBEEERE,D,
ESEANHEL, R BEVETLTHWS. +
RbbREHEREX VT TRLTHEIBETLTNS
7o, EEhTxt3 5 preload-reserve I Xk UNUNHE
B A/ER (contractility-reserve) T X 3 ZilMix
BERF+4T, FERE L THHEOBMCREEZ
XielicbotEzbhs. zo Il EESI
NSRBI FIERABY B b T/hENZ L,
IR E _ EA-B X O AHEER 0B LT
LB TH5. LREFHIN,DL 65T
ToMERGB R, IEHIME L ESD g
ERETH Y, FRsc sBPJESD ok b REE 7%
WLRERTE2A25. +ThRbLEHENSANT
SWEELDAR CEY BR 1727 I ik 8
L, REOLEFIBETCHY, EBicaswl, &
IR OTEY S > T, MFRROELE
B3hel, FolENnESLr “FEITHHLR”
X, EEREENORKT 2 EEENICEKRT S
LbOTHAH. Zhdb—EOEE, FR/LOK
Bk LOEBIPICA D B HE L R—DEFIC
k3bnlEZXLLh B2,

R4S E, HEEEIRE L L TH Wz sBP[ESD
i E max oiEPMETH Y, LHEREIMED
HE NI IFEL oBRA X, ELNEERW LE
DHREEERBLLE 3 21519, EHicE WL Tl
MHMEECIRREERERENEEHRET, &
LAMEBRTAORFRREL 2 Y, FIEELEM
REDIMEEL TS Z LEANEY THB. Ll
BRELEZED S, MEES, EXAE, @0E, B
HFEE (FS, %SE %) 24 b e TREN
CRHET A, ZEDIHERE O EBIRFEhAE 2 5 L
BrrEZIOLIB.
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Fig. 9. Correlation between 4dmean AoP/COP and JESD and 4sBP/ESD.
4ESD and 4sBP/ESD are slightly impaired in Group II at 3 to 6 min after exercise, although

Admean AoP/COP decreases.
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EEicEwL, HEOHMHBE o 220 pacemaker
FEIAL BE 21 B & wRic, SBREAMIHIRE
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a—hE AW TEZSREBIE, EREAOHE
B TORIB T OEBIC T B OB OB IS EF £
BEtL 7z,

1) I gtz EDD sk, ESD Mon#L<,
FRL LT SE, %FS REH#mML, —E#H
HEOWRIRE . Zo—EHHEHEK O
FoxEFL LT, EDD s b BHEHEAI
#-3< Frank-Starling ### o fEBIH SRR & h,
Elk#yizc ESD g, PWV #8in, sBP/ESD 4
Koo, REMERMELIC L 2BRI T2
UHEIN%E X L L7 positive inotropism D FEH
DEAERE X bR

2) II gt1x EDD #Ex, ESD /s I #ic
HLE L CIEMET, SE, %FS, PWV ZoZ{
REREOBMARE DD TBE Tho7z. ¥R
HRPDMEETEE > D EEIAR ML, Ko 7HEE
HETFLTH Y, EEREo preload-reserve & X
U° contractility-reserve 2 X % ZEDEE B A4
T, FAHEOHEMICHEEE R LILbDEEXD
hic.
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