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Summary

The graphic findings of pacemaker induced precordial pulse (pacemaker pulse) were reported.

The pacemaker pulse was seen in 9 of 43 cases with right ventricular electrode, 2 of 5 cases with
left ventricular epicardial electrode and none of 6 cases with right atrial electrode.

The point of maximal impulse was medial to the cardiac apex in 5 cases, at the cardiac apex in 5
cases and at the right pectral region in 1 case. In 3 cases pacemaker pulse was also seen at the left hy-
pochondrium or epigastrium.

The onset of pacemaker pulse was coincident with a pacemaker spike. The initial upstroke was
abrupt and formed a peak 50-120 msec after the pacemaker spike, followed by a rapid descent. The
mixed tracing of pacemaker pulse and apexcardiogram was observed in 9 cases and in one of them
the apexcardiogram was seen only when P wave preceded the QRS wave. In all cases the pacemaker
pulse was associated with a pacemaker sound and its amplitude appeared to depend on the intensity
of the pacemaker sound.

These findings suggested that pacemaker pulse was originated from intercostal or diaphragmatic
contraction by current leak from the catheter tip. In 2 of them perforation of the catheter through the
right ventricular wall was recognized by cross-sectional echocardiograms and clinical follow-up
including graphic studies.
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kA pacemaker HAZ #1T >l i Lid LiX
WGBSR A £ L5 Z L@ HAS Mdbh T
3223, graphic recording i X 3% BRI+
Nl ER TRV,

AWFEIx pacemaker HAHRH D LERIREE
v, A pacemaker FE(HFELHEEK L Ex &
N3 IREHTIR (LUF pacemaker pulse & 448§
$3) OKE, P, pacemaker sound &
%, BIUREIEZSVWTRHMLEZLDTHS.

REfl EHE

FER)IE BEZBREN £ & — 12T KA pace-
maker fiiA% %17V, 200, OHERRE %
FLI=54pTh 5.

HHEERITESE Yuy s 37§, sick sinus
syndrome 17 ¢, 5 314, %« 23, 4EE
T~87 1%, W5 605 % THB.

BEROMB 5L CMBIZ LT, 49#licH
F—FAVBEERY, 5548 HAERLEREIC,
6 P ALEICHEAALL. fho 5 flIRERLRE
COAMEN & Y DHEBORIAR 21T-72. 14
PR E TR CHUgEER T, NEEREO 1 fliAE
BIUAZECLRLE#EGS—Y v S 2T 274
Thb.

LDEFHiE7 7 F¥ETFH MCM 8000, v 7 u
F otz MA250, iREAE Yy 7 7 v 712 TY 303,
ERBEIT L -N8FEFILT ST T,
pacemaker pulse i% 3, - & LAWK A PG
THRMIEEIERE LML, HER, LFRE L
2 100 mm/fsec IR L 7-.
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1. #3 B

Pacemaker pulse {3 54 s 11 47 (20%) <32
Bahic. zORRIBEER—v 7 4340F 9
Bl, BEER—v 7 S5HR2Hchbh, HEA

[ S

(66-year-old, male).

Fig. 1. Example of the typical apexcardiogram from a case with right ventricular electrode

The amplitude of the apexcardiogram is increased when P wave precedes the QRS wave.

ACG =apexcardiogram.
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Pacemaker pulse D3 iT.LREBPG 5 4,
DRE S Hl ¢z h 2 hEEBIIE—R LR
FlarEEROEB chsA LR TH 7. 5
B 34Tk & S ITOLEEE AR b BBR
7z pacemaker pulse #3Zs7c (Fig. 4).

2. ®

Fig. 1 /%8 =— v v 7o Sy, DR
HRZRLIELDTHS. 1ELTER R AT
L b3rH kA D, beat to beat variation KT,
PENEFTLEES SOHRTRAERICKELE
BERLTVI.

Pacemaker pulse .0 gy & 27 v, Figs.
2, 3, 4 iR+ & <, pacemaker spike [Zh ¥
MEBATSES EA Y (10 msec Pipy), 50~120
msec #IZE— 7 2L, IFERIM» %I
P THRICE T EMAMME R L. BR2TH
DR & i3 - T, FEOEVIIFED L LT

R R A — h — OFGEERTHE

pmahie, FEHIRELE, FEOLEH LI
BAfgEAs e v = & &, pacemaker spike > pace-
maker pulse D375 LMD £ CTORME, T4abD
electromechanical delay X &b»THVZ LT
» -7z,

Pacemaker pulse &.OARABIRO BEHE
DREEICEYTIRicAabh, b 8HT
pacemaker pulse DA LRIMBHIE O L Y
Kch o7 (Figs$, 8).

Fig.5 B5%2FE 7ny 7t TABER—V Y
FEFopTHS. H L 2,040 QRS Fic
i P #2364 L T4 53 pacemaker pulse 0
THHH, BL4ILMTIT P EXETLTRY,
pacemaker pulse (U &Ei&LAMHEHED late
systolic hump Az bhi=. ZDk 5% P Eo
43I0k BRAEHOEE, AER—V
v7 94 Fig.8 o 1 §fj (FE R—v v/ RE
P) 2R ELPICBRECEIH B bhlons, &£

Fig. 2. Pacemaker pulse in a patient with right ventricular electrode (26-year-old, male).
In contrast to the apexcardiogram (Fig. 1), pacemaker pulse has no electromechanical delay and

shows early outward movement,
PP=pacemaker pulse; PS=pacemaker sound.
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Fig.3. Pacemaker pulse in a patient with right ventricular electrode (71-year-old, female).
The pacemaker sound is louder than any other heart sounds and typical pacemaker pulse is seen.

PP =pacemaker pulse.

HR—v /024 P koffitick 5 beat
to beat variation {ZH Shh o7z

3. Pacemaker sound &M%

Pacemaker pulse D& ohifcix, +T
pacemaker sound %, MHORMAIT—E
LTVv 7. Pacemaker pulse o IEiF it — & iz
pacemaker sound DT I fFKiFE %R L (Fig. 6),
2 H A% D BBs4 A b pacemaker sound DBHIAIC
—E L.

4 B

Pacemaker pulse oL LT, 114d 24
RBEREHLVLEZILICE3bDEEXLAE.

Fig.3 BRE2BEE 7uy 7 OD HE R—v
YT EToBTH D, Wik, &S S MERIKT
RECEBAEATS, thoLF L VRKAE
pacemaker sound X # @/ pacemaker pulse %
B, EFHEH»L bREIKD pulse 2EHFSh
fo. 9 X-P Cixh 7 —F ATEBOMRER
W bl oo hs, BT KKIFR ¢ pericardial

effusion & \IMEMOEZLHA~OETEH R
&hic (Fig. 7). Al AEERVZ L, &M
DLBRETE=F—Th _R—Y VIR Lt BT,
pericardial effusion DMMMER L HShidh oz
fe®, iAimx FRERETTH 5.
Fig. 8 i3 sick sinus syndrome, AShiRSA S
AErWRBL L, BEERE—Y VI TH
FEREEOGCHRE LA bhlizd, DFELEE
R=y VP EfTo eI THB. WBEEF—v v
70 Elhit BIFT Holel, FER—V /0
EHIRR—v U IREERY, EFHATEY
BOZLFHBTR2RESEREN 5L OiTh -
I=. ¥k, R=v v /Rt hrhb e, pace-
maker spike & & L2 H ERY, LEW L EH
&> pacemaker pulse HLREHLELFZ A,
EFpicai k2 pacemaker sound %ol %
DHEZRFAHTR M T 2 tha iR L2 Y, B
iRk ¢4 0FKD pulsus alternans $ 4 5Hh 3

ko hotelew (Fig.9), AEOWF—FNVE
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Fig. 4. Pacemaker pulse in a patient with epicardial electrode recorded from the apex
(upper panel) and left hypochondrium (lower panel) (14-year-old, male).

Both localized intercostal muscle and left hemidiaphragmatic contraction are observed in this pa-
tient.

PP =pacemaker pulse.

— 1205 —



BA, KT, FH, 3»

A 824 U A . \ 823
i ',‘
' ) . : ]
Y A !
My -" f' "\- "J’v-*-'—-‘wrw 'i\-’ w 4y M‘/} w " ‘\;,' ,J.-,‘/u' ‘! \ iy .-\- —‘-'- et y‘«-a..f....-.‘.'_"‘_:,\., )
Lt 1 .
T ! i K ‘ ‘
| . . . .
1 . M2 l‘l\ o ” s U o .

DiZi Y " V Y o
Y .

o -y i ,,,..~_,__.. SIS T S U S

T

St

Fig. 5. Mnxed tracing of the pacemaker pulse and apexcardnogram in a patient with right

ventricular electrode (87-year-old, female).

The apexcardiogram is seen only when the P wave precceds a QRS wave, probably due to in-
crement in stroke volume by atrial contribution to ventricular filling.

PP =pacemaker pulse.

wEkEL, ARER—Y /ORI hxi.
WE % OLEFRRE TR =R FHFURHET 117
% L, pacemaker pulse, pacemaker sound & y,
KED ST, DR, 6 B¥EOLLRIIR A
L& s hi- (Fig. 10). &k X-P cAx
DEBEM O dislocation 34 5 4 (Fig. 11), &
ER—-v U IDIAL I RLBEREICH -
etizExohivz bk, HEEEOARS
LoldR=—v o SR REERZ L, JHETD 4]
# Lizfze, pacemaker pulse, pacemaker sound
BROWILEXDZORZY LM bR 5.

b 9 Hcix, —lioJEBUILARAIC T, pace-
maker pulse DA & 72 5 <X EFF R Shie
27z,

% E

/A pacemaker HiiAZ iz, ULi¥LiE pace-
maker sound BAHh b B Z Lix, 19654 Nager

LPORIMIUREE CBESATV 2. —3%,
pacemaker sound & B{RD %V pacemaker pulse
i% 1967 4 Harris? LIk 2, 3 o#iEN A 605
#3, graphic recording 2} 5 RZHEAFIE X2 X
T 7.

Mower L9 WEEETE Hvi- fBR—v v
7 43 fp 10 f#)ic  pacemaker sound HSEEHEL X
n, 952 HAICHEEE M oBREIRA S hi
E#iE L, Korn 59 pacemaker sound %%
45 7 )b 3 $ic presystolic impulse % H T
V5. ABF% T i3, pacemaker pulse % kA
pacemaker HiUAHD 209% i & & h, pace-
maker sound %473 543 _XTICE D, =,
pacemaker pulse Diyg, L LAY B
pacemaker sound D Fhic—F L, pacemaker
pulse MiE{H{ pacemaker sound IZ{&kfEtE %R
4z & X v, pacemaker pulse & pacemaker
sound ZFE—DHRLKTH Y, BEAREEOEZT
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Fig. 6. Pacemaker pulse and pacemaker sound of the same patient as in Fig. 3 recorded
without breath holding.
The pacemaker sound disappears and the pacemaker pulse diminishes in amplitude during expira-
tion.
PP =pacemaker pulse; PS=pacemaker sound.

ThoHrrEXLRI.

Pacemaker pulse D J{E 2, o2 ERsEns
E—H LT3z, LAMEERGETH YO
MR L x4 /A5 2 &, pacemaker spike A
5 pacemaker pulse ®DsrH LAY T elec-
tromechanical delay %z & A ¥ 74 <, Hifing
WiHIITH B Z &, LU pacemaker sound L
Rl—nBBLELOGNDZ L% XY, pacemaker
sound DJFHE & R THEEA S0 current
leak i2 & 2 i & 7= i ZEWBRIR D INKF D T2 b &
Exbhsb.

Current leak DL LT 11 fith 2 o=
RV LELBREL LN o 9 HrpA Ll
Wicaxonde 1 Fl RRTE O seald ([ H
a0 LBbh, 8HiLlH ORE CRIICER
v L HTAIEED 5 Vv BRI GE V- R Th B L
EZxbhl. LoLaens, ARG EL
pacemaker pulse %743 % 4i< i1 flE s & R

gL Fx s/ Y, BRI ITTEREHE
@ malposition LEXZONEZYTHSB. Liz
23> T, pacemaker pulse (3fih32, pacemaker
sound REEZTLBWHAMETH D L XY, kA
pacemaker HUAZBHZIE B - BB LBEIC T
EThHDH. F-ABBIEPIC pacemaker pulse,
pacemaker sound A3H{FR L T & 784, —Ik
AEZRILEHBE LATENINE, s X-P %—
HOBMELITOLERD S LEX LRI LER
— v v/ cit pacemaker pulse i3 1 ]33 ®
bhieholeds, ALHICEREHRAL 2 »HEE
FEIATINEE S & CHIRIGE > ol h TV B 72
HTH5.

Pacemaker pulse L. RABRIDOREHKIE X 9
fFlic g8 &4, pacemaker pulse o FRRMIZEEV
TOEMME A2 5. Pacemaker pulse o
-, PEMBOS 1 v ricERKRTH
27eHs, LRPMRIAES—v v 7 Hlciz—K
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Fig. 7. Cross-sectional echocardiogram of the same patient as in Figs. 3, 6

The tip of the electrode wire (arrow) is found to have perforated through the right ventricular
wall.

CW=chest wall; PE=pericardial effusion; RV =right ventricular cavity; 1VS=interventricular
septum; LV=left ventricular cavity,

© OWRGORS REGRT KX 1 TR Minbeer ol aaser

Fig. 8. Pacemaker pulse in a patient with atrio-ventricular sequential pacemaker (65-
year-old female).
Note that in spite of the failure of artificial pacemaker to capture the ventricle the pacemaker pulse

and pacemaker sound are recorded, suggesting perforation of the catheter through the right ven-
tricular wall. Pacemaker induced tricuspid regurgitation is also seen.
PP =pacemaker pulse; PS=pacemaker sound.
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Fig. 9. Phonocardiogram of the same patient as in Fig. 8.

Intensification of the regurgitant systolic murmur at the lower sternal border and appearance of
pulsus alternans of the jugular phlebogram suggest the increasing grade of the severity of tricuspid
regurgitation.

JUG =jugular phlebogram; PP=pacemaker pulse; PS=pacemaker sound.
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Fig. 10. Phonocardiogram of the same patinet as in Fig. 8.
After the removal of right ventricular electrode, pacemaker pulse and pacemaker sound disappear

and the normal apexcardiogram is recorded at the same location.
CAR=carotid pulse tracing; ACG =apexcardiogram.
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Fig. 11. Chest roentgenograms of the same patient as in Fig. 8.
Posteroanterior and lateral views of the chest roentgenogram reveal the dislocation of the electrode
in right ventricular cavity.
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727 54 flrp 11 ) 20%) iz B h, DRI
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#I% 12 pacemaker spike 3k U pacemaker
sound & ZIFRIFERICSE D B2y, 50~120 msec %
Ee—2 2H L, IGEPMICERIClT 5008
H L ENROKEMEMBER L. RiEI: pace-
maker sound D#FFIZ{ETE L, eclectromechanical
delay o7z, 9 FIICIZORBTIR E D BE
WA B, pacemaker pulse [Zix beat to
beat variation %2 ed o725, ORI
EXRBER-V V7 OHE, PRERTLED
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