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Summary

Nine patients of sick sinus syndrome with atrial programmable pacemaker (3 males and 6 females,
aged from 53 to 72 years) were studied to assess the effect of heart rate on the body surface potential
distribution. Body surface maps (87 lead points) and M-mode echocardiograms were recorded at 20-beat
increments of heart rate from 60 to 140 beats/min during atrial pacing. The potential changes of R and
S voltages were evaluated quantitatively and were correlated with the changes of echocardiographically
measured left ventricular dimension.

1. As the heart rate increased, left ventricular dimension in end-diastole (LVDd) decreased
gradually (Table 1), and a significant decrease was observed when the heart rate increased from 80
to 100 beats/min and from 100 to 120 beats/min, respectively, (p<0.05).

With a decrease in LVDd, the distance between the left ventricular posterior wall and the anterior
chest wall decreased and the left ventricular wall increased in its thickness. These changes, however,
were not statistically significant.

2. With an increase in the heart rate, R voltages decreased gradually in the left lateral chest and
the sum of R voltages (XR) of six lead points in the left lateral chest including leads V;_g decreased
significantly when the heart rate increased from 60 to 100 beats/min and from 80 to 120 beats/min,
respectively (p<0.02) (Table 2).

On the other hand, R voltages remained unchanged in the left anterior chest during atrial pacing,
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then the sum of R voltages of six lead points in the left anterior chest including leads V,_4 and the sum
of R voltages of 87 lead points did not show any significant changes (Table 2).

An increase in the absolute value of S voltages was observed in the left anterior chest and the sum
of S voltages of six lead points in the left anterior chest including leads V;_, increased when the heart
rate increased from 60 to 100 beats/min and from 80 to 120 beats/min, respectively (p<0.1) (Table 3)

3. A decrease of R voltages in the left lateral chest was consistent with the reduction in LVDd
(p<0.005).

It is concluded that the changes in body surface QRS amplitudes during atrial pacing are related
to those in the left ventricular dimension and that R voltages in the left lateral chest are fairly sensitive
to see the changes in LVDd in cases with no abnormal wall motion of the left ventricle. In addition, the
cardiac volume-related changes in body surface QRS amplitude might be in part due to the changes

in the distance of the heart from the electrodes over the body surface.
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Fig. 1. The electrode array for body surface
mapping.

Map of 87 points is displayed in the frame shown
in the lower panel. The left side of the frame cor-
responds to the anterior chest, and the right side, the
back. Large six black dots indicate the precordial
position V,_g in the conventional 12 lead ECG.

RMAL =right mid-axillary line; LMAL =left mid-
axillary line.
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Pacing Rate 60/min 140/min
IVS thickness 15 1.8(cm)
LVPW thickness 1.0 1.3
LVvDd 45 3.6

Ant. Chest
—LVPW 8.8 8.3

Fig. 2. Echocardiogram of the long-axis of the heart during atrial pacing (62-year-old man).
As the heart rate increases from 60 to 140 beats/min, IVS and LVPW are slightly thickened.
LVDd is reduced and the distance between the LVPW and the anterior chest (Ant. chest-LVPW)
is decreased as the result of shift of the LVPW toward the anterior chest.
IVS=interventricular septum; LVPW=left ventricular posterior wall; LVDd=left ventricular
dimension in end-diastole; Ant. chest-LVPW =distance between the LVPW and the anterior chest.

=2027

(h=7)

cm 2+
IVS 11
0-
cm 2-
R ———
0- *:P<0.05
cmB- —*k—r—%— paired t test
5 ‘\
LVDd 4 %
34
cmg' .—o\‘__._\.
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Ant. Chest 71 :>g<—‘
—LVPW g Fig. 3. Echocardiographic changes of the left
. P v . . ; ventricle at 20-beat increments of heart rate from
Pacing Rate g5 gy 100 120 140 60 to 140 beats/min (n=7).

(beats/min)
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Table 1. Changes of echocardiographic indices with
the change of heart rate

Heart Rate

beats/min] G0 80 100 120 140

IVS thickness (cm) | 1.26::0.22 | 1.14£0.36 | 1.22+0.34 | 1.18£0.36 | 1.33+0.33
LVPW thickness(cm) | 0.98£0.24 | 0.91+0.25 | 0.95£0.22 | 0.850.10 | 1.0740.17

k%
[ . |
%k
[ 1
p I R
LVDd (em) | 4324035 | 4324054 | 4.163054 | 4044050 | 380+0.70

LVPW-Ant.chest(cm) | 7.85+0.76 | 7.69+0.69 | 7.59£0.60 | 7.60+0.58 | 7.57+0.64

* P05 . )
(MeaniSD - P02 paired t test

IVS  =interventricular septum

LVPW=left ventricular posterior wall

LVDd =left ventricular dimension in end-diastole
LVPW-Ant.chest=distance between LVPW and the anterior chest

AVF -~ g | : '
: 60/min  140/min ° L . l w

60/min 140/min

Fig. 4. Electrocardiograms during atrial pacing (62-year-old man).
As the heart rate increases from 60 and 140 beats/min, R voltages in the left chest lateral leads
(Vs-6) are decreased and S voltages in the left anterior chest leads (V,_,) are increased.
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Peak R Voltage Map

Ant. Chest _ Back

60/min[

| 60/min

Nadir S Voltage Map
Ant. Chest Back

2

' SR=262mV

140/min[

" SR=229mV

R= (05mV +Maximum!7:>; Peak R Voltages(mV)

EXXIS<~05mV =Mirimum of NadirS Voltages(mV)

Fig. 5. Body surface potential distribution at atrial pacing rates of 60 and 140 beats/min

(62 year-old man).

Peak R voltage map (left panel): The high positive area with peak R voltage of higher than 0.5 mV
at 60 beats/min is located in the left antero-lateral chest including leads V,_g and in the left back.
The maximum of peak R voltages is 1.5 mV and YR (sum of peak R voltages of 87 lead points) is 26.2
mV (left upper panel). At the rate of 140 beats/min, the maximum of peak R voltages and 2R decrease
to 1.1 mV and 22.9 mV, respectively, without a remarkable change in the high positive area (left

lower panel).

Nadir S voltage map (right panel): The area with nadir S voltage of lower than —0.5 mV at 60
beats/min occupies all over the anterior chest (right upper panel). At the rate of 140 beats/min, the
minimum of nadir S voltages deepenes and the absolute value of ¥'S (sum of nadir S voltages of 87

lead points) is increased (right lower panel).
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(140 beats/min—60 beats/min)
Subtraction Maps(Peak R)

Ant. Chest Back

+Maximum Increase (mV >
x. € ) increment : 0.1mV 2> o'V
=Maximum Decrease(mV) <—U.ImV

Fig. 6. Subtraction map of peak R voltage (top)
and of nadir S voltage (bottom) (62 year-old-man).

Subtraction maps are obtained by subtracting
peak R or nadir S voltage map at the rate of 60 beats/
min from that at 140 beats/min, respectively.

Subtraction map of peak R voltage (top): With an
increase of heart rate, peak R voltage is decreased in
the left lateral chest including leads V;_q (dotted area)
and the maximum decrease is 0.5 mV (above lead 5;)
in contrast to a slight increase in the left anterior
chest including leads V,_, (shaded area).

Subtraction map of nadir S voltage (bottom):
Nadir S voltage deepenes and the absolute value of
nadir S voltage is increased in the left anterior chest
including leads V,_, (dotted area) and the maximum
increase of the absolute value of nadir S voltage is
0.5 mV (V,).

L, Vs o 1 LS THEXOEE (0.5mV) 2
F@d bz, Ve 2ELERNBEH IO R
7 RS 5 O RED b (Fig. 6 1). S &
M NEDBAR T, LFA%KH 60 H/5r 225 140
W/ cEmT 5 L, S BALik Ves 2 BTEHI
WEHLICELRY, BAEKEELE. Vo TR
KotEE 0.5mV) 23R/ (Fig. 6 T).
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Peak R Voltage
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Peak R 10 @——v

Maximum of 15
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Pacing Rate g, T T . ,
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paired t test

Fig. 7. The potential changes of the maximum
of peak R voltages and YR at 20-beat increment
of heart rate (n=9).
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(Fig. 7 F, Table 2).
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TEERTILE RS h -7 (Fig. 8 £, Table
2). o SR G OEEEME & bICHER L,
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Table 2. Potential changes of peak R voltages with the
change of heart rate

Heart Rate
(beats/min)

60 [ 80 | 100( 120( 140

Maximum of peak R voltages (mV)
3R (mV)
2R in anterior chest (mV)

2R in left lateral chest (mV)

— ¥ 1
19404 | 17405 1.740.7] 14£07( 13108
35.11£45)325£4.0(33.11£4.2/30.747.0) 283178
594146021 59+20( 57129 6.014.1

*%
e kk T S al
91128 | 80132 77432 6.143.1 | 49434

Mean+SD * 1 P<0.05 paired t test)

%k 1 P<0.02

3R=sum of peak.R voltage of 87 lead points
3R in anterior chest=sum of peak R voltages of ¢ lead points in the
left anterior chest including leads V,_,
2R in left lateral chest =sum of peak R voltages of & lead points
in the left lateral chest including leads Vj_g

Peak R Voltage

SR in Anterior Chest(6 lead points) SR in Left Lateral Chest.(6 lead points)

~ Ant. Chst Back

mV 12
8

P"gRate'* 4 T T 1
racing Rate ¢y g0 100 120 140

Ant. Chest Back
*%.P<0.02
mVi4q | o——ws——  paired t test
*.\_.

12
o] T T—

0-

P'gRate' Y T T |
(hoat/noe60 80 100 120 140

Fig. 8. The potential changes of ;R in two body surface areas at 20-beat increments of

heart rate (n=9).

2R in the anterior chest (left) is the sum of peak R voltages of six lead points in the left anterior
chest including leads V,_, and 'R in the left lateral chest (right) is the sum of those in the left lateral

chest including leads V,_g.

HERELE RS e -7 (Fig. 9 T, Table 3).
S BALOEDEMRITIX, S BALX Vi 2L
LT ERIEH TR ORE KBTS LARE
NizDT, Vou 2ETENRIHL v 6 FHiBAER
W, =0 S BAOM (EfiEo S, XS in

anterior chest) .0 AL X 3 BAEIL 2K
L. ERiEHO IS b aEomme & bic
W L, Do 403/5 oMK (60 8/ &
100 /43, # X T* 80 4/4y & 120 41/4) o) iz,
p<0.1 T, BAIHEKT % % R 1= (Fig. 10,
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Table 3. Potential changes of nadir S voltages with the
change of heart rate

Heart Rate

(beats/min) 60 80 100 120 140

Minimum of nadir S voltages (mV)| — 17409 [ - 16+08 |- 16408 | - 17409 | - 20413

s (mV)] —3361104 | —3231104 | -319£104 | —31.24120 [ 3484173

IS in anterior chest (mV)| = 73240 [ = 70240 | - 74240 | - 78148 | - 96166

(MeantSD)
2S= sum of nadir S voltages of 87 lead points

3S in anterior chest=sum of nadir S voltages in the left anterior chest

including leads V,—,

Nadir S Voltage
SS in Anterior Chest(6 lead points)

Nadir S Voltage

—mV
3.54 J
3.01 ’
-—" Ant. Chest
Minimum of 2-97 —mV
Nadir S 2.0 18,

15 e 164
1.0- ‘_——_—r—g::———o 141
— 12

—mV 501 10j //
8
0 — 6/ ?_,;’,{‘
s -—-—=<\‘ i
30 e ; e 9
./._.

20- —— o —*
Pacing Rate 6'0 8'0 ]IO[] IIZU |I40

Pacing Rate gy g9 100 120 140

(beats/min)

Fig. 9. The potential changes of the minimum
of nadir S voltages and }S at 20-beat incremens
of heart rate (n=9).

(beats/min)

Fig. 10. The potential changes of 1S in the
anterior chest at 20-beat increments of heart rate
(n=9).

YS in the anterior chest is the sum of nadir S
voltages of 6 lead points in the left anterior chest
including leads V,_,.
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A3R in Left Lateral Chest

mV
—-3.0
y =1.59X+0.28
r =066
P<0.005
n=20
[ ]
—2.01 .
[ ]
[ ]
—1.01 E o e
H
[ 3
H °
o
[
e L L]
—-0.5 —1.0cm
ALVDd

Fig. 11. The relationship between the changes
of 2R in the left lateral chest and those of LVDd.

Table 3).
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ME ORI EERLIEMABEZEH 7z (1=0.66,p<
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n¥, BMEEPEREC—HRTRVWI LERL
THY, 20z LFEOBMRTCEMEBILONT
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EEREHRE LR VEROBMELERFTLED
NDTHD. Bil, BMELEEEBH+55%2T
EEARRBRS R— 2 A — 7 — & FH L IR0
BRABRVBLELfTbhEXdCRY, FOBH
HEY B aiznic, LERO ST BloihT
<, REMOELLIEZELLTAVLRE LS
ol 5T X M0, ARIOKEICESE, £=
BEEBRESEEE R H R L 2RoLE
MoOEBMEEZRIT 2 2 L85 4%, Bi%
PWiT5 A THERTHE LEDbIS.
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L— pAEBRILESN— R A —H— 2 EE LR
BEETSEGRERE O 5 (B4 3 #l, &tk 6 4,
Fn S3~72 5%, ¥ 592 B EMHKLLT, L
WMEE L GFREOCEROEBIMICRETEECS
WTHS Lz, D3EEE 60 3H/4 25 140 33/45
¥C 2048/ TemEE, £ BT
FEREOBEM X (B, map) 3L M
E-FLhza—EREHEL, R 8LV S E0E
MBI EEROBLL 2 ERMICTEME L. &
LICTE OBRM S, BMELOBFICoEEBE
BNz .

1. EFEERISEOREEME & I
L, DA%k 80 4/4y & 100 48/4 3 X 1r 100 38/%
& 12048/4r ofic, p<0.05 nFELBRDEFE
Wiz (Table 1). ¥ EEFFREE OB I E
->T, HMEAWICRBEETE R -1 h, EEBEE
DEIEE R T A M E R L. EREERICE
AELREERBD Mo

2. OEESEmMmE L bic, R B EAETZE
RMCBE L, S BAIEREEHE ROICHEEL
7z. Vsie LA O 6 FEmo R BLO
o (ERREEo ZR) 3OS E &b Wik
L, D%k 60 44/4 & 100 38/4 3 XUt 80 4/4%
& 1208/5r ofT, p<0.02 OFELRBIER
»7- (Table 2).
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Kz, #, #), @h

T %A %R L7 (Table 2).

3. EfigEo SR oL oEA L ERITERK
HMROBVOES L ORICiE, r=0.66, p<0.005
T, AELREMBEIED R,

PEXY, LRESENEoARELEROENM
PR ESHERIROTIL L X </EEL, £/
oo R B P EZILEHROE & Sl K
M5z LaREaN. ZOBMNELOBMEFEL L
T, EEZEMNWNEL Bz EIZEY, —8iTiT,
EENBELRE & A FKE LR ER L o ElE
EIhsZ ENrEELTWS L Bbhlk.
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