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Fig.1. Alternate tracings of current and voltage. Stimulation thresholds were

measured by a two channel oscilloscope.

The upper part of the figure

represents the current threshold and the lower part represents the voltage.
Current thresholds were measured by means of a series resister (10Q). The
impedance was calculated by the devidend mean voltage and the divisor mean
current. The top panel shows the constant voltage stimulation threshold ;
bottom, constantcurrent ; left, lmsec ; right, 2msec stimulation.
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Tablel. Incidence of pacing
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Lead transposition T 2.1

Lead fracture 6 1.8
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Threshold elevation 21 6.5
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Fig.2. Cathodal and anodal threshold comparison.
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Anodal stimulation

thresholds were measured simultaneously with cathodal measurment in 7 cases.
The cathodal threshold was lower (p<0.01) than the anodal threshold. The
left panel shows the voltage threshold, and the right panel shows the current

threshold.
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Bipolar stimulation threshold{ V )
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Unipolar and bipolar threshold comparison.
thresholds were measured by the distal electrode of bipolar.

Unipolar stimulation
The unipolar

threshold was lower (p<0.01) than the bipolar threshold in voltage threshold.
The left panel shows the voltage threshold ; right, current threshold.

Voltage threshold ( v )

x r =0.985
y =1.45x+0.09
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1
Disk used for

Voltage threshold ( ) )
Threshold comparison between disk and clip used for indifferent

Fig. 4.
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Current threshold (mA)
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N=6

Disk !

Current threshold (mA)

electrode. Thresholds were measured by two kinds of anode; one was a clip

on the skin incision and the other was a 10cm® disk in the pocket.

When the

clip was used as the indifferent electrode, the threshold was higher (p<0.05)
than the threshold of the disk in voltage threshold. The left panel shows
voltage threshold ; right, current threshold.
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Impedance when the disk vs. the clip was used. (left panel) The clip had

significantly high (%% : p<0.01) impedance in constant voltage stimulation.

(left column)

surface area of the anode. (right panel)
electrode could reduce impedance to half the value of impedance when
indifferent electrode was the same area as stimulating electrode.

The clip had higher (% : p<0.01) impedance than the disk in
constant current stimulation. (right column)

Impedance under the different
The surface area of the indifferent
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Beneficial regulation for output in various pulse widths.
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Constant

voltage stimulation and constant current stimulation were compared. Left
panel shows the voltage threshold. The constant current stimulation threshold
was lower (% : p<0.05) than the constant voltage stimulation at 1.5msec pulse
width. The right panel shows the current threshold. The constant current

stimulation threshold was significantly lower (%% : p<0.01) than the constant
voltage stimulation at 1.5msec and 2.0msec pulse width.
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Beneficial output at various impedances. Two regulation methods were

compared under the various impedances. The left panel shows under 10000hm
(normal impedance). The right panel shows over 1000ohm (high impedance).

8 ]:mnn:SD
=
o 4
S
f=
14
— P
= £
— 3 - ¥
ko] Q
- o
[+] ©
£ -
» =
o 2 o 2
E IMIH:SD =
-
LY
o
©
PV | 1
]
=
0,28 0.25
0.1 o5 10 1.8 2.0 o1 08 110 18 2.0

Pulse width (msec) Puise width (msec)

Fig.8. Strength-duration curves of endocardial
lead. The left panel shows the initial thres-
hold at implantation (N=48). The right

panel shows the chronic threshold at exchange
(N=13).
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Fig.9. Energy needs at various pulse widths.
The energy threshold of endocardial leads
was calculatted. The left panel shows the
energy threshold at implantation (N =48).
The right panel shows the chronic study
(N=13).
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Fig.11. Distant threshold of endocardial lead.
The stimulation threshold was measured
during long-term pacemaker therapy. The
initial values were not recorded in these 14
patients. The ordinate is the voltage thresh-
old at exchange. The abscissa is the duration
after initial implantation.
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Fig.10. Fibrosis of myocardium due to compression by endocardial lead. The myocardial tissue was
obtained from a patient who died of another disease. Fibrosis extended to the apex of the right
ventricle.
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Threshold measurements using the Vario pacemaker after implantation
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Fig.12. Natural course of endocardial threshold. The acute threshold could be
measured in one case by Vario pacemaker (Siemens-Elema, Solna, Sweden).
The Vario pacemaker has the function of decreasing output gradually from 5V
down to zero by 15 steps of 0.33V. The endocardial threshold rose to above
five times that of the initial threshold within a month, and then fell to twice

the implantation value.
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Fig.13. Mpyocardial vs. endocardial threshold.
The myocardial threshold was compared with
the endocardial threshold when two threshold
were measured simultaneously. Except 3
cases with a very high myocardial threshold
(®), a close relationship (r=0.86) was observed
between the myocardial and endocardial
threshold in 7 cases.
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Fig.14. Various myocardial threshold. #1-#5
show injured heart. #6 was normal heart.
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Fig.16. Comparative study on threshold of

various atrial leads. Sutured electrode was
the control (®). The J-shape urethane lead
has a significantly lower (k% : p<0.001)
threshold than the sutured atrial lead.
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Abstract

In the past we have experienced pacing failure due to an elevated threshold of cardiac
stimulation in 21 out of 325 cases (6.5%). To prevent a recurrence of this problem, we
investigated the factors influencing the cardiomuscular stimulation threshold. We found
that the cathodal stimulation threshold was significantly lower than the anodal threshold
(p<0.01). At constant voltage stimulation, the unipolar was lower than the bipolar
threshold (p<<0.01). When a clip was used for the indifferent electrode, the stimulation
thresold was higher than when a 10cm’ indifferent electrode was used (p<C0.05). In the
case of a pulse below 0.5msec, the constant voltage stimulation threshold was lower than
the constant current threshold. As to the energy threshold, when the pulse width was
smaller than 0.75msec, the constant voltage threshold was lower than the constant current.
In the high impedance group, the threshold energy by constant current stimulation was
lower than that by constant voltage stimulation. The lowest energy thrdshold was noted at
a pulse width of around 0.5msec for constant voltage stimulation, and at a pulse width of
around 1.0msec for constant current stimulation. The application of consistent measuring
conditions and criteria for assesment facilitated various statistical analyses. Then, we
devised an automatic threshold analyzer using a logical circuit to make the evaluation
criteria. In reference to the data obtained in cases where various methods measuring were
simultaneously used, all the data were converted into the voltage threshold corrseponding to
constant voltage stimulation with a pulse width of 1.0msec. The endocardial threshold was
0.75+0.31V (mean=+SD) at implantation, and the chronic threshold was 1.60+0.38V. In
cases with pacing failure at the endocardial electrode, the threshold value was 1.6620.30V
at the initial implantation. If the threshold value is less than 1.0V at the time of
implantation, pacing failure will not develop in more than 99% of cases. The stimulation
threshold at the myocardial electrode was 1.57+0.72V, which was lower than that at the
endocardial electrode (2.21+0.70V). In patients with myocardiac lesions, the threshold
value varied according to the site of stimulation. Consequently, it is necessary to place the
electrodes with great care. The stimulation threshold at the J-type electrode set in the
auricle was 0.77£0.28V,which was comparable to the ventri-endocardiac stimulation
threshold. Furthermore, the chronic threshold of the atrium was lower than that of the
ventricle. In order to prevent pacing failure, output should be set at six times that of the
initial threshold or twice as high as that of the chronic threshold.



