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THE CLINICAL IMPORTAMCE OF MYOCARDIAL IMPEDANCE
IN PACEMAKER [HPLAMTATION

" 5.KANEKO, K.TODOD, K.SUGIKI,

5. KOMATSU,

Sapporo Medical College & Hospital

Foreword

With the advance and development in
electric circuitery, togeter with
improvements of the battery which has
resulted in the decrease of current
consumption with in the pacemaker,
combined with the decrease in the rate
of breakdown in the electric circuit
and the battery, the service 1ife of
paceémaker has 'been considerably
extended(6).

The present workers conducted a
detailed investigation an the
following points, a detailed study on
the threshold vaeltage and current at
the time of implantation and
replacement of pacemaker together with
the results of measurements of the
myocardial impedance, the changes of
load resistance accompanied by the
output voltage and current of 2 types
of pacemaker (Constant voltage,
Constant current), together with the
changes in results of battery
consumption rate,

Bases on the above the importance aof
impedance from & ¢linical point of
view were fnvestigated.

Objective

In a total of 150 cases over the past
3 years in which pacemaker
implantation and relpacement were
conducted we carried out a
simul taneous threshold voltage and
current measuresent and at the fame
time we made calculations on the
mygcardial impedance.

Of the 150 cases which required
endcardial lead the cases were 138
cases,. The breakdown of the 138 cases
was 111 initial implantations and 27
replacements. The surface area of the
glectrode was 12-14 mmc, one case of
initial implantation was 8 mmZ and in
2 of Ehe replacement cases a lead of
53 mm* was used.

The number of cases in which
myocardial lead was required were 39
cases, which can be broken down to 8
cases of initial implantation and 31
cases of replacement.

The respective lead resistance was
from 6-130 ohm which sShows A

considerable difference and the
surface area of the lead and a
comparative investigation was run
disregarding the difference in
conditions described above,

Therefore we mainly studied the cases
in which the endcardial lTead was used
where the shape of tip of the lTead,
the surface ares and the resistance
were more or less alike of these cates
we mainly studied the cases in which
initial implantation were made.

In addition measurements: were made on
the changes in output{voltage, current
) accompanying the lToad resistance of
pacemsker implantation together with
the extent of battery consumption.

The acute phase referred to here is
the period which accompanies the
initial implantation and the chronic
phase refers the period 3 months after
the initial implantation.

Method

1) Measurement of thresheld and
myocardial impedance

As shown in Fig.l, as the stimulater,
threshold analyzer 3658 produced by
S5iemens-Elema Co. and used im 128
cases, together with E2991 Portable
FPacemaker produced by Device Company
applied in 22 cases were used(1).
Current values were measured between
AB and voltage values were measured
between BC. Myocardial impedance were
cadlculated at the stimulating woltage
and current value wsing Ohm's law.

Fig.1 Diagram of threshold and
myocardial impedance measurement

STIMULATOR
+

R 1005

Az ; Resistance of Lead.
E :Indifferent electrode.
L :Lead.
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Fig.2 Diagram of pacemaker output
measurement

S, 8§
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PM Fii
T

2%

c
PM ;Implantable pacemaker.
Ri ;1004 .
Rz ;10004 .

# Pacer at Room temperature.

The impedance from the threshold |
voltage, current) values are referred
45 the "Threshold Impedance” and when
the same electric pressure using the
implanted pacemaker, was passed
through the electrades the measured
impedance was referred to as the
"Pacing Impedance®™.

These stimulating methods used at the
time of measurements are values, which
are stimulated unipolerly and
cathodaly and as the indifferent
electrode stainless steel electrode
DU30Y mamifactured by the Americal
Technology Company were used.
£) Changes in pacemaker output at the

time of load resistance variation

As shown Fig.Z, the Toad resfistance
(Ry*Rz) of pacemaker output terminal
is varfed, and measurements were made
current, and voltage values between
and BC as the occasion arose,
Pacemaker battery consumption
change at the time of varying of
the Toad resistance

As shown in Fig.3, the implamted
pacemaker was broken down, into
electric circuit and power source
(battery), and the circuit and the
powWwer Source were recombined with a 10
ohm resistance. The changes im load
resistance accompanying the battery
voltage and current variation were

SENSING AND THRESHOLD STUDIES

Fig.3 Diagram of pacemaker battery
consumption measurement

Rz
gatery ©  cieuty |
Implantable Pacemaker
E ; Battery.
Ri;10%.
R2;10004.

# Pacer at Room temperature.

measured between BC and between AR,
and the battery consumption rate was
expressed as the corresponding values
of the respective load resistance
against a 600 ohm load.

The measurement of voltage and
current values in the cases of 1}2)3)
wereé made by Hitachi Model ¥121 2
channel oscille scope, and recorded on
a Polaroid film and from this the
voltage and current values were
measured,

Results

1}Threshold

The threshold shows a rise in the
chronic phase, and maximal threshold
was seen as 13.5 mA in endecardial Tead
cases and as 22 mA in myocardial cases
(measured with 3658)(Fig.4, Table 1,2,
3,4,5).

2] Impedance

[n cases which used 3658 “Threshold
Impedance™ in the group which used
endcardial lead shows a broad
difference with a maximum of 733 ohm
and minimum of 153 ohm, and in the
group using myocardial lead, the
similar result 1% teen with a maximum
af 500 -ohm and minimum of 144 ohm.

Table 1 Threshold and "Threshold Impedance®

__—_—____:

-~ Threshaold "II'IHEEhuId‘ “f
[4]
Laad Phase tage Lol . hicaiciedn Caszeg
m Max  Min m Ma  Min m  Max Mn
accute 0.45 1.70—0.13 113 4 60046 416 733153 12
Endcard chronic 1 48 3.80~0.70 502 13.5-7 30 299 443235 25
e accute 0.55 0.60~0.50 1.56 1.95~1.20 362 41§~308 2
YOS Chronic 1.42 3.80~0.75 5.25 22.0~535 303 500—i44 26

& Measured with 3658, Imsec pulse.
* Measured al Leading edge.
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Fig.4 Threshold and
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"Threshold Impedance®

5 6 7 B 9 MW

C:THRESHOLD

#Measured with 355B.
# Measurad at Leading edge.

An important point in the measure-
ments of impedance is that the
resistance of the myocardium contains
a reactance component. Because of
this, the resistance value in the case
of pulse stimulating, and in the case
of pulse lTeading edge is different
from the case of resistance of the
trailing edge.

In addition, in the case of
resistance value of the trailing edge,
there is a considerable difference
betwen the case of "Threshold" and the
*Pacing" (Table 2).

The rising rate of the resistance
value in the case of the trailing edge
a5 compared with case of the
“Threshold® showed a Tow rate in the
"Pacing".

This was the same in the case of
average impedance. 35 the "Pacing
[mpedance” showed lower values than
the "Threshold Impedance™. Mith the
increase of pulse width the average
impedance rises (Table 3).

The difference between the resistance
value in the “Threshold" of the
leading edge and the resistance value
in the "Pacing", it was shown that
"Pacing" /“Threshold"=94, 5%,

3) The change in pacemaker output in
the presence of changes in load
resistance

In a constant voltage pacemaker, the
voltage output change accompanying the
changes in load resistance is small
but the change 1in current output i5 -
large, The current output in the case
of a 200 ohm Toad is, 2F1% of that of
the 00 ohm Toad (Table 3, Fig.5).

In a constant current pacemaker, the
changes in current output accompanying
the change in Toad resistance is
small.

[f the resistance load is higher than
600 ohm, the current output of the 2
types of pacemakers would both show a
decrease, and when the load is 1000
ohm, 1t was approximately 60-70% of
600 ohm Toad output.

Table 2 *Threshold Impedance® and “"Pacing Impedance”

_— e

“Threshald” "Pacing”
E':-'Elllt';r Imp®  ImpT Imp  imgT *Pacing” Impf .
{ms) Volt Imp@ Impl  Impl  Volt Imp Impl  Impl  “Threashold* Impm
M 0.48 576 1.41 1.B2  4.25 472 1.23 1.45 B2.5 (%4
0.5 Max 0.74 729 1.56 2.12 3.60 %69 1.33 1.61 4.6 (%)
Min  0.30 529 1.28 1.5  4.B5 403 1.17 1.30 69.0 (%§)
M 0.38 787 1.95 291  4.BS 506 1.35 1.73 M4 (%)
1.0 Max 055 B% 2.55 410 4.85 €12 1.52 2.03 51.4 (%)
Min  0.27 G70 1.65% 2. 29 3.70 4%9 1.19 1.%2 e (%)
w Acule cases with endcardial lead [ ¥ Cases |

sk Measured with 3658

# ImpL ; Impedance at Leading edge
# lmpT ; Impedance al Trailing sdge.
® Impm ; (Impl + ImpT) /2
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Table 3 Delivered pacemaker output vs. electrode resistance

e s — - ———

Load Resistance
Facer

Output  model 200 250 350 600 750 1000 (ohm)
DU301 92 100 100 102 102 %
Voltage Prolith 33 60 100 113 %
Li-20 47 100 129 %
DU301 271 171 100 82 61 %
Current  Prolith 105 105 100 88 60 %
Li-2D 106 100 ™ %

* Measured al Leading edge.
# Pacer al Room temperature.
#Load; Pure resistance.

Fig.5 Delivered pacemaker output ws, load resistance

E.ﬂ' DU-301 -

al ==

ga 5 Jrnv/’rtél IH-M
E
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' g & Measured at Leading edge.
18 / * Pacer at Room temperature.
20

Hal ,rf

Table 4 Relative battery power consumption at different load

e ————————————

Load Resistance

Pacermaker

Madsd 200 300 400 500 600 VOO 800 1000 (ochm)
5942 139120 g4 100 @ 93 (%)
Li-3D0  ags 102 100 101 99 (%)

w Meazured at Leading edge.
& Pacer at Room temperature.
w Load ; Pure resistance,
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4} The changes in battery consumption
in a pacemaker undergqoing load
resistance changes

In & constant current type of
pacemaker, the changes in battery
contumption rate accompanying the
changes in load resistance were not
sgen,

In a constant voltage type of
pacemaker, the battery consumption
rate showed a large increase with the
decrease in load resistance [Table 4).
The battery consumption mate at 200
ohm load was approximately 140% of
GO0 ahm load.

Discussion

1] Threshold and impedance

In & case with a high threshold
[voltage threshold 3.8Y, current
threshold 13.5 mA, impedance 281 ohm)
which exceeds the current output of
500 ohm load of the 1mplanted
pacemaker, it was possible to obtain
satisfactary pacing with an ordinary
pacemaker (Fig.4).

This means that evaluation of the
thrashold should be limited to Lhe
relationship of the impedance.
Actually in this particular case, the
impedance showed a Tow value of 281
ohm.

Because of the output current of the
constant voltage type pacemaker,
changes occur with the changes of load
resistance, and the output of the
pacemaker in this case showed an
inereaase to 18.9 =A,

We must know the impedance
evaluate the suwitability of
and it 13z alse important to
the degree of output of the
2) Impedance

Because the resistance of myocardium
iz an impedance which contains a
reactance component, a difference
arises between the leading edge
impedance and the trailing edge
impedance and in addition a difference
in impedance arises in the tra11+n%
edge, because of the changes in pulse
width,

Another important point is the
changes in stimulating voltage, the
impedance of the trailing edge changes
and a3 & result we cannot use the
average impedance of "Threshald” as
the average impedance of the "Pacing".

As result of the above, in the
caluculation of the output of
implanted pacemaker and in order to
es5timate the service 1ife, the average
impedance should mnot the impedance of
the "Threshold™ but rather the
fmpedance of "Pacing”.

As & general expression of impedance,
we should think that the leading edge
impedance which shows the least
changes under variouws conditions,
should be wsed.

3) Changes in pacemaker output at
changes of lpad resistance

ta

the lead
determine
pacemaker.

CHAP, 34 - 7

The importance of impedance when the
pacemaker i35 wsed 13 the pacemaker
output at the impedance Toad.

Because of the decrease in the
current output at high impedance, in
both 2 types aof pacemakers, a still
lower threshold is needed at pacemaker
implantation and replacement.

[n contrast, when & constant voltage
type of pacemaker is used, bacause in
low impedance the pacemaker output
increases even 1n patients with a
somewhat high thresheld, a complete
and dependable pacing cam be obtained.
4} Changes in pacemaker battery

consumption in the presence of load
resistance change

In a constant current type of
pacemaker, the battery consumption
rate shows no change accompanying load
resistance change, whereas in a
constant voltage type of pacemaker a
considerably large battery consumption
fncrease 15 Seen accompanying the
lowering of load resistance. This
indicates that in cases im which
constant wvoltage type pacemakers are
used, the impedance of the patients
have & strong influence on the service
life of the pacemaker. This is very
important for the management of the
patients,

5) Appropriate time of the pacemaker
replacement

As an indicator of pacemaker
replacement, it hat been reported that
the decrease in pacemaker rate by
battery depletion 15 one, and in
addition the decrease of pacemaker
output and alse the high patient's
threshold require an early replacement
of the pacemaker,

It is also known that in the constant
valtage type pacemaker when the
impedance is low, the service life of
the pacemaker 15 shortened.

Conclusion

1) Pacemakers can be roughly divided
into 2 types, constant voltage type
and constant current type by the
difference in output circuits,

In these pacemakers accompanying the
changes in leoad resistance, the state
of affairs in the output and battery
consusption differs considerably.

2) The impedance, in clinfcal cases,
shows a wide distribution ranging from
200 to 1000 ohm.

3) Therefore, here after it would
necessary for pacemaker putput
indicating data, to be indicated by
both woltage output and current output
accompanying the change in load
resistance.

In the service life of pacemakers,
would be also necessary to indicate
the service 11fe accompanying the
changes in load resistance,

4) It would be necessary &t least to
have the range of load resistance 200
ohm to 1000 ahm,

it
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