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MOBIL TELEFONLARIN KALP PILI
FONKSIYONLARI UZERINDEKI ETKILERI

OZET

Cesitli sistemler tarafindan olugturulan elektromanyetik
alamin kalp pili fonksivonlart iizerindeki olumsuz etkileri
bilinmektedir. Bu galigmamin amact mobil telefonlarin
kalp pili fonksiyonlar iizerindeki etkilerini degerlendir-
mektir. Bu amagla 679 kahct kalp pilli hasta iizerinde ca-
hgildi. Caligma iki basamak halinde wuyguland:. Kalp pili
lead polaritesi birinci basamakta unipolar, ikinci basa-
makta bipolar olarak ayarlandi. Her iki basamakta kalp
pili sensitivitesi énce nominal degerlerde iken, daha son-
rada o kalp pili i¢in minimal degere indirilerek test yapil-
di. Kalp pili cebine gére simetrik olarak yerlegtirilen iki
farkly mobil telefon (power output 2W, GSM 900 MHz) ile
50 cm, 30 cm, 20 c¢m, 10 cm ve mobil telefon antenleri
kalp pili cebi ile temas ettirilerek, mobil telefonlarin acil-
ma, standby, ¢aldirma, konusulma ve telefonlarin kapanl-
mast agamasinda test yapuldi. Otuzyedi kalp pilli hastada
etkilenme saptandi (%5.5). Lead polaritesinin unipolar
olmast durumunda etkilenme bipolar olmasina gére daha
fazlayd: (Sirayla %4.12, %1.40, p<0.05). Sensitivitenin
artirllmast kalp pili etkilenme orani iizerinde tek bagina
etkili degildi (p>0.05). Etkilenme agisindan iki ve tek
bogluklu kalp pilleri arasinda fark yokiu (p>0.05). Bir
DDD-R kalp pilinde ventrikiiler tetiklenme, 33 VVI(R)
kalp pilinde asenkron moda gecis ve 3 VVI kalp pilinde
inhibisyon saptand:. Kalp pili yag: ilerledikce mobil tele-
fondan etkilenme orani artiyordu (p<0.05). Etkilenmele-
rin hepsi reversibl idi.

Sonug olarak mobil telefonlar belli sartlar altinda kalp
pili fonksiyonlari iizerinde olumsuz etkilere neden olabi-
lirler. Etkilenme durumu, kalp pili inhibisyonu hari¢ has-
talarda énemli bir semptoma neden olmaz ve mobil telefo-
nun uzaklagtirilmasiyla normale déner. Tiirk Kardiyol Dern
Arg 2002; 30: 699-709

Anahtar kelimeler: Kalp pili, mobil telefon, elektroman-
yetik etkilegim

The effect of electromagnetic field that is generated
by different systems, on medical devices and pace-
makers is very well known (1-3). The fact that the use
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of mobile phones is increasing at a rapid pace, is cre-
ating public health problems due to the negative
effects of the electromagnetic field that is generated
(4-8). One of such problems is the effect on perma-
nent pacemakers by the electromagnetic field gene-
rated by mobile phones.

Mobile phones are devices which transfer voice
messages by utilizing radio waves of different frequ-
ency and the perception of the signals that are gene-
rated during opening, stand-by, accepting a call, clo-
sing the mobile phone by the pacemaker perception
circuit might result in oversensing and undersensing.
This might create permanent or temporary changes
in pacemaker functions.

In the studies conducted, it was demonstrated that
the effects on the pacemakers can be influenced by
the mode of the pacemaker, lead polarity and sensiti-
vity, power output of the mobile phone, the size of
its antenna and the distance between the mobile pho-
ne and the pacemaker (9-11). The mobile phones that
operate with the digital technology Global System
for Mobile Communication (GSM) can have negati-
ve effects on pacemaker functions, although there
are in vitro (10,12-14) and clinical studies (9:15-19) aj-
med at demonstrating such effects, the question of
whether the use of mobile phones is safe for patients
with pacemakers has not been clearly replied.

We have tested the effects of GSM 900 MHz mobile
phones that operate with digital technology on pace-
makers, we tried to identity if there was such an ef-
fect, under which circumstances this effect occurred
and what type of measures could be taken for pre-
vention.

METHODS

Patients and pacemakers: The study was performed du-
ring 1999-2001 on 679 patients who were implanted with
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transvenous pacemakers at different intervals and were co-
ming to routine pacemaker control visits. The aim of the
study was explained to all of the patients. The oldest pace-
maker was implanted 16 years ago and the newest one
only one day before the study. There were pacemakers
from 8§ different manufacturers. Of the 679 pacemakers;
535 were in VVI-R mode, 68 were VVI, 35 were in DDD-
R, 8 were in DDD, 14 were in VDD, 1 was in AAI-R and
18 were in AAI mode. Except for the 7 VVI pacemakers
which were unipolar, all the others were multi program-
med and were using 6 different rate response sensors [of
571 pacemaker patients who had rate response sensors,
194 had minute ventilation, 212 had body activity sensors
(piezoelectric sensor or accelerometer), 42 had QT interval
sensors, 73 had minute ventilation - body activity sensors
and 49 had minute ventilation -QT interval sensors].

Mobile Phones: Two mobile phones with external anten-
na were utilized in the study (Nokia 6150 power output 2
W, Nokia 6110 power output 2W); they were operating
with GSM 900 MHz digital system.

Study Protocol: The study was performed under the
emergency department conditions with continuous electro-
cardiography monitorization. In patients who had their
own heart rhythms, the rate of the pacemaker was changed
with a programmer to a value that was 10 beats/ minute
above that of the patient and pacemaker rhythm was estab-
lished (113 patients).

The study was done in two steps. In the first step, the lead
polarity of all the pacemakers were converted to unipolar,
the pacemaker sensitivity first had nominal values, then it
was reduced to minimum value for that pacemaker (sensi-
tivity was maximum) and tested. In the second step, pace-
maker lead polarity was converted to bipolar and again,
pacemaker sensitivity was first at nominal values and then
reduced to minimum values for that pacemaker and tested.
At both steps, two mobile phones were located on either
side of the pacemaker being equidistant from the pocket.
This distance was 50 cm in the beginning. One phone was
used to call the other. After 20 seconds of ringing the other
phone accepted the call. The call was terminated after tal-
king for 20 seconds. Afterwards, the same procedure was
repeated by placing both of the mobiles at 30 cm, 20cm,
and 10cm and at direct contact with the pacemaker pocket.

For assessing the effect of mobile phones, several parame-
ters such as pacemaker sensitivity and lead polarity, pace-
maker mode, the presence of rate response sensor and its
type, the age of the pacemaker, how the effect occurred,
the distance between the mobile and the pacemaker pocket
when the effect occurred and the symptoms that developed
in the patients were evaluated (the evaluation related to the
rate response sensor was done at only nominal values of
the sensor).

If the pacemaker was affected at any stage of the study,
the test was stopped due to ethical considerations and furt-
her steps were not performed.

When the lead polarity was unipolar and the pacemaker
sensitivity was at minimal values, 19 patients (7 with VVI-
R, 7 with DDD-R and 5 with VDD pacemaker) developed
T wave oversensing, in these patients the test was perfor-
med when the lead polarity was unipolar with the sensiti-
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vity at nominal values and the test was not carried out at
minimal sensitivity values. When lead polarity was bipolar
and the sensitivity was at minimum values, 18 patients (7
with VVI-R, 6 with DDD-R, 5VDD) developed T wave
oversensing, and this stage of the test could not be perfor-
med. (These patients were the same patients who develo-
ped T wave oversensing when the unipolar pacemaker
sensitivity was at maximum values). In these patients, we
did not find it ethical to reduce the sensitivity to levels at
which T-wave oversensing did not develop and perform
the test.

At the end of the study, we determined the age of the pace-
maker according to the date of implantation and evaluated
the effect of age on the results. The pacemakers that were
implanted during the last year were accepted as 1 year-old.

The nominal value of the pacemaker sensitivity was
2.5+0.5mV for the ventricle and 1.5+1 mV for the atrium.
When the sensitivity was reduced to minimum values, the-
se were 1+ 0.5 mV and 0.25% 0.15mV, respectively.

Average duration of test was 22 minutes for each patient
during the study. In order to avoid the possibility of perce-
iving the myopotantials generated by the patient, care was
given to have the patient in supine bed-rest position with
the least movement possible. At the end of the study, the
pacemaker lead polarity and sensitivity values were con-
verted to their initial status in all of the patients. All no-
nadjusted pacing parameters were checked for electromag-
netic interference induced reprogramming.

Statistical Analysis: The data was expressed as mean
+SD. For the comparison of clinical parameters student t
test was used. Life table method was used to evaluate the
rate of being affected at each step. For comparing the re-
sults, chi-square single sampling test was utilized. Linear
and logistic regression analyses were used to evaluate the
effect of pacemaker age on the results. P value of < 0.05
was accepted as statistically significant.

RESULTS

Six hundred seventy nine patients (188 females; 491
males, average age 68 + 7 years) who had transveno-
us permanent pacemakers at different dates were
included in the study. Patient characteristics are
summarized on table 1.

Mobile phone-pacemaker interactions all occurred
when the antennas of the mobile phones were in di-
rect contact with the skin overlying the pacemaker
pocket or at a distance of 10 cm. When the tests we-
re performed with the antennas being at 20, 30, 50
cm. of distance, none of the pacemakers were affec-
ted. All of these effects occurred when the mobile
phones were ringing and when the talk was continu-
ing. During the opening and closing there was no ef-
fect.
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Table 1. Clinical features of the study patients

Patients 679
Female/Male 188/491
Age (year) 687
ECG findings before the implantation

Sick sinus syndrome 285 (42%)

AV block 312 (46%)

Other 82 (12%)
Pacemaker type
VVI 68 (10%)
VVI-R 535 (79%)
DDD 8(1.2%)
DDD-R 35(5.2%)
VDD 14 (2%)
AAL 18 (2.6%)
AAI-R 1(0.1%)

At the first step, the lead polarities of 679 pacema-
kers were converted to unipolar with the program-
mer. The test was performed when the sensitivity
was at nominal values. When the mobiles were pla-
ced at 10 cm. of distance, 3 VVI pacemakers switc-
hed to asynchronous mode during the talk. When the
antennas were in contact with the pacemaker pocket,
9 VVI-R and 4 VVI pacemakers switched to asyn-
chronous mode when the mobile was ringing. At this
stage of the test, when the lead polarity was unipolar
and the sensitivity was at nominal values, 16 pace-
makers (2.4%) were affected (Table 2).

When the lead polarity was unipolar and the sensiti-
vity was at minimum values, 19 pacemakers (7 VVI-
R, 7 DDD-R and 5 VDD) developed T wave over-
sensing and these patients were not included to this
stage of the test. Sixteen other patients who were af-
fected at the previous stage were not included to this

Table 2. Life table method

stage either. At this stage of the test 644 patients
with pacemakers (519 VVI-R, 61 VVI, 28 DDD-R,
8 DDD, 9 VDD, 1 AAI-R and 18 AAI) were tested.
When mobiles were 10 cm away from the pacema-
ker pocket, 2 VVI-R pacemakers switched to asyn-
chronous mode during ringing, | VVI-R and 6 VVI
pacemakers switched to asynchronous mode during
the talk. When the antennas of the mobile phones
were in contact with the pacemaker pocket, 3 VVI
pacemakers had inhibition during ringing (Fig. 1).
At this stage of the test, when the lead polarity was
unipolar and sensitivity was maximum 12 pacema-
kers (1.8%) were affected (Table 2).

At the second stage of the study, lead polarity was
converted to bipolar in 644 patients with pacemakers
(523 VVI-R, 45 VVI, 35 DDD-R, § DDD, 14 VDD,
1 AAI-R and 18AAI) and the test was performed.
(28 patients who were affected at the first stage and
7 patients with VVI pacemakers whose lead polarity
could not be converted to bipolar mode technically
were not included to this stage). When the lead pola-
rity was bipolar and pacemaker sensitivity was at
nominal values, 2VVI-R pacemakers (0.3%) switc-
hed to asynchronous mode when the mobile phones
were at a distance of 10 cm and the talk was continu-
ing.

When the lead polarity was bipolar and the pacema-
ker sensitivity was at minimal values, 18 patients de-
veloped T wave oversensing (7 VVI-R, 6 DDD-R,
and 5 VDD) and were not included to this stage of
the study. This stage was performed with 624 pati-
ents (514 VVI-R, 45 VVI, 29 DDD-R, 8 DDD, 9
VDDD, 1 AAI-R and 18 AAI). 1 VVI and 3 VVI-R
pacemakers switched to asynchronous mode during
ringing from 10 c¢m of distance. At the time of con-
tact with the pacemaker pocket, 2 VVI-R pacema-
kers switched to asynchronous mode and ventricular
triggering developed in 1 DDD-R pacemaker (vent-

Pacemakers Out of The numbered of | The rate of being The rate of not

patients study affected patients affected (%)* being affected**
Unipolar, nominal s. 679 16 24 97.6
Unipolar, max s. 663 19 12 1.8 95.8
Bipolar, nominal s. 644 T 2 0.3 95.6
Bipolar, max. s. 642 18 74 141 94.5

The rate of being affected* and not being affected** from the start till the end of the study at each stage. s.: Sensitivity
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Figure 1. A patient with VVI pacemaker who developed pacemaker inhibition during the test. pacemaker inhibition developed at 14 seconds
following the ringing of the phone, patient's own rhythm started 2.2 seconds later.

ricular rate reached the upper limit of the program-
med rate). At this stage of the test, when the lead po-
larity was bipolar and the sensitivity was at maxi-
mum, 7 pacemakers (1.1%) were affected (Table 2).

The rate of being affected according pacemaker age
calculated by the date of implantation is presented
on table 3. The oldest pacemaker was 16 years old;
the newest one was | year old. The risk of being af-
fected increased as the age of the pacemaker got ol-
der.

One DDD-R patient who had ventricular triggering
and 1 VVI-R patient who had asynchronous mode at
the first step and 1 VVI-R and 2 VVI patients who
had asynchronous mode at the second step complai-
ned of palpitation. Of the 3 VVI patients who had
inhibition, one developed presyncope.

In this study, none of the patients had permanent
changes in pacemaker programs or functions, the
changes returned to normal after the removal of the
mobile phone.

Interpretation of results:

1. Total rate of being affected: During the length of
the study, when the lead polarity was bipolar and
unipolar, when the sensitivity was at nominal values
and was reduced to minimal values, out of 679 pace-
maker patients, 37 patients were affected and total
rate of being affected was calculated as 5.5%.

2. The effects of lead polarity and sensitivity on the
results: The effects of pacemaker sensitivity and the
lead polarity on the results are summarized on table
2. At the first step of the study, lead polarities of 679
pacemakers were converted to unipolar and 28 pati-
ents with pacemakers were affected (4.12%). When
the lead polarity was converted to bipolar, 9 patients
with pacemakers (1.40%) were affected. The rate of
being affected was higher when the lead polarity
was unipolar when compared with the bipolar state
(p< 0.01) (Table 2).
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When the test was conducted at nominal values of
pacemaker sensitivity, after 1323 tests (trials) 18 pa-
cemakers were affected (1.36%). When the sensiti-
vity was increased to maximum, 19 pacemakers
(1.50%) were affected after 1268 trails. The nominal
and minimal values of sensitivity did not have any
influence on the rate of being affected (p>0.05) (Tab-
le 2).

When the lead polarity was unipolar, the rate of being
affected was 2.4% at nominal sensitivity values, and
1.8% at minimal sensitivity values. There was no dif-
ference between the two percentages (p>0.05). When
the lead polarity was converted to bipolar, the rate of
being affected was 0.3% at nominal values of sensiti-
vity and 1.1% at minimal values, there was no any
difference between the two values (p>0.05) (Fig. 2).

When the sensitivity was at nominal values, the rate
of being affected was 2.4% when the lead polarity
was unipolar and 0.3% when it was bipolar. Unipola-
rity increased the rate of being affected (p<0.01) to a
significant degree. When the sensitivity value was
minimal, the rate of being affected was 1.8% when
the lead polarity was unipolar and 1.1% when it was
bipolar. There was not any difference between the
two values (p>0.05) (Fig. 2).

When the lead polarity was unipolar and the sensiti-
vity was at nominal values, the rate of being affected
was 2.4%. When the lead polarity was bipolar and
sensitivity was at minimal values, it was 1.1%. The
difference between the two was not significant
(p>0.05). When the lead polarity was unipolar and
sensitivity was minimal, the rate of being affected
was 1.8%, when the lead polarity was bipolar and the
sensitivity had nominal values, the rate of being af-
fected was 0.3%. The rate of being affected was hig-
her at the minimum sensitivity level of the unipolar
pacemaker (p<0.01) (Fig. 2).

With these results, the negative effects of the electro-
magnetic field generated by the mobile phones on the
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Figure 2. The rate of being affected by mobile phones according to pacemaker sensitivity and polarity.  (S:Sensitivity)

pacemakers were seen most significantly when the
lead polarity was unipolar and the sensitivity had no-
minal values (2.4%). The lowest risk was present
when the lead polarity was bipolar and the sensiti-
vity had nominal values (0.3%) (Table 2).

3. The mode of the pacemaker: Of the 679 pacema-
ker patients who were recruited in the study, 603 had
VVI(R) and 43 had DDD(R) pacemakers. Of the 603
VVI (R) pacemakers, 36 (5.97%) were affected, of
the 43 DDD (R) patients 1(2.32%) was affected.
There was not any difference between the results in
that sense (p>0.05). When single chamber and dual
chamber pacemakers were compared, of 622 single
chamber pacemakers [VVI, AAI (R)] 36 (5.78%)
were affected, of 57 dual chamber pacemakers
(DDD(R), VDD) only 1 (1.75%) was affected and
there was no difference between the two groups
(p>0.05). Of the single chamber pacemakers, only
VVI and VVI-R pacemakers were affected; out of
68 VVI pacemakers, 17 (25%) were affected, of 535
VVI-R pacemakers 19 (3.55%) were affected. VVI
pacemakers were more affected when compared to
VVI-R (p<0.001).

4. The effect of the presence or the absence of the
rate-response sensor on the results: Of the 37 pati-
ents who were affected, 36 were VVI(R) and 1 was
DDD-R. The effect of the presence or absence of the
rate-response sensor on the results was evaluated on
patients with VVI-R pacemakers. Of the 36 VVI(R)
patients who were affected, 19 were VVI-R and 17
were VVI pacemaker patients. 3.55% of the VVI-R

pacemakers and 25% of VVI pacemakers were af-
fected. The rate of being affected was significantly
high in VVI pacemakers when compared to VVI-R
(p<0.001).

The type of rate-response sensor: Of the 19 VVI-R
patients who were affected, 11 had body activity
sensors, 8 had minute ventilation type sensors. One
DDD-R pacemaker had minute ventilation and body
activity sensor. We do not find it correct to give a
percentage with the figures we have in hand.

5. The type of the effect observed on the pacemaker:
36 VVI (R) and 1 DDD-R pacemaker patients were
affected. The patient with the DDD-R pacemaker
experienced ventricular triggering. Of the 36 VVI
(R) pacemaker patients, 33 converted to asynchrono-
us mode (91.7%) and 3 (8.3%) were inhibited.
Switching to the asynchronous mode was more com-
mon than inhibition (p<0.001) (Table 4).

6. The role of telephone-pacemaker distance on the
rate of being affected: Of the 37 pacemaker patients
who were affected, 18 (48.6%) experienced the ef-
fect while the phone was at a distance of 10 c¢m;
whereas 19 (51.4%) had it while the phone was in
contact. Having the telephone at a distance of 10cm
or having the antenna in contact with the pacemaker
pocket did not alter the rate of being affected
(p>0.05) (Tablo 4). When mobile phones were pla-
ced at 20, 30 and 50 cm of distance, none of the pa-
cemakers were affected.

7. The effect of the phase of the mobile phone utili-
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Table 3. The pacemaker age calculated by the date of implantation- the number of pacemakers that are affected at that age group

Pacemaker type Pacemaker age (year)
1 2 3 4 5 6 7 8 10 12 13 16
191 86 82 79 29 22 35 9 2 - - -
VI-
VVI-R — 535/19 6 3 3 2 1 3 1 ) ) B )
3 5 1 5 3 8 14 17 5 3 1 1
VVI - 68/17 . 1 - 2 1 4 5 1 2 1 -
1 - . ” . - - ’ 3 i, ) B}
AAI-R — 1/- ;
3 7 1 2 1 - 2 2 - - - -
AAL  — 18/- o
15 16 1 1 - - 2 - - - - -
DDD-R — 35/1 ) . ) ) ) ) ] ) i ) )
1 - 5 1 ; 2 ; . : y - .
DDD — 8/-
12 - - - - 2 - - - - - -
VDD — 14/- )
224 115 90 88 33 34 53 28 7 5 1 1
TOTAL — 679/37 6 5 3 4 9 . 6 1 2 1 P

Table 4. The mode of the pacemaker, the type of the effect, the stage and the distance at which the effect has occurred and the deve-
loping symptoms in 37 pacemaker patients who were affected by the mobile phone

The type of effect The stage of effect The distance of effect Symptoms
Asynchronous | Inhibition \ii{élg;(;:l{]];f Ringing a 10 ecm Contact | Palpitation | Presyncope
VVI-R 19 18 1 8 11 2
VVI 14 3 8 9 10 7 2 1
DDD-R 1 1 1 1
TOTAL 33 3 1 27 10 18 19 5 1

zation on the results; Of the 37 pacemaker patients
who experienced an effect, 27 (73%) had this while
the phone was ringing and 10 (27%) had it during
the talk. The rate of being affected was higher at the
ringing phase (p<0.001) (Table 4). None of the pace-
makers were affected when the mobile phones were
opened and closed.

8. The influence of pacemaker age on the results:
For the 679 pacemaker patients who were included
in the study, the pacemaker age that was calculated
according to the date of implantation and for the pa-
cemakers at that age group the rate of being affected
by the mobile phone are being presented on table 3.
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The rate of being affected was 2.7% for the pacema-
kers that were one year old, 5.9% for the ones that
were 6 years old and 40% for the ones that were 12
years old. As the pacemaker age increased, the rate
of being affected increased linearly as well (p<0.05)
(Fig. 3).

When the distribution of pacemakers were evaluated
in terms of years, VVI pacemakers were older than
VVI-R (p<0.05). In the linear regression analysis, it
was shown that the higher rate of being affected that
was observed in VVI pacemakers was due to the fact
that they were older than VVI-R pacemakers
(p<0.05) (Fig. 4).



I. Tandogan et al.: The Effects of Mobile Phones on Pacemaker Functions

%120

%100

%80

%60

%40

%20 N\/ ~——— \
%0 T T T . . . \

Rate of being affected mobile phone (%)

-%20

10 12 14 16 18

Pacemaker age (Year)

Figure 3. The ages of the pacemakers were estimated by the date of implantation and the rate of being affected by mobile phones

9. Symptoms that the patients experienced: 1 DDD-
R patient who had ventricular triggering and 4 pati-
ents out of the 33 VVI (R) pacemaker patients who
switched to asynchronous mode experienced palpita-
tion. Of the 3 VVI pacemaker patients who had inhi-
bition, two developed delayed spontaneous rhythm
and no symptoms were observed. One patient who
experienced presyncope returned to normal with the
removal of the mobile phone. As a result 16.2% of
the 37 pacemaker patients who were affected beca-
me symptomatic, 13.5% had palpitation while 2.7%
developed presyncope (Table 4).

DISCUSSION

This is a clinical study trying to identify the effects
of electromagnetic field generated by mobile phones
that are currently used worldwide on transvenous
permanent pacemaker function. In our study, we de-
monstrated the presence of such an effect without
any doubt and found the affection rate as 5.5% in
679 pacemaker patients.

In 1994, in the annual scientific meeting of Bioelect-
romagnetic Association, 3 independent groups made
presentations (8,20.21) about the possible negative ef-
fects of mobile phones on pacemakers for the first ti-
me, and first in vitro studies were initiated. Moberg
et al (12), in their study on unipolar pacemakers, co-
uld not demonstrate any effect of GSM mobile pho-
nes. Irnich et al (10) identified the rate of being affec-
ted as 44.6%. Other in vitro studies yielded contra-
dicting results (13,14,22,23)  The results of these in vit-

ro studies are very valuable; however they cannot be
totally identical with the in vivo systems (10), These
tests that are performed in special solutions can not
reflect the natural environment of human body. In
vitro studies cannot totally evaluate the behavior of a
pacemaker that is in human body, in contact with a
contracting heart, pacing and sensing continuously;
in an electromagnetic field.

Barbaro et al (17) identified intermittent pacemaker
inhibition in 10 (10%) of 101 pacemaker patients,
ventricular triggering in 9 (20%) of 46 dual chamber
pacemaker patients and asynchronous pacing in 4
(8%) of 52 pacemaker patients. Naegeli et al (9)
identified an effect in 18% of the patients in their
study of 39 pacemaker patients. The rate of being af-
fected was 2.8 % for dual chamber pacemakers and
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Figure 4. The ages of VVI and VVI-R pacemakers according to
date of implantation and their rate of being affected by the mobile
phone
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5.6% for VVI pacemakers. Total rate of being affec-
ted was 3.1% in the study by Chen et al (18) and 20
% in the study by Hayes et al (24). Naegeli et al ®)
and Chen et al (18) reported that the effect was more
significant in unipolar mode compared to bipolar
mode. Wilke et al (25) did not report any effect on bi-
polar mode. Their findings were confirmed by
Grimm et al (26), Hayes et al (29) who reported that
having a bipolar or unipolar sense polarity was not
influential on the effects on the pacemaker. Howe-
ver, they added that, if the atrial sense polarity was
unipolar, the rate of being affected was higher than
that of bipolar. However, they did not perform any
tests by changing pacemaker sense polarity in their
study and they could not totally demonstrate the im-
portance of pacemaker polarity on being affected. Ir-
nich et al (10) identified similar rates for being affec-
ted in bipolar and unipolar modes in their study, ho-
wever theirs was an in vitro study. The pacemakers
might be affected similarly from lead unipolarity and
bipolarity in vitro studies; however these results can
not reflect the in vivo conditions of clinical studies.
When a unipolar pacemaker is implanted into the
human body, the body itself is responsible from part
of the electrical flow route. In mobile phone pace-
maker interaction, the electromagnetic field is effec-
tive on the part of the electrode that is not inside the
thorax (9). In unipolar mode, the surface of exposure
for the electromagnetic field is increased in the pace-
maker and the electrode. As the lead polarity was
unipolar in our study, there was a high risk of being
affected (p<0.05).

In most of the studies, when the pacemaker sensiti-
vity was increased to maximum values, the risk of
being affected is reported to be higher for mobile
phones (9-11.15), Under normal conditions, the sig-
nals generated by the mobile phones are externalized
by the filter of the pacemaker. Because these signals
are different than the cardiac depolarization signals
that the pacemaker normally perceives. Continuous
signals generated by the analog mobile phones and
intermittent signals generated by the digital mobile
phones, can be perceived by the pacemaker when
they have a wide spectrum. In that sense, analog
systems have been reported to be more dangerous
than the digital systems (15.27), Increase in the lead
sensitivity means the perception of these signals at a
wider spectrum (28). We could not demonstrate a sig-
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nificant difference in the effects on the pacemaker
when the sensitivity had nominal and minimum va-
lues. When the sensitivity was decreased to minimal
values, having a unipolar or bipolar lead sensitivity
did not change the rate of being affected (p>0.05).
When the sensitivity was at nominal values, the rate
of being affected was 0.3% with a bipolar lead pola-
rity and 2.4% with a unipolar lead (p<0.01). Altho-
ugh there was a difference in the rate of being affec-
ted between unipolar and bipolar lead configurations
at nominal values of sensitivity, such a difference
did not exist when the sensitivity was maximal
(p>0.05) (Fig.2). Utilizing a different study protocol
than the previous studies might have an effect on
this result that we have obtained (9-11.15). We first
performed the test at nominal sensitivity values with
both unipolar and bipolar leads. The patients who
were affected at this step were not included in the
further stages. We thought that it would be unethical
to repeat the test with minimal sensitivity values on
these patients who were already affected at nominal
values. It is highly probable that such patients would
be affected at minimal sensitivity values as well,
which means if the test had been repeated with mini-
mal sensitivity values, the number of patients that
would have been affected would be significantly
high.

In our study, the rate of being affected was not diffe-
rent in single chamber and dual chamber pacema-
kers. Our results correlate with that of Naegeli et al
9 in that regard. Hayes et al 24 reported a higher
rate of being affected for dual chamber pacemakers;
due to atrial noise reversion (mode switch) when
compared to single chamber ones. They explained
this difference by the fact that the patients who were
implanted with dual chamber pacemakers had severe
atrioventricular block and frequently had low atrial
sensitivity values. According to this line of thought,
the risk of being affected by mobile phones should
be higher in AAI (R) pacemakers, because the sensi-
tivity filter is not different in single or dual chamber
pacemakers. However, in both our study and the pre-
vious studies, the rate of being affected by the mobi-
le phones was not high for AAI(R) pacemakers. Ac-
cording to our results, pacemaker sensitivity was not
the single factor that was effective for defining the
risk brought by mobile phones. Of the single cham-
ber pacemakers that were affected in our study, 19
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were VVI-R and 17 were VVI. The rate of being af-
fected was 25% for VVIs, 3.55% for VVI-R pace-
makers (p<0.001).

Irnich et al (10) demonstrated that older pacemakers
had a higher rate of being affected by mobile phones
when compared to newer ones. New generation of
pacemakers are reported to be more protected aga-
inst electromagnetic field due to the fact that they
are equipped with more developed perception filters
(28-31). In the new model pacemakers by the same
manufacturer, there are specific perception filters
and the battery sizes of these newly manufactured
pacemakers are smaller, which all result in a decrea-
se in the risk of being affected by the magnetic field
to a significant degree (16,33,33), Medtronics reported
that Kappa, Sigma and I series Thera model pacema-
kers that they produced were protected against this
risk. Hayes et al (24) emphasized the fact that the risk
of being affected was related to the model of the pa-
cemaker rather than its brand. In our study we did
not choose to compare pacemaker models and
brands. When we made a comparison as to the age
of the pacemaker, we showed that the rate of being
affected increased by age (p<0.05). At this point, we
explained the different rates of being affected in
VVI and VVI-R pacemakers as follows; VVI pace-
makers were much older (p<0.05) (Fig. 4). The lo-
wer rates that were observed in dual chamber and
AAI(R) pacemakers can again be explained by the
fact that these are new models.

Barbaro et al (17), Naegeli et al (9 and Altamura et al
(1) reported that the effects that were observed were
more like temporary or lengthened pacemaker inhi-
bition rather than switching to the asynchronous mo-
de. In our study, the rate of switching to the asyn-
chronous mode was higher than the rate of inhibition
(p<0.001) and ventricular triggering was only obser-
ved in one DDD-R pacemaker. The fact that our
study protocol was different and that the patients,
who were affected at a certain step were not inclu-
ded to the further steps of the study, might have an
effect on these results. Because, the 3 VVI pacema-
kers that showed inhibition in our study were affec-
ted at the stage of contact.

Sparks et al (15) reported that the pacemakers with
minute ventilation type rate-response sensors were
not affected by mobile phones. On the other hand,

Naegeli et al @) and Chen et al (18) reported that pa-
cemaker rate sensor would not have a role in that re-
gard. We think that the presence or the absence of
such a role cannot be demonstrated by the data we
have in hand. Because, there is not any report sho-
wing that the pacemaker rate-response sensor was
affected by the electromagnetic field under normal
conditions.

The in vitro and clinical studies that have been per-
formed up till now, revealed that effects of the mobi-
le phones on the pacemakers were observed at a ma-
ximum distance of 10 cm and this effect was highest
when the antenna of the mobile equipment was in
close contact with the pacemaker (10,11,17,24,34),
Imich et al (10) reported that the maximum distance
at which the effect was observed was inversely cor-
related with the sensitivity. In their in vitro studies,
Ehlers et al (13) and Carrillo et al (14) demonstrated
that the factor that was of essential importance in
this interaction was the proximity of the pacemaker
battery to the electromagnetic field and that pacema-
ker lead did not have that much of an importance. In
our study all of the mobile phone effects were obser-
ved at a distance of 10 cm and at close contact. The
effects that occurred at 10 cm and at close contact
were not different that each other in proportion. Ho-
wever, according to our study protocol, if the pati-
ents have been affected at a distance of 10 ¢cm we
have not performed any further tests at close contact.

Seventy three percent of the effects on the pacema-
kers occurred when the mobile phone was ringing,
27% occurred during the call (p<0.01). The pacema-
kers were not affected while the mobiles were ope-
ned or closed. Altamura et al (1) demonstrated that
the signals that were generated during the ringing
phase and during the call were similar to each other,
on the other hand, the signals that were generated
while the call was initiated and terminated were si-
milar as well. Meisel et al (35) reported that the ef-
fects were not only seen during the call but also pre-
sent during the ringing phase as well. It is obvious
that the signals that are generated by the mobile pho-
nes during ringing and talking will be more power-
ful. Another issue here is the signal exposure time.
In our study all the stages lasted for 20 seconds and
the effects on the pacemaker did not occur at the ini-
tial stages of the procedure but during the middle
stage or towards the end.
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Of the 37 patients who were affected during the
study, only 6 patients (16.2%) became symptomatic.
There was mild palpitation in 1 patient with DDD-R
pacemaker who developed ventricular triggering and
in 4 patients (13.5%) with VVI(R) pacemakers who
switched to asynchronous mode. Of the 3 patients
with VVI pacemakers who had pacemaker inhibiti-
on, one experienced presyncope (2.7%). In pacema-
ker patients, when the pacemaker switches to the se-
curity mode (VOO), the patients do not necessarily
develop symptoms at all times and this is something
that is frequently encountered during routine pace-
maker controls. The important issue is the pacema-
ker inhibition that might develop in patients who are
completely pacemaker dependent and who do not
have a spontancous rhythm, as this might result in
dramatic consequences.

CONCLUSION

It is a very well known fact that mobile phones can
create temporary dysfunctions on pacemaker functi-
ons under certain conditions. It is highly probable to
see such an effect at a distance of 10 cm while the
mobile is ringing or during the talk. Having a unipo-
lar lead polarity increases the risk of being affected
when compared to bipolar leads. Although sensiti-
vity is not the determining factor for such an effect
by itself, the increase in the sensitivity increases the
risk of being affected especially in bipolar lead con-
figuration. The risk of being affected is not different
for single chamber and dual chamber pacemakers.
Older generation of pacemakers are under greater
risk when compared to newer generation ones. The
effect demonstrates itself mostly as switching to
asynchronous mode and less commonly as inhibiti-
on. However, there is no need to panic. Because, this
effect is completely reversible, and is not life threa-
tening except for the patients who are completely
pacemaker dependent. The temporary changes in the
functions of the pacemakers are observed as ventri-
cular triggering in dual chamber pacemakers, and
the entire dual chamber pacemakers that are manu-
factured today have the mode switch feature. Single
chamber pacemakers usually switch to asynchronous
mode (VOO). The important issue is that there is a
possibility of total pacemaker inhibition in patients
who are completely pacemaker dependent. To this
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end, when pacemakers are being implanted, the lead
polarity should be bipolar if the patient does not ha-
ve a rhythm of his own and they should be informed
about how to use the mobile phones safely.
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