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MOBiL TELEFONLARlN KALP PİLİ 
FONKSİYONLARI ÜZERİNDEKİ ETKİLERİ 

ÖZET 

Çeşitli sistemler tarafından oluşturulan elek/romanyetik 
alamn kalp pili fonksiyonlan üzerindeki olumsuz etkileri 
bilinmektedir. Bu çalışmanlll anıacı mobil telefonların 
kalp pili fonksiyonları üzerindeki etkilerini değerlendir­
mektir. Bu amaçla 679 kalıcı kalp pilli hasta üzerinde ça­
lışıldı. Çalışma iki basamak halinde uygulandı. Kalp pili 
/ead po/arifesi birinci basamakta unipolar, ikinci basa­
nıakla bipo./ar olarak ayar/andı. Her iki basanıakta kalp 
pili sensitivitesi önce nominal değerlerde iken, daha son­
rada o kalp pili için minimal değere indiriferek test yapıl­
dı. Kalp pili cebine göre simetrik olarak yerleştirilen iki 
farklı mobil telefon (power oıttpıtl 2W, GSM 900 M Hz) ile 
50 cm, 30 cm, 20 cm, 10 cm ve mobil telefon antenieri 
kalp pili cebi ile temas ettirilerek, mobil telefonların açıl­
ma, standby, çalc/ırma, konuşu/ma ve telefonların kapattl­
nıası oşamasmda test yapıldı. Otuzyedi kalp pilli hastada 
etkilennıe sapıandı (%5.5 ). Lead po/aritesinin unipolar 
olması durumunda etkilenme hipolar olmasma göre daha 
fazlaydı (Sırayla %4.12, %1.40, p<0.05). Sensitivitenin 
artminıası kalp pili etkilenme oranı üzerinde tek başına 
etkili değildi (p>0.05 ). Etkilenme açısından iki ve tek 
boşluklu kalp pil/eri arasında fark yoktu (p>0.05 ). Bir 
DDD-R kalp p ilinde ventriki.i/er tetiklennıe, 33 VV!(R) 
kalp pilinde asenkron moda geçiş ve 3 Wl kalp pilinde 
inlıibisyon saptandı . Kalp pili yaşı ilerledikçe mobil tele­
fonc/an etkilenme o ram artıyorc/u (p<0.05 ). Etki/enme/e­
rin hepsi reversibi idi. 

Sonuç olarak mobil telefonlar belli şartlar altmda kalp 
pili fonksiyonları üzerine/e olumsuz etkilere neden olabi­
lirler. Etkilenme durumu, kalp pili inlıibisyonu hariç has­
talarcia önemli bir senıptoma neden olmaz ve mobil telefo-
111111 uzaklaştmlnıasıyla normale döner. Türk Kardiyol Dem 
Arş 2002; 30: 699-709 

Arıalı tar kelime/er: Kalp pili , mobil telefon , e/ektronıan­

yetik etkileşim 

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 ere­
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 c all , 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 
i ts ·antenna and the distance between the mobil e pho­
ne and the pacemaker (9- 1 1). The mobile phones that 

operate with the d igital technology Global System 
for Mobile Communication (GSM) can have negati­
ve effects on pacemaker functions, although there 
are in vitro (10, 12- 14) and elinical studies (9, 15-19) ai­

med at demonstrating such effects, the question of 
whether the use of mo bile phones is safe for patients 
with pacemakers has not been clearly replied. 

W e have tested the effects of GSM 900 MHz mo bile 
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 a nd pacemakers: The study was performed du­
ring 1999-2001 on 679 patients who were implanted w ith 
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transvenous pacemaleers 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 oldesi 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 YVI-R mode, 68 were VYI, 35 were in DDD­
R, 8 were in DDD, 14 were in YDD, 1 was in AAI-R and 
18 were in AAI mode. Except for the 7 YYI pacemakers 
which were unipolar, all the others were multi program­
med and were using 6 different rate response sensors [of 
57 1 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 extemal anten­
na were utilized in the study (Nokia 6150 power output 2 
W, Nokia 61 10 power output 2W); they were operating 
with GSM 900 MHz digital system. 

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

The study was done in two steps. In the first step, the lead 
polarity of all the pacemaleers were converted to unipolar, 
the pacemaleer sensitivity first had nominal values, then it 
was reduced to minimum value for that pacemaleer (sensi­
tivity was maximum) and tested. In the second step, pace­
maker lead polarity was converted to hipolar and again, 
pacemaleer sensitivity was first at nominal values and then 
reduced to minimum values for that pacemaleer and tested. 
At both steps, two mobile phones were located on either 
side of the pacemaleer being equidistant from the pocket. 
This distance was 50 cm in the beginning. One phone was 
u sed 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 IOcm and at direct contact with the pacemaleer pocket. 

For assessing the effect of mobile phones, several parame­
ters such as pacemaker sensitivity and Icad 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 pacemaleer 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 VYI­
R, 7 with DDD-R and 5 with YDD pacemaleer) 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 hipolar 
and the sensitivity was at minimum values, 18 patients (7 
with VVI-R, 6 with DDD-R, 5YDD) 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 fınd it ethical to reduce the sensitivity to levels at 
which T-wave oversensing did not devetop 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 noıninal value of the pacemaker sensitivity was 
2.5±0.5m V for the ventricle and 1.5± 1 ın V for the atrium. 
When the sensitivity was reduced to minimum values, the­
se were 1± 0.5 mY and 0.25± 0.15ınY, 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 generateel by the patient, care was 
given to have the patient in supine bed-rest position with 
the least moveınent possible. At the end of the study, the 
pacemaker Icad polarity and sensitivity values were con­
verted to their initial status in all of the patients. All no­
nadjusted pacing parameters were checkeel for electromag­
netic interference induced reprogramming. 

Statistical Analysis: The data was expresseel as mean 
±SD. For the compari son of elinical 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 signjfıcant. 

RESULTS 

Six hundre d seventy nine patients (1 88 females; 491 

males, average age 68 ± 7 years) who had transveno­

us permanent pacemakers at different da tes were 

included in the s tudy. Patient c haracteris tics are 

summarized on table 1. 

Mobile phone-pacemaker interactions all occurred 

when the antennas of the mobile phones were in d i­

rect contact w ith the skin overlying the pacemaker 

pocket or ata distance of 10 cm. When the tests we­

re pe rformed with the antennas being at 20, 30 , 50 

c m. of distance, none of the pacemakers were affec­

ted. All of these effects occurred w he n the mobile 

phones were ring ing and when the talk was continu­

ing. During the opening and closing there was no ef­

fect. 
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Table ı. Clinical features of the s tudy patients 

Patients 679 

Fe male/Male 188/49 ı 

Age (year) 68±7 

ECG fındiııgs before the iıııplaııtatioıı 

Sick sin us syndrome 285 (42%) 

AV black 3 12 (46%) 

Other 82 (12%) 

Pacenıaker type 

VVI 68 (10%) 

YYI-R 535 (79%) 

DDD 8 (1.2%) 

DDD-R 35 (5.2%) 

YDD 14 (2%) 

AAI 18 (2.6%) 

AAI-R ı (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 nıobile was ringing. At this 
stage of the test, when the lead polarity was unipolar 
and the sensitivity was at nonıinal values, 16 pace­
makers (2.4%) were affected (Table 2). 

When the lead polarity was unipolar and the sensiti­
vity was at minimum values, ı9 pacemakers (7 VVI­
R, 7 DDD-R and 5 YDD) 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 

Tab le 2. Life table method 

Pacemakers Out of 
patients study 

Unipolar, nominal s. 679 

Unipolar, max s. 663 19 

Bipolar, nonıinal s. 644 7 

Bipolar, max. s. 642 18 

stage either. At this stage of the test 644 patients 
with pacemakers (519 VVI-R, 6 ı VV!, 28 DDD-R, 
8 DDD, 9 YDD, ı AAI-R and 18 AAI) were tested. 
When mobiıes were 1 O cm away from the pacenıa­
ker pocket, 2 VVI-R pacemakers switched to asyn­
chronous mode during ringing, 1 VVI-R and 6 VVl 
pacemakers switched to asynchronous mode during 
the talk. When the antennas of the mobi le phones 
were in contact with the paceınaker pocket, 3 VVI 

pacenıakers had inhibition during ringing (Fig. ı ). 

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 s ta ge of the study, lead polari ty w as 

converted to bipolar in 644 patients with pacemakers 
(523 VVI-R, 45 VVI, 35 DDD-R, 8 DDD, 14 YDD, 

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 Iead polarity 
could not be converted to bipolar mode technically 
were not included to this stage). When the lead pola­
rity was hipolar and pacenıaker sensitivity was at 

nominal values, 2VVI-R pacemakers (0.3%) switc­
hed to asynchronous mode when the mobi le phones 

were ata distance of 10 cm and the talk was continu­
ing. 

When the lead polarity was hipolar and the pacema­
ker sensitivity was at minimal values, 18 patients de­
veloped T wave oversensing (7 VVI-R, 6 DDD-R, 
and 5 YDD) and were not included to this stage of 
the study. This stage was performed with 624 pati­
ents (5 14 VVI-R, 45 VVI, 29 DDD-R, 8 DDD, 9 
VDDD, 1 AAI-R and ı 8 AAI). ı VV! and 3 VVI-R 

pacemakers switched to asynchronous mode during 
ringing from ı O cm 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 ı DDD-R pacemaker (vent-

The numbered of The ra te of being T he rat e of not 
affected patients affected (% )* being affected ** 

16 2.4 97.6 

12 1.8 95.8 

2 0.3 95.6 

7 1.1 94.5 

The raıe of be ing affected* and not be ing affecıed** from the start til/ the e nd of t/ıe study at each stage. s.: Sensitivity 
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Figure 1. A patient with VV! pacema~er ~ho developed pacemaker inhibition during the test. pacemaker inhibition developed at 14 seconds 
followıng the rıngıng of the phone, patıenl 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 paceınakers (1.1 %) were affected (Table 2). 

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

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

In this study, non e of the patients had perınanent 
changes in pacemaker programs or functions, the 

changes returned to normal after the removal of the 
mobile phone. 

lnterpretation of results: 

1. Total rate of being affected: During the length of 
the study, when the lead polarity was hipolar and 
unipolar, when the sensitivity was at noıninal values 
and w as 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 paceınaker sensitivity and the 
lead polarity on the resul ts are summarized on table 
2. At the first step of the study, lead polarities of 679 

paceınakers were converted to unipolar and 28 pati­
ents with paceınakers 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 coınpared with the hipolar state 
(p< O.Oı) (Table 2). 
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When the test was conducted at noıninal values of 

paceınaker sensitivity, af ter 1323 tes ts (trials) 18 pa­
ceınakers were affected (1.36%). When the sensiti­
vity was increased to max imum, 19 paceınakers 
(1.50%) were affected after 1268 trails. The nominal 

and miniınal values of sensitivity did not have any 
influence on the rate of being affected (p>0.05) (Tab­
le 2). 

When the lead po1arity was unipolar, the rate of being 

affected was 2.4% at noıninal sensitivity values, and 
1.8% at miniınal sensitivity values. There was no d if­

ference between the two percentages (p>0.05). When 
the lead po1arity was converted to bipo1ar, the rate of 
being affected was 0.3% at noıninal va1ues 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 ra te of be ing affected (p<O.O 1) 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 . ı% 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 noıninal values, the rate of being affected 
was 2.4%. When the lead polarity was hipolar and 

sensitivity was at minimal values, it was I. I%. The 
difference between the two was not signi ficant 

(p>0.05). When the lead polarity was unipolar and 
sensitivity was minimal, the rate of being affected 
was I .8%, when the lead polarity w as bi po lar 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<O.Ol ) (Fig. 2). 

W ith these results, the negative effects of the electro­

magnetic field generated by the mobile phones on the 
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Figur e 2. The raıe of being affecıed by mobile phones according to paceınaker sensiıiviıy and polariıy . (S:Sensiıiv iıy) 

pacemaleers were seen most significantly when the 
lead polarity was unipolar and the sensitivity had no­
mina! values (2.4%). The lowest risk was present 
when the lead polarity was hipolar 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 dua! 
chamber pacemakers were compared, of 622 single 
chamber pacemakers [VVI, AAI (R)] 36 (5.78%) 
were affected, of 57 dua! chamber pacemakers 
(DDD(R), YDD) 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<O.OOI). 

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<O.OOl). 

The type of rate-response sensor: Of the 19 VVI-R 
patients who were affected, l l 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 I 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 (9 1.7%) and 3 (8.3%) were inhibi ted. 

Switching to the asynchronous mode was more com­
mon than inhibition (p<O.OOI ) (Table 4). 

6. The role of telephone-pacemaker distance on the 
rate of being affected: Of the 37 pacemaker patients 
who were affected, I 8 (48.6%) experienced the ef­
fect while the phone was at a distance of 10 cm; 
whereas 19 (51.4%) had it white the phone was in 
contact. Having the telephone at a distance of 1 Ocm 

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 util i-
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Table 3. The pacemaker age calculated by the da te of implantation- the number of pacemakers that are affected at that age group 

Pacenıaker type Pacemaker age (year) 

ı 2 3 4 s 6 7 8 lO 12 13 16 

VVI-R -t 535/19 ~ l/, 1/, /ı lY /ı 1/, /ı V / V / 
VV! -t 68/17 V V. V /ı V /ı V. /s V. ;/, /. V 
AAI-R -t 1/- V 1/ :/ / 1/ / / / 1/ / V 1/ 
AA! -t 18/- V V V V V / V V / / V / 
DDD-R -t 35/1 /. 1/ı ı V V / / ı/ / 1/ / / / 
DDD -t 8/- V / V V / V / / / / / V 
YDD -t 14/- y 1/ 1/ / 1/ V 1/ / 1/ :/ / 1/ 
TOTAL-t 679/37 /< 1/s ı/, /. lY /ı 1/, /. 1/ı ,/, V. IV 

Table 4. The mode of the pacemaker, · ttıe type of the effect, the stage and the distance at which the effect has occurred and the deve­
loping syınptonıs in 37 pacenıaker patients who were affected by the nıobile phone 

The type of effecı The sıage of effecı The distance of effecı Synıptonıs 

Ventricular 
Asynchronous Inhibition triggering Ringing 

VV I-R 19 18 

vv ı 14 3 8 

DDD-R ı ı 

TOTAL 33 3 ı 27 

zation on the results: Of the 37 pacemaker patients 
who experienced an effect, 27 (73%) had this white 
the phone was ringing and 10 (27%) had it during 
the talk. The rate of being affected was higher at the 
ringing phase (p<O.OOI) (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 w as 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. 

704 

a lO cm Conıacı Palpitation Presyncope 

ı 8 ll 2 

9 lO 7 2 ı 

ı ı 

lO 18 19 5 ı 

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). 
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Figure 3. The ages of the pacemakers were estinıaıed by the date of inıplanıation and the rate of being affecıed by nıobile 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 ınode experienced palpita­
tion. Of the 3 VVI pacemaker patients who had inhi­
bition, two developed delayed spontaneous rhythm 
and no syınptoms 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 elinical study try ing 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 ınade 
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 deınonstrate any effect of GSM mobile pho­
nes. lrnich 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 1 O ( 10%) of 101 pacemaker patients, 
ventricular triggering in 9 (20%) of 46 dual chamber 
paceınaker 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 o/o for dual chamber pacemakers and 
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5.6% for VVI pacemakers. Total rate of being affec­
ted was 3.1% in the study by Chenet al (18) and 20 
% in the study by Hayes et al (24). Naegeli et al (9) 

and C hen et al < 18) reported that the effect w as more 
significant in unipolar mode compared to hipolar 
mode. Wilke et al (25) did not report any effect on bi­

polar mode. Their findings were confirmed by 
Griının et al (26). Hayes et al (24) who reported that 

having a hipolar 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 (lO) identified similar rates for being affec­
ted in hipolar and unipolar modes in their study, ho­
wever theirs was an in vitro study. The pacemakers 
might be affected similarly from Iead unipolarity and 
bipolarity in vitro studies; however these results can 
not reflect the in vivo conditions of elinical 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 o ur study, there w as a high risk of be ing 
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- 1 1,15). Under normal cond itions, the sig­

nals generated by the mobile phones are extemalized 
by the fı lter 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 < ı 5,27). Increase in the lead 

sensitivity means the perception of these signals at a 
wider spectrum (28). W e could not demonstrate a sig-
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nificant difference in the effects on the paceınaker 
when the sensitiv ity had neminal and minimum va­
Jues. When the sensitivity was decreased to miniınal 
values, having a unipolar or hipolar lead sensitivity 
did not change the rate of being affected (p>0.05). 
When the sensitivity was at neminal values, the rate 
of being affected was 0.3% wi th a hipolar lead pola­

rity and 2.4% with a unipolar lead (p<O.Ol). Altho­
ugh there was a difference in the rate of being affec­
ted between unipolar and hipolar lead confıgurations 

at nominal va lues of sensitivity, such a difference 
did not exist when the sensitivi ty 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 (9-1 1,15). We first 

performed the test at neminal sensitivity values with 

both unipolar and bipolar Ieads. 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 minimaJ sensitivity values on 
these patients who were already affected at neminal 
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 w ith 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 dua! chaınber paceına­
kers. Our results correlate with that of Naegeli et al 
(9) in that regard. Hayes et al (24) reported a higher 
ra te of being affected for dua! chaınber paceınakers; 

due to atrial noise reversion (mode switch) when 
compared to s ingle chaınber ones. They explained 

this difference by the fact that the patients who were 
implanted with dua! chaınber paceınakers had severe 

atrioventricular block and frequently had low atrial 
sensitivity values. Accord ing to this line of thought, 
the risk of being affected by ınobile phones should 
be higher in AAI (R) paceınakers, because the sensi­
tiv ity filter is not d ifferent in sing le or dua! chamber 
paceınakers. However, in both our study and the pre­
vious studies, the rate of being affected by the mo bi­
le phones was not high for AAI(R) pacemakers. Ac­
cording to our results, pacemaker sensitivity was not 
the sing le factor that was effective for defining the 

risk brought by mobile phones. Of the single chaın­
ber pacem ak ers that were affected in o ur study, 19 
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were YVI-R and 17 were YVI. The rate of being af­
fected was 25% for YYis, 3.55% for YYI-R pace­
makers (p<O.OOI). 

Imich et al (10) demonstrated that older pacemakers 
had a higher ra te of being affected by mobil e 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 fiJters 
(9,28-3 ı ). In the new model pacemakers by the same 

manufacturer, there are specific perception filters 

and the battery s izes 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 

YVI and YVI-R pacemakers as follows; VYI pace­
makers were much older (p<0.05) (Fig. 4). The lo­
wer rates that were observed in dua! 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 Altarnura et al 

<ı ı ) reported that the effects that were observed were 

more !ike temporary or Iengthened pacemaker inhi­
bition rather than switching to the asynchronous mo­
de. In o ur study, the ra te of switching to the asyn­
chronous mode was higher than the rate of inhibition 
(p<O.OOl ) 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 YVI pacema­
kers that showed inhibition in our study were affec­
ted at the stage of contact. 

Sparks et al (ı5) reported that the pacemakers with 
minute ventilation type rate-response sensors were 
not affected by mobile phones. On the other hand, 

Naegeli et al (9) andChenet 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 elinical 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 I O cm and th is effect w as highest 
when the antenna of the mobile equipment was in 
close contact with the pacemaker (ıo,ıı, ı 7,24,34). 

Imich et al ( ı O) 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 (ı3) 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 d id not have that much of an importance. In 

our study all of the mo bile phone effects were obser­
ved at a distance of 1 O cm and at close contact. The 
effects that occurred at ı O 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 ı O cm we 
have not performed any further tesıs 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<O.OJ). The pacema­
kers were not affected while the mobiles were ope­
ned or closed . Altarnura et al (1 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 generateel 
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 ripging 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 vvı 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 

devetop 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 spontaneous rhythm, as this might result in 
dramatic consequences. 

CONCLUSION 

It is a very well known fact that mobile phones can 
create temporary dysfunctions on paceınaker functi­
ons under certain conditions. It is highly probable to 
see such an effect at a distance of 1 O cm white the 
mobile is ringing or during the talk. Having a unipo­
lar lead polarity increases the risk of being affected 

when compared to hipolar leads. Although sensiti­
v ity is not the determining factor for such an effect 
by itself, the increase in the sensitivity increases the 

risk of being affected especially in bi po lar lead con­
figuration. The risk of being affected is not different 
for single chamber and dua! chamber pacemakers. 
Older generation of pacemakers are under greater 
risk when coınpared 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 
paceınaker dependent. The temporary changes in the 
functions of the pacemakers are observed as ventri­
cular triggering in dua! chamber pacemakers, and 
the entire dua! chamber pacemakers that are manu­
factured taday 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 pacemaleers are being implanted, the lead 
polarity should be hipolar 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. 

REFERENCES 

1. Silberberg JL: Performance degradation of electronic 
medical devices due to electromagnetic interference. 
Compl Engin ı993; 1 -8 

2. Wilke A, Kruse T, Hesse H, Funck R, Maisch B: In­
teractions between pacemakers and security systems. Pa­
cing Cl in Electrophysiol 1998 ;21: ı 784-8 

3. Dodinot B, Godenir JP, Costa AB: Electronic article 
surveillance: a possib1e danger for pacemaker paticnts. Pa­
cing Clin Electrophysiol 1 993; ı6:46-53 

4. Tri JL, Hayes DL, Smith TT, Severson RP: Cellular 
phone interference with externaı cardiopulmonary monito­
ring devices. Mayo Clin Proc 2001 ;76: 11 -5 

S. Anderson K, Qiu Y, Whittaker AR, Lucas M: Breath 
sounds, asthma, and the mobile phone. Lancct 
2001 ;358: 1343-4 

6. Frumkin H, Jacobson A, Gansler T, Thun MJ: Ccl­
lular phones and risk of brain tunıors. CA Cancer J Clin 
200 ı ;5 1 : 137-41 

7. Shan PM, Ellenbogen KA: Life after pacemaker iınp­
lantation: management of common problems and environ­
mental interactions. Cardiol Rev 2001 ;9: ı 93-20 ı 

8. Barbaro V, Bartolini P, Donato A, Militello C: GSM 
cellular phone inteference with implantable pacemakers: 
in vitro and in vivo observations. Presented al the Bioc­
lectromagnetics Society 16th Annual Meeting, Denmark, 
1994:12-7 

9. Naegeli B, Osswald S, Deola M, Burkart F: Intermit­
tent pacemaker dysfunction caused by digital mobile telep­
hones. J Am Coll Cardiol 1996 ;27:ı47 1 -7 

10. Irnich W, Batz L, Muller R, Tobisch R: Electro­
magnetic interference of pacemakers by mobile phones. 
Pacing Clin Electrophysiol 1996 ;19: ı431-46 

ll. Altarnura G, Toscano S, Gentilucci G, et al: Influen­
ce of digiıaı and analogue cellular telephones on implanted 
paceınakers. Eur Heart J ı 997 ; 18:1632-41 

12. Moberg BL, Strandberg HG: Effects of interfe rencc 
on pacemakers. Eur J Cardiac Pacing Electrophysio l 
ı 995;5: 146-57 

13. Ehlers C, Andcrsen D, Bruggemann T, ct al: Funcı i ­
onal pacemaker interference by mobile telephones. Circu­
ıation 1995;92:1-738 

14. Carrillo R, Garay O, Balza no Q, et a l: Electromag­
netic near field interferance with iınplantable medical de­
vices. IEEE ı 995 Internat ional Syınposiunı on Electro­
magnetic Compatibility. Atlanta, Georgia. Agusı 1995; 1-3 

ıs. Sparks PB, Mond HG, Joyner KH, Wood MP: The 
safety of digital mobile cellular telephones with minuıe 



i. Tandoğan el al.: Tlıe Effecls of Mobil e Plıones on Pacemaker Fımclions 

ventilation rate adaptive pacemakers. Pacing Clin Elecı­
rophysiol 1996; 19: 1451-5 

16. Nowak B, Rosocha S, Zellerhoff C, et al : Is there a 
risk for interacıion between mobile phones and single lead 
YDD pacemake rs? Pacing Clin Electrophys io l 
ı 996; 19: 1447-50 

17. Barbaro V, Bartolini P, Donato A, et al: Do Europe­
an GSM mobile cellular phones pose a potential risk to pa­
cemaker pat ie nts? Pacing Clin Electrophysio l 
1995;18: 12 18-24 

18. Chen WH, Lau CP, Leung SK, Ho DS, Lee IS: In­
ıerference of cellular phones with implanted permaneni 
pacemakers. Clin Cardiol 1996; 19:88 1-6 

19. Aydin C, Bayata S, Guldal M, et al : Influence of 
global system of mobile ıelephones on permanent pacema­
kcrs. XVII. Congress of the European Society of Cardio­
logy, !995:100 

20. Eicher B, Ryser H, Knafl U, et al: Effects of TDMA­
modulated hand-held telephones on paceınakers. In: Bioe­
lectroınagnetics 16th Annual Meeting abstract book. Fre­
derick, Md.: Bioelectroınagnetic Society, 1994: 67 

21. Joyner KH, Anderson V, Wood MP: Interference 
and energy deposiıion raıes from digital mobile phones. 
In : Bioelectromagnetics I 6th Annual Meeting abstract 
book. Frederick, Md.: Bioelectroınagnetic Society, 1994: 
67-8 

22. Barbaro V, Bartolini P, Donato A, Militello C: 
Electromagnetic inıerference of analog cellular telephones 
with paceınakers. Pacing Clin Electrophysiol 
1996;19: 14 10-18 

23. Tan K-S, Hindberg 1: Digital cellular phones affect 
iınplantable cardiac pacemakers (abstract). Pacing Clin 
Electrophysiol 1996; 19:621 

24. Hayes DL, Wang PJ, Reynolds DW, et al: Interfe­
rence with cardiac paceınakers by cellular telephones. N 
Engl J Med 1997;336:1473-9 

25. Wilke A, G riının W, Funck R, Maisch B: Influence 
of D-Net (European GSM-Standard) cellular phones on 

pacemaker function in 50 patients with perınaneni pace­
ınakers. Pacing Clin Electrophysiol 1996;19: 1456-8 

26. Griının W, Wilke A, Hoffmann J, Funck R, Ma­
isch B: Interaction between handy phones and paceınaker 
function in patients with perınaneni paceınakers. J Am 
Coll Cardiol 1995;25:66A 

27. Irnich W: Mobile telephones and pacemakers. Pacing 
Cl in Electrophysiol 1996; 19: 1407-9 

28. Roelke M, Bernstein AD: Cardiac paceınakers and 
ce ll u lar telephones. N En gl J Med I 997;336: 15 J 8-9 

29. Sager DP: Current facts on pacemaker electroınagne­
tic interference and their application to elin ical care. Heart 
Lung 1987; 16:211-21 

30. Jordaens LJ: A 'phone call to heaven. Is the cellular 
'phone dangerous for i ts user with a pacemaker? Eur Heart 
J ı 997; 18:1528-9 

31. Toivonen L, Valjus J , Hongisto M, Metso R: The 
influence of elevated 50 Hz electric and magnetic fields on 
iınplanted cardiac paceınakers: the role of the lead confi­
guration and programıning of the sensitivity. Pacing Clin 
Electrophysiol 199 1;14:21 14-22 

32. Trigano AJ, Azoulay A, Rochdi M, Campillo A: 
Electroınagnetic interference of external paceınakers by 
walkie-talkies and digital cellular phones: experimental 
study. Pacing Clin Electrophysiol 1999;22:588-93 

33. Carrillo R, Schorr J , Lacayo G, et al: Simple feed 
through filters comletely protects paceınakers from eellu­
lar telephone interferences (abstract). Pacing Clin Elect­
rophysiol 1997;20: 1064 

34. Hayes DL, Von Feldt LK, Neubauer SA, Rasmus­
sen MJ, Christiansen JR: Does cellular phone techno­
logy cause pacemaker or defibrillator interference? (abs­
tract). Pacing Clin Electrophysiol 1995;18:842 

35. Meisel E, Kopscek H, Klinghammer L, et al: Inter­
ference of mobile phones with funct ion of iınplanted pa­
ceınakers-How signifıcant is the risk? (abstract). Circulati­
on 1995;92:1-738 

Düzeltme 

Dr. HakanTıkız ve ark. tarafından Türk Kardiyoloji Derneğ i Arşivi 2002;30:478-85 sayısında 

yayınlanan "Wolff-Parkinson-White sendromlu hastalarda aksesuar yol yerleşimini belirlemede 
kullanılan yedi algoritma" başlıklı makalenin 13 no'lu kaynağı dizi hatası nedeni ile yanlış 
basılmıştır. Kaynağın doğru şekli yazarların uyarısı doğrultusunda aşağıda sunulmuştur. 
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