
68    PAK 6b i s / 2 0 0 6 
 
Anna PŁAWIAK-M O WN A1,  Ar k ad i u s z  M IAS KO WS KI2,  And r z e j  KR AWC Z Y K3,   
Y o s h i y u k i  IS H IH AR A4 
1UNIVERSITY OF ZIELONA GORA, INSTITUTE OF COMPUTER ENGINEERING AND ELECTRONICS 
2ELECTROTECH NICAL INSTITUTE, W ARSAW  
3CENTRAL INSTITUTE OF LAB OUR PROTECTION – NATIONAL RESEARCH  INSTITUTE, W ARSAW  
4DOSH ISH A UNIVERSITY, DEPARTMENT OF ELECTRICAL ENGENEERING, K YOTO, J APAN 
 

Influence of Electromagnetic Field on Cardiac Pacemakers  
at W orkp lace Env ironment 
 
Ph.D. Anna PŁAWIAK-M O WN A 
 
A u t h or  i s  a l e c t u r e r  at  t h e  U n i v e s i t y  of  Z i e l on a G ó r a.  
S h e  r e c e i v e d  P h . D .  d e g r e e  i n  e l e c t r i c al  e n g i n e e r i n g  
f or m  E l e c t r ot e c h n i c al  I n s t i t u t e  i n  W ar s aw .  F or  3  y e ar s  
au t h or  i s  c ar r y i n g  on  t h e  r e s e ar c h  of  i n f l u e n c e  of  
e l e c t r om ag n e t i c  f i e l d s  on  e l e c t r o-m e d i c al  i m p l an t s  
( c ar d i ac  p ac e m ak e r s ) .  
 
 
 
 
 
e-m a i l :  a . m o w n a @ i i e. u z . z g o r a . p l   

 
 
Ph.D. Ar k ad i u s z  M IAS KO WS KI 
 
A r k ad i u s z  M i as k ow s k i  r e c e i v e d  P h . D .  d e g r e e  i n  
e l e c t r i c al  e n g i n e e r i n g  f r om  E l e c t r ot e c h n i c al  I n s t i t u t e  
i n  W ar s aw  w h e r e  h e  w or k s  i n  D e p ar t m e n t  of   
M e t r ol og y  an d  N on d e s t r u c t i v e  T e s t i n g .  H i s  c u r r an t  
r e s e ar c h  i n c l u d e s  f i n i t e -d i f f e r e n c e  t i m e -d om ai n   
( F D T D )   t e c h n i q u e s   an d   ap p l i c at i on s  i n   
c om p u t at i on al   e l e c t r od y n am i c s .  
 
 
 
 
e-m a i l :  a . m i a s k o w s k i @ i el . w a w . p l   

 
 

A b s t r a c t  
 
T h e p a p er  p r es en t s  p r o b l em s  c o n n ec t ed  w i t h  c a r d i a c  p a c em a k er  ex p o s ed  
t o  el ec t r o m a g n et i c  f i el d  a t  w o r k p l a c e.  T h e a u t h o r s  h a v e f o c u s ed  o n  t w o  
k i n d s  o f  s o u r c es :  5 0 / 60  H z  ( o v er h ea d  p o w er  l i n es )  a n d  1 0 0  M H z  – 2  G H z  
( w i r el es s  t el e-c o m m u n i c a t i o n ) .  T o  i n v es t i g a t e i f  t h e b a s i c  r es t r i c t i o n s  w er e 
ex c eed ed  a c c o r d -i n g  t o  I E C  r ef er en c e l ev el s ,  t h e i n t er f a c e v o l t a g e a t  t h e 
i n p u t  p o r t  o f  a  p a c e-m a k er  i n  a  f u l l  3 D  h u m a n  m o d el  w a s  c a l c u l a t ed .  T h e 
n u m er i c a l  i n v es t i g a t i o n  o f  t h e c o u p l i n g  m o d el  i . e.  f i el d -t o -v o l t a g e t r a n s f er  
f u n c t i o n ,  w a s  c a r r i ed  o u t  u s i n g  F D T D  ( F i n i t e-D i f f er en c e T i m e-D o m a i n )  
m et h o d .  T h e p a p er  p r es en t s  r es u l t  o f  i n v es t i g a t i o n  w i t h  p a t i en t  v o l u n t eer s  
ex p o s ed  t o  el ec t r o m a g n et i c  f i el d  g en er a t ed  b y b a s e s t a t i o n  a n t en n a .  
 
K e y w o r d s :  c a r d i a c  p a c em a k er s ,  i n t er f a c e v o l t a g e,  s a f et y a t  w o r k p l a c e,  F D T D .  
 
O d d z i ał y w ani e  p o l a e l e k t r o m ag ne t y c z ne g o   
na s t y m u l at o r  s e r c a w  ś r o d o w i s k u  p r ac y  

 
S t r e s z c z e n i e  

 
Pr a c a  p r ez en t u j e p r o b l em y z w i ą z a n e z  ek s p o z yc j ą  s t ym u l a t o r a  s er c a  n a  
p o l e el ek t r o m a g n et yc z n e w  m i ej s c u  p r a c y.  Au t o r z y s k u p i a j ą  s i ę  n a  d w ó c h  
r o d z a j c h  ź r ó d eł :  5 0 / 60 H z  ( n a p o w i et r z n e l i n i e p r z es ył o w e)  o r a z   
1 0 0  M H z  – 2  G H z  ( t el ef o n i a  k o m ó r k o w a ) .  Pr z eb a d a n o  p o z i o m  n a p i ę c i a  
i n d u k o w a n eg o  n a  . w ej ś c i u  s t ym u l a t o r a .  B a d a n i a  s ym u l a c yj n e z o s t a ł y 
w yk o n a n e z  w yk o r z ys t a n i em  m et o d y r ó ż n i c  s k o ń c z o n yc h  w  d z i ed z i n i e 
c z a s u  ( F D T D ) .  Pr a c a  p r ez en t u j e w yn i k i  b a d a ń  p r z ep r o w a d z o n yc h   
z  u d z i a ł em  p a c j en t ó w  o c h o t n i k ó w  p o s i a d a j ą c yc h  w s z c z ep i o n e s t ym u l a t o r y 
s er c a .  B a d a n i a  t e p r z ep r o w a d z o n o  d l a  ź r ó d ł a  p o l a  el ek t r o m a g n et yc z n eg o   
w  p o s t a c i  a n t en y s t a c j i  b a z o w ej .  
 
S ł o w a  k l u c z o w e :  s t ym u l a t o r y s er c a ,  n a p i ę c i e i n d u k o w a n e,  b ez p i ec z eń s t w o  
w  ś r o d o w i s k u  p r a c y,  F D T D .  
 
1 .  Int r o d u c t i o n 
 
M anu f actu rers  d es ign med ical d ev ices  to b e immu ne to 

electromagnetic f ield s  u p  to 10  V / m f or lif e-s u p p ort med ical 
electrical eq u ip ment and  3  V / m f or non-lif e-s u p p ort med ical 
electrical eq u ip ment,  as  p rop os ed  in international s tand ard s  [ 2 ,  6 ] .
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M eeting th es e s tand ard s  w ou ld  red u ce th e p otential h az ard s  of  
E M I .  S p ecif ic E M C  s tand ard s  f or imp lantab le card iac p acemak ers  
and  d ef ib rillators  are cu rrently  b eing d raf ted  b y  I S O .  L ow  
f req u ency  electromagnetic f ield  can interf ere w ith  imp lants  s u ch  
as  card iac p acemak ers .  T h e p rob lem b ecomes  ev en more s eriou s  if  
th e w ork er w ith  imp lanted  card iac p acemak er is  ex p os u re to 
cons tant electromagnetic f ield  at w ork p lace – th en h igh er lev els  of  
E F  are allow ed  b y  s tand ard s .  I n ord er to acces s  th e s af ety  of  
w ork ers  in th e v icinity  of  ind u s trial d ev ices  th e interf erence v oltage 
at th e inp u t p ort of  card iac p acemak er is  need ed  [ 17 ,  19 ,  2 0 ] .  
M os t p acemak er circu itry  u s es  f ilters  to attenu ate 

electromagnetic interf erence ( E M I )  ou ts id e th e normal 
intracard iac range and ,  w h ereas  th is  d es ign is  ef f ectiv e w h en th e 
interf erence ch aracteris tics  are q u ite d if f erent f rom d etected  
s ignals  as s ociated  w ith  card iac activ ity ,  s ome E M I  can p rod u ce 
s ignals  th at are s imilar enou gh  to normal intracard iac activ ity  to 
cau s e p rob lems .  
 

2 .  T h e  c ar d i ac  p ac e m ak e r  at  w o r k p l ac e   
e nv i r o nm e nt  

 
T h e range of  res p ons es  f rom th e p acemak er s y s tem to E M I  and  

oth er f orms  of  interf erence is  w id e and  largely  d ep end s  on th e 
interf erence s ignal ch aracteris tics .  
A lth ou gh  in general d es irab le,  th e retu rn of  th e p atient w ith  an 

imp lanted  card iac d ev ice to a w ork  env ironment s u s p ected  of  h igh  
lev el E M I  can b e ch allenging.  T h e p otential E M I  s ou rces  d o not 
only  emit energy  in th e rad iof req u ency  s p ectru m,  th eir as s ociated  
magnetic f ield s  cou ld  p otentially  ind u ce p acemak ers  malf u nctions .  
T h e d ocu mented  s ou rces  of  electromagnetic f ield  at w ork p lace 

env ironment are:  
• d ev ices  generate magnetos tatic f ield s  - magnetic res onance 
image s canners  and  d irect cu rrent trans mis s ion ins tallations ,  

• trans mis s ion lines  of  d if f erent v oltage,  inclu d ing mu ltiv oltage 
lines  b eing s erv iced  b y  tech nicians ,  electrical d ev ices  – 
electromagnetic f ield  of  5 0 / 6 0  H z ,  
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• dielectric welders, electromedic devices, radio/television 
transmitters – electromag netic field of 1 0  - 1 0 0  M H z, 

• h ig h  freq uency  electromedic devices, wireless telecommunication 
– electromag netic field of 1 0 0  M H z – 2 G H z. 
E M I  from electric p ower can occur if p atients come in p rox imity  

to h ig h  voltag e overh ead p owerlines (accidentally  or b y  occup ation) 
or it may  b e caused b y  electrical ap p liances h eld close or in direct 
contact with  th e ch est. I mp lanted devices are suscep tib le to 
interference sig nals of 50 –6 0  H z, freq uencies th at lie with in th e 
b andwidth  samp led for detection of intracardiac sig nals. 
 

3. T h e  m e t h o d s  o f  e x a m i n a t i o n  
 
T o ex amine th e op eration of cardiac p acemak ers ex p osed to 

electromag netic field four ap p roach es are used:   
1 . ex amination of isolated p acemak er (in vitro), 
2. ex amination of isolated p acemak er in p h antom (in vitro in 
p h antom), 

3. ex amination of p acemak er imp lanted in th e h uman b ody  (in vivo), 
4. numerical simulation. 
A ll th ese g roup s are very  imp ortant in th is k ind of research , and 

all of th em lie in th e area of th e auth ors’  interest b ut recently  th e 
last is of sp ecial interest as it allows to p redict th e p ossib le h azards 
(p acemak er malfunctions) at th e p re-imp lanting  time. T h erefore, 
in th e p ap er th e meth od of numerical simulation is describ ed more 
detailed. 
 

4 . T h e  m o d e l  
 
W e h ave used a full 3D  h uman model with  3 mm resolution, fig . 1 . 

 

  
F i g .  1 .   H u m a n  m o d e l  a n d  i m p l a n t e d  c a r d i a c  p a c e m a k e r  
R y s .  1 .   M o d e l  c z ł o w i e k a  z  i m p l n a t o w a n y m  s t y m u l a t o r e m  s e r c a  
 
T h is model is ob tained from B rook s A ir F orce L ab oratory , 

U S A . I t is b ased on anatomical slices from a male cadaver (1 .8  m 
tall and 1 0 5 k g  weig h t). 
I n order to model th e tissue resp onse b y  relax ation th eory , th e 

electrical p rop erties of h uman tissues are modelled using  th e  
4 C ole-C ole ap p rox imation. I n th is model th e comp lex  
p ermittivity  εc is vary ing  in time at an ang ular freq uency  ω and is 
modelled as follows:  
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wh ere th e ε∞ is th e p ermittivity  in th e h ig h  freq uency , σi th e ionic 
conductivity , τn th e relax ation time in th e disp ersive reg ion n, and 
∆εn, th e drop  in p ermittivity  in th e freq uency  rang e in wh ich  th e 
time p eriod 2π/ω is eith er much  smaller or larg er comp ared to th e 
relax ation time, are ob tained b y  fitting  to ex p erimental 
measurements. T h e tissue p arameters ob tained from th is model 
were used in th e p resent article. 
F or th e numerical investig ation a C A D  model of p acemak er was 

g enerated. T h e size of th e imp lantab le p ulse g enerator is 42x 52x 6  
mm with  unip olar electrode 56 0  mm in leng th . T h e p roj ection area 
of th e p acemak er config uration is 1 9 6  cm2, and “ p ort1 ”  is th e 
h ousing  p ort of p acemak er and “ p ort2”  is th e end of electrode. 
 

5 . M e t h o d  o f  c a l c u l a t i o n  
 
T h e numerical investig ation of coup ling  model i.e. field-to-

voltag e transfer function was carried out using  th e commercial 

electromag netic software E M P I R E  from I M S T  G mb H  [ 3] . T h e 
software is b ased on F D T D  (F inite D ifference T ime D omain) 
meth od [ 1 8 ] .  
F or th e investig ation of field-to-voltag e function h omog eneous 

electric and mag netic fields were used. T h ese fields were 
g enerated b y  sup erp osing  two p lane waves travelling  in op p osite 
directions. T wo standard config uration, th at p rovide max imum 
interference voltag es were investig ated:  an ex ternal frontal 
orientated mag netic field and an ex ternal vertical orientated 
electric field. T h e interference voltag e U was calculated b y  
scalling  th e interference voltag e U F D T D  of th e simulation at th e 
f F D T D  b y  th e following  formula:  
 

 U= ( f/ f F D T D ) U F D T D   (2) 
 
wh ere th e f is freq uency  of interests (in our case 50 /6 0  H z). 
I n th e case of th e frontal mag netic field ex p osure (H = 1  A /m) 

th e interference voltag e was calculated using  F araday ’ s law of 
induction (E q . 3), wh ere A  is th e p roj ection area, f is freq uency , µ0 
is p ermeab ility  of free sp ace, H is mag netic field streng th . T h e 
mag netic field distrib utions in th e p lanes of each  p ort are sh own in 
fig . 2. 

U =  2 π fµ0HA    (3) 
 

  
F i g .  2.   T h e  m a g n e t i c  f i e l d  s t r e n g t h  i n  t h e  p l a n e  o f  p o r t 1  ( l e f t )  a n d  p o r t 2 ( r i g h t )  
R y s .  2.   N a t ę ż e n i e  p o l a  m a g n e t y c z n e g o  p r z y  w e j ś c i u 1  ( z  l e w e j )  i  w e j ś c i u 2 

 
I n th is case th e value of th e interference voltag e U at freq uency  
50  H z was:  
 U =  2 1 . 3  µV    (4) 
 
I n th e case of vertical electric field ex p osure (E = 1  V /m) th e 
interference voltag e was calculated using  th e ex p ression (E q . 4):  
 
 ∫=

port2
port1

EdsU    (5) 
 
wh ere E is electric field streng th . T h e electric field distrib utions in 
th e p lane of “ p ort1 ”  and in th e p lane of “ p ort2”  are sh own in  
fig . 3. I n th is case th e value of th e interference voltag e U at 
freq uency  50  H z was U = 0 .0 42 µV . 
 

  
F i g .  3.   T h e  e l e c t r i c  f i e l d  s t r e n g t h  i n  t h e  p l a n e  o f  p o r t 1  ( l e f t )  a n d  p o r t 2 ( r i g h t )  
R y s .  3.   N a t ę ż e n i e  p o l a  e l e k t r y c z n e g o  p r z y  w e j ś c i u 1  ( z  l e w e j )  i  w e j ś c i u 2 
 
G ustrau et al. [ 4]  p resented numerical calculation as far as 

wireless telecommunication device are concerned. W ireless 
telecommunication g enerates electromag netic field of 1 0 0  M H z – 
2 G H z and th is is documented source of electromag netic field at 
work p lace environment. S cientist from G ermany  p resented 
numerical calculations of th e field-to-voltag e transfer unction, i.e. 
th e coup ling  b etween G S M  and U M T S  mob ile p h ones and th e 
b ase station antenna and th e voltag e induced th e sensing  inp ut of 
cardiac p acemak ers. T h e source of imp edance of a unip olar 
electrode was determined numerically . G erman investig ator used 
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software EMPIRE like we did. For the numerical investigation 
they  generated a C A D  model of single chamb er pacemaker with  
a unipolar electrode. T he max imum amplitudes of the interference 
voltage ranged from 4 2 0  mV  at 9 0 0  MH z  for mob ile phone used 
in front of the chest and 2 .9  mV  at 9 5 0  MH z  for plane wave 
ex posure ( E = 1  V / m) .  
 

6. S u m m a r y  a n d  f u t u r e  p l a n s  o f  i n v e s t i g a t i o n  
 
W orkers wear implanted pacemaker who working in close 

prox imity  to sources if electromagnetic field may  suffer EMI. 
W orkers wear implanted cardiac pacemakers are interested in 

estimation of risk taking into account ex posure condition at the 
workplace,  ty pe of implanted cardiac pacemaker and position of 
the implanted device inside human b ody . Possib ility  of analy sis of 
the safety  of worker with implanted cardiac pacemaker in electric 
and magnetic fields enab le to reduce risk of failure b efore 
pacemaker implantation. 
T he paper shows the possib ility  of cardiac pacemaker 

ex amination at the workplaces. T he particular attention is on the 
method of numerical simulation,  giving pre-implanting prediction 
as to possib le haz ards. 
T his numerical calculation will b e a framework to realiz e nex t 

part of polish scientists research proj ect “ Electromagnetic 
interferences of cardiac pacemaker”  [ 1 3 ] .  
T he investigations are grouped b y  sources of disturb ance:  

1 . mob ile phones and b ase stations ( G S M operated) ;  
2 . devices including the power freq uencies of 5 0  H z ,  
3 . medical devices. 
T he aims of the work are:   

• to develop effective methods to identify  the electromagnetic 
disturb ances in cardiac pacemakers,  

• to identify  malfunction of cardiac pacemaker ex posed on 
electromagnetic field,  

• to determine the health effect of these interaction.  
T he research proj ect including the following ex aminations:  

1 . cardiac pacemaker in human b ody ,  
2 . cardiac pacemaker in phantom which simulated the human 
tissue,  

3 . cardiac pacemaker outside the b ody  
4 . numerical simulation. 
T he research proj ect is realiz ing in cooperation with scientific 

society  – Polish S ociety  of Electromagnetic A pplied,  U niversity  of 
Z ielona G ó ra,  G S M operators and Military  Institute in W arsaw,  
the medical environment - C ollegium Medicum U J  and phy sicians 
of Medical A cademy  in W arsaw and J apanese scientists from 
D oshiha U niversity  [ 1 2 ,  1 5 ,  2 1 ,  2 2 ] . 
A t present is realiz ing first part of proj ect – investigation with 

b ase station antenna ( G S M operated) . T he study  comprise 2 3 0  
patients,  till now we tested 5 3  patients y et ( 3 7  males,  1 6  females)  
with a mean age 6 7 , 2  y ears ( range 2 2 -9 1  y ears) . T he average time 
from pacemaker implantation is 5 , 1 3  y ears ( range 1 , 3  – 1 5  y ears) . 
S eventeen ( 3 2 % )  were dual chamb er and the remaining were 
single chamb er pacemakers. T he following companies 
manufactured were tested ( T ab le 2 ) :  B iotronik ( n=3 2 ) ,  Medtronik 
( n=1 2 ) ,  S t. J ude Medical ( n=7 ) ,  S iemens ( n=2 ) .  
A ll the patients were tested in the same place of investigations 

situated in hallway  of Medical A cademy  hospital in W arsaw 
( B anacha S treet) . Place of investigation is marked at special place,  
where intensity  EMF is eq ual:  7  V / m,  2 0  V / m,  3 0  V / m,  4 0  V / m,  
1 0 0  V / m. T hese values correspond to European standards. Patient 
takes part at two tests. B ase station antenna is switched off during 
one of test – passive test. B ase station antenna is switched on only  
during one test ( active test) . T ests are ex ecuted in random order. 
T he signal is recorded b y  H olter recorder during 2 4  hour from the 
b eginning of investigation. W e are analy z ed 5 3  recorded 
electrocardiograms,  till now. W e have no ob served any  disturb  of 
pacemaker function relevant with ex posing pacemakers to 
electromagnetic field generated b y  b ase station antenna.  
O ur plans will b e focus on ex amination devices including the 

power freq uencies of 5 0  H z  using in vitro method. T he result of 
numerical calculations will b e verified. 
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