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A b s t r a c t  
 

T h e p a p er  p r es ent s  p r ob l em s  of  ex p os i ng c a r d i a c  p a c em a k er  ( C PM )  a nd  
i m p l a nt a b l e c a r d i ov er t er  d ef i b r i l l a t or  ( I C D )  t o el ec t r om a gnet i c  f i el d .  T h e 
a u t h or s  h a v e f oc u s ed  on w or k  env i r onm ent  E M F  s ou r c e – R F  d i el ec t r i c  
h ea t er s .  T o i nv es t i ga t e i f  t h e b a s i c  r es t r i c t i ons  w er e ex c eed ed  a c c or d i ng t o 
I E C  r ef er enc e l ev el s  [ 8 ] ,  t h e i nt er f a c e v ol t a ge a t  t h e i np u t  p or t  of   
a  p a c em a k er  i n a  f u l l  3 D  h u m a n m od el  a nd  p h a nt om  w a s  c a l c u l a t ed .  T h e 
r es u l t  of  c a l c u l a t i ons  w a s  a na l y zed .  
 
K e y w o r d s :  c a r d i a c  p a c em a k er s ,  i m p l a nt a b l e c a r d i ov er t er -d ef i b r i l l a t or s ,  
i nt er f a c e v ol t a ge,  s a f et y  a t  w or k p l a c e,  F D T D .  
 
Im p l ant y  r e g u l u j ą c e  r y t m  p r ac y  s e r c a w  p o l u  
e l e k t r o m ag ne t y c z ny m  w y t w ar z any m   
na s t ano w i s k ac h  p r ac y  

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

 
Pr a c a  p r ezent u j e p r ob l em y  zw i ą za ne z ek s p ozy c j ą  s t y m u l a t or a  s er c a   
i  w s zc zep i a l ny c h  k a r d i ow et er ó w  d ef i b r y l a t or ó w  na  p ol e el ek t r om a gnet y c zne 
w  m i ej s c u  p r a c y .  J a k o ź r ó d ł o p ol a  el ek t r om a gnet y c znego w  ś r od ow i s k u  
p r a c y  p r zed s t a w i ono zgr zew a r k i  d i el ek t y c zne w y s ok i ej  c zę s t ot l i w oś c i .  
Pr zeb a d a no p ozi om  na p i ę c i a  i nd u k ow a nego na  w ej ś c i u  u r zą d zeni a .   
W  b a d a ni a c h  s y m u l a c y j ny c h  w y k ona ny c h  z w y k or zy s t a ni em  m et od y  r ó ż ni c  
s k oń c zony c h  w  d zi ed zi eni e c za s u  ( F D T D )  za s t os ow a no ogr a ni c zeni a  
ek s p ozy c j i  i m p l a nt ó w  na r zu c one p r zez m i ę d zy na r od ow e s t a nd a r d y  [ 8 ] .  
 
S ł o w a  k l u c z o w e :  s t y m u l a t or y  s er c a ,  w s zc zep i a l ne k a r d i ow er t er y -
d ef i b r y l a t or y ,  na p i ę c i e i nd u k ow a ne,  b ezp i ec zeń s t w o w  ś r od ow i s k u  p r a c y ,  
F D T D .  
 
1 .  Int r o d u c t i o n 
 
A  p erso n w it h  a n imp l a nt ed  d ef ib ril l a t o r ca n sa f el y  o p era t e mo st  

h o useh o l d  a nd  o f f ice eq uip ment ,  p ro v id ed  t h is p erso n t a kes a  f ew  
p reca ut io ns. S ev era l  sa f egua rd s b uil t  int o  d ef ib ril l a t o r p ro t ect  it  
f ro m int erf erence enco unt ered  in no rma l  d a il y  l iv ing. S uch  
sa f egua rd s incl ud e el ect ro nic f il t ers t h a t  sep a ra t e na t ura l  h ea rt b ea t  
signa l s a nd  int erf erence signa l s [ 6 ,  13 ] .  
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EM I o ccurs w h en el ect ro ma gnet ic w a v es emit t ed  b y  o ne d ev ice 

imp ed e t h e no rma l  f unct io n o f  a no t h er el ect ro nic d ev ice ( IC D ,  
C P M ). S o me w o rkp l a ce env iro nment s co nt a in eq uip ment  t h a t  ma y  
p ro d uce l a rge l ev el s o f  el ect ro ma gnet ic energy  a nd  sub seq uent l y  
int erf ere w it h  t h e o p era t io n o f  t h e imp l a nt ed  d ev ice. In t h e p a p er is 
d escrib ed  t h e p ro b l em o f  IC D / ca rd ia c p a cema ker ma l f unct io n 
genera t e b y  RF  d iel ect ric h ea t ers a t  w o rkp l a ce env iro nment . 
M o st  P C M s/ IC D s circuit ry  uses f il t ers t o  a t t enua t e 

el ect ro ma gnet ic int erf erence ( EM I) o ut sid e t h e no rma l  
int ra ca rd ia c ra nge a nd ,  w h erea s t h is d esign is ef f ect iv e w h en t h e 
int erf erence ch a ra ct erist ics a re q uit e d if f erent  f ro m d et ect ed  
signa l s a sso cia t ed  w it h  ca rd ia c a ct iv it y ,  so me EM I ca n p ro d uce 
signa l s t h a t  a re simil a r eno ugh  t o  no rma l  int ra ca rd ia c a ct iv it y  t o  
ca use p ro b l ems. 

 
2 .  T h e  i m p l ant ab l e  c ar d i ac  r h y t h m  d e v i c e   

at  w o r k p l ac e  e nv i r o nm e nt  
 
T h e p o t ent ia l  f o r int era ct io n b et w een imp l a nt ed  ca rd ia c rh y t h m 

d ev ice a nd  so urce o f  el ect ro ma gnet ic f iel d  h a s b een reco gniz ed  f o r 
f if t een y ea rs. It  h a s b een sh o w n t h a t  EM I ca n p ro d uce signif ica nt  
ef f ect s o n p a t ient s w it h  imp l a nt ed  ca rd ia c rh y t h m d ev ice ( C P M s 
a nd  IC D s). T h e surv ey  o f  M ed t ro nic w eb  p a ge a nd  G uid a nt  w eb  
p a ge [ 6 ,  13 ]  a l l o w s ma ke a  ro ugh  est ima t io n w h ich  so urces ma y  
essent ia l l y  genera t e IC D s a nd  C P M s ma l f unct io ns. Imp l a nt a b l e 
ca rd io v ert er d ef ib ril l a t o rs a nd  ca rd ia c p a cema kers ma y  b e sensit iv e 
t o  el ect ro ma gnet ic f iel d s genera t ed  b y  p erso na l  it ems ( mo b il e p h o ne 
[ 3 ,  5 ,  9 ,  14 ,  15 ,  19 ,  2 3 ,  2 4 ,  2 5 ] ),  ind ust ria l  eq uip ment  ( a rc w el d ing 
eq uip ment ,  d iel ect ric h ea t ers,  ind uct io n h ea t ers f o r ind ust ry ,  
t ra nsmissio n l ine f o r el ect rica l  p o w er [ 4 ,  11,  12 ,  2 1] ),  med ica l  
d ev ice ( M a gnet ic Reso na nce Ima ging sca ns [ 2 0 ] ). 
T h e el ect ro ma gnet ic f iel d  ma y  genera t e el ect rica l  p o t ent ia l s o n 

IC D / C P M  sensing el ect ro d es t h en el ect ro ma gnet ic int erf erence is 
resul t s in imp ro p erl y  imp l a nt s f unct io n. 
W h il e t h e ma j o rit y  o f  w o rkp l a ce env iro nment s w il l  no t  

a d v ersel y  a f f ect  imp l a nt a b l e d ev ice o p era t io n,  EM I o f  signif ica nt  
st rengt h  ma y  imp a ct  t h e p erf o rma nce o f  t h e imp l a nt ed  d ev ice,  a nd  
co ul d  p o t ent ia l l y  l ea d  t o  d ev ice resp o nses ( T a b . 1). 
T h ere a re a  numb er o f  p o ssib l e IC D s resp o nses t o  ex t erna l  

int erf erence: t emp o ra ry  inh ib it io n o f  t h e d ev ice ( inh ib it io n o f  
p a cing) o r ina p p ro p ria t e d el iv ery  p a cing a nd  sh o cks ( ina p p ro p ria t e 
d et ect io n o f  v ent ricul a r t a ch y ca rd ia ,  ina p p ro p ria t e d et ect io n o f  
v ent ricul a r f ib ril l a t io n,  f a il ure t o  sense v ent ricul a r 
t a ch y ca rd ia / v ent ricul a r f ib ril l a t io n,  ina p p ro p ria t e p a cing). T h e 
ex p o sure t o  el ect ro ma gnet ic env iro nment  ca rd ia c p a cema ker 
migh t  b e a f f ect ed  b y  EM I,  t o o . T h ere a re a  numb er o f  p o ssib l e 
p a cema ker resp o nses t o  ex t erna l  int erf erence: inh ib it io n o f  
p a cema ker o ut p ut ,  ina p p ro p ria t e t riggering o f  p a cema ker o ut p ut ,  
a sy nch ro no us p a cing,  rep ro gra mming t o  d if f erent  p a ra met ers,  a nd  
d a ma ge o f  t h e p a cema ker circuit ry . 
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The impact to device function is typically temporary; if the 
w ork er (w ith implanted device) moves aw ay from or turns off the 
E M I  source,  the implanted device resumes its normal mode of 
operation. I n rare instances,  the impact to the device may b e 
permanent such as memory corruption or reversion to S afety 
M ode operation. 
To ex amine the operation of implantab le cardiac rhythm devices 

ex posed to electromag netic field four approaches are used 
follow ing  methods of ex amination of isolated cardiac device (in 
vitro),  ex amination of isolated device in phantom (in vitro in 
phantom),  ex amination of device implanted in the human b ody (in 
vivo) and numerical simulation. 
The numerical simulation allow s predict the possib le 

implantab le cardiac rhythm device responses to ex ternal 
interference from industry eq uipment g enerate E M F . 
 
Tab. 1.  D ev i c e ( pac emak er s ,  I C D s )  r es po n s es  t o  ex t er n al  i n t er f er en c es  
Tab. 1.  Z abu r z en i a pr ac y  u r z ą d z eń  ( s t y mu l at o r ó w s er c a i  ws z c z epi al n y c h  

k ar d i o wer t er ó w d ef i br y l at o r ó w)  g en er o wan e pr z ez  z ewn ę t r z n e  
po l e el ek t r o mag n et y c z n e 

 
Device response P a cem a k ers I C Ds 

A s y n c h r o n o u s  pac i n g  [ 3 ,  14 ] + + 
I n h i bi t i o n  o f  pac i n g  ( pac i n g  t h er apy  n o t  
pr o v i d ed  wh en  n eed ed )  [ 2 3 ] + + 
I n h i bi t i o n  o f  t ac h y ar r h y t h mi a t h er apy  ( s h o c k  
t h er apy  n o t  pr o v i d ed  wh en  n eed ed )  [ 2 ,  4 ,  5] - + 
I n abi l i t y  t o  c o mmu n i c at e wi t h  t h e d ev i c e [ 9 ,  15] + + 
I n appr o pr i at e s h o c k s  ( s h o c k  t h er apy  
pr o v i d ed  wh en  n o t  n eed ed )  [ 6 ] - + 
D eac t i v at i o n  o f  s h o c k  t h er apy  [ 2 ] - + 
Tr i g g er  v en t r i c u l ar  pac i n g  at  M ax i mu m 
Tr ac k i n g  R at e [ 6 ] + + 
Tr i g g er  t h e E n d -o f -L i f e i n d i c at o r  [ 2 0 ] + - 
 
 

3. T h e  m o d e l  
 

W e have used homog enous phantom. A s for homog eneous 
model it can b e considered as the torso-simulator completely filled 
w ith salt w ater as specified in the international standards. I n our 
case,  the computer model of torso simulator w as filled w ith fluid 
w ith parameters b eing  in  accordance w ith E lectromag netic 
C ompatib ility Test P rotocols [ 1]  - permittivity εr = 79  F / m,  
conductivity σ  =  0 .4 6  S / m,  density 1g / cm3 (F ig . 1). 
 
 

  
F i g . 1.  H o mo g en eo u s  ph an t o m an d  i mpl an t abl e c ar d i ac  r h y t h m d ev i c e 
R y s . 1.  F an t o m h o mo g en i c z n y  i  ws z c z epi al n e u r z ą d z en i e mo n i t o r u j ą c e r y t m s er c a 
 
 

  
F i g . 2 .  C A D  mo d el  o f  i mpl an t abl e c ar d i ac  r h y t h m d ev i c e wi t h  u n i po l ar   

el ec t r o d e 
R y s . 2 .  M o d el  u r z ą d z en i a z  el ek t r o d ą  j ed n o bi eg u n o wą  wy k o r z y s t an y  

w s y mu l ac j ac h  

F or the numerical investig ation a C A D  model of pacemak er 
w as created. The siz e of the implantab le pulse g enerator is 
4 2x 5 2x 6  mm w ith unipolar electrode 5 6 0  mm in leng th. The 
proj ection area of the pacemak er config uration is 19 6  cm2,  and 
“ port1”  is the housing  port of pacemak er and “ port2”  is the end of 
electrode (F ig . 2). 
 
4 . R e s u l t s  o f  c a l c u l a t i o n  
 
The numerical investig ation of coupling  model i.e. field-to-

voltag e transfer function is b ased on F D TD  (F inite D ifference 
Time D omain) method [ 22] . The numerical procedure has b een 
describ ed elsew here [ 7] .  
I n this paper the numerical model has to represent the dielectric 

heater (sealer) w hich w ork s w ith the freq uency 27.12 M H z . U sing  
method of scaling  [ 7] ,  the distrib ution of electromag netic field has 
b een estab lished for the case of plane w ave. 

I n the case of the frontal mag netic field ex posure (H = 1 A / m) 
the interference voltag e w as calculated using  F araday’ s law  of 
induction (E q . 1),  w here A  is the proj ection area,  f is freq uency,  µ0 
is permeab ility of free space,  H  is mag netic field streng th. 

 
U  =  2π fµ0H A         (1) 

 
The interference voltag e U  amounts: 
 

 U = 5.8  V            (2) 
 
I n the case of vertical electric field ex posure (E = 1 V / m) the 
interference voltag e w as calculated using  the ex pression (E q . 3): 
 

 ∫=
port2
port1

EdsU                 (3)  

 
 

  
F i g . 3 .  I mpl an t abl e c ar d i ac  r h y t h m d ev i c e an d  el ec t r i c  f i el d  d i s t r i bu t i o n ,   

pl an e wav e 
R y s . 3 .  R o z k ł ad  po l a el ek t r y c z n eg o  wo k ó ł  u r z ą d z en i a r eg u l u j ą c eg o  r y t m  

pr ac y  s er c a,  f al a pł as k a 
 
 

  
F i g . 4 .   I mpl an t abl e c ar d i ac  r h y t h m d ev i c e an d  mag n et i c  f i el d  d i s t r i bu t i o n   

pl an e wav e 
R y s . 4 .  R o z k ł ad  po l a mag n et y c z n eg o  wo k ó ł  u r z ą d z en i a r eg u l u j ą c eg o   

r y t m pr ac y  s er c a,  f al a pł as k a 
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The interferences voltages are big enough not to be accepted for 
norm al operation of cardiac im plants. H ow ever,  the case w e 
considered is the w orst as the proj ection area and the length of 
w ire are ex trem ely  big. Tak ing into account the possibility  of 
generating electrom agnetic interferences,  the recent procedure of 
im planting tends to bipolar connection. O ur calculations confirm  
this tendency .  
Tab. 2  presented results of num erical calculation in com parison 

w ith tw o other sources of electrom agnetic fields,  w ireless 
telecom m unication device and overhead pow er lines. G ustrau et 
al. [ 7 ]  presented num erical calculation as far as w ireless 
telecom m unication device are concerned. W ireless 
telecom m unication generates electrom agnetic field of 1 0 0  M H z  – 
2  G H z  and this is docum ented source of electrom agnetic field at 
w ork place environm ent. S cientist from  G erm any  presented 
num erical calculations of the field-to-voltage transfer unction,  i.e. 
the coupling betw een G S M  and U M TS  m obile phones and the 
base station antenna and the voltage induced the sensing input of 
cardiac pacem ak ers. The source of im pedance of an unipolar 
electrode w as determ ined num erically . F or the num erical 
investigation they  generated a C A D  m odel of single cham ber 
pacem ak er w ith an unipolar electrode. The authors did num erical 
calculation for overhead pow er lines [ 1 6] . W e have used a full 3 D  
hum an m odel w ith 3  m m  resolution. This m odel is obtained from  
B rook s A ir F orce L aboratory ,  U S A . I t is based on anatom ical slices 
from  a m ale cadaver ( 1 .8  m  tall and 1 0 5  k g w eight) . F or the 
num erical investigation a C A D  m odel of pacem ak er w as generated,  
the sam e m odel w e used at presented calculation ( F ig. 2 ) .  
 
Tab. 2.  R e su l t s o f  p r e se n t e d  c al c u l at i o n  i n  c o m p ar i so n  wi t h  t wo  o t h e r s wo r k p l ac e  

so u r c e s o f  e l e c t r o m ag n e t i c  f i e l d s 
Tab. 2.  P r e z e n t o wan e  wy n i k i  sy m u l ac j i  w z e st awi e n i u  z  wy n i k am i  sy m u l ac j i   

d l a d wó c h  i n n y c h  ź r ó d e ł  p o l a e l e k t r o m ag n e t y c z n e g o  wy st ę p u j ą c y c h  
w ś r o d o wi sk u  p r ac y  

 
Authors, source of EMF/ The 
resul ts of ca l cul a ti on  for p l a n e 

w a v e ex p osure 

Vo l t ag e  i n d u c e d  t h e  
se n si n g  i n p u t  o f  
c ar d i ac  p ac e m ak e r  

(E= 1  V /m ) 

Vo l t ag e  i n d u c e d  t h e  
se n si n g  i n p u t  o f  
c ar d i ac  p ac e m ak e r  

( H = 1  A/m ) 
Gu st r au  e t  al ,  Mob i l e p hon e ,  

950MHz [ 7 ] U  =  2.9  m V U  =  1 7 .7  µV 
P ł awi ak  e t  al .,  ov erhea d  p ow er 

l i n es ,  50Hz [ 1 6] U  =  0 .0 4 2 µV U  =  21 .3  µV 
Th e  r e su l t s o f  c al c u l at i o n  
p r e se n t e d  i n  t h e  p ap e r ,  

d i el ectri c hea ters ,  2 7 . 1 2 MHz 
U =  1 . 5 1 2  V  U = 5 . 8  V  

 
 
5. S u m m a r y  a n d  f u t u r e  r e s e a r c h  
 
R eturn to w ork  for people w ith im planted cardiac stim ulators 

can be ex pected even in industries w here pow er-freq uency  electric 
and m agnetic field environm ent. 
The w ork ers w ho w ear cardiac im plants and their em ploy ers are 

interested in estim ation of risk  and they  w ant to k now  the relation 
betw een the level of risk  and technical param eters of ex posure is  
a prevalent aspect of the w ork   
The paper show s the possibility  of cardiac stim ulators 

ex am ination at the w ork places. The results of num erical 
sim ulation give prediction of possible haz ards before im planting 
cardiac rhy thm  device. 
O ur future plans w ill be focused on ex am ination of dielectric 

heaters and cardiac stim ulators using in vitro m ethod. The result 
of num erical calculations w ill be then verified. 
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