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Experimental setup for studying EMI effects from
radio-frequency sources on implantable cardiac pacemakers
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3-D Spatial effects from digital cellular phones on pacemakers

ateral 11.2 = cm

HEIGHT | Vertical 3.4 +1.6em

(cm)/- grate with the antenna

araliel to ¥ =Direction

N
\

.

w
(5]

D
(53]

|
[
:+

Scm

N

feed.-through connector
of a patemakers
locatest at S-11

e — T -

= 5
= 10

720
== 25 Y-direction
§ U W Y AA CC EE GG Il
bath (35 x 25 grids) X-direction

(i B 16 by (sl Cota o 3l I M BT (TY, 0 o S

I.;,Ligbs-‘.léiﬂfq-Sﬁ (YY) ool oo (Y VY ERS 3 ool ol L35 gl ) el Szt 3 Sl
@bty gh et Ciade (1,0) o @it Jlas 5305 (3 FRS I Ladiil a5 Loy 30 Ol ) A Olad o8
RS Iy i gy it T @Bt 333 o5 o b o ol ded 213 15 s

o ripds Ll e @) Ladd (Y93 oy s 3 cnsSha LAN s sl ¢
Dl M Mye of e (s n gl Sl @l 2o 50 Oy

gt 4 2 SO dadiy

gl s S STl oy Oy Ao i 030 (YD) 5 3101 205 Ll 0,581
g liia iy (UMD jarie ncbiliin o < (BAS) pdlia ] 14 2 2810 LW oo 151 238
€L oLz o123 .(Tan and Hinberg, 1998 and 1999) (CS) frn 33 5y grucloliin Jiom g (SM) pazews



.l 4yY

3 SM Ll 80 Lty Lt QB 3L 1pn 2080 3 oS0 0 olind UM il coiase (4S5t
G 0PN 058 a3 (VY @5, Jgudl) e @BU sl 08 Ll 355 @0y Aadt @BlgS 7 3LE B
P 5 el i (Bl e JlS S8 cptasan o A alie o) @Bl jand (il ol 3
SIS OLS L 0153 35 (yn 1Y il 85 5] gt ol 23 o o @l o ezl 22
c.-léL..-».uso.las-‘-JéU(\0)‘;a'l.;:-ugj,'L.JasubjiUMwTulsga_.Jls.Echugdw-u&u B
s Bl e s @B (V1) (3 SM il o 21 Lty () sl 1) 0 taion (FF) oo Juad

*

S faaticn (VA) o

(b @Bl o sal Lataif T (1Y, oF) Jgast

b o Bl g e 0T Jass bas

Sl bt} s on* Hm‘ Jatd-t 33 mode dke.all ¢ 4l
foo iy §on Faov0 ocn
AT Ag! £or FA Nt ) 3,maL8 0AE 1 Juld s Las EAS
. A Faliw 4y -V 8 e
74 o Ve -£0 Fa0ee —You il S5 A
At AR to Faa A L, 55 Lay
. WTMD
14 ‘o \ABERY) Faied Yoo Blhna iz
¥ 74 \Y Fa T Bhes L
' ; Vo -e ¥ Faba VA - 53,808 Ve ks HHMD
HHMD S| 7 g8 opa imsiion (¥.0) 9 WIMD 5 EAS 255y Sl )31 798 oy sz (10) il dze Lia ™
B 0T gz oo ) St 2y

Dodinot et al. 3@l Ll ha ol prnnd calall oot $LaN1 e o jlay B 31 el) o ol Lda

S AT L 5 iy U N 6L (g 1 EAS Laliif e J8-105 JUT e Liucas et al. (1994) 5 (1993)
e S5 e Tz ptad) odn ot (alo] S 4.3 5 e SML Al oy ottty ST 4008 3T e
Sl o pdolingg U1 st BT i O U3 o 28T Lucas et al. (1994) 5 Dodinot et al. (1993)
LT BAS ol (g o S i o3 03 O Lokt Jlt5 Blen (S5 oI .EAS I Ll Sl 1 100 2 sn s
Mathew s McIvor (1995) Of Y] .EAS &l U, Ol i 50 LaJ S o (Gl ) 8 A el eyt
pUazt 2L st (31508 Loie (S3o b 78 oy | gile ooy 50 Olim ) M58 2 0 O 1ol et al. (1997)



QY e odall 3 54 VY e ol g S Ji-lutdl

oda g i Ol J Mjay adl @bl &2 5yl ol @hs  ias (gL BAS il oo (f iy o3 BAS
30 3 o o 8l oo Ditagties (FY) Blna ppaie Gyl Jaibd abils i it ¥ ol et
.EAS

WMs e 59 M e (331 AL 357 gunalt Oaladt CodSE

ks (YY) I ) bt e (Y) 31 (HEIMDs J1) Al 38 gl O3lall citlS oo gl Joliy o
o0 234 a2y A Okl i8IS (pa dnly ja i (Hayes etal, 1996) La bzt 7 20l oxo 341 Ol
(oS ol )zt BT DC ot @B515 L9 5 SC s @bl ducad @Jath sy 5 (WTMD ) LIMs
5TV G WTMDS N o - s 3318} 2o DC e @bl 5 ZingTy SC las- aBlpi 3,00
¢ e o3 Jao S o (Jantodl) Jomidh sale] s oSO el st oLt Ja SC Jas aBU e Jo-tz
45 WTMDs Jf of i Sl adn o5 (LSl ll)) LS A ot LW s LST WIMDs Jf o  SU) o o
S gtlh 0 D1 V]l (on JSY AU o 2 80 G M (o 13 Sl (Bl il amy e S50
ol stz @ e 5300 i @Bl yS Ao 3T WTMDs Uy 4y Copperman et al. (1988) 2, ae Livita
s 3 Ol 3 13] B ol WIMD 31 pe ol g 3 98 ke Losd o 510 Ol 1 2380 50 e WIMDSs Jf 10
Ul>- (gl (s HHMDs ) 5] WTMDs 1 s oS . oy Ol 3LS12 o Latie Ol M0 0 g
ool 354t 0L Asch et al. (1997) sUl.0lin J wise of et @Bl g5 cpn (Y @15 i3 o L2 pislely
PR PP RIDE PO DV RT PR WIS - en EEPPSPR SNEPR STR8 PR I S PP R PN JUTRIRY
WIMDs 3 Sy} ) ilor S o mstior (FY) Blean cyis 15y W1 0 1 B39 b (Bl

daduly
Discussion

3Un 32 Y O ey 1 ) gl 531 330530 | panl 26 5521 a0 28 O 0 1

(~—olss ey Gl Cas) Lol jatansy . puboliie g S0t Jo-lastl JSLEL (LS o8 4115
O] - o line g 83 33442l (oban) kS lanol g s latly  guadoliion g 1SN Ji-hasdl g LBl (30 o381
3 Y ast (ool Uz 13 anap ol peubolia 5 16831 Jomhitclt e 221 Ll gt ST e e
co’JlijaajJ1JWthﬂ5Lﬁ_,JubJ.aﬂ1bl.NthﬂﬁlJﬁiulJawc_mquZ.a::.al.n_,ld\
(ooliie 5 g8 ooy Sl g O 13) Lacd 3B 0555 0F 86 IS dalt Sl wpmny 4531
¢@1@piu.&mgujw,wwmﬁmwa@1w1yapw1a¢u1y}q§3



Al v'¢

L3l Lo Tl 55491 any e oy Lo U2 im0 JUas Dy e oo ] Mz 20t
G S U Ll ey A3 it T (3 Bl ks 3 T 35! ke Jlantaly ¢ Longholiin g oS
g lika g 45

JUENTE BRRIE IS SR ALEVPIPN N P €T ST SIS PO B NY C__ﬁmmu
34 W syl IV e e 2 g2 B o O 8 oy 0 S SUY JLai W 34T O et
i 530 Z 05 ool 31 S g o s Lo D3k O L 10 el o ol
S B0l 3 s J) syl 3UY1 3 G s 3 poay U sl LY iy 1S (3 43 S VIS 0
O 3t 8t s Uil 3, S olas ol e ey Sl s o0} IS8 S bl 43
3] A s = Jeball il s of wlasz Xt & (Siegel et al.,1996) s (Tan et al., 1995)
Tovao g} o2 graedolinn S 331420l g 3 ppiens Wyl (3 058500 331y A ok oy ALY Jloat
ol (P oS cobatinall 3 A Lyl ate e 1 e gl g 2 V488 (raz) Jhf (3 1S
(Tan et al., 1995) Lgahtsezosly @Sz s OF Ll

Y LKL LAN 3 £kl ba 35 o e T il skt ot O Lin Lyt § 2 ol oot
B phsea O L e Il LadisW odm o] ladl odon - s gatinadd (3 Ldall 5562 o Jluis
CUS e Lady - g pald Al laglall J) (2 a3l 3 d g Ao o) 81pd Jaclly bt
S5 AL LG 045 O Sl a3 3l e s S Jluast allis IS o O biatenell sy 48
39yl J g 4,80l Task Force Lol Lo pad! il saf df OLS il alall ez ) (3 Lgaioy
G g 8 pptancs T gl L23e ey 21988 plo ol 21y clmaall Lle 1 3 udoliin g 1651
S 1Sy oYY J] el oy 417 a ¢ (Tan et al., 1995) Lovuall Gle (3 (puurbolinn g 14!
e gadtl oo sl (Siegel et al., 1996) "1Se JL ) @l u'ajs.TL,JSJLp 335 plas alisvaly pdolion s 4801
Jrarill 1n (3 88 g sl el e nds M Z3all by Liaiecl] BUN ol oLl ozl 02 0L Lol
cobitzd) § Bl Laisie LSLLY Jlail 3 5] alisezal

i e 330 08 G Tondy Bl g cpe ety 801 Jiobtt O Liaf ol odn
Shap 055 Lekie Jotaal] LS5 sl ad Joul sl by b f Zo gl LMl Jad (Bl g5 Jamy
x5l Szt o o A liad los 5 3 il pablial Of - gl (BT ol il 3 il
Wyt A b el (Bl 0f . Jasll @ gublys o JolSdh fptazall oo joll Qe 0,55 45 @By
AR padll gl Ll ey Aty 5 &Y ke Jooich Bale) o1  Jadl @Bl g5y 3 e 43



q¥o erodall 3 54 YN e grandoliia g SO Ji-lutdl

Lo (3 LI OIS 13} ¢ gt s 14 -5 80 st Al VU e (3ol O il 204
Iy i J] LN S O g LT 180 (g O ¢ ) @B o 301 1 (3 Lo o pa g hazae Y1
galall bt | ) @Bl oty p Jl i gy L GNE] e ) (B e itz 3

aise ) Bl o 15 oy Ley (PCS ol o L (g glsn s o ool 45 J5-105 ik o)
i g | gaddits OF ot @BU e ppdatall (o jol) pa SF pesladl o s o de UiVl 5342y
PCS allas of LB 4yl
Strategies to Reduce EMI Risk gwebliie § oS3t J-udl 8 b1t ol ol 2

Shdandl gyl g J5H15 Tounbliie g S J g1 )3}

S 531 3373 O 5SS & guantight o1 0 g1 g O kel O puantiglly bzl g ke @l OF it
ol 4 @Sl st (idrone sl s oW biiiizadd e dly O it 0 0buans
e ool Aol dadsly jolome dalSle jLze VU 1dsd O L‘a.l’f Crophall ity 00 2t THIRE Szl oa 2
izl 3 Ly ( Konta b Jaasl 3lan 41 B3 53 32 yb1 JUas¥ 2l

(@t Sl dslue 813

Jhly Laladd) Bladt g | slly (06 0 pmadl) ((SmdSH oLy gz (g pbn (ol ity
L1 (e 135S O lio paally EnSdS y g bl Crurcigald Lowsilly gl oy grmcdoliin g 54501
oo Alalotl J) ol gt A e s iy Lokl Ol gl 5 56801 Sty Aot o5 sl Ly
O (hid polinny 180 Jsulatly Ll A o Lo 3 54 2l o831 (3 puine (gt 15] Bz
Lodall g gl lolin 0 g SRS ol O gkl O gy O pasntitglht st OF iy Lo ploaiy ol LilSCa 120
o Lel L 8 er] plsualy Al O oy b2l a2 saty ilonld Daslill) f o A1 Elal)
O35S YN 9 0 g2 3o O gcdall O pasntigh! gty OF ity . gt g ST 3315200 3 500 5l dann S5
st peld Liglan 13N o 045 O ot 1200 Slzo W 335U dall 5562 e O izl 3 00)
i 1S 3Lyl Lol g 33 gom s (bl Al
Hospital Policies  gdzull Sl

B3 (S5 (S as M a8 gl gost M Sy po 5T LI sty plteisal o BCRT 0 g5
L3155l o1 sloll el 5502 (a1 uioll e Ll ts 43060} s Lol Ble ) 0liaso
J(ECRI, 1993) &> A



S 479

Gble 3 55 A po 534y Ll Cisl gl )iz (Regina Health Board) Lovall Lt ) s Conte
(et Ll Edmonton (3 Royal Alexandra jidsunl (Regina Leader-Post, 1993) coladnud! ops Lins
LA L3S sl N 5 5ger Ty Ty gl gt g pltsiad oyon (piSay O Al Lok ol Jadd el
Lo s odn iy e JLasW s gl pusend OF ot s 1 B 0 Bliall holtey (oo 1 G52 (3 @ gasd
e e gl paddzae By OTQ_L..:Q e el oLS 31y . Glael (6-¥) D) 3y 3 Ll 550 f (6T e 05
tionad) Ton gl Sl ppnrr i ] Ul ld) s S, 0 el g 41 Qe 91 2505
Gl ol aea dze cal Ly ¢ olEYWN L33 gool N wgi gl o L pli) el ga GNEY oy 1M o
Oyt cpddl oo S e g LBV S ot 38 5Ty R gt it gl il i) 2 A 20
Y OF SIS SVRS AP T L RV B SPSORE CINE' AP E K CPNPY SPPS PR AT ER PPy UCin |
(bl ety oSy Uy donl Yl

IS i (gaot o 50 ) DU il e plitsezaad LIBASL Y Jgull 3 liatizadl o 528 a2
G ) Lpae blis s DS il gl pliseraal wif izl yaay .(Bostrom, 1991) cadzdf Lk
9..!: gz (e

CAN/CSA @3, (53 (CSA) (Sl Ll @l olauol gl sl St i (e (1-Y'=0) aledll yaiy
e W 5" il e (CSA, 1989) o ML dliall 3l (3 L8 5801 LSk’ Ll e (6101 232.2-M89
CSlgedly (So5 (Saslls ot sl Lo ol 35l 20D a0 (8F e s pald 3 Ll & oot 3 oSkl
Vilan e gl dor o Dilie 3lalie pa ol ol (3 R Bpgdt g0 33l L pastt 4y pld
Recommendations for Implantable Cardiac Devices 4 3y j\! &A@t 8 31 Jorf 0 Slo &

Ol Y] Liaiseia sl Bage OV gty Oy (035 (59l il (ya pudoliinn g 1S It o 01 0]
1 (MDA, 1995) dovaf) Lilao- p 48 (Y *A) o (el gl 4 3 s g2l @i L Loal) LN
ke WS o Byt o M 2

sl B (3 Ly YVt g 8 ] (B ok L by 5k it el -

O g LTS OY ot @B 398 3,800 (ke o 3 (Sl L) o ity vty - Y
S s By sy i J} I 2

(b @B e e o agly O3 ] 4 1580g OF (g gl il plusenl 3 o pedd oy Y



qyy el 3 54 YN e ol g 4SO Ji-ludll

oleliall alas sLEly Wireless Technology Research (WTR) LSS Lox o 2ol ot w5
Pacemaker Interest Ja3-! ‘..LL, rL..uaY | i ga2 y Health Industry Manufacturers Association (HIMA) 4.2l
Bldl odr 503 (WTR, 1996)  Shu islay L,lp‘.m_. O S Jaad BluLS b--- (Y0) 5 Group
sl @Bl g Sleranas @line e oY1 AL 3 bl Lo

Lz 5 L% WTMDs 315 BAS ) Lalisf o oyt ulisl 15 cpo Judd @Bl 5 e Jinloch (S8 15
bkse -l (3 SN L) Godd a1 aUal g g5 2,00 Bole] Bagu g (Jadbl @BU 523 o i W3
o U I e Ll yo Jrabl o2 a5 sty e it a3 ) Wb 0583
Oy ¥ (b @B 0,0 OY U3y s o g M ey (U1 gl oy D3\ae CatISS ST BAS plladd (ool
AaLuWloda Yo cpiily

g crn O3lae LasISY ) BAS plUad dlusll 3 ol IS e Jadl (Bl e Jbichl ik
U {aies (FF) 9 SM U {ezie (VA) 5 UMLY {atics (FF) 4L lbln dim g 035 0 g M) o (51
Ayl J1s 04355, Lakze Ja b ok oliie S0 it 0Tl s o 30 2 20 06 WrMDs
(YY) Bl cpaio 1930ty ¥y Vg g T (el 0BG o b oty & Joidl) 10 () 28 g pl1 UL - 25
oo ey b i o Ut s 93 S M i o Tsin a3 3 il S 0 (i
g e 3L oy sz Wl sl Of cpnlianll sy 5 090 0 isle it U e (g O 3
Aple a ol o 2 O Olim M ijay (il @BU o o ety ol @l 3 gom 5 iy S
(e Lgd ot Ll cash rogisters L i) < Mawas 4l 5% BAS ) Lol S 5 00 W iy 03 J) B5Lis)
MLl oL 81 BAS I pls5 0 fastion (1F) Dls pyais iy O s @Bl e cptazall o 0
.transactions & ;lai!
EMI Awareness gebliia g S31 Jotualt 81y}

A i IS pn i SO bl e RAUH Lad I VS g S Cif S
Medical Device " lalf 5Lgdt )" Sy} o g pandd laglan Gals o Ll 34151 1S Bvp cno
orn (o2 o ol ke M o ga (633 J) Wb 9 shay ) Your Health bulletins "ioes il 405" Alert
Gs1 Lol 1S Zowas elale 25 433 (Tan and Hiinberg, 2000b) 233111 bl 5,15 cohus 55 ks s JSLEL
dyng Loade S E5a 3 g sl Iy ol n kel ety pranbolinn oS3 il J g Ziode
(Tan and Hinberg, 1995b) (Tan and Hinberg, 1995a) y (Tan and Hinberg, 1999)3 (Tan et al., 1995) jas

«(Tan and Hinberg, 2000b) s (Tan and Hinberg, 1995c) 4



At 1¥A

(eablinn s S 38 el (ulally Lt oot U
Electromagnetic Compatibility (EMC) Standards
34 214V4 ale (3 (MDS-201-0004) &al 1] yob deal S Linot o LS a8 ol guldl g ol 3 05f 2 ke

S (200D cyn pal e 45 (V) 0,55 O Ll 451, 401 3540 radiated immunity A1 Lelall i o
(Lt gt ) G313 J g (IEC 60601-1-2) Lo S 2 goldt Lol @ Aol bl 25 35,8000 (V2 0 0)
3370 Jlg Sl e e/ 0 5 (F) L juld Zebie Godes gt 6T e Ldat 450, 54500 5 542 U bl g 1SS
Leotdl 35421 e bUntly ot el Lotiad 1ol (g gmn phdl @ 41 9] 55,000s (V00 0) JHCYD) o
Lol 3 g ol o 2078 38 (4 4) a pi delis (IEC 60601-1-2) po 25U dncdall 53 poun - 285 3Lonell
I 520w (AV) e a3zt g ol e (6,31 Ldalt 54 4801 55021 b e e/ b (F) 5 L]
A ] gl g S S HUT Ol s ¥ ea/ et (V0D a3 delie 0 ). 55,0k (Y.6)
ek 33,5 e 3,85 kS (1) Jan Juasy 1Lz IBC 60601-1-2 gy J 531 Endall (ol L3 )} G5Ls)
oS 13 55,8 (V) e JUas fidns ZA Y e LL;&-\ 7455 TEC 60601-1-2 (po 351 dncdall 53 g bl s
W3 ¢ 52 () o STl 55,8 (V) g a1l el S]] 33 555 Lo o8 g0 5ol 3161041 03 5
55 akS (V) e {1y ghlan ng

55 S pcbliin g0 (bl 20) 3052l) Lo 5 (plinm) Losald liasl g ot J) Aol 0]
Syl Ais Ungin 0555 Bt L all 55 W esmas 0 M T3 im0 el Ll S ALY
o greal ot b (F) 5 3o Lastull Ldall L350, 4801 55421 ol e e/ 00 3 (N 0) oo Bnunbliin 5 ¢SS
U POVE PNU RSP PEIPIVANI PACE APV BCS (BPTE SVARURBI S SU A B & WPV IR YIRS
shiely ISO TCIS0SC6 3 (Y) 5 (V) Joall Lo gat o g5 oS e J) pboliin g gSO1 il o Sl
Mg Ao M Ll ot @Bl g Lol g boline g 1S (L81520) 31 5l) Lo g5 Bl it 50
e g 50 Ol

b DN | I
Conclusion
g.._:btﬁu_,ﬂs.“ (:._:ij\fﬂ) 6.3[,2.“ L;l nL:.’.'.'»Y‘J “’Jl_l.“ .!.!J:_” J.!L,a_n ‘:U::vd'_sd\ SJL\l Dp ‘-L’.’g-\ g:j_’
Lodall 3542 W W ‘aLBv.:u}’Lg Mz Lad Olaall yiamy Oladdy U8 g dovall Lle I 391 o (3 2okl 336N
§ ool g S Jilucdl St iz OF Ss



qvq orodal) 3 54 YN e gradoliia g S Ji-lutdl

o
References

Asch M, Liu D, Mawdsley G. Detection of Implanted Metallic Devices by Airport Security. J Vasc Interv Radiol
8:1011-1014, 1997.

Baba I, Furuhata H, Kano T, et al. Experimental Study of Electromagnetic Interference From Cellular Phones
with Electronic Medical Equipment. J Clin Eng 23:122-134, 1998.

Barbaro V, Bartolini P, Donato A, et al. Do European GSM Mobile Cellular Phones Pose a Potential Risk to
Pacemaker Patients? Pacing Clin Electrophysiol 18:18-24, 1995.

Bostrom U. Interference from Mobile Telephones: Challenge for Clinical Engineers.” Newsletter of the
International Federation for Medical & Biomedical Engineering, November 10, 1991.

Canadian Standards Association. Electrical Safety in Patent Care Areas.” CAN/CSA-Z32.2-M39, Toronto,
Canadian Standards Association, 1989.

Carillo RG, Williams DB, Traad EA, et al. Electromagnetic Filters Impede Adverse Interference of Pacemakers

by Digital Cellular Phones. ] Am Coll Cardiol Abstract 901-922, 152,, 1996.

“Cell Phone Warning. Regina Leader-Post, February 16, 1993.

Copperman Y, Zarfati D, Laniado S. The Effect of Metal Detector Gates on Implanted Permanent Pacemakers.
Pacing Clin Electrophysiol 11:1386-1387, 1988.

Dodinot B, Godenir JP, Costa AB. Electronic Article Surveillance: A Possible Danger for Pacemaker Patients.
Pacing Clin Electrophysiol 16:46-53, 1993,

ECRI. Guidance Article: Cellular Telephones and Radio Transmitters: Interference With Clinical Equipment.
Health Devices 22, 1993.

Eicher B, Ryser H, Knafl U, ¢t al. Effects of TDMA-Modulated Hand-Held Telephones on Pacemakers (Abstract
I-1-10)., Proceedings of the Bioclectromagnetics Society Conference, Stockholm, Sweden, June 1994,

Hayes DL, Wang PJ, Raynolds DW, et al. Interference With Cardiac Pacemakers by Cellular Phones. N Engl J
Med 336:1473-1479, 1997.

Hayes DL, Carillo RG, Findlay GK, et al. State of the Science: Pacemaker and Defibrillator Interference from
Wireless Communication Devices. Pacing Clin Electrophysiol 19:1419-1430, 1996.

Hietanen M, Sibakov V, Hallfars S, et al. Safe Use of Mobile Phones in Hospitals. Helsinki, Finnish Institute of
Occupational Health, Technical Research Centre of Finland, 2000.

IEEE. American National Standard Recommended Practice for an On-Site, Ad Hoc Test Method for Estimating
Radiated Electromagnetic Immunity of Medical Devices to Specific Radio-Frequency Transmitters ANSI
C63.18-1997. Institute of Electrical and Electronic Engineering, New York, 1997.

Imich W, Batz L, Muller R, et al. Interference of pacemakers by mobile phones. Proceedings of the
Bioelectromagnetics Society Conference, pp 121-122, 1996.

Lange S. Cellular Phones and Transmitting Devices in Critical Care Areas. Regina General Hospital, Regina,
Saskatchewan, Private Communication, 1993.

Lucas EH, Johnson D, McElroy BP. The Effects of Electronic Article Surveillance Systems on Permanent
Cardiac Pacemakers.” Pacing Clin Electrophysiol 17:2021-2026, 1994,

Malach T. “Preliminary Testing of the EMI susceptibility of medical equipment,” University of Alberta Hospital,
Edmonton, Alberta, Private Communication, 1993,

Mathew P, Lewis C, Neglia J, et al. Interaction Between Electronic Article Surveillance Systems and
Implantable Defibrillators: Insights from a Fourth-Generation ICD. Pacing Clin Electrophysiol 20:2857-2859,
1997.

Mclvor ME. Environmental Electromagnetic Interference from Electronic Article Surveillance Devices:
Interactions with an ICD. Pacing Clin Electrophysiol 18:2229-2230, 1995.

Health Canada. Medical Device Alert No.108: Digital Cellular Phone Interference with Cardiac Pacemakers.
Health Canada, Ottawa, Canada, 1995.

Health Canada. Medical Devices Incident Report Database, Medical Devices System, Medical Devices Bureau,
Therapeutic Products Programme, Health Canada.

IEC. Medical Electrical Equipment Part 1: General requirements for safety. 2. Collateral standard:
Electromagnetic compatibility -Requirements and tests; IEC 60601-1-2, Geneva, International Electrotechnical
Commission, 1993.



L% Qg

Rice ML, Smith JM. Study of Electromagnetic Interference Between Portable Cellular Phones and Medical
Equipment. Proceeings of the Canadian Medical Biology Engineering Society Conference 17, 1993.

Health Canada. Safety Code Recommends Safety Procedures for the Selection, Installation and Use of Active
Metal Detectors RPB-SC-18, Health and Welfare Canada, January 1977.

Schlegal RE, Raman 5, Grant FH, et al. In-Vitro Study of the Interaction of Cellular Phones with Cardiac
Pacemakers. Proceedings of the Workshop on Electromagnetics, Health Care and Health, Montreal, Canada, pp
33-36, 1995.

Segal B, Retfalvi S, Pavlasek T. Sources & Victims: The Potential Magnitude of the Electromagnetic
Interference Problem. In Sykes S (ed). Electromagnetic Compatibility for Medical Devices: Issues and
Solutions. Anaheim, CA, Food & Drug Administration and Association for the Advancement of Medical
Instrumentation, 1996.

Segal B, Retfalvi S, Townsend D, et al. Recommendations for Electromagnetic Compatibility in Health Care.”
Proceedings of the Canadian Medical Biology Engineering Conference 22:22-23, 1996.

Silberberg, JL. Medical Device Performance Degradation Due to Electromagnetic Interference: Reported
Problems. Proceedings of the EMI Control in Medical Electronics, Interference Control Technologies, June 15-
17,1992,

Silberberg JL. Performance Degradation of Electronic Medical Devices Due to Electromagnetic Interference.
Compliance Engineering 10:25-39, 1993.

Tan XS, Hinberg I. Investigation of Electromagnetic Interference with Medical Devices in Canadian Hospitals.
Proceedings of the 17th IEEE EMBS Annual Conference and 21st CMBEC 17:105, 1995.

Tan KS, Hinberg 1. Malfunction in Medical Devices Due to EMI from Wireless Telecommunication Devices.
Proceedings of the 30th AAMI 30:96, 1995.

Tan KS, Hinberg I. Can Wireless Communication Systems Affect Implantable Cardiac Pacemakers? An In Vitro
Laboratory Study. Biomed Instrum Technol 32:18-24, 1998,

Tan KS, Segal B, Townsend D, et al. Proceedings of the Round Table Discussion on Electromagnetic
Compatibility in Health Care. Ottawa, Canada, 1995.

Tan KS, Hinberg 1. Can Electronic Article Surveillance Systems Affect Implantable Cardiac Pacemakers and
Defibrillators? Pacing Clin Electrophysiol 21:960, 1998.

Tan KS, Hinberg I. A Laboratory Study of Electromagnetic Interference Effects from Security Systems on
Implantable Cardiac Pacemakers. Proceedings of the XXVI General Assembly, International Union of Radio
Science on Electromagnetic Interference with Medical Devices 868, 1999,

Tan K8, Hinberg L. Effects of a Wircless LAN System, a Telemetry System and Electrosurgical Devices on
Medical Devices in a Hospital Environment. Biomed Instrum Technol 34:115-118, 2000.

Tan K8, Hinberg I. Susceptibility of Medical Devices to Radiofrequency Electromagnetic Fields. Proceedings of
the Advanced Clinical Engineering Workshop, Santo Domingo, 2000.

United States Congress: Wireless Technology Research, Final Report: Evaluation of Interference Between Hand-
Held Wireless Phones and Implanted Cardiac Pacemakers. Washington, DC, 1996.

Witters D, Portnoy S, Casamento J, et al. Medical Device EMI: Analysis of Incident Reports: Recent Concerns

for Security Systems and Wireless Medical Telemetry. Proceedings of the IEEE EMC Symposium, 2001.



