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ABSTRACT

This thesis presents a method of finite elements. To study the possibility to treat
varicose veins by heat from the microwave spectrum. Patients who suffer from varicose
veins can be a pain and swollen at area with varicose veins occur or affect the beauty of
the body. These problems which affect the daily life of human. The researchers have
studied how to treat varicose veins by the heat from the microwave. It can treat varicose
veins easily.

This research was designed to simulate the antenna at Inserted inside the
varicose veins. It is divided into 3 groups of 3 sub total of 9 profiles include antenna with
open ends 10, 20, 30 mm (COA 10, 20, 30) antenna the open end of a shielded 10, 20,
30 mm (COAI 10, 20, 30) and antenna designs slot 1, 2, 3 slot (CSSA, CDSA, CTSA). The
simulation is scheduled to enter the microwave frequency 2.45 GHz 60W power
consumption for a period of 10 seconds for the simulation of antenna inserted within a
blood vessel all knitted. The simulation shows that the change of temperature in
varicose vein at 0 to 10 seconds.

Analysis using the finite element model of varicose veins of the antenna in this
town. The distribution of the heat flux. Volume of distribution of heat. Direction of the
electric field distribution and the distribution of the rate of energy absorption SAR
(Specific Absorption Rate). Provide information for medical use in treatment planning the

next patient.
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Tuuniagnanfen1e3nIArEnsLaLaISTING1VDLAUEDARIAIUAY LEULEDATDA AUNNT
ANUTBUNYTINGT (Bio- heat Equation) MIIATIENENIINTAATUNSINUTUNIE WUFIUATT

Iasrziauinuwidntuin nisderduusimaniniiluanslawendea
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2.2 dwdeavaa (Varicose Vein)
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2.2.2 anwmanisiaduionven
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nsindudenvenuudld 2 naulugjq fe Primary Varicose Vein anwilduanimandn
rsmsindudenvensinmsiwestuiiatniumsinadeundurendenandudenmaium
(Superficial Veins) giduiiensdiudn (Deep Veins) wag Secondary Varicose Vein mma‘ﬁ
AinMIUMRIN1I% Deep Venous Thrombosis (DVT) 151z DVT sibitinn1sgasuveiduiions

WaoLAnauT (Venous Incompetence) 161

2.2.3 aqns

91M3NUUBY g BINITUINYT DINTUUNSIAYUTIAN Weea17ivndte Uingue 7
91 1 Junza3 wagueAue1alennIsuauAuusals ennsdinfudilaenuigs daweinis
wanspgdunetanTIanus sl TokA e1n1svivan Randedniau Tawlellennisudeded
A 44' YA ~ YA ) & < .
\donvonidanduidenvenusn dJoin1suinanidudenveansn@uilulauds (Superficial
Thrombophlebitis) Rananviidnauaznisiiunals ossidein Feiuntsinuueeindy

Usunuluestawin

2.2.4 nnsshen

%3 3 o o §%4 S = Q’lj
noUsasAnantunissnyLduiionven Headl
1. [eAINUEIY

2. SNWLATUIINIBINTG

3. SNEIANMELNINY DU

4. Uaafunneuwnsndou

5. Ua9niun1ssnngn

2.2.4.1 M3ty mUUUsEAUYTEADY (Medical Management)
. < [ 1 a a = a 1

1. Conservative Therapy 1un133nw1lngangiuavlinfitiy F998dAUNUIMATLIY
nigadesmild Tnenaluasiiausueglugag 20-30 Tadwnsusen ldauiivaniuniety
LLazLaaﬂuauiﬁaﬂﬂquaﬂ’héhLﬁﬂﬁaa NaNd1ALVOINITINY AD 118anD1N15UIN 91A1TUM

Y v v Ao w o aad a v a a P o

wazrald TerundrAglunssnwiisil fe dUhenninnziduienwnsgndiu

2. Wound and Skin Care ldansuazaunsadldunaniag ungagliunamelanv

3. Venoactive Drugs enguillaannnisdansieiniaaisannainiis nalnveseinguil

a Y] a . a H a
Ao ann1ssalnavesvasnidonnas (Capillary Leakage) 1fiNA15inav09T¥ UV NNE DY



(Lymphatic Flow) kagannszuiunisiinnissniaulududensn nanaadinnuinenguiliina

8AADINITUILUDIUT §INITNUNYT WazUInv)
2.2.4.2 M3TnElaun1sunsnuas (Interventional Management)

1. Sclerotherapy msSnwilldnsaindiduidonveniany wisenadnaoainnisenda lag
a %] Y oA o g v ¥ & a Y] a ~ Y
Apansitnluluduionven ilidudienveninnisanaunazivlulunan wasldlunis@adnm
£ =) d‘u./ =4 1 v 6% % = 1 [
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Y8089 UNIENINTDU
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Tovnulunisingn Sclerotherapy loun {Uaennsnsss, fuleilianunsatauedld, Deep
Vein Thrombosis, wians7ae, luuuues, Anteniiavisusnanis, dilasusesluunsoniue

o a Y1 d‘d d‘ = U Y1 ‘:I' Y % .
Aunile, JUleilidymisevnenionuniaaiu wagkUienlasuen Disulfiram

53

2. External Beam Laser Therapy n1ssnwilaeldiawasldiuiduienauinidns (Small
Telangiectasia) flifinnuAaunfiog1eausin azlilanasiiniigvesnisivadaunay (Reflux)
uag Large Feeder Vessel tniin1agivaiimaslasunissnenney

3. Endovenous Radiofrequency and Laser Ablation l#5nwidudonven lileanuuin
WATINUIUNANNGA annsiinsaatudusndenudnsn tnaldanuseulunisviaiuneludu
N ~ v a0 Y ~ a = o ax p . NY a A A
\den telnnasaideaith nursfivauly WeitUSauliguiudd Venous Stripping fivof Ao i

v 1 v v | v | Ay a A A A & = ]
a1nstanndeifintosndn, ngnarutiosndt dnewdeniieanluiliowetudn (Hematoma) Wes
N7, 91N nduUsTamMteenimasndulur1uleisidu willdeldufa anainseslngd

(Skin Burn) wisasduldenadniay (Thrombophlebitis) louszana 7%
2.2.4.3 m3snwlagldn1snisin (Surgical Management)

1. Ligation and Stripping tJun1sindinidawnausiauiniiy, 11 Wisenduidenuen
onudmNING drududemangivaslinisdaeils flaefivinnisiidade fUaedil Reflux 7
Sphenofemoral Junction (SFJ) #58 Sphenopoplitial Junction (SPJ) wazgUaelinlsiinnig
Deep Vein Thrombosis 511078

2. Ambulatory Phlebectomy nsindadudenveniililuguin Tnannduganznu
wEuLEeAvenLa R udanvaneenuUN lneldnzve (Hook) n3ounAvu (Clamp) ualuls
naRnINgsdl reflux ULIal Sphenofemoral Junction (SFJ) %38 Sphenopoplitial Junction
5P Afelllasunisuily n1rzunsndeuienanulenn  Hematoma,  Transient

Hyperpigmentation, UInLKaLaTLEaRAD [1], [3]
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2.2.5 msfnwduiaonvandienaululasiov
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nssnwiduifenvensmsadululasion Wunisudsedanuieu lngdinduanundiu
llasinkuangenaiiagenegnelududonvenvilinduwdmaniniinszagluduieds
dautugInianisgadundsnu Fuihlbiinanuseuiuluiedesgnsimg Anuseuainadu
Lulasimasiinluvilndutenveniudeas Neusou 85 srwaidua [5] agviliiduleves
- Y o w o a o & o w D o = =
aoaaaunlulassaisddyresntmasndendtulefiadll dofvainssnwpe unallaun

< 1 Y b ' o X ° vy a Aa aAas
wan, Tdhalumssnwdy, gunanlunsiinily wagyiligUlelnunmainnagu

2.3 dunsannudeulunisdainen (Bio-heat Equation)

Tunsiasiginisaemeanusaunigluiiadediinen Twaunisluledn (Bio-heat

Equation) Tuanizlinssa (Unsteady state) wanafsaunisd (2.1)

PC%"'V'(—kVT) = PCy, (T, =T) + Qe +Qqie 1)

Tned
p = Auvus e ailaLe (Density of tissue, ke/m’)
C = Aemugaudousinizveniiends (Specific heat of tissue, J/(kg K)
K = anmmnihenudewvosieie (Thermal conductivity of tissue, W/(m.K))

Py = ANUMUILULYOIEDR (Density of blood, kg/m3)

C, = AmNugAUTauTLNIEYeLien (Specific heat of blood, J/(kg.K))
@, = on3INTiraisuveadsn (Blood perfusion rate, 1/5)

T = feuugivediieide (Temperature of tissue, 37 °C)
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T, = ﬁ’lqmwﬂ“ﬁﬁumlﬁaﬂ (Arterial blood temperature, 37 °C)

1 v % . 3
Quet = AANNTBUINNATEUIUNTEUANU (Metabolic heat source, W/m™)

a o

] o ] 3 =1
Q. = AIMINTBUIINATBUBNTINE (External heat source, W/m) Tusuideiine

paululasnldarsainiamdusinanudewdnluludubon

[

¢ 8T d N Y . a a
Tunatves pCE ABLNBUNIUBYNULIAN (Transient) 9¢05UENTHUAEULUAIVDS

Y

gauvgiiillaanddsuluimaues V. (-kvT) asuvignisuininiiussulukuudiass
(Conduction) szninstiatgaiunisluaisuladnluilows wazimenves p,Coo, (T, —T)
a5UNNTWININIEevetanneluLlaLi et Inen (Perfusion) NISWEANNBULYDIANUSDU

melunuuinaes fie Q. oSutewdiuaNuiouneluliio@oudaziuy ANSEUAIUVDS
| a o % 44' o v & o o
TNWNY LLaZLIBUUYBDN Qext EJﬁ“UWEJW’mﬁum’miau%mﬂaulmimL’JWVliﬁijﬁ’lﬁJmmﬂL‘Uumuﬂmw

Soudnlulududonwanslaainaunis
Qu=p SAR=0|E[ (2.2)

lag?l SAR Aodnsnsgadundsrudurizvesrduudmaniniludedevziiulidn Q,

zsinauu iy

TuarAdefinaainnssuiunsaunUnisludiaidetiantssuin setulunsaifiazaunsoay
Mensdununeluilotis Q,, oM mualidANvIiUALElA

1 1w 1 = [~4 e‘oIJ ==llcsf{ [y} a d! = d‘ Q‘ é’

duAdnsnsunsvedifenvsiduiliiduniuegivoamall danisivaveudeniiiuduas
< o v aa i dg” ¥ = 1 Y 1 =l 1 ~ I
Wunarilieaumglifirna@uniuluime Fedenalionsinisunsnszangvesionlind weilu
ANSAN®IDINNITINABILUUINADINADAAIENS MU UITINU TN AN UAUIDNTING
WWSNTLABVDWADAMIAIN NLANLDIUIN Y3091 LURIITUIAITATINITWININTLAVDILEDN

E a Y v ° Aav v P Y a
meluilagoas eananudgaulunisaiuin ngwniglunuiseiaeanistuianulnasfes
fuauduase Feazdeuldlunuudiasivetadedtznieuanvaasnanie druluanuideday

AMUUALADHTINITHNINTLBVDUADATIANAIT
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2.4 n153A512RTNIINIRATUNAINUTUNIZ

A A v & A Y a @ L A A
Wemdululasivingileitie wasuanedululasivazgnoadulagiieitio uazaiuae

Aopaniasas uaznualuluiian ndsnuanedululasngngaduazgniudsundasliiduy
a
Y

o v & o g v & A ~ A Y} = Y
NAWNTUAIUIDU LLazLUua’lLMG}VI’]IMLHEJLEJ@JWUIUNQZUMQ@J VU I@B@@iﬁﬂﬂi@@ﬂauwmmu

Wz (Specific absorption rate, SAR) Faaunnsi (2.3)

SAR = Z|E[* (2.3)
Jo}

Tne

SAR = §n51MIAdUNIUI NIV LBLED (W/ke)

E = enudnssgunulwila (V/m)
o = amwmsﬁﬂﬂﬁwauﬁm?ja (Electric Conductivity, S/m)
p = AnEvRUES IETailewda (Density of tissue, ke/m’) [11]

WaunuAERIINIRATUNATIUTIIITYR LT luaLNTWMAIANTEUIINAN B BN

Seaunsi (2.4)

oT
oC s +V(=kVT) = p,Coo0, (T, = T) +Qee + Pricce - SAR (2.4)

av A a [y o

ATEANLINUNTT NS ALEULADAYBAMEATNNT MCT dn1simuiluagneaninginaly
1azduni1saneinienisstasslunsufiimesLaznIsnaasinuLiaLioding19asalu
WU URNT FensiTeludnuagnaaesiuiioeass aslanansidelagnisianisgaduany
v dgl’ a [ < av v 1 =3 [ wa
Fouluillagenduadanszuiunts MCT nanisnaassiilaagliaiunsonouiuanvsuauda

uelsgnis MAnTungluiduidendioganasnnismaass wAIsiUaNvUzI0IvaULUATIGN
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MansudmMaIN1sNeaes Fidnvasuissznisildannsasesiulitu auauiRnisnszane

[y

yosawmuivan awwliih UuunIsnsEeiivetgnmnglidnuus e sinsesuragnngl

A ! A A o ! o = vaad o o ! & A < ¥
e luiieiofogavagyinnImaaesdnuaudRndAgsineg danusanagiiulaainnis
ldn1siimsgsimenuuitassunauiiamnesnisinsizinssuiunis MCT lupsuiamesilu
N15ANYINAGNSVDINITTNOTUAUIINGNI3AIIN9Y MIETBTNITTAAY 1WU NIFIATIEAUIITNNT
malludiediwudungiglunisauiunsimmeginedsnmsdaandunisuiladgymlaenis
d319uUUINaesTuLazLUUTIaRIriinudnyualoulduionvenlagaldeni1siivua
AITimesA1awazimuavavenoulliuudiaedinuandfaliouasawnnigaasluy
LUUTNRRY A1NIRgUILAIATRINITANYT Fan19ndimesuazveutvaiaublud1eNAfnuali
wuudnaeszgninintdluaunisnadinaransitonisAuiunaswsyeansdiwesludagiu
=2 a 3 < o & A A o A o = a o

N13AN¥AIATILINSEUIUNT MCT asdunuudiassiaensefinaniinunfnwasiianvoue
) E = a ¢ Y aal a o [

\Jusngu (Porous Medium) [13] F40153AT1EMALTBNSTUAY AISTIVUASN BAUEN N8N

o o P = a ¢ A Ao o I

YDIUUAIRRIRANISIMMUavatoultlunsAnydiesvmdudsdanuanduuin wee

e 133dedmiugnsios wagvwenanisdiaesgnssauasduasaniidge
2.5 Wugrunsdaseiauuwimaninila

awnuwdwianiniluuiluudves durdudadudaaaiiiansluidn (Time-Harmonic
Field) n3edndenilsae (Tudygiuniinmunisindsiiiiuey Felneiluuduinasunumenasiu
Y] o ] ¢ o a ¢ v & ¢ o ¢ ¢ o ¢ A
vosdrygaugUggunanursaldilandunadamansloulavaieidulamedilandugeinie

Hetundnluudeafetou ofansanaumiimaninfdndudayralaweinagls

OE . aa iy & o %7 a ¢
— = JoE SLUﬂimV]auquLLiJLwaﬂvLWﬁr]LUu wmﬂmgﬂ%ﬁﬂuuu FUNTNUATIECVNAUDY

ot
o’ Aa o Py a | = o’
ﬁ"LﬂlILLfLIL‘VmﬂlWﬂ']VlﬂJG]EJG]’Jﬂ@NI@MEJI@EJW"iﬂiikﬂﬂﬁﬁ]@UﬁuaxﬁJE}ﬂsﬁ’NL’Jﬁ’MﬁU’mLLlILﬁaﬂlﬁl\lﬂﬂ

U o ¢ U { U { a
Wudaamneiaad (Steady State) Tsanunsaoyuusnsinsilasunlasiuaiaziile P

AENSIRAEAIEAT jo IAlAEUNSIUNGLIaa AedunIsh 2.5 - 2.10



2.5.1 aumsuundiaad (Maxwell’s Equations)

VxE=-jouH
VxH = joeE + oE
VD=p

V.B=0

E = mnuuvesauiylnia
H = anulduvasaunsislivan
D = anunuiwuuasnan i
B = Amnumunuuveanuiman
& = AmANuBULauNalnin

' =2 1 =3
U = ANAIUTUFIULLLAEN

p = ANUNUILUUYDIUTEUTIUTUNS

14

(2.5)

(2.6)

(2.7)

(2.8)

(2.9)

(2.10)
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2.5.2 nouijaduusimaniui

IngUnfuywdduiaiunduudmanluih (Electromagnetic Waves) nasaiiands fifiaae
4{' [ 1 14 1 d‘ v a .1 . . . d‘ U [ d‘ a 3 d‘
vaspdudenalonn Aiuwas Sedlend (X-imadiation) maulngviAyd AdWIngyaAau AM
(Amplitude modulation) HagAdl FM (Frequency modulation) $sddansnlilotanssd
dunsuse wazedululasn laeainudnnisidt dagle 9 ludnsnandaaumgiigandnaud
auysal awnsaUaespduudinaniiihosnuild dewandlusun 2.3 Ferduwimanliiinesd
dNuYNZIRNENIANNEIAGY (Wavelength, 4 ) uagaud (Frequency, f) Tusssundaziindu
wilwdn i iAnInn1sas1ve Y EnTaLRneIINsIINYR Felinaraarudsiaiuuinuiy
' A & = ! o dl' 1 < = 1 = ) '
FRATUDAN 9 Ws1awTendy adnasuaduwlwanliin AAUUIYI9819sTANUDLYIN AU
SenPennanuy luwsizinanuasindnmeiy mnuivesrduiimantiihazindueuss
= 8 i a A o o~ A o’ S a % 3
YOUAIAD 3 x 10~ wnssiedundl ludagduinduwdwdniniiunnuneifinainnisaiavesuywd
LaztinansssuA Feaziulddirduwdinanwihlundssevaduaziinsnaunaiuiurems
aulliiln (Electric field) wazauuwslingn (Magnetic field)

Gamma Ray

Ultraviolet

103 102 105 5x10% 108 10710 1012

About the size of...

b i = & & 8

Buildings Humans HoneyBee Pinpoint Protozoans — Molecules Atoms  Atomic Nuclei

UM 2.3 uavanasuvesrduudmaning
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2.5.3 Ujisenszwinsmaululasaniiuag (Interaction of electromagnetic fields
with dielectric materials)
lngUnfisianunsautsussinnvesianidunsisenuaiululasanls 4 vlla e
2.5.3.1 Tansatliin (Conductors)
[ Aaa & a ! = 1% 41' ' I3
Tannildiinnseudase (Free electrons) u lavedsausaazviounduudinantnii
adnefunasdsazviowdiionssnuiunszan TneunAtanwaiiignidoenwuudu usnadniiupdu
WemuANTIAIINITUNINIZIETeIRaY Wiaidunlsiathrduniouanndianes
2.5.3.2 Tamauuliin (nsulators)
TanUsstanillufinuaud@alunisunlidwgu wia wsalin wagenia lasauiullas
v A d‘ 1 < = 1 dl 1% a Y B v ' 1%
aunsaaviouwazgandurduivanliihlaluaudsdeiuaauld Ineunfssgnldduianvieny
W3oMUsIYTaRNIfoIn sl aussauLimantnin gausestuaukas Tandu q wazTan
& A Y, ad o droia = = I
wantigniiansunduiagledidnasnnluiinnsagidevesriuudinanlniinigly (Non-lossy
dielectrics)
2.5.3.3 Jagladianssn (Dielectric materials)
Fanussomillinaautfeyseninsinhuavauiulii 1 uazdneglulssinnvesiagladian
a a 08 Ya o ~ dll LR, - - v Y A o A a
psnfienusavinliindnisgeydevesaauudmantliia (Lossy dielectrics) I¢l (umaTaniianlnd
< a s ! = v [ A v 41' 1 <
LannsnasawnamasimizaNA i) fwy Jannguiisaiunsagaduaduwiinanlniuay
wlaadunassuanusould endetndanladdnnin tiunn diiu luazermsndiauiu
Judu iielivedliiun midadlu uaziadudunanis iaauisudiliiansluidefiniu
1 luntisgueendisdanannisiiannusauesll arelumilulasnnldnneluasisau
Wesnluanaves Bain1snseanefvetusey wuuliauuasylnAalnailsieduiuuniis
Ju ianduiluiauenudvesndululasnnildendeerntunaululasanienud 2.45 GHz
sefinsndulndunnvesty Uszqdudiwau 2,450 ausevaoiuitlunisseunduazsisznauld
AIEARUTIIUINLAE AAY Feauvesauinlii dsly luanadsiudr vinlunetiauves
auulailn 2,450 81UASIARAUT warsiuta aulun1evd vanvesaunlningdn 2,450 A unsene
a « Y Ql' ) = v S 1 a A o 9 Y a a8 o
Wi sauaiiniswasuulameay Useaiia 4,900 a1uasineiund MlitAnnsyunazidund
fuswiniluenuseungluiligamalivesgeduluiign Funelunuideiianladidna3ni
aulalaun ielovauywd
2.5.3.4 Yanileadusznoureawivan (Magnetic compounds)
o ) | | - N o aa o s A o’
Tanussnnil anfieg1au wsivdn Feaslidunsiseivesdusenauvasnduuimantiii
namfe auuwimanulasannaudaduanudousg1esinstiu wu Jagdmon Fanouans
Tud s dsiuiaglunguildaingnuszendldduiniunielda (Shielding w3e Choking

devices) Wiatloafun1ssvesmauvan i
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2.5.4 dadviitinasenisiinannuieulnsléaaululasian (Factors effects on
microwave heating)

2.5.4.1 frANUYU (Moisture content)
Aanududaseluaasiinaedaunderinsiiladidnain (Dielectric constant) 1i1e49n
S 4 M ad a o a vy Jd o a 3 o § ¥ 1 M ad a a v
Wdaeaantadiineiniigamgiviesvgilidefiusinaniunnagyilvienasnladidnesniiuds any
TUiedlaaunfiazd udedrudeiunaziu wazliedanladidna3nuatevdauinauiuiin
woAnssuiinty Sanududeunazenseniseduielaudetislsinulafingialy (Rules of
thumb) dmsueiuneusingnisalidadisuazidannsil
1) A Suavinlinnneilndidnesnasau
2) IngunAaladians3nasauiewmes (Dielectric loss factor) dAniindu LilaA1Auy
dinduudeglutiernudu Uszuia 20% 89 30% wifiululdniaziirmanasiionnnuiuiiv
geuluunnInl (MsiRuediuviinvesian)
3) ApsiilaBiana3nvesTaananazegseninmesnladianainves
wiarasAUsEney
2.5.4.2 ANURUILUY (Density)
Ipeunfenasiladidnasnluianazdrmanadilonnunuiiiuuesianana sl
= ' el' Yy A %
winasen1sUdruLUasruSounanasmalleig
2.5.4.3 gaunqdl (Temperature)
aa ! ! ) a a v Ao v a1 a X = a
gaumgiiinasor1Asiladidnasnludnwagdudoulnuanalin i vurzoanawug amnd
P < o o Aa a o a < xe Ay ad a a <
wingelsinnu TnemluTanniloamall inigmdenulsasiansitAniladianasnuazladidn
p3naedunnnesaziiaen warlurnfionngiganigadeutsagliannsaddalatawuilduiiog
Ay faewafiveaanudusazganglidanudidgseaantiladianasnuaznszuiunis
sty Fsflenudnduiideadlafidunsisevesniuiay Tanlndianninag19viaaudt undiegs
i LS eususziusszaunils nudeladianesnasauinnesdanindunugumnglivy
a PPN 3 3 o ft & Y a % v '
fnalv AnUsIngn1salmesueasuesigd e duanuglvliiianisinilavingnauuriaagng
solondunaiuiu
2.5.4.4 a3 (Frequency)
= - ™~ o a K val a @ a v Y P %
AnudvesauNklmanivihinseyidnaseraudiladidnainaleiduiuudegislsiny
MEWATINTEUINNNTYIIANNTELLNURAEIMNTTUYNTIINNAIEAIUDNAIT DI LA INNNINTFIU
ISM vili3ennsgnandanisldeuluseswesanudil
2.5.4.5 mn1suliiin (Conductivity)
Ansihlwide AnuawnsavesTanlunisiinszualnilaenisiedeunivesdidnnsou
wazleoau lnevs Bidnaseuuazlossuaunsafiaziunansznundnlunisiiamiuseunaznis
UL TBININNAYeIL Nigniedeudieeandnieuenvilinnududuvesleasuneluniaadu
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2.5.4.6 AIN15UIAU50U (Thermal conductivity)
Ansthanufeuiiunumiianadlunszuiunmsianudeuseaaulilasiagladidn
snlanisuiunszuaunmsheufewneiBuoui sudesnanndsnululasindsnasili
anustunsiaudeuliriganinauanisiianudeuiinansenuiuszuulduinin agalsh
A Tunnsdienaiaufeuiiunummdn snfegrasuilonuannsalunismzangans
vosndueddefisutunnuinvesaniidonisianudoutu fuiu nshanufeudady
fhrmuaeuanansalunisaemanudoumeluietag o sundsindunzaidlllais
2.5.4.7 fnAnuIAUTaUT UL (Specific heat)
TnUndtinideuazimnniedeanuuuiitivadesnssuiunisinnuieusislulagion
uarladiinasnagsaduusiing 1 uazsjsiinnsaniienauinladidnssniduddusogislsinm
Tnoanuiduase amngaudousunsdudndsddyiaduamelifandinnudouiuty
Ifannu musssawn dedu nsRatsanve AladianasnuasAInNgANLSaUT NI TITudn
Judeiddayduedied

2.0 n1sdsndundmanindaluaslananidea

anelauenBua Usznausae fi 2 iduvuiuiu wididiniguendsiudouguiduwny
v o ¥ I o o A A = ¢ ¥ ! o (% A I ¥ o
mdeuseuwisiiivde Fesluinaudnaldunusuiu fsgun 2.4 uwissdingluae
andabieglunnaudnanlaneladiaaninailaiges vieldarsindiannsndautunedesdulv
' v o & = ) o v N v [y 1 <
winsdnluwwInudnany dsenglawenilisanldaruiineiuratswuy uwisesniduuszam

wane lanudnuagUianieuen Ae WU Flexible, Semi Rigid kagRigid

unsanhiaely

uruANdaNTe

urudnidousoy

Vo o &
UYNAIUININA N

UM 2.4 anelanenidea
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nsdsmaulan i nsarddslninluanslaweniBeatiu nsevinlaga1den1sLAuUNIIUe

AauLsIuazaaunszud Judunaliiaauuliih wavauuudmantuluas uanaiagui 2.5
duiunansaunlni dulseuansauiuwivan aunuliiraziindnvazidusaiinszaieean
Pnuvissthaudgnanmeluludiniineuenidenseusy uazandiiniguannadigfii
aeluaduiuly druauinniinidnaziindoussuwvisdaiigudnansnielu viayuaindu
awulih awuwimadnasifadunnaudigudnanssududtvsaesanurisdnineluene
sonlunnilugdiinieuen famienisunsnszatevesaiuluauaiiueivesas iy
wamanlufazingnszanluaiunineseuninidiivisass lnefanuuvesauniniiduiu
ANUAANgvaaLsIulnissnInesinnglulas YN NEUEN dINAMUTNYIAUINLILAEN
Tuegiuusuunsvuantnanuii pdunimanliihvesaelanenideaiduuuy TEM &
Uszneuaineduawiulni uazaduaunaudwaniluguled dauaunalifiuazauuuduvdbn
P v a = a )
NFUNANNYN ) ATIANNEIATY A9TU 2.6

o [ 1 d‘ d‘ 1 @ q‘ a :.I/ qg” (Y] I z-:l'

dmsurANeInauTesRdukiman i RRunidlunuagly asliuegiuainudves
11U LazANAIAIB9 LA DIAARS NUBIANS IMBLAARSN SENINFREINsaRIuBnaNlaalALa Nt e Al
= Y o % d‘ % t:l‘ [} 1 dl' = % %
HUaannenefuanudaneeyl lWlnuanisaIPaL TEM 39810150 U5UNSSUE hazhkIInumy

PRIPATEY) v f a =~ ' < = ° ]

ANUDNLTIULS wagAIAUeIIRA uYRIAdULL AN b luaelake nBuaAuInlaann

aunsi 2.11

P2 (2.11)

f \l gr,tissue

P
Wio
= dl' Y d' < dy dl' 1
At Ao ANugraulusnasiduilawganig
Y 2 a | e 8
c AD AILSALES AAWINAU 3x10° m/s
f Ao ANuRNLglussuUYINAU 2.45 GHz

cs | a & A
& Ao ﬂ’]ﬂ’J’INEJUEJEJZJVINVLWﬁWJQJL‘L!E]LEJE)

r tissue
< Y a a [~ 1 dl' 1 Ql'

NFUNTT 2.5 ALUNONE1TEadarnsnluaea1n1d ANANeIRaUaL Ui UdguLUad

WA a5 tRdarnsNauAIAINNEIAAUNETUITANAY AITUENNTT 2.11 @1150UuNlTA1WIa

= P v = Yy o
yunvesdrgenanlglunaululasianla Gsauina1ge1n1AlzEenAR 8N UVUINAIUYT?

S
AAY %[4]
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Y a
weudmnmemelnnenFea

UM 2.5 nsnszanevesawuliihuazauiuwivianiuanslawen.dea [4)

[ed]

)=
T AN
22 / I N\

& / | \
NANM |/ | \ Al E=0

| \ Cmax

Ay T 7 ANNITIVBITY
E \ | /
e F = 0\ ] /
\\J//

NANN

JUT 2.6 fiemnsvesaunulndi (B) wagauuudman (H) Tunsnszanaluamuaslasenida (4]

& = o a o - =~ o P -
wenanianelaveniduadalinisiwunluseinisaanisgydendsnulunisiafiouves
adunlATasINsTasvesaeiludinihnsinssueniusousnuiithiuly undipsdidedidin

TuSeansgadendanuduiewnanawnladidnsinagly wasusingnisainudniis [14]
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351151luN15398

Tuunilagna s deuisnmsluludiediuud (Finite Element Method) NszuUIuNIs
whdgymmelnludieduudigeninls lnssaiavesageinanlglunisiasiest n1sinauauds

Yosae1ne kazhuuiasdlnludieduuivesargameanaensgnelududenveon

3.1 szifeuisnisiWludieawud (Finite Element Method)

suidousnslludiodius (Finite Element Method) 1Ju35n15A1W0LT96 a0
=~ o Y Y a v & v P Y ax & a & ° ' |
nilsdmsuuiaumadsenius lunsunlgvinilenmedsmsluludiedwud asvhnisudgusi

voslameenilullenuateqauiiFendy wwdmus (Element) JUuuuiinanseiaguil 3.1

lviua

vouvouoanud, T, /
L //'\‘\\ ?
.

= o
L ]
. ™ L
Tamuvouodmua, €, | .- __

= o
LAaueA

sUn 3.1 wuudaeshludeduudiignuisesnduediuuduazivu
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Tumswidgmmsliludieduudazaessenaumeaunisidaeyiusiasitaulvvauiwn

AUAN1 NSIARALRABLIUATY (exact solution) AgUsenaUmeaIriee) WWudiuiuetud

A Sp.

Fasldansamamandeladesavasuasmadusdudlmidusiuiuiduls (finite) vin
nswnuUsanwarvesdymimeleduud (element) Ndvwna9q iU viannisniglnludied
WUARZITUAINNITRITULOAATaziAmUA LawinsassaunsiiudaziodmuaATidenAaes
fuaunseeyiusvesdymuue anntudnihaunsnadiuanusenoudimeiy iosiuiu
) I Y o = g v I = o 14

Jussuvaunisyalugudinmuaeulveuwaniiuiadduluaunisyalg Jeviinsuiauns

uazaziianalaslngUszaunsunitug ey

nszurumsunlvdanilaglasialuaeidnasinludiednudazUsznoululudag
6 TuROUASL

:.’1 A 1 I ) a 6 1

Tupauil 1 wiwaulnusiveslaymesniliuediuiuddonq

J A = ) a %

Punoudl 2 Laeniendulsentungluoamus

TURDUN 3 @5 NAUN1TVOUDALIUG

5 ~ o ) a 6 aly v ) I

Yunaul 4 Wigun1svesunaseawunilaunysznousauluaunisszuulng

:,I d‘ ] o‘d‘ gj 14 dll 1 d‘ 1

TuRpUN 5 YinisussgnaRauluvaun nuusiaunIsiiamanilinsiu

g ::4' A o o P | Y oA Ay |

TURBUN 6 LHBANUINAIANS NYAREONNIMAINALITAMIAIDUS NIRBINITNIIUsD I

' (3

1 d‘ Y 1 Qd‘ 2/ 14 L d‘
W Lila3ANgumnNgafiee Agaunsavesanuseuld [4] degui 3.2

eaLuA
Tvun

JUN 3.2 nsuvsguseanuazassdymesniluedmuinuusingg
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NALATIATINDLING NABINITIATIEN

A

W ) a & 1
LL‘UQ’JG\QLUUL@@ bUREBEY

A

WaUMBLAAZLOA LA UA8lUA

TdAmndnad6ee

AavanUmnelnill anusouvesian

A

MAUAZURUUID VO ULIAYDITAE)

A

o v 6 ara cal v
ANUIUNBANTAIUNANANADINT

A

LASHARNSAUN LARBINTS

UM 3.3 uandunsunisiunseisniswludeduud

91n3UT 3.3 wanstuneuntsfuumisiEnsludieAmudmudifuainduneunsni
fupouanine fseasdeaded suneunsnanduniseanuuulassadisiidesnisiiaey fae
Tusunsueenuuuuuuy 3 83 Tuenddeilldldlusunsy Solidwork luniseenuuuadielid
sULUURNIUIN uardndufivhiuresasndudseanluidnglusunsulrlufiedimd nelu

NuAdBtaglElusinsy COMSOL Multiphysics 3.4a Tunisiasgiunladem
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3.2 nszurunsudtymaaelnludiedmudaaniuag

1%
e &

n13Useynaldisnisinludiefinudgenduisivunaundn 3 Tuneu laun Junau

Pre-Processing, Analysis, Post-Processing

=

1. Pre-Processing flansdninssudayaiiiounluinsizimessdsuislnludiofiuud
lP8i31aINNNTa3193URUUTIABIVRITUIIU LB TI033USNVRTUNUNABINTIATIE AU
rauineslUswnsy Anuusaeguuuulnludiediuud (Finite Element Model) lnsuusgey

] (J 9 Y a (3 < a L3 v =) ada
sUTweaLuuhaealvgliiduadiuud (Element) ane nsiiasgidymiaiessdsuis
TlludiofiuudfarunugUuuNaesgusuie a5 TumgeduduuInaI199 aufiisiue
lnegayuveIwAaziofiuud 13031 9ana (Node) axilugmdousiousaziofmudidifieiu
naneidugusneuuuudIaesiisfieenIsiasei yananidlinsimundeulvreuwnves

Jaynn MsmuuavuIntag iANI9909LTINIZYINRoTUIIUNLINAEINNISILATIEA

2. Analysis Asnisdslimeuiimesiusunsuitasigidamlaeldszidovisliludied

WUA LOMIARNBUTILTIABINTS wazReslrnuaulaiuswazdgntunaunITIATIE UYWAY

s 2 o a ¢ A a ¢

3. Post-Processing {NTUABUNISWAAINGNTT AT EN TRy IUNTEUIUNITIATIEN

muselouTsinluseduud Wsunsuaeuiameinldlunmsiiansvinanieszideudsinludied
& 1 | A 14 = v A ! 14 < Aa ¢ a [

wuddiannaziaasAiiaulasisuavdvatesyiud wu ddudywiniiasieiifeadu

lassassusniiinanuiugs usnatufagddung wagannuiuinawifien1siesdain

Y a4 aA = a i i Yy adv A )
GENIGIY/GIRN 1ﬂﬁ]uaqaﬂ3~lwumLLﬁ@\‘]ﬂqﬂjqﬂJLﬂumuaﬂWfﬂaﬂ WUy

3.3 Tasead1svasargan1anidiun1sAsIeu

lusnuddeiladrasdunaidudenveaniatveiniaaensgneluiduiionlng asus
A Yo & | ] | o & Y 1 a
ageInAntadiaendu 3 ngu ngudar 3 wuudesauvianualdu 9 sUwuu lauinguusnde
ange1nakuuUaneila 10, 20, 30 Iadkums (COA 10, 20, 30) Nguiidasfe ageNAUaleLln
wuuflauluiy 10, 20, 30 faduns (COAI 10, 20, 30) LaNauaINA® @189IN1ALUVATDN
1, 2, 3 @don (CSSA, CDSA, CTSA)
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lugun 3.4 -3.6 uandlassaiiagoniawuulaieila 10, 20, 30 dafiwuns @a1we1n1eA
Uanelakuuiiawiuiy 10, 20, 30 Hadluns wagagoInALuuaden 1, 2, 3 aden kdlun1s

o o v aa 6 a 6
Pavsnsyaumeionsinluiieduud

50 mm. 10 mm.

(n) wuvUanelleend 10 dadLuns (COA 10mm)

ST — ———— >
L} P'Li — h-:
40 mm. 20 mm.

(@) wuulangiUnend 20 dadwns (COA 20mm)

PN o 'f

-

-
30 mm. 30 mm.

(A) buuUaneag1a 30 daduss (COA 30mm)

Insulator

Outer Conductor

Inner Conductor
Dielectric

(1) drudsznauvssarganawuuUaneiln (COA)

5UN 3.4 lessadsvesansornianuuiateide
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> e
50 mm. 10 mm.

(n) Yanelauwuuiiawiuues 10 dadwns (COAl 10mm)

= 40 mm. e 20 mm. g

(v) Yaneilanuuiiauiuvaegnd 20 fagduwns (COAI 20mm)

30 mm. 30 mm.

(p) UanaiUauuuiiauiunugnd 30 dadiuns (COAI 30mm)

Quter Conductor

Inner Conductor
Dielectric

(1) dwlszneuvatanganiFuateilawuuiiauiuy (COAI)

JUN 3.9 lassasevesanzeinialatslanuudauiuy
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A4

r

43.5 mm. 3mim. 13.5 mm.

(n) wuvdaen 1 @aem (CSSA)

1 1 1 1 1 !
= fos— o fe sl >
36 mm. Amm.,  12mm. 3mm. & mm.

(V) wuudaan 2 @aon (CDSA)

45 mm. 4.5 mm.

26 mm. 3 mim. 3 mm. Zmm. & mm.

(A) LUUERDH 3 ddom (CTSA)

Insulator

Quter Conductor

Inner Conductor
Dielectric

(1) @uUsENDUYRIEIWBINALUUERDR (CSA)

UM 3.6 lassadsvesangorniAuuuadon
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FeazidenvesvuIndurIuAudnatsvesduUsTnavaaInIAkuUlateUa (COA)
arvonaaeilawuuiiauiuy (COAN) wagawIMALUUaTen (CSA) MUTenaume iy
(Inner Conductor) ladtanm3n (Dielectric) fwuen (Outer Conductor) kagauiu (nsulator)

o =
TLAAININTIN 3.1

a13199 3.1 swazBunvesvuaduiiuaudnavesduUsEnauaIEIN AN

, YUIALAUHUFAUINAS (mm)
AU ENaUVBIANYDINA - v - -
ﬁgwm wuutaneda (COA), Uanatuauuuiauiaunu (COA),
wuuaaen (CSA)

sl (Inner Conductor) 0.32
l9d1anm3n (Dielectric) 0.85
ftuen (Outer Conductor) 1.34
213U (Insulator) 1.78

34 msianuautRvasanaainia

TunstrraiaiRvesasomaiidolaldareenisamuaumageutfioniguantifing
wmisiiafian nduiideldidenaseiniraisenaiiuundaiiafigruesudzngs lunaaey
uazvinaasase lunguusneansermauuuyaneila 10 fadlng (COA 10mm) fslusudl 3.7(n)
lunguiaosioseeniauuuiiauiuiy 10 Sadiwuas (COAI 10mm) fdluguil 3.7 (@) wazlungy
flanuAeangeniaLuvagen 2 adon (CDSA) feluguil 3.7 (a) arsermailldlunisinauand
nadeuLarNAa aziduasihdunnunuuseuasalaseaials wavdianumivanlugiy

AU tulAsin

"-."‘ e i) “‘l\f;

L4

YAy }"f’ 7) : _
/H(,l ¥

(n) @geniAkuuUatssda 10 daduns (COA 10mm)

5UN 3.7 dnwauzaneeiniaesiildlunisinnaaudn
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(RS

(v) @genAkuUiiauIuiy 10 Jadiuns (COAI 10mm)

(A) @182INALUUEGDR 2 d@aar (CDSA)

U 3.7 (i)

A INlapeNkUUkAZAS EIBRINATWILEY Itaigainianaisluinlunaaauin
AasautRnunsldslugiuanudlulasian 2.45 GHz Mensesinnuauifaieenie 8ve
Bird Site Analyzer® Model SA-6000EX sUlATavinAnaNUR Asgun 3.7

sl 1) (hey \ /
el =

sU# 3.8 iedesinnaauiifanseinia 8ve Bird Site Analyzer® Model SA-6000EX
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|84 Bird Site Analyzer® (Model SA-6000EX) annsainanastavesaseiniels 1ng
miifiaudfaluniseenuuuvesaseania forn VSWR (Voltage Standing Wave Ratio) waz
A1 Return Loss (dB) vasansanmefidnasendululasinuasedossudalulasin Tnsezaula
AUAT 2.45 GHz Tl VSWR (Voltage Standing Wave Ratio) U94a1881n1AkuuUa18Lln
10, 20 Laz30 HadLUAS %LLamﬂugﬂﬁ 3.7 A1 Return Loss (dB) wasagainiavanslla 10, 20
LaE30 Hadlung %LLamﬂugUﬁ 3.8 A1 VSWR (Voltage Standing Wave Ratio) 99481891017
Uaneanuuiiauiuny 10, 20 uag30 Jadluns %meﬂugﬂﬁ 3.10 A1 Return Loss (dB) ¥4
angeniAlateUauuuiiauiuny 10, 20uay 30 Hadluns %meﬂugﬂﬁ 3.11 A1 VSWR
(Voltage Standing Wave Ratio) U94a1891nAlUUaR06 1, 2 Uag3 adon %meﬂugﬂ‘ﬁ 3.12

WagAN Return Loss (dB) wevd1891n1fAbuUaaen 1, 2 a3 daes %L,Lamiugﬂﬁ 3.13

AIUAIAU
VSWR
Frequency: 2435 MHz - 2465 MHz
- —— A —— B e—
1.200 COA 10mm CQOA gOmm COA 30mm
r ;
1175 &
1.150 £
1.125 &
(=
x 1.100 [
% B
2 1075 £
=
1.050 £
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3.5.1.1 MsAuuaauluvaunvee Heat Transfer

lun1simuaieulyveulunves Heat Transfer 1s19silioulvrouivneg 2 nqu Ao

Thermal Boundary Condition tag Continuity Ltamswawﬁamlﬁﬁagﬂﬁ 3.16
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sUn 3.16 Seulvvouanvas Heat Transfer Tunisdiaasinlusiediuus
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n-(kvT)=0 (3.1)
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Thermal Continuity Boundary
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n-(k,VT -k, VT, )=0 (3.2)
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3.5.1.2 nsivuniieulvveulnues RF Module (Electromagnetic)
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Reoulvvoulwaluguiuy Scattering I3Unuuvasaulunilanuduiusauaunis 3.3

nx(VxE)— jknx(Exn)=-nx(E, x jk(n—k))exp— jk-r) (3.3)
Tnefi
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Electromagnetic
Perfect Electric Conductor Boundary

sUit 3.19 FeulwwaurumueshF Module (Electromagnetio) tunisdnaeslallusioisms
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Electromagnetic
Continuity Boundary

su#t 3.20 Feulvweuiumues RF Module (Electromagnetic) tunissnaedlsilusiofius
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nx(E,~E,)=0 (3.5)
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Electromagnetic
Port Boundary
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sUMUUYRIANgaINAkATEIUUTENB LAY My SolidWorks Version 2013 dteanlusuuuy IGES
TUSTUsuATU COMSOL Multiphysics Version 3.5a wievinisld Boundary wazanasdising #ild
TunsraesmshaudsmshliludiedsmdlasnmsdngUuuures Mesh fldnnuediuudiade
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Pm (Density of muscle) 1047 [kg/m3]
Py (Density of skin) 1125 [kg/m3]
A, (Density of blood) 1058 [kg/m’]
p, (Density of blood vessel) 1000 [kg/m3]
C, (Specific heat of muscle) 3500 [J/keg K]
Cy  (Specific heat of skin) 3437 [J/ke.K]
Cy  (Specific heat of blood) 3960 [J/kg.K]
C, (Specific heat of blood vessel) 4000 [J/kg.K]
K, (Thermal conductivity of muscle) 0.60 [S/m]

Ky  (Thermal conductivity of skin) 0.35 [S/m]

K, (Thermal conductivity of blood) 0.45 [S/m]

(Thermal conductivity of blood vessel) 0.60 [S/m]

O, (Electrical conductivity of muscle) 1.74 [S/m]
Oy (Electrical conductivity of skin) 1.46 [S/m]
O (Electrical conductivity of blood) 2.54 [S/m]

0, (Electrical conductivity of blood vessel) | 1.44 [S/m]

g, (Relative permittivity of muscle) 52.73
&y (Relative permittivity of skin) 38.01
&, (Relative permittivity of blood) 58.30
g, (Relative permittivity of blood vessel) 42.53

Egier (Relative permittivity of dielectric) 2.03

Einsu (Relative permittivity of insulator) 2.60
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3D Finite Element Analysis for VVaricose Vein
Therapy by Using Microwave Ablation
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Abstract—This paper presents three-dimensional finite element
method for analyze a varicose vein microwave ablation. VVaricose
vein can contract by using heat from microwave ablation.
Because of varicose vein patients have leg pain from long time
standing, and do a lot of activities. Symptoms have influenced the
daily life of patients. We study method for varicose vein therapy
by using microwave ablation. Because of this method is easy to
use for varicose vein therapy. In this research work, we propose
simulation varicose vein that varicose veins inserted with antenna
into blood vessel. Simulation method delivers microwave to
antenna inserted in varicose vein. For this reason, varicose vein is
contract. Finite element analysis can apply in treatment planning
and show temperature distribution and specific absorption rate
(SAR) distribution for contract of varicose vein characteristic by
using microwave therapy. And the doctor can be use the data for
treat in future.

Keywords—\Varicose Vein, Finite Element, Microwave Ablation,
Antenna

INTRODUCTION

Varicose vein disease is abnormality of superficial vein [1].
Varicose vein patients are present in 15% of men and 25% of
woman [2], [3]. Common causes of disease consist of family
history, female hormones, arterial venous communications,
physiology, and biochemical stress [1]. Generally, varicose
vein treatment is surgery method. Surgery spends long time
and large lesion size. We study solution to treat varicose vein
disease by using microwave ablation method because this
method spends short time and small lesion size [4].

We study varicose vein paper in 2010. Kim et al, [5]
studied in “A New Method for Remedy of Varicose Vein
Using Horn Antenna.” This method uses microwave ablation
for treatment. This method illustrates varicose vein in the leg
that incidents electromagnetic wave from outside of the body
by using antenna and removes the blood vessel by heating.

In this research work, we use microwave (MW) ablation for
varicose vein therapy. Therapy is treated to varicose vein in
leg. Microwave frequency operating at 2.45 GHz.
Temperature is controlled to 85 °C for 10 second. After
delivery of microwave energy into tissue, Joule heat is
generated which then conducts into surrounding blood vessel
for therapy.

This paper is presented as following an introduction in
section |, Methods included varicose vein model, antenna
model, bio-heat equation, SAR distribution, and finite element

978-1-4673-4892-8/12/$31.00 ©2012 IEEE

analysis in section Il, results in section Ill, discussion and
conclusion in section IV.

METHOD

Varicose Vein Model

The model is designed to simulate the heat transfer to blood
vessel. The varicose vein model consists of fat, blood, and
blood vessel. Varicose vein model included front view, and
side view are shown in Fig. 1.

20 mm.

A
v

Muscle

Blood Vessel
20 mm.

Blood

v

(a) front view

100 mm

A
v

(b) side view

Figure 1. Varicose Vein Model.

Coaxial Open-Tip Antenna Model

Coaxial open-tip antenna (COA) model consists of inner
conductor, dielectric, insulator, and outer conductor. A
destructive area at the end of antenna tip in tissue volume is
quite predictable. Fig. 2 shows our designed coaxial open-tip
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antenna model D|menS|ons of components of coaxial open-tip

FrITTTTTETessessssas E)"'C";""""! antenna
uter Conductor

: : a_re
: ! shown in
! Inner Conductor Insulator | Table I.

i 1

i 1

: Dielectric |

i 1

____________________________________

)
!
60 min 60 mm
60 mm
20 mm
10 mmI

(c) A 20 mm COA

=1

(@) A5 mm COA

(b) A 10 mm COA

Figure 2. Coaxial Open-Tip Antenna Model.

DIMENSION OF COAXIAL OPEN-TIP ANTENNA

Component Dimension
(mm)
Diameter of inner conductor 0.32
Diameter of dielectric 0.85
Diameter of outer conductor 1.34
Diameter of insulator 1.78
Length of open tip end 5, 10, 20
Overall length of antenna 60

Bio-heat Equation

The source of heat transfer in MW ablation is from
electromagnetic wave at 2.45 GHz transmitted into tissues.
Joule heating arises when energy dissipated by an electric
current flowing through a conductor is converted into thermal

978-1-4673-4892-8/12/$31.00 ©2012 IEEE

energy. Tissue temperature changes over time can be
predicted by the bio-heat equation:

oT
pCE—i_ V. (—kVT) = hbl (Tbl _T) +Qmet +Qext (1)

Nyt = Py Ci @y )
where
P = Density of tissue [kg/m°];
Cc = Specific heat [J/kg - K];
k = Thermal conductivity [W/m - K];
T, = Temperature of blood;
oy = Density of blood [kg/m?];
@y, = Perfusion of blood[s™];
hbI = Convective heat transfer
coefficient accounting for the
blood perfusion;
Q (Wim¥) = Energy generated by metabolic
g processes and was neglected since
it is small compared with the other
terms.
Qext = External heat source generated by

microwave energy from antennas.
After delivery of microwave
energy into tissue, Joule heat is
generated which then conducts
into surrounding tissues [6].

D. Specific Absorption Rate (SAR) Distribution

In general, an energy which absorbs by living tissue when
body is exposed by electromagnetic field at radiofrequency
range can be measured in term of a specific absorption rate
(SAR). This value indicates an absorption power per mass of
living tissue or in Watts per kilogram (W/kg). SAR
distribution is widely used in order to indicate a heating ability
of microwave antenna [7].

Qext =p- SAR (3)

o-E 4
o)

SAR =

Where

density of tissue [kg/m®];
Conductivity of tissue [S/m];
electric field [V/m]

ol
e
E

E. Finite Element Analysis

The model is constructed using COMSOL Multiphysics,
finite element based analysis software. We utilized numerical
modeling to solve 3D bio-heat equation in order to obtain
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temperature  distributions during MW ablation. The
simulations performed in COMSOL consisted of RF Module
and Heat Transfer (Bio-heat Equation) Module. We developed
the electrodes structure and other geometrical components
with SolidWorks before exporting them in IGES format into
COMSOL Multiphysics. We assigned boundary conditions
and material properties and then solved the coupled thermal-
electromagnetic problem. The total time for MW energy
application was set to 10 second while the power delivered
was set to 30, 40 and 60 watts for a 5 mm COA, 10 mm COA
and 20 mm COA, respectively. Microwave is preset at 2.45
GHz. A number of mesh element are compromisingly refined
at 172,599 elements, 170,028 elements and 162,839 elements
fora’5 mm COA, 10 mm COA and 20 mm COA, respectively.
Mesh element is shown in Fig.3-5. The simulation was
implement on Intel Core-i7 2.67 GHz and 12 GB RAM on
Window platform.

Figure 5. Mesh element of A 20 mm COA.

I1l. SIMULATION RESULT

Simulation result of three-dimensional finite element
analysis for varicose vein therapy by using microwave
ablation, microwave frequency is controlled to 2.45 GHz
85(1C for 10 seconds. Simulation results of this study are
shown in Fig. 6-8. Simulation results consist of temperature
distribution and SAR distribution. After antenna operate for 10
seconds, varicose vein is destroyed. We also show temperature
distribution and temperature distribution graph are shown in

978-1-4673-4892-8/12/$31.00 ©2012 IEEE

Fig. 6-8 (a-b). SAR distribution and SAR distribution graph are
shown in Fig. 6-8 (c-d). The maximum temperature distribution
and maximum SAR distribution in blood vessel shown in table
Il. At 60 watt of a 20 mm COA, this power is suitable for
varicose vein therapy because this powers are non-effect to
other healthy cell surrounding the tissue.

THE MAXIMUM TEMPERATURE DISTRIBUTION AND MAXIMUM SAR
DISTRIBUTION IN BLOOD VESSEL

COA Temperature (°C) SAR(cn’)
5mm (30W) 115 10
10mm (40W) 129 115
20mm(60W) 150 115

IV. DiscussiON AND CONCLUSION

In this varicose vein therapy by using finite element
analysis, antenna is intently designed as an open tip type.
Antenna controls heat that radiate to tissue. Tissue is heated
then varicose vein is disintegrated. Results of simulation and
analysis by using COMSOL Multiphysics program,
microwave frequency is controlled to 2.45 GHz at 85 °C for
10 seconds, that results are show temperature distribution and
SAR distribution for blood vessel disintegrate. A 5 mm COA
has minimum value for temperature distribution and thermal
distribution. A 20 mm COA has maximum value for
temperature distribution and thermal distribution. At 60 watt
of a 20 mm COA, these powers are suitable for varicose vein
therapy. Varicose vein therapy by using microwave ablation is
a new alternative maneuver to the patient and hopefully may
reduce using of medicines in varicose vein treatment, save
money on medical care in long run, and also guide us to
develop a varicose vein treatment in the future. Next step, we
plan to apply our treatment system to use with deep vein
thrombosis (DVT).
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Figure 6. 30 watt of a5 mm COA.
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Figure 7. 40 watt of a 10 mm COA.
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Figure 8. 60 watt of a 20 mm COA.
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