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ABSTRACT

This thesis presents finite element analysis of airway dilation using radio
frequency ablation. | simulated the temperature distribution of the airway caused by
radio frequency ablation using finite element method and used the results as guidelines
for in vitro experiments. | designed 3 types of probes which are two, three and four
active electrodes probes. The ablated volume of four active electrodes was 6.428 mm’
from airway wall area which was the largest volume. Four active electrodes probe was
appropriate for experiment using swine airway. RF ablation generator created electric
current to induce a frequency of 380 kHz, 13 V for 10 s. The results showed tissue
discoloration around the swine airway smooth muscle due to radio frequency ablation
and resulted in airway dilation. The results from this initial study can be useful for
development of asthma therapy by radio frequency ablation.
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geaw (Alveol) wiaifu 23 ddudy (Generation) FaguUit 2.2 wazuvanaminfinisuaniudey

e wualeniu 2 du Ao

2.1.1.1 Conducting Zone

Conducting Zone léuA druvasvianmadumiala 16 ddutunsn Fuarnwasnaylng
(Trachea) aanaw (Bronchi) nasnaunas (Bronchioles) aufsnasnaunasdiutany (Terminal
Bronchioles) viomadumeladnilaldvimiiiuaniudoufng uavhuididunasiiusening
9 nAneuenLazaInIaluUen dau Conducting Zone 9 finnudidglunisusuaninaes
omafimgladily ndsvemasnaslvguasmaanay Usznaudensygneeugisumunar

Qs

ndnaileey wenaniidefiniennien (Mucus) wdountnaduainie iedniuiuazens

wardsanuasuiimalainly udignduesnlaenisialunaesyuiieguuadidoyvoniaiiu

wiela duvinuvassaudes Hiduluguinatsszuna 1 Jadwes wiatesnin dwdlad



E2 - -

nsegneay esnnlufinisuaniudeueinie walndudaideuimihiinauauuunuesmi
WWuaInA

2.1.1.2 Respiratory Zone %38 Respiratory Unit 38 Acinus

Respiratory Zone 3@ Respiratory Unit w38 Acinus laun duaasviemadiumela 7
dutuiivde Buanuassmlades (Respiratory Bronchioles) %aﬁwﬁ’mﬁqm%uﬁﬁumaﬂ
udusnuusduviageay (Alveolar Ducts) aduviaunsy Aasafugsay (Alveolar Sacs) Tag
eanazUszneuluie guasmdng (Alveol) findsvesgeamang wardl duasnidendesnsyae
Fuldeguning evihwihfuandeutie

2.1.2 Yan

venidueterzmeluteseniiaiiu fnsegndlasadulasaaiulimuudouss fusunns
Useanm 2 T 3 wesdesen §f 2 4 guseadrensieadh dwdnuszann 1 Alansu Yiuas
mgeEndszan 5 - 6 dns Tagveatwunazlngnitieadredne uinduazdunin druven
nautreasuaunenun aietendseneufentusremasnatnnuny fuatoveuud
23 azduouns dnwasidunssie e geaw ddnuueaieanay (Hemisphere) 1duritu
gudnansiaus 75 & 300 lunseu fiamunyszanas 300 dwming fuilunisuanideufedy
MuRUTHIaL 50 - 100 msrams ananhivuiianieyssanm 40 wh idusuAudNa1auea
DIaLLAALTIRY ﬁm%’um'sLLamﬂé‘auﬁw%’uagﬂiﬁwummaamwmaéfqmawam ADSETEEHNGEY
m7 0.2 - 0.6 lunseu Fawdswednuauusznause alveolar epithelium iRestuiiien waxdl
wasadanlesnsyaudeusevagitowaniudeufigseninaniatudeslulen

venusiazdhavgrvieiushegadefefieniuiitng 2 4u fidend Botiuden (Pleura)
%u‘l,uﬁmasgﬁ“uﬁaﬂam‘%‘aﬂ Visceral Pleura fuuanfinfiuntisvestasen i3on Parietal Pleura 1o
uasiia 2 dudeguuuiniuaugduiuien sswhedufaedivonuantan \ndaueg daviali
Aefutesinedngdu Bend1 intra Pleural Space \flasanyanuazuiiansicon FGRIGHRIE
Bameu Tnganazneneuuanduliidnas nnsenfagneneuvegesnluiimniensadiy vili
Berueriaameeruenainty Wumslhtenderueatinnususnitusseniemiedian
Huay shldvensgludnuariiveddaiunsien wifanudulutesdeiudengavify
ussemmzyilivenuendinnuimsaen vlidendnusewnuaald

miindnvesden Ao nsuanildsuieeandiau () wazfenisuaulasanles (CO,)
SEMINUTTEINARaIEER uanandiendalindfidduynateusensiliiertalasaseiunis
el ey



1. 1\Wuuvasazamdanlvilaesarsdie (Left-Ventricular Reservoir)
2. Wlukvainsasansiwainszuulvadewdan (Filtration)

3. Metabolic function iy @373 azay wWasuwlas vhany wastaesansiaiuisvilaii
ANUAIAYNDI NN

4. hinwaunavednTe e

5. Palidanliudad [14-17)

Nasal cavity
Pharynx

Larynx
Trachea Bronchioles

Lungs

Bronchi Alveoli

d 8 =
gihn 2.1 Tassds19vaeszuuniadumela [18]

r4

Teachea T

| A\ |
§ F
/\\ / 3

I IA :

ot MR 1" .].
= ﬁ‘}: :

H e
i =
=0 s

#t 2.2 vemadivmela [19]

2ol
[



2.2 15a%a (Asthma)

2.2.1 dgy
N I-J a ‘;’ a a L4 1 Q' ¥ = = 2
Lsniiaidulsaiiinsdniauisefwavaanan vilivaanaulidedsnseduiinuni (Aiway
Hyperresponsiveness) alaadsnssfuvasaauvzrasiiuavillugUisdainisle veumalalil

dunazwglatideia Feainsivaitasfduemsaussvnadialasunissaw [20]

2.2.2 d0@

Useitaidulsaiinuiasuasigiinisaduduidlan dagtuiifiheanlsaiuszana 300
druaumlan fidedinannlsaiiae 225,000 au wazdimiansaiinan 10 Yamdhasdsmo
fureniiusnnitiudy 400 duauitilan dlulsunalvadaifinisaluedlsaiaussuin Sosas
4-13 vaeUszrnsviavan Tseitaidhilsadifiaumgsibiauliduisavnuniaduiudinléng
Usvana 15 duauly 1 Y viedssunniesar 1 vesfiasimuaiinaliAadyulunisvien
viamsiiudin dafulsadesedusuil 25 Fadlmmugnuazauguusdadifssilsau
wazdniv ddannsneainlsaiin 6.2 auainuszannslsadia 1 uduau Augnvasgtlielsaitn
fuaniansvanadnAsifiuienas 6.5 vesszmnsnasving s1eeuratesdnisauntislan
wuinssmAlneiauluduasdnlusiinnugngagaluedons fuseniBedd uanafigy 2.3 -
2.4 mua1ey [21-23]

Proparuon of population (% )*

76100 .
51-15 : No standardied data avalable

JUN 2.3 enmgnuadlsaiasadadiuvesdszmnaialan (2]



Countries shaded accarding (o case fatality rate (per 100 000 asthmatics)*

51-100 f No standardized data avalable

JUit 2.4 drnsdsTiavesdihelsaiiaialan (dagihelsaiia 100,000 au) luthanguany
5-34 1 [22]

2.2.3 wansdssaivenvasnaanaululsaiin

saiiadulsaiiiinsiddsuamiaisivenemasnannasaial nsdsunlaais
wntedastdlusiasig luudasauviausivaluanuendu dnvuzd Aafiinisdsunla
e nIauaudnatwasguasnan fearainannseinivasnduiiesunasnan i
ViABAANENLAULAZ LI Llauvudptndavas (Secretion) 1Antumeluvaanan 20 s8niaunad
vaanauiiistuiiviaiuy mmwv‘h’tﬁl,ﬁmﬂnsLﬂﬁauLLanawaamanaa’wﬂn‘swxqgﬂ'i"ml.ag
19 (Airway Remodeling) [20], [24-26] an1swasunisnendassinewosasnanlulsa
#in uanasaguil 2.5

Noemal sinway Asthmatic airway

during attack

JU# 2.5 wendaisimevemasnaululsnaiia [27]
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2.2.4 awvinvaliaiin

fuaednfiomsmidudleflanmmnnsedu Ssaumansziuiinuvas 16

1. @3nenlui 1y uanmevena azeewnd inasaentd dalsdu wuasay Yudn
91Tz winAueianuy 8 wagansiuysluems usu

2. Aszmeidies wu afuyud aluvisleids atugd duazess awsd ershuuas wazans
wadl Wusy

3. 1 1A ewealniusumsdnauitlilvadesos

4. msdodamadiumela wu Wwislug letadniau waenasnausniay W

5. m3eaniaime enstniiliiAseimseuiiadusuluuiese lneanizniseandids
nawuuEninunniuly

6. Punaseamednly savisersueied anuadilanainnisandeaulndde

o oA W a § U | o Al =

7. gasluuma wuigmdiidigioniyiug szesdeulluszdnfieuniovnsinssiing

© ]

21n5uaURRN 13U [2]

2.2.5 $2RUAMUTUL TV DL sATIA

nMsTuunsEiuausuusweslsa liededensinw 4 sedufedu Tdun seduil 1 3
91msuu afavdandundinsm (ntermittent) sedut 2 2IMTTULSUaNTBY (Mild Persistent)
sful 3 21N135uksIUNaNe (Moderate Persistent) Wagseduil 4 9IN1TTULTIUN (Severe
Persistent) [2] FafissaziBendemsteii 2.1

msfnwftaelsafieduagliolumsdnuvmuszduaiuquusavestse flheiifionnts
JULSAN (Severe Persistent) naanayaziuuavasuuuoms nildinuliannsofnumnls
wevaldifsudussimamnisliypatas warilagduidilifionfianoinsfuuauuuuansves
aonanuavertaslunisanuinanduilodeuaenaufivund 131 fleliomunndnsu
Mnemsueutasianansfukarnarsiu dearnsrduAfeddutasussimens dedamnand
demansgnudenisdiduiinusednfu fuduisnistidnlsadiedenduamiuiingdaiugn
madenildlunmstringineiifionissuusnnuaziiony 18 ulu lesnizidldannsaan
AISAULALAUUUDISYIMABRAY aaUdinandiaiieiSsunasaniivuadald vaenisvan
fUreornssunsainazaneiililunisinwuazmsdiiumsinudlsmeinianinainis

Asuiusezoziiaiuiu 3-5 Y



A15199 2.1 MINMUNTEAUAMUTULSIasliafia (2]
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TEAUAUFULTY

2IN5Y9NAN9U

21N15929NA9AU

seaud 1 Jon1suiug asese
Hunsansn (Intermittent)

1. flansvevitntiaanin
dUmviay 1 ASa
2. IinMsuRAUEU 9

1. fiomsueuaINanafy
Y0811 2 ASIRaLRaU

SEAUN 2 Dnnsusudnten
(Mild Persistent)

1. famshineenstasdunviay
1 afa watoundn 1 adasatu
2. nanduinelinanan1sni
AINTTURALNITUBUNAU

1. fa1nsuauiaInaleny
1INNTT 2 ASIRDLRDU

TEAUTA 3 81NTFURTIUIUNAN
(Moderate Persistent)

1. flansueuvniu
2. Landvieinananisvin
AANTTURAZANTUDUNAY

1. flann1svauiannanafu
11NN 1 AssadUa

SEAUN 4 2IN1TFUUSININ
(Severe Persistent)

1. f91N5WeURADALIAN
2. finseduusetardvainig
Tunsvirfanssusng 9

1. d91n15n0URaDRLa0
naAuUeY 9

2.2.6 N135NWY

Tsndiaudulsaiisnwlimena fadumsshwdadussimmienunulaldeinsiigu Seen

fnwnlsaiautadu 2 vile fe ermugulsaware1veeraenaunseE1UTINNEING Feeuaz
gunsaldmivldusamenisveuuasinwilsaiin wanadiagu 2.6

g1muAulsn (Controller) Wlugiiléussresvatinausiionuauisn S Auaye,
ganiu Jaideseudidudysznou dnefunisdniau wu SleWau teaens (Theophylline SR)
winguumnleu (Dexamethasone) wsaillglau (Prednisolone) sauinga1ast (Montelukast)
Iwsnnnesaa (Procaterol) yAleured (Budesonide) ulnatumnilau (Beclomethasone)
wadalyufueiaiitnesea (Fluticasone and Salmeterol)  wazydlawisdiurasiuivasea
(Budesonide and Formoterol) tlugiu fiagu 2.6 (n)

s muafisesdasfaddnniudunauy ieasnssniauvesasaay vilvuassaslsily
sedanszdu emsuauismely femuaivsendidusasady msevuneiildsnun
Inweseviuaiiiesessfienanuld fe oy uwasdiihaniluvinainides 38desiu Ae Thu
Unnmnadmdawue lunsdiwuaifiosaadudinunulsaiinlilifsosldodunuaususe dw

piuilelasuelurueiiguiuluasdiine Ao Uindswe aduldeniou Tedu uaglady
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81U ILUABNAUYIBEUTINIBINS (Bronchodilator or Reliever) iugugnaviaanauila
51 Wusswmenmsiistudeundy iserfunazengaviu 19y Payauea (Salbutamol or
Salbutamol Evohaler) wiayn1du (Terbutaline or Terbutaline Turbuhaler) azfiuawidu
(Amionophylline) lausnsilauiuillumasea (Ipratropium Br and Fenoterol) wazlvlalns
WU (Tiotropium Br Monohydrate) [28], [29] 1dusiu fagu 2.6 (2)

gunsaidmiunisgnen wlseeniliu 2 Uszian Aa ia3eawue LUy Pressurised Metered-
Dose Inhaler (PMDI) waznszuanaa (Spacer / Holding Chamber)

BN Pressurised Metered-Dose Inhaler (PMDI) faengnussalunasagidg
AUGUEY Lﬁ'aﬂmﬂ‘%'aaﬁumﬁww::gn*ﬂ’uaanu'mnwaammﬁmmmL%aqﬂuﬂ%mmﬁﬁmuﬂ
iofengniusenuniiieigaanazansandly faU 2.6 (A)

nszuBAAe (Spacer / Holding Chamber) finanaguiuu dauduundn aunalug) urswia
faudn-demaielusuineduuinglas ausnaiaginenugameladuaztaiilagae
velanan siusanudshinszaseanannnszuanda dnwasvaanszuanaetuegiuuidvi

wan InihbiiAnanuainuaiy figu 2.6 (1)

[ :E‘l“"\‘
gty

Procaterol

Beclomethasone
Tnsnunaioa winanmmiay

E ]

Theophyliine SR
$latlau waors

Prednisolone

wesaillylay

Montelukast

: ) [
Hoummgman |

vigamiay + vaiimoeroa yalwined + dailunerna

(n)

3U# 2.6 swasgunsaldwiuldusimeinisvauuazinuilsaiia (n) enruaulse (2) e

< d 1 1
NARANNIDELIUITNIBING (A) LATBIWUENMUY PMDI (1) nszuanna [28], [29]
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~

R &
Salbutamol Amionophylline Salbutamol Evohaler el m:i-,_—-l"",d.
¥ayaea oxiiuailay Wraynuiea TobTusilon-+ fnoroa

Terbutaline

s Terbutaline Turbuhaler Tiotropium Br monohydrate
maymau

moymau InfaTnaflon

()

(m) (1)

Uil 2.6 (da) vuazgunsaidwiuldussimennisneuuasinwlsaie (n) srruanlse (1) &1
- o 1 [l
YHIURADAANWIDLIUTILNIDINTG (A) LATDINULLUU PMDI (1) nszuanma [28],
[29]
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2.3 msirUalsalianenduaudiveg

Tagtumsiiansednunlsadisanuieugniuildsnelsameg untiu i Tsauziss
Isailawiuiindamie Tsalnssayndniau dudenven o1nmsusunsu wazlsadia Hudu 3801
Urdasesnwlsameanuiouiigninnld ldun msthdaniednwiieaduauiing (Radio
Frequency Ablation) uazadululasiiv (Microwave Ablation) #5385t daunsesnuienau
Anuiingtuiinsutavsesnwlasldmaniou (Thermal Ablation) Wiefdansavianenis
nurenieferdmingluliaueie udlvaneimladuliaunfndelsalsamilasuiindome
[30] Tsalwseayndniau wdwdesnen Ausnauwauiiednwieinisusunsy wagddalsaitn A

[ = .«:ll v A ala a o e W P <4 =
JusanilslsafimamaunndlaldnduanuiingurinistidagUiefiilulsafinelinguuseunn
wazdiany 18 Yyuly ilesanmsinwidiseliannsaannisfusavaswuuanisuesnduie
Seunaeaauld dgfiaeunsumsinulsadineinisgunsadsundulivunaiasyildidosrents
detin F9Bmsudnlsndinlegldrdumuiingaunsaaamsiuuavasiuunisueanduiie
=i kg o o s =i [ = s Qs ¥ w
Suunaseauls uaglvinanisurdnunu 3-5 U fasanuiuaeiludne Ussudanailunisidhdy

mdnwlulsmguiadesinisiiiu daunwiieiitiu wesdesienndedintesas (3]

nmsuhUalsafiasieaduanuding dntiudeussuta 10 Uik 1390l A.d. 2004
Danek uwaAuy [10-11] lanaaesvilinasaaulisedenseduinun@iainnislasuans
Methacholine anas waznaaeslinduanuiingfuat FeRdeldnaassirdnlsnitelugailsl
@& & A ' - | a FYIPS N ol v A a @ (%
Hulsadin leeudesaduitudidninsaliiinanuioufindmiile Seuneenanvesgiv Taold
gaungll 65-75 asrnwaded nansanwimuinnigly 1 ddeavindsiideautie 3 U lddansasie
naruilafsunasnan@uunluy deunlud a.a. 2006 Cox wazamey [1] léAnwnisldiaies
Bronchial Thermoplasty fiugtaelsaiinsgiiuguuseosfiaguusaUiunans flongsening 24-58

a e '

T 97w 16 au Inalsien Prednisone 30-50 fadnsu Aeuvin1suits 3 Junasluiudnw lne

vy
e

vhmsthn 3 ads afausnituendauanenn adifiaesiivendiuansdne LLﬁ:ﬁﬂ%ﬁﬁﬂﬁ’lﬁlﬁUaﬂ
dauuy deszoznalunsiiitaudagafsinety 3 dan Waatlunsvidaudazads
Ustnes 1 dalus namsfinwmuimasnaulidedensyfuanas uilinatradeaiatu Ae nisle
wilos meladuedsin dufnavifndunisly 1 fundahnisine wasmomely 4 - 6 Su
wdannsnw warlififasfeuaulsmenuiaanuadiafesiiiiatiu warlud e, 2010 Jarrard
warawe (121 Idairuvuasnsieseildludedwudndiiazanuiou iemunu
gampiivasndumnuiingiideinlugmimasnan Tasldinsugunsasa D (D Shape) iune

mMafarnuiauanauiumulnihvesndumniing waznsmelouanufeuiiinainnis
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ihanufeunelunimassay ddlunsahauvuiassziesiaudnumenisnisnnuazaun
vaevaenauuasiiofoven ImaLLUUﬁwaaqﬁa:ﬁwmﬂmmaaqm%qa’? ATIUAIUNIU WEIY Uae
dlatih ifielifuuuudrassvegiionaass uazuuuiiassilfuandiiiuieenudiyueins
Sanslwih msnszaefmesmuiou wasidunumnslunisiwmunndasilodniunisnulse

wnrdasunssmeaduanudivgseliluauan

nmsthialsafiasenduanuiingenfondnnisiinnuieutunduileSsuvasnauiifu
wAvawuuaNsluggaumgll 55-65 asrgaided Feamsaanvuianduifiadsunasnas

l9¥a8az 50 équﬁugwumawmﬂgmiaﬁm@%ﬁwmﬁm%‘Uﬁwﬁm‘[mﬁmﬁwmm%’au azdley
2 Shinasiifianuddniensintn fe guugiuazinanlunislianudeu dldeamafivesnty
45 parvseguuniliiy 70 ssrngail@anaziatliviuizan azvildwadsevdrafnniny
e TWsiuvde DNA gnvinansld detunislfgumpiuasiarfmneaulunisdiniinase

msuUalsafialitiuse@nsnin Yasade waslinanissnunieniuiu [31]

mathdalsalunndazdosUssdugUagneumstinitlifieimsindisurierdadaite
nouvinistdnseslien Prednisolone 50 fadnsunauvinnissnm 3 Junazluiudnw e
% o Ao o 2 a . P LY v | o
feiudivihnstaflresarenseiuyszam (Sedation) Weaauldagmelaniasiemelawdn
[ ] 2 d‘m d: =1 4 4 aa 9 a W 5 ] Qs at ¢ a
mnsdasnaesiitaiasasiiaUassntunudiivg Tdalunstide 3 a3e wiedu 3 dUani 15y
INUaBRaNUIINUBRdA1NY Yondiua e uasUandiuuunudaidu gauuglinldlunis
UrUnuwmazAunLaUsEann 55-65 waidud natdilduivausazfwnus 10 3ud fanan1sindn
Ao @usnanvuInnaileieuraonanlasasas 50 Weannd uidlasunasnaniaiinayiily
ann1suAMYaIndilatsurasnay Lathafsaionuindu laun nasle witles weladeeds
0 Fadnazifintumely 1 Tundwihnisshe wasmenmelu 4 - 6 Sundaansnw waglaififioe

AOIUBULTINEIUIANKAT AT ARTY [3]

wanmstdalsafindendunnudivg Re n3esiuila (Generator) axUdesnszuaniuly
falwsu Togldnsimdenilvwiianniadosduiia iliiAeaduauigessunm 375 - 500
Madsnd Fududmuanudfldlunisunnd lngaduazyiliiAansduasifiouauiinanuiou

wwsns¥AtTauY uinudiédningm [30]



RF Generator
\ AF
HRL A

Probe E

I U U T e e T

U 2.7 nsuntalsaiindanduanuding (n-9) RF Ablation Procedure [32-37]
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(@)

Probes is inserted

Airway of asthma

into the airways.

Normal Airway

Probe is then

Probe is expanded heated, reducing

so it touches walls thickness of

of airways.

muscle tissue.

gﬂi’f‘i 2.7 (de) msvrinlsaiiadenduanuiing (n-2) RF Ablation Procedure [32-37]

f—ed

G
cd
a1
fomts
A
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Procedure 3:
Upper lobes

Right middle lobe _— Z /
is not treatecj s

Procedure 1: Procedure 2;
Right lower lobe Left lower lobe

< o ' o w o o w
v 2.8 aunusrawmaanaunnasitn1Tine [32-37]

33U 2.7 (n-1) uaaa RF Ablation Procedure #ildthUalintia uasgy 2.8 uanasiiums
N oo o a W o da 1Y ” <
vawmaanay (Bronchi) naasunuasmenauaufivgussnaunie vaaaau (Bronchi) usiutlan

d2uane71 Yanduanigiy uazlandiuuy

2.4 d@Un15A21U50UNN9YIINeN (Bio-heat Equation)

aunsanusaunaiTIeidlelunisitassunanszanaauseuneluvaanautisady
Auiting Fameluaumsazinsannszuadvasnuniglunasnay ndsuiignivazanly
JUuuuresnusau msnszatedvanszualiiiilnanuandididninsaasguaanan ns
nsz1efvasnseudliv wazaisifivazaundannilurenuiing Jeguuuvaesaunis

AsaUAgNSILIIA1Y InTuluvaanay @il

pc%=v-kVT+J-E—hb,(T—7;,)+Qm (2.1)
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hy = pucyWy (2.2)

Tned
p = AMEVLUUI Y [ke/m’]
¢ = fanuganuioudiunig [JkgK]
k= emnisudianuiou (Wm-K]
J = AANMEMUILLUYEINSELE [A/m]
E = anunvesaumlwi [v/m]
T, = quuiveadon (lnufvusliligamniil 37 Cl
Py = AVIUVUIMUUTUNIZUDIEDR [kg/mj]
¢y = MANNANNTauTINIEYaRden [J/keK]
w,, = dnsnsivaveaden [1/5)
h, = duUsEAvsmsmenufeuvendenilvaiou
0, = NEWWTAAIINNIINTFUIINSLMUBATY [W/m ]
Nnaunsauseumetineildihun iy deilfesfemsuysludiuvemay
fidntulnenssuaunsumueatuveadendmfulsifensidtosun Wesuiuuiuin
J-E [38-40] BagAIuAIn N ILiunseld 2nans

J=0F =—-oVV (2.3)

Taei

N19ASEANLAVDIAITLAIIANE]

Q
1l

Ardn Ayl [S/m)

PINFUNTTANAMIUITAU NNSNTEBMIVBIAUSTDUIEMIANLAINALNIST (2.1) Fean
gampiivaailalosriiuagiuanisiilni [12], [41]



20

2.5 auntsunles-aland (Navier-Stokes Equation)

aun1sules-aland (Navier-Stokes Equation) {ussuvaun1siseywusdosainnis
Ussgndldngnisiedeuditefiaasuesindu ilessuenmsindeuiivesvesiva wu n1ssiaes
anmeina mslvavesanaiudnieiesdu nslvavesveslualuve wavnislnaveadenly
duden 1Wudu Fsmslinseinisinavesenialunassaudy fldaunisunies-alandlunis
Wnsent TnedinnuiSuazaruvinduledsddnildlumaiesmsinisinavessniedlunass
au [13], [42-43]

p%’_+p(u.v)g,=v-[—p] +77(Vu+(Vu)T)+F (2.4)
o
o= aanda [m/s)
P = anuduenen [Pal
= Dynamic viscosity [Pa-s]
I = Unity tensor
F = Volume forces [N/m’]

2.6 NANNISIASIZAEUNNS

winmMsAsiauMTTuInfmuaAILs It ukazailElunIsAuIM fe wiedy 13
Taad unan 10 3wl wdisunisdhnseiumdnlni (Electromagnetic) azldamasfimed
wldlunmsudtigmimeeiudeu Ae mauuudngn aunuluil wazndauanudoudiiaain
auwimdnlwihnszargluiiede Sahdmwsfweifldanmsinnesiumanlndiun
WATIEINWANUTOUMBANNIIAINLTBUNTTINEN (Bio-heat Equation) wardinsiziinisiua
190 INARIBaNNSWIes-dland (Navier-Stokes Equation) Tnsmuauiiati 10 Jurdt il
AuNSAMAASUMIRATiT AN sAINA Az ALgRas Fadrdumshinssiaunisuanadiaguii
2.9
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-V~ | = Qf
35n191UN1538

Tuuniinaaiaidnslumsdde dsszneuluine Telnludediuys NTEUIUNTUAY BN
delnludieduudgenius msdszyndldlnludiodwudlusauduiainssudnisunng
gandwsldUszanana nsruIun1slinseis Inludiefuuddng COMSOL Multiphysics
lassasrevedinsunazuuudiaes  nsAIMuaAA1AIfAI99 YaeLuUSIa0e ALY (Mesh)

wuudraes mstmuadeulvveuwavuuuuiiaes uarmsussanadeyauuwuuias

3.1 A lWludiaduud (Finite Element Method)

@
[ =

lunisundgninieg fedfluludiediwudasiinisudegusrmesiiymesnifudu

ar

drutan M3enin 10AWUA (Elements) Laﬁmuﬁmz—hﬁﬁauﬁaﬁ’uﬁﬂmm (Nodes) #aguii 3.1
Tunseseitignilatigmimiaazussneuse aumsidseyiusuasiiaulvveuindifinuan
Y ImAkalRasILiuaT (Exact solution) 9zszneugisaiieg Mamundusiuiuadud 8
LiannsomAmaiaasld Sespaudsuailidusnnudiuld (Finite) Fromsunuguiiednune
vasllgymmeledimudfifivuiniag fu lludeduudziunnmsisaeduusiioed
Luucﬁﬁﬂmsa%’waumﬂﬁl,tsiaxLaﬁmuﬁﬁaamﬂﬁaqﬁuammiL%qauﬁ’uéwaq{]zy,mﬁg’uq Antdah
aumsmam@iamaﬁLuuﬁﬁa%’ﬂﬁuﬂizﬂammLﬂuiswammiﬂqﬂ’lwm ntwhmstmuadonuly
voulmitlinadluaumsyelngdsihnusaunisudnsfonaiaaslasUsaafifunagg

a3ty [44-46]
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Twua

4+— LAuua

< s = < 1 = <
U 3.1 wuuihasalwlusiodwudngaudseaniueduusiuazlvua [44]

nszuIuMTwIEndgmilaqlasniluasisinludiediun azdsznauluaie 5 Junau
wane gail

1. mswdslawuvestigmeaniiuediuundas laaundazldinann mszindudas
ainguinvesayw (Geometry) adngniasdumnneu Juswveastiymensdssnaumediuiy
| v da & w < o & W v [y o < o '
drulasnilianududou Jadndusasardoauidulsznauluimeussaunisaniuadnann

2. maaanldviavanediuug edwuddosiuusuulaumuvasymitiu eraduiediwud

o a o d o @y w 1 a . I3 < ) 1w
luguuuuvesauwvasuvsedmasusuliviaald wawdesniluedwusaumasuialiian
14l & < L w1 ' - Y e a

(Unknowns) agagnyuvisauvesannivaguiu daiuniuingane (Node) nnsidenlduilnvaied

& L (YY) at 1o o ad - o ] < P
Luumﬁ]:ﬂaamﬂaaanuaﬂumxminismwaamlmmmaummuumaaLuumuuﬂ U winiaanle

3
AR a AT aRe T ud Shearnisnsyevesilldauueauudiy
asgnaundliaglugUuuussiubeu (Flat Plane) lludy wivinidenlfiaduudiuudindes
wuudyasefisuisdnnliFauusasAdulAunls dnfumadenlfiofunsuilng g fuaviua
TnsmsafunadwsiazAnnld

3. msUszvgaunsinludiadiuud aunmaieyiusiaenndasiutiymiiiiiaseiagi
ssgaldsuluiduaunismsiindaiidendudn aunislvludiediuud (Finite Element Equa
tions) aun1slwludlafuudasgnaiedudmiuudasiofug esanefuudisdivuell
Wiy

4. myrwaunsivlusedwusid e tuwdwnssuuaunising aunisiwludiediudiat
TuguuuvesaumsmaiinadngslivssAvitudmiuudaziediuug luduneuindrswiugos
dnnswdusd nugndasuazindnnis nsdsznavaunsiWlusieduue unazaunisdiaiuiuaz
nalilAnszuuannisaualng) aWﬂﬁu’uﬁms:qﬂﬁﬁ'auiwawumaaﬂcgmuxuq NBULATEUY

aunisuualug i anINaawg
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5. nsAwIuwIA1dugvde nduludunismaidugfiaesnismeu efiag vl
Jyviluldsunsiieney donsugamafinusdiunienieg azauisamuiamiuiunundnd

24 E“ | ke = ‘91' ! dl o €2 | 2 b3
Anuseuilvaniula niallonsuAnsedauMiansamaanuAule [47]

3.2 nszuaunsuityndaglnludiediuudgansiuas

o

nszuuNskitymmalnwluiieduigenins Usznaumedunaulugs 3 duneu el

1. nsyummstuau A nMsaingluuulnluiednuininguindnvausiiwiadaasym
nndulseyndleulvvevivaneuiinseidynidu nsadregduuulwludiediuuddy
Usenaumeiadiuuainuiuuinuuguivdnvugeslgiiinvueuili lneduasienausnis
a3199adunse idlAwine Tanvisituiy Inedoyavagaidunss Wdulds wasiufamarlazgnifi
Tuguuuuvesaunmsnisveds Wegldaunsoadsediuusiasuiawaziauniee fuls Tng
suuvuvesiludeduudiiniuazialioususresuwuuvesauniign susuuveslnludied

ey v | a ¢ 2 P =& o & W

wuatidsuszneaulusenuneavueigade nsiavveuediuuniastoyadug Jedudusiosldly
nszvIuNTATitusall ndnasngluuulnludeduudiaieduacds desimuaiouly
gauln suanauszneulumensivuamiiiuuisganevesgluuulwludiefuudiiu Weuls
Vil W P w P 1 P = o ! o s£al [ as & a
yoswamaiidndusesnieuduveanieliuniige ez lugnadnsiiaonndasiuanuiiuveie
2. nspUuMsias e Yeyadevasguuuulnludiediuuaiiaiuuazloulvveuiund
Muualiludureunsnagiunsyaunsassiiiedaseaunislludieduifiaenndasiv

Ugyvmiudwiuyng eduudneuiussnaududussuvaunissuvwining udnhuiuszendiy

¥
=3 1

Reulwauwaiidiwus nndudawdszsuvaunissnwunivg lnonarfldlunsAuinasivay

AULeBUATILAET 19 TULALINAYRITEUUANNM STIWTWIA MY IR TY Mnaun1sBeeyRusves
Ugwrifuegluguwuudadu svuvaunsnufizgrudifsensaudes sildnarfildlunisduam

tuluimnuimnaunisidseyiusvestigmeglugunuuldiBadu ssuvaunisswiazgaudeiag

4

mM3udwatgseu mbiarililunsivinunu dudesiailatieesdanuiiugunaiely
seilouBiludefundfsstelidindulanauihnisiesedld
3. AsEUIUMITuThe wadnsiiiniuainmsiiasziazuansluzuuuuren1suandsiae

LOUTUA AshaAnsauLEUTuE nrsuanseamad Lusy [47]
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3.3 msussgndliivludiedundlunuduidanssudanisuwng

Tulagiulslnludedumdgninnussendldlunuduimnssudmsunnd laalanienis
aauuuiaeestudiua o luseniouyed ieussyndldiuTanfianautfad
doevesuyed 1wy mskidaAsuduilafiouiifennduiilath wldnsnseiuas
sonuuuisBlnludieduuindilunsaieduiladon Welddanzmaholndidseiy
auilaunfuniian faguit 3.2 (n) nsiasumenszgnuiinn agldnnsisginazeanuuy
seBlludieduuiindislunsaienszgnidion elilassasrenssgritsniimuudausouas
thwiiniun (48] fagudl 3.2 (4) waensvhaoweduzieivienzgadoadulilasiavagddng
WnsiuazasnuuumeBinludiedwudnndinlumsaiarsenaildviaroimadusiSesy
Wieliangerniaaunsavinatowaduy Seiulfodrediussansam [49] fagu 3.2 (a) Hudu
uenaniideszgnAliisinlumeduuilunudn Fusnssa Wy isadsuuusiasdasias
nsi3eeivesiiy Wellaseimausdumsdaily fisui 3.2 () waznsadrawvuiasdlass

nszgnaumiiiudnuugyeily iemAusslunIsunifed s [48]

(n) ()

JUR 3.2 wuudrasalWludieduud (n) Tassnsegnuti (@) dwiila (a) @remadildvhany

waauziSadu (@) Tassasailu [48), [49)
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!
Antenna

i
14
&
3

™
ety

()

JU# 3.2 (sin) wuudraesiwludieduud (n) lasensegnuiinen (v) dunila () aeaniaily

Manwaduzisasiu (9) Insadeilu [48], [49]

3.4 fanAwsNldUsENRana

Tun1meaasislnluiediwusdldlusunsy COMSOL Multiphysics 1esdu 3.5a 1S
adeuuuiiaes nMsiuruanaautRidinzeie vaslagmelunismeass nsfmunideuly
199 Tuszuunaznsuszananamesnisinludieduud vmsussunanawuudaasuwaias

ABLRUADTAT SrUUURTRN"S Window 8 Taedl CPU 3.5 GHZ 64 Bit 16 GB of RAM
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3.5 NsEUAUNNTATIEIS IludeALuAR28 COMSOL Multiphysics

Preprocessing Solution Postprocessing
Geometry Generation Duration of RF energy time Ternperature Distribution
Material Properties ‘:> step production |:> Other data analysis
Initial Condition Check desired parameter
" adjust loads in FEM
Boundary Condition ;
production

Mesh Generation

JUN 3.3 nszuaumsineddsinludleduudiie COMSOL Multiphysics

PNNFUN 33 uassdenszuiunsimssiisinludiednudielusunsy  COMSOL
Multiphysics Ineusenaulumeduneundng 3 dunau fail

1. Preprocessing tJutunauusnuaanisiaseidilnlufiodmud Taaduainnisadig
wwudiaes Amuadiusneg vesiagildluniseans Amuammiiiwesiisideddy
wuuiaes Amuadeulususy deulweuiwnvesuusiass wasniswsiuusiaes

2. Solution {utunsuresmsimusnarilduszinanarasnisiassdsluemiseddu
nsfmuanafildlunisiassnisthislsaieslingunsanniendunuiing

3. Postprocessing udiuvasn1sinsiziina deluaddedidunssaainsirdalsaiin

YAFULTWINGIEAAUAINETING ALINITIATIZANANITNTZAILVBIRUNAN WaZAITNTEAEY

gasauulwiy Wumy

3.6 lAseas1avadlnsuLasuasnay

nmseenuuulnsuililumsindnlsafinazesnuuulugunsiveagu edieduduiisu

as =

Thveneeen dusafivdidninse (Active Electrodes) 1fugninedyaunduanuiingiiaud
380 Aladsnd wariing1d (Ground) AdArdndlnilndugudidugedieds daunvudiass
vasnansanuuuiugUnsanszuen tnslunaanay (Bronchi) axflormeaddiauduainiauns
Auazess fiunlmasnay uasilaie Fdlnsusavuuuiasmasnanlduuifnuiain Boston
Scientific Corporation, Momem et al, King et al wag Haley et al [50-53] AegU 3.4 wag 3.5
zﬁ'au’Lum‘smaaa&u@’ﬁﬁ’alﬁa%w‘[wwﬁﬁimaa%ﬁw‘hmmﬂmﬁﬂﬂé’ﬂ%’aﬁw‘%aamu

lad (Stainless Steel) iuMmevienaluvinuilildueniindidninn uasuiin Catheter iusae
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Uaanauiumiuiauwazviananuaisu lnelnsunasedudunuu 4 uasiiadidninge Lhegann
= @ o a0 il e o4
1N17N 32 IUFHIANUTDUANTIIWTULUU 2 wae 3 koanndidnvan desgazidann1snszany
AaeAusauaIzna1feluuvi 4 waslnsuwuu 4 weadivididninsauaninagy 3.6
T o o w PR a e

lumAdaildasswuudraasnisidalsaadendumiuning Taeldlnsu 3 guuuu

A WUU 2 wardivalanlyise wuy 3 weafidlEnlvse uazuuy 4 weanndianlnge dwsudan
W A ey @ @ R a o

whlUluvaenay Wiednwnisnizanedivasniusaundeiudidninseluasnanvnevinnig

0w b o o as o <l oa Y] =
IR ‘?NLLUUﬁlflaaﬂﬂ']?‘U']Uﬂi'iﬂﬁﬂﬂlﬂﬂai«]ﬂ'ﬂllﬂ'}]ma LLa@N@QEUM 3.7

Active Electrodes Ground

50 mm. 22 mm.
(n)
. Ground T
Active Electrodes 5 rAme it ,
. /1 mm
\\“-‘ 1 ] / - = A \
I 85mm. — X | 8.5mm
I o — o !
E v i . e . . . L -——--]:——-—— s 3 mm
h |
50 mm. 22 mm. 5 ______ '

Active Electrodes

|
e
o>

50 mm.

Q)

A L o a ool & = (3 al
U 3.4 vnanaslassairvedwsuililunissiasshe Blwludediuud () wuu 2 ueniiv

Slanlnga (1) LUy 3 LaATWdianinge (A) wuu 4 wariiWaEnTnsa

(&%) |85 mm.

85 mm.



Airway Wall
, 0.5mm.

Parenchyma

U7 3.6 Insuuuy 4 weriindidaninseiildluniameaes
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r—-- Feed ¢~=~ Feed
| 1

_________ Airway Wall == —-—~- Airway Wall
-y
—————— Parenchyma
e e Parenchyma
c= S=»
(n) ()

r--- Feed
.

—————— Alrway Wall

—————— Parenchyma

Bottam View

(m)

< s a_ as Y o Jda
3U# 3.7 wuudraesmaidalsefindeaduanudivg lasldlnsu 3 JUuuu (n) wuu 2 wapiiv

audnnse (1) WuU 3 LariiWaldnTnse (A) wuu 4 weriWdlanings
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NFUH 3.7 wanswuudtasenistrlalsafindianduaiuiing Taelusd (n) Wulnsy
WUU 2 waaindidninse () Tnsuwuy 3 weafiWdianinge waz (A) Insuuuy 4 woafiwdidninge

fegluszuu yz fuwis x=0

3.7 MINAUAAIAINAIEE VDIUUUINEDS

o

TuaAdualafnundanmantinilwiwazaudou Tnoamuauianisluwiazlgan
U L] L]

wisfiwesiigadiaumgiivesuyed fe 37 ssrmigaidea daumamauiinennuiouveailes
\Bovcldamnsfiwesvednd diundmassauarldrmisfinefvomasnavdiuuy (Trachea)
wsedmmnieesiladifusiy [12]1 wazamrsfmesnisinaveseinias1adeninunaiiy
984 Johari et al [13] Fsornmaldlunsiaseilusuuiassaziduonaidanutiuanaumy
waziflenFafimanimaruiluiuensisainainiasill TnsamasfwesiildBngizsdinis

N3£ALAWBIANUTDULAZMS INAYBIDIMALERIAIAIT19T 3.1 wag 3.2 Mudiu

13199 3.1 ATNI51EWESTLTIASIERNISASEALMVRIALS U [12)

Yei0) AENTN | ANEAWAITIN | AMANYANTY AAMUNUIUY
A1 anudou (k) e (¢) Fuwz (p)
T [W/m -K] [J/kg -K] [ke/m’]

(o) [S/m]

21 (Air) 1x10™° 0.030 1009 0.995

HavaenaY 0.359 0.5 3000 1500

(Airway Wall)

‘& (Blood) 0.748 0.52 4176 1060

doide

randkyrad 0.15 0.451 1643 199
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M15799 3.2 ANSI0ESTLE AT IZIINTS Iavetanna [13)

Amines n1slva
A5 (u) [m/s] 0.06
ATINAUILTN (p) (kPa] 101
auwile () ke/ms ] 1.82 x 10”

INAITNN 3.1 WAAIATNISIDLASALELUNITIATIEINITASEINEFIVRIALSOU T4
A dmesinardazinunldluaunisanudeuniaiiinen (Bio-heat Equation) d7u
ANISTLRESRLASIEINNS IMaTadan1ALUAIS T 3.2 KAZATAINWUILLUT WWIElUR1S 197

3.1 aztldluaunisunies-dland (Navier-Stokes Equation)

3.8 N15tUY (Mesh) wuul1aa9

1ugﬂﬁ 3.8 ALUAAINITITRUUARDIBlUSUATY COMSOL Multiphysics ¥8dluy
Fransfivszneuludie Tnsusarvasnay Tndldieduudidunuy tetrahedral elements AN5LUY
wuudraenfensuluuuiiasteenduiedwudidng azualudnuueilidsuuuunieosun
mefuAazvdLYesingy nlivasnauIziuswUUARIEEn WAUSnaEeLEe (Parenchyma) 9¢
waludnuasdireudiameiu mszdlioiniswauuiasswuvas Boawi funuaazisury
Inuawaziedwdiunn ilildwiisanudwesneuiunesuasiarlunisduiursutnawinau
a1vdwalilusunsuiideianainliausavinisuswuusiaodld wimninisueludnuasi
neuwieutuimuefagiinafildannmsdwadanuiawaiamnmylugas uihaglding
Tumsiunatissiniu é‘fq%fuﬂmmmuﬁwaaaazﬁmimwmmﬁwﬁ’ummﬁwﬁ‘ag Tngdudisiasnis
AugnesgeiiazhinmsewuuassuvaziBun dndinansanudilifuadonsdmnmumiod
fnadesfehnmsmauuney ddumadetduuuinesmaisalsaindeatunniivg lay
Tdlnsuuuy 2 wendindidnlnge fSduiuediuudiade 282,385 LoALUR LU 3 woadiu
Bidninse ffnweduuiade 282,443 AWUR LazUU 4 weaTiBidnvse S5 unuediumd
\Ak 282,887 LoALus
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51 S Airway Wall

\#----Parenchyma
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I

U 3.8 nswnuuiiaeamstidalsaiamaaduanuding Taaldnsu 3 sUuuu (1) wuu 2

LaATWEIANIMIA (1) wWuU 3 LeATWBIENINTA (A) WUU 4 warTWEEnTnse
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3.9 mMsnviuataulvvaulnuLLUUAaaY (Boundary Condition)

Tun1sdraesnisineu ildnsdasanisiinudedslwludiediuud 3 95 lagld
TUsunsa COMSOL Multiphysics 11859y 3.5a s2UUUURNTS Window 8 laedl CPU 3.5 GHZ
64 Bit 16 GB of RAM fwungumgiivamasnauel 37 ssmieaida munuussduil 13 Tagd
Huan 10 3uf Feduseduidildifnanuteumelunasnauyssana 55 - 65 sarnwaidva
\dlovaanauldsumudousasinailmuvanfisrannsaasvuianduiiefouvasnayld

ﬁm%’umiﬁmummaumm‘é‘lauhﬂuLLU‘UfSWaaaﬂ1iﬂwﬁmhﬂﬁmﬁqaﬂé"umm?i"‘mqmaﬂwsu
WUU 2 wanfinBidninse wuu 3 waaiindidninse wazuwuy 4 weadinddnlnsed avfvuals
waniindidninsesideulvveutvalugiuy Electric Potential Toatloundunuiffiusediu 18
had dwnsnduasinsuivuinaieds (Parenchyma) sedmuadeulvveualuguuuy

Ground wazuimdue Mvualilldeulvveuwaluguuuuves Continuity dauandluguil 3.9

3.10 msUssananatayavuwuuIIaes

e eitgmveauuiasinsidalsafindisaduainuiinguesinsu 3 Uuuy
ardraninsvauieBlnludiediud 3 35 lagldlusunsy COMSOL Multiphysics na$du
3.5 1Usvnanadeya ddunuiduiierlinminseiuuunatsiand (Muttiphysics) ldun n1s
AT 1ERulnanlnH (Electromagnetic) A5 IATIERINIIANLSBUMBEUNTITAINTBUNTS
#9381 (Bio-heat Equation) n153tATIERnsInadisaunIsuiesaland (Navier-Stokes

Equation) #anaanifilaainnisuszananatayavuiuuitassaznanishuunealy
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= f;} D
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b S zzEE? V=
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(V =13V) 1 1of IV = 5av)
1 Flow :
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: l . | (v=p.06im/g)
_ B . l p.os
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(n) (1)
g
ey ) bo
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0.1
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=
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HIH.

JUT 3.9 msivuateuluaresuuuTIasanisitalsaiindioaduauding laoldlnsu

3 gUlUL (1) wuu 2 weaTiiddnivan (@) wuu 3 waeiivBianinga (A) LUy 4 weaiiv
duanlnsn
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nan1s1aa9laa s i ludiedwuduasianisnaans

Tuuniinandemanissnasdasdsnludediuud Fudun1391809015052UAIVIANL
fouiifnvuluvzirtnlsafindenduanuiivg nanisveassfiviinisveassluluend way

aenauny Fellsreazidundal

4.1 wan1sanaaalassiwludiaduud

mMsfrasinisviaulaeBlnludiedwud Snssmundeulalunissiassnisiauie
fuuagampfiveuudiasimvasnanegi 37 ssrnwaidua muguusiuil 13 Taad uagiai
Tlunistida 10 3@ lumssrassmsieuddunsinviisfunsnssaeivesmiuiou
ifntuluvnrthinalsnfindiendunuiing Telélusunsu SolidWorks a¥1auuusiasives
Insuwazvasnay Mntuhuuuiasmwednsusasnassaviadrsiululdlulusunsy coMsoL
Multiphysics version 3.5 a ynmsaaszilaeldaunisanusaunie@iineuazaunisuiies-
dlond efnwnisnszarefussanuiou Sdunsinuitended ddesinludeaiadeves
waananfifiannudavey Mlusunsuinmgiliamnsafinzfnuaannienisivavesenials
auasaldionun wazuuusrasmasnauililunsinseilaseadislidudouniiounasnau
A3

Tumsiraeanisiulaeidlinludiedwudidunissassnstitalsafinannisldndy
auiing sUn1siiassazuandliiiunisnszanedmesanudeudidsining 3 suuuy Ao
LUU 2 wenfindidninse wuu 3 uoandidninge wazuuu 4 weadindidninse luvasnauuny
vhmsidelaaldaduauiing uandugud 4.1 - 4.3 dwugufl 4.4 - 4.8 uansanmuILY

YoINTEUAUBENTNTEAEYsaL NN NIaananlnsy 3 JURUUAINAIAY
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Temperature [°C |
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Temperature [°C |
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/
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() T8UIU xy
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sU# 4.2 msnsznedvesnnuiauvasininlseiasonauauding (n) ssunu yz Aduvs

x=0 (%) T8UIU xy Asibuie z=0 Tulwsuuuu 3 uapiindianlnse
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Temperature [°C |

Max: 70.0
Front View 70

(n) $3U yz
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() 58U Xy

= @ . o a S a < da d e !
UM 4.3 MsnszaneimveinusauvazialiaiameanauAuaIng (n) I3UIU yz Neune

x=0 (%) 55U xy Neumds z=0 Tulwsuwuu 4 ueaiinBidninia
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U 4.1 Wunsnszaresivesmnuieuvnzidalsafindisaduanuiing ey (n)
uanensnsEatemusauioulusyutu yz Adumis x=0 dusy (1) uaneniInseatefives
aafeuluszuiu xy fisdumis z=0 Tulnsuuuy 2 weafindidnlnse denanissianin1svinany
TneBlnludiediuud uandiiduieefannudouusnadidninsaiivinsesnuuuumiag Tny
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Abstract—There search aimed to present airflow analysis of
radiofrequency ablation for asthma therapy by using three-
dimensional finite element method. We study a solution for
asthma therapy by using radiofrequency ablation method.
Airflow is main factor for asthma therapy. Asthma patients have
shortness of breath, coughing, wheezing, and chest tightness that
influence a daily life of patients. All symptoms cause to die,
especially in severe symptom patients. Asthma therapy by using
radiofrequency ablation is a new alternative maneuver to the
patient and hopefully may extend his lifetime, reduce using of
medicines in asthma treatment and also save money on medical
care. The simulation results obtained from our three-dimensional
finite element method show airflow that will directly affect the
temperature distribution by using radiofrequency ablation
technique. These simulation results also guide us to develop an
advance asthma treatment in the future.

Keywords—Radiofrequency  Ablation, Asthma
Finite Element Method, Temperature, Airflow.

Therapy,

i INTRODUCTION

Asthma is a chronic airway inflammation, with over 300
million people in worldwide who suffer from disease [1].
Asthma symptom is shortness of breath, coughing, wheezing,
and chest tightness. All symptoms cause to die, especially in
severe symptom patients. Therapy method based on severity of
disease. Medical therapies cannot reduce a permanent
narrowing of airway smooth muscle dimension in an airway
wall. The persistent airflow can be difficult to control with
medical therapies. We study solution to treat asthma by using
radiofrequency ablation method because this method can
reduce airway smooth muscle dimension. Patients who cured
by this technique are supposed to have a fewer shortness of
breath symptoms, and taking medicine in low-dose.

Previously, studies on radiofrequency ablation for asthma
therapy. By the year 2004, Danek et al, [2-3] studied in non-
asthmatic dogs. Treatments applied RF energy at 65 °C or
75 °C delivered to airway wall in lung. After therapy, airway
hyperresponsiveness decreased significantly. Treatments effect
persisted 3 years. Jarrard et al, [4] studied electro-thermal finite
element analysis model in 2010. Catheter eclectrodes were
designed as D-shaped wires. Model was designed to simulate
the delivery of temperature controlled RF energy to airway
wall.

978-1-4799-1467-8/13/$31.00 ©2013 IEEE

Recently, the airflow simulations in airways have been
based on dimension of airway. Johari et al, [5] define the
accuracy of simplified models versus actual human airways.
Simplified model depends on regions with complex geometry.
Salleh et al,[6]studied effect of stenosis to the airflow pattern in
the trachea and main bronchi. Press drop is one effect of
healthy model.

In this paper, we argue that radiofrequency ablation for
asthma therapy. Radiofrequency delivers 380 kHz. RF probe
temperature is controlled to 65-70°C at 22 wvolt for 10
seconds[3]. Velocity is equal to 0.066 m/s.

II.  METHOD

A, Structure of RF Probe and Airway Model

The structure of RF probe is designed basing on a tract-
able clectrode. Electrodes are intently designed similar to an
ellipse shape. This RF probe control heat to airway wall. Zone
of active tissue heating from RF probe is limited to a few
millimeters surrounding  this active electrode, with the
remainder of the ablation zone is supposed to be heated via a
thermal convection [7].

Airway Is simply designed as a human smooth muscle
airway in lung in which a phenomenon of muscle spasm due to
an asthma symptom frequently existing. The airway model
consists of lumen part, airway wall and parenchyma [4]. Fig. 1
and I'ig. 2 display structure of RF probe and an airway model
in this research. Material at the tractable wire part is stainless
steel. Dimensions of structure of RF probe are shown in table I.

- Aciwe Elaciroges

Sh-mm.

(b) lateral view

(a) Front view

Figure 1. Structure of RF probe.
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{45 Cross-section-viesr (b} Pesspeiiiveview In the Pennes model described in the bioheat equation, the

P —— energy egchange between blood aqd tissue is }no@eled as a

BNt et nondirectional heat source. One major assumption is that the
heat transfer related to perfusion between tissue and blood
occurs in the capillary bed, which turned out not to be fully

TABLE I. DIMENSIONS OF STRUCTURE OF RF PROBE correct. The main thermal equilibrium process takes place in
- - the precapillary or postcapillary vessels. Nevertheless, the
Compouent RSB Pennes model describes blood perfusion with acceptable
Diameter of clectrode 0.5 accuracy, if no large vessels are nearby [8-10]. The blood
Diarister oF cathetes 2.0 perfusion in airway wall (smooth muscle) used in the FEM
: was o = 0.6 107 s [4].
Width of electrode 13 . . . .
We can compute the electric field intensity by solving the
Length of electrode 220 Laplace equation is shown in (3)
Overall length of RF probe 76.0
V-aVV =0 (3)
B. Bio-heat Equation and the current density can be computed from (4)

Joule heating arises when an electric current passes through
a conductor. Electromagnetic energy is converted into heat.
The heating of tissue during RF ablation is governed by the J=cE=-0VV “®
bio-heat equation in (1) and convective term in (2):
where

potential distribution;
electrical conductivity [S/m].

or - / e
p()5= V-kT+J‘li_hM(Tﬁfb,')_Qm (1) g

]

Then, (1) is solved for the temperature distribution. The
hb, = PuCu@y, (2) temperature dependence of tissue electrical conductivity was
incorporated in the model and required that the equations be

coupled [4].

Where
Yo, = Density of tissue [kg/m’]; Electrical prgpenies_ are speciﬁed_ at b9dy' temperature.
c = Specific heat of tissue [Vkg - K]: Thermal properties of tissues are modified from animals [4].
_ S ol i We apply trachea properties for airway wall due to a similarity
k = Thermal conductivity of tissue ; ; e :
[W/m K] . structure and property. Material properties used in FE models
! B s P are shown in table II .
g Current density [A/m];
F Electric field intensity [V7/m]; TABLE II. MATERIAL PROPERTIES USED IN FE MODELS
= Temperature of blood;
Tb‘f 4 Conductivity TT"’"’! ) Specific Density
o = Density of blood [kg/m’]; Material (O) can (“I:;'V'U heat (c) (p)
' - S/ K [J/kg *K] /m*
hy, = Convective heat transfer coeffi- : L [Win * K] B s |
cient accounting for the blood A 0.01 0.030 1009 i
perfusion; Airway wall 0.359 0.5 3000 1500
Blood 0.748 0.52 4176 1060
Parenchyma 0.15 0.451 1643 199
Stainless Steel 1.39 . 10° 16.2 500 8030




C. Navier-Stokes and Energy Transport Equation

The model uses chemical engineering module to simulate
the problem: weakly compressible Navier-Stokes equations and
an energy transport equation with both convection and
conduction. The weakly compressible Navier-Stokes equations
can be used to simulate variable density flows; see equation
(5):

plu-Vu=v- [— pl +7]‘(Vu + (vu)f)— [%J(v- u)IJ +pe (3
and the energy transport equation with both convection and
conduction can be computed from (6)

pCpu-VTfV-(kVT)=0 (6)
Where
u = Velocity [m/s];
P = Pressure [Pa];
n = Viscosity [kg/(m-s)]:
&y = Heat capacity [J/(kg - K)).

Airflow parameters are shown in table I1I [5].

TABLE III. AIRFLOW PARAMETERS

Parameter Airflow
Velocity [m/s] 0.066
Pressure [Pa] 101,325
Density [kg/m’] 1225
Viscosity[kg/ms™] 1.7894 < 107

D. Finite Element method

In this paper, we apply a finite element method of
COMSOL  Multiphysics  program to simulation the
radiofrequency ablation in our asthma therapy. Airway model
and RF probe are designed firstly by using a general CAD
program then imported into the COMSOL solver. RF module,
electromagnetics module and chemical engineering module
was selected as a radiofrequency thermal ablation. All physics
parameter and boundary condition was precisely defined.
Number of meshing clement is 248,864 at fine Meshing. Fig. 3
shows meshing refinement respectively. This simulation was
implement on Intel Core-i7 3.5 GHz and 16 GB RAM on
Window platform.
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Figure 4.Meshing refinement.

IIT. RESULTS

From the figures it may be shown that the simulation
results of radiofrequency ablation for asthma therapy by using
three-dimensional finite element method. Radiofrequency is
controlled to 380 kHz for 10 seconds. Velocity is equal to
0.066m/s. After RF probe operate for 10 seconds, temperature
surrounding the active electrode equal to 65-70°C. The airflow
will directly affect the temperature distribution. Dilation of an
airway wall resulls in an increasing airflow and increasing
temperature distribution during receiving the thermal energy.
Models illustrate an increasing of temperature from an origin
temperature 37 °C to 90 °C. At 65-70 °C, these temperatures
are suitable for asthma therapy because these temperatures
cannot destroy cell surrounding the airway smooth muscle and
proteins including actin and DNA.

IV. DISCUSSION AND CONCLUSION

In conclusion, radiofrequency ablation for asthma therapy
by using three-dimensional finite element method clearly
demonstrates that RF probe control heat that radiate to an
airway wall. Airway smooth muscle in airway wall is heated
then its thickness becomes narrow cause an airway lumen
bigger. Radiofrequency is controlled to 380 kHz at 65-70°C for
10 seconds. Velocity is equal to 0.066 m/s. After receiving the
thermal energy, airway wall is dilate dimension. Thus, asthma
therapy by using radiofrequency ablation is a new alternative
maneuver to the patient and hopefully may extend his lifetime,
reduce using of medicines in asthma treatment, save money on
medical care, and also guide us to develop an asthma treatment
in the future. We plan to apply our treatment system to use
with lung cancer, chronic obstructive pulmonary disease, and
lung disease in the future.
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