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ABSTRACT

In this research analysis Airway Smooth Muscle by Radiofrequency Ablation we
use real tissue for experiment this technique for increase air flow in smooth muscle this
technique called “RF-Balloon” this technique can has painfulness .Now in Thailand this
technique is not popular but coming soon this technique will more popular because less
effect to patient and operating time too short from the result can describe about effect from
therapy in smooth organ and proper for patient that has problem , We try to validate data
from simulation and design new RF-Probe that not have ground plate for reduce effect from
ground plate of RF Ablation system. This research very important for doctor to know about

RF Ablation operation for apply to reconstruct airway smooth muscle.

Keywords : Airway Smooth Muscle, Finite Element Analysis , RF Ablation., RF Balloon
Techniqu
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2.2.2 MINIAMU3U (Convection Heat Transfer)
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NMSWIAMNSBULUUUIAY, BINF 10-200
mamaadenuuutidy, 1h 50-10,000
ihfifduion 3,000-100,000
lovhiidvdush 5,000-100,000

2.2.3 asuiSeEnusou (Radiation heat transfer)
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Pl & v ar Py YR al ' =) P e o
fagey- e Wusy wasnuaudeusInnswSddussafeunlUlugUuvesrduulman i

< | e 3 P= < Y 8 Y, o = = @

APISWINAL Aasuas Fdianudwiniu 3x100 cm wdwmiedeulUluguvesniuusivan
Inflniuileginnuneg vanevila gy $iddng $48 Sunse usidmsuluitasRansaunusNeand sy
AMUSDUNNISUHTIE Wit

Sunundanuiidwenaniyinglugusdaueutuiuegiugumniidiny soluasinwuy
a @ o Vo ) P V@ o & ') o 2
fAving Nansnsownsdlagegavseiisenin 1mqmuu%ﬁams'm'mlmaﬁﬂ'mmawﬂu

g, =cAT® (2.16)

= o 8/ 1) = 1 [
o g = onsanudeuannSURE dudadu W
d’l’ d L7 rer 2 = 1 &) 2
A =uiresfkSsdamnusauiivbedy m
T = gangifavesunsidnnuiou fmhedu K
O = Arsgmnu- Wansiu x 10 5.67 muwiila (Boltzmann constant -Stefan)
8
W/mPIK

wdhuldnnauns - 216 Saanudounnnaussidvesiagiduuslagnsaiuidsdues
g piduysal waseqiidnanisu¥dmmnieulituegiuanmvesdaunadenfiusingdr Sasm
stem arufeuavivesnisuwifidastivegiuauuaniisuesgamgll senineing 2 Fu vidounnd
2 %y fihduanivisumuteudstusasiu Sr¥ngiursdanudoulldiingilegseuquasngiieg
seuqfili fngd (anunsagafumdanuainnisundfnannsenuldvun) feuddasimsaem
arafeugyisann mauwkssdvesingiiidgmailussingiilegseundeigamgiiiu T, ssiliindy

q,=04 (L' +T) 2.17)

T, = guniiinvasings; K
aa [ o 1 [ e o ¥
T, = gaumiliinvesingiiegseuq (Wulngainie ;K

v 9
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L2 = 1 T 27 ] h 24 U Q) a A I Qo o 1 1
TagasagliansawisdanusouldunnwiiusukssdluiuauimmGenitingrunas s
u i d o ] L 3 U = tas 123 g 1 A 4 o Qs o
$4dl ledeend dmndigamalivhfutiuingadsesanunsauniidrmuiouludnsduiaeiiuing
v : P Y a & d Y o o Y
layn anuempduwds dngasuiuesiveisendt Taqun Jeesunisdniueuludnm

q, =0ceAT’ (2.18)
dwsanmsmemauiougriannsuisidvesingmiigamgiilusingiegseuquasd
gl sedidndu

q, =04 (2}4 + T24) (2.19)

e €, Ansuwisedvesingun danwhnudasdiuvesnnuieunnnisunssdussingindu

o/ Qo d a L] Qs
Tg A1 Wiedlgaumgivingiu
] L ada 5 1 5. % o] 1os 14 -4 o s [ [ v
dmiunsdlndngrisaesineldlyingnannsowisdanuiouldggadeniivetningiuaze
1ing Vegewinsifianuduiusmeiuguidsiuasfuuds SnsnsdiemanusougrsainnIsun

Sedszwin Tngvivans azdianiy
=0A3,(T =T,
g, s \gdl (2.20)

P2 o~ [ 9o les = 2/ ot [J o v %) 4
bR <3 4o= T.:u@aaﬁlwﬂLLUaaaumsmiLLmaammiauwammqwnwa‘bumamswmsmam
%4 ! o a o 1o e/ o € ' [
A FousenineingaseiAnsunISduavanuduiusngUsesantiluae

2.3 fugrunsnszareanudsumeluilaide

msldmudousnwlsaliumsdnmiviioungl o vsnadu geluegludi asn 45-41
waideal2a], [25] wadtoguinanfugasgnranseunasiinaAsuaduiugamgiinldanug
au Tumsshwuadlaiinswaunnaiafidenda Hyperthermia cancer therapy deinmsldundasd
A.A 1960 .ms%’nmiiﬂusL%ﬂﬂﬂ“l%’ﬂ’a'm%fawﬂumi%'nmmL%qg‘uqu‘lmjs?iqﬁﬁ’ugmLLazwé’ﬂmsmq
Frivendl anunsofigod veaes uazaRueld Fethgtunsinulsausidagldanuteutannse
Snwilsrueds  afianegliisumenasidnanissheiiinadls  msshwusdeheanudeunde
wénnsWimudeuiu waduziSweglutig 41-50 ssmwadauasmsinunsefuvasgamglililvia
fugvenisingmedd e inendmiunsinulsausdeiiemnudou  teiledaesUTinadil
arwddglunisine fe gamgll wesnatlunsliauiou Jusuansanuduiusssningamgi
naznaidmareUinaneadungal  seameileligamgiigunwaduse  TutamiZuduead
ugifeasgqudeidusounn widlefinisan gumglifliurieaduzite nansenuiiintu de Fadd
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:9{ A [-] QI = V¥ 1 [ o
nannndudievhlisaduzdene lunafin gamaliligeuniraddnnuwadasiiansgidoun
o QA 1 7 8/ 1 U 24 gj Q'
wagshiviwadunffiegseuwaduziialasunny demeldiduiu dalu lumsiugumgliiivnge
Tuannsovanewadueisslasiununn waylilu sunseuniwadunf

Surviving Fraction Ratio

N 18 30 45 60 78 20 108
Minstes of Heat Treatment

a

gﬂﬁ 24 fmwLLamwani:mu‘uaaqmwguﬁﬁﬁamaémﬁa 8]

2.4 dUN15ATN5UN9TIINE (Bioheat Equation)

Tugluuvgumsnisnssatesiaveseruiey 9], (101 ldumslinmsinmsnszaeaimiou
meluifoderasniumuiding  meluaunisléfasandanssuailvaruneluiodewdsnuiign
fiu azauluguuueesaudou manssnedvesnssualiihillvasuainssidnivsnacgeide
fu ms nsvaedmenssudliiiuasmafvazamdinulugisendivgmau mdsnuitazamd
PRIGRINEN madeufinszneseenluseusiiloia  Feguuuuvesaumsiinseunquinuyssne
Aeduluiledestu ddl

oT
pe—-= V-kVT+J-E-h,(T-T,)+0, (2.21)

By = PoCyWh (222)

Taedil]

p = AU g (ke/m’)L]
c = maruganuiouTiwig (U/keK)
k = mmshanudou WmKl
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J = fmnumuu vesnseua (A/m’)

E = anuduvesauiuliia (v/m)

Ty = guugiiveaden (nefwualiiigamafil 37°0)
Po = ANUVUUUTUNIZYBUFDA (ke/m’)

Co = AIANNYANUTBUTUNIZVRUFDA (J/keK)

W, = N5INS5Maveden (1/s)

he = duUszavisnmsmaudeuveadeniilvaiou

Qn = WS UTAATINNITNTEUIUNISIUATUOATY (W/m)

¥
a '

¥ a a JALD ° a v 5 ¥ u 1 L a a
ANAUNTIAINUIDUNNYIINE N minlglunuideilaazniamiuusludiurendsnuniie

'
¥ <

FulpensrurunsuaUedduveuden(Q, Jerwinysiteddawssun WeawesudiuuSumu J B E

2.5 dnwaznenieiniailaiuuasiy

ﬁ’u’lmaﬂné‘ﬂuc&‘lmﬁ%ﬁfwﬁ’nsn 13 v 30 dlandu luvadidiaduiiddmaunuuned
dnway Yuuazdnunine duliueiosiifiunelvgiigaduduivans seen Al woslusonddl
yuelvg) Migaluinanie cv’fuazﬁgﬂéﬂQﬂﬁﬂaﬁuquﬂlwzﬁLLdﬁﬂuuu AIUNIIN WAz AUNEINAUNUFIUTY
MWIBEINY  AUTNULYBITDIVIBILaYEg NI TsaN wonTINLUNAILTBIT S NagUUNTEIWE
pwnsUmens shudivaeeduesilunaunasuuiuiasuminesiusitignidneegindae
Muivestuifioy  siuessgnaquinedeytosios  dududoysesduiinqueguusteazsnaqmad
wnhvesienies We  aanisdeadstniiseit dnluguesiusgmevaniasamilundae
12.5 lufiluns wazazan indsasufenluiuinaihn

Oesophagus

Left lobe
of liver

Right lobe
of liver

Common
hepatic
duct

Common

bile duct Small

intestine

Pancreas

d L - U
E‘U‘VI 2.5 L@manyiueNIgINIAYaInNY
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2.5.1mslwadsudenludiu (Hepaticcirculation)
H L7 3 1 1 = 1 d 1

mslvardeudenludiuvasiuliursutnsazunanaanmsivaisudenlududugnanife

AUl Suldonumsnvasadenuasaun1inUssann 30-40% vaudosnamuaidnadunludulas
o & a8 = 4 ° ¢ v A

wiuiden dndmilslizainal 60-70% nvasaldenmwesianuiudenlunaendonuaasUm
a o1 a_a Py 9 & 3 . .
fn fAssuna 90 fadwesUsenusidlofenduegluvasadontesleysesd aely (Sinusoids)
Reflerudiiuua Wes 10-13 Tadwesusen sdulu Welinsifuanusudenlunasmdanlngd
1g¥la (Inferior vena cava)iagyliifinrududonlunaendensnesdagusuwhliidenfedlu
Aunazilitinmstnesnved plasma asludewiadls

Middle hepatic vein

Right hepatic vein

Branches to the \ eft hepatic vein

sectorial branch sectonial branch

[kd

Rightbranch ~ Mainportalvem Ny o, o

3UT 2.6 uansdnuaenINEn gasduiianssgmelusiy

v

2.5.2 wihfin1ssinauaesdiu
GYULﬂua’;’msﬁﬁqﬁ’igmné’wﬁwaas'wmaﬁmﬁ'}ﬁmnn'hai'mssuwmaai'mz

uenanfinth Miferdestumsdesamnsudaiudiininiiaug Snseil

1. ahuhitwihilfuheesewnsuandusduisassmneasiaanssea

2. azauaslulamsnliluguvesinalawy  (glycogen) uawdlesunesasns
aUaseidnssua donlugUvanglae

3. adulusfufinulunarasndudui Albumin, Heparin uae Fibrinogen 4931
Wudmsuhly Beaudasta

4. dupsevt IngordedImfue Prothrombinaiag

5. duaszinsnezdiluainaisusznoudie

6. wasufenyesilussnanninesiily

7. Wuundshadiandesundumsnuaszegluassd demsnaaaautiiidesvgs
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%

8. aaeslulnaduveuiindenunieendiu Globin war Kuppfer's 9aniiu Heme
Tusiu cell agaane Heme aanilu Biliverdin LLa&',ﬁ’ngﬁﬂ

o fuiifvarainiiud12 Fssnfusdrebslumsatradadonunafiotostulsa
Ta#mans .

10. Wufivavaninfueuasdmiud

11. AUALEUTIMANLAT VBN

12. vhanedefidufiv  (Detoxification) sesramemidauenluiisludenlng
washiugSeded fuies

13. 1ugudnatumuedBuresnisivlansauazluiu

2.6 Tsauzi3s

uzudulsaierdands Fafuldidudnitaeayudynsuriynawyninaynds  waeyn
gy wyudhinazeglulmicluliewomnUsane  yavivludusngvedanilenadunzisds
wiloutuin  fuudsiwmieesetesifuriniudatuunndessiety TsnuzSaiaadulgmma
asnsauguiid iy semmUssmailanbinesiulssmaivauds vieusemaiithdotaunluly
amwasypragll  TsausSadulsathindamwlimenalden  wandeduudrduingesies
dedlaynmemenumnd sy anuasudlsaussiungssanunsasnulimenalidnlasy
Ms¥nwdne Femsiignsies susluszesifiasandu

usdefo fou auln MReUnATUTINgMEluvieuTmiomimessnenty Sensweiud e
98n (Neoplasm, Neoplasia, New growth, Tumor) Lﬁaqanﬁtﬁmﬁuu'ﬂwajmﬂLﬁatﬁa‘umiwmaag
venflensemuauvesssmeuazliiiusgleninieiinudesne iesen wseendu 2 ¥iln

1. tifosenuilnsssum (Benign tumor) Tngunfexiinadessnietesunn uanarnifalueieny
fifl oidain Wy meluaues shlviRamsnasuseiteaussnflneseusthann lFFeTinld
w0079 Aaameinsndeudutouiiieseniitfuendaiiidemnuiutinfensuimevesd
oudlosen § Feneonviteiinsinidelduasdernifoentiiinsainsesslan wu Weswenvaweuld
aues oy vinnle dugeu Wusu shlvsmeiimsiaundlussuuseshmdusgian

2. \ilosenwilndre (Malignant tumor) visafisentuiqiuinusde (Cancer) tuos uuide
oauinludnuasidufouusd vieomwinludhvasiiwasusdnssngluissuvetoiug
oy usiSadiadenym wadusSaensraeluissuunsivedoudon Hudu axdunzdde
desenadiadefidatuarlminnidedeunivesime fimsiaigdulreguenmienisrmuAusng
me wasdilnwsiosumewaduidaziinsudaiegnnag slnfadufouwiofuumauziSannn
Tugy Snwarmslavaafounedusduuuuunindueddniudivluiodounilaesoums
wsndumeull Tdllmavhanevaendesiiliiidessenitennmsiteunsddadunnaunadenly
wdeidssiafinns uhaeveuvadusiuasiinuasiiddyuemes fo waduzdnuzdagugd
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aumsouninszne WG shivmeluiatulmiduusdoiginsduduresameiiegiindlaa
oenly uniSusazyiinazd pruuusuanisiusassidusgfummsduiusiamsseriasfaiuiy
fftaelaensenrusuuse 3¢ unnseiuluusazyperausasfeuuziSlunuieiuviaudiuussed
sudsfuddisnsmaadydivlalduify wsdunedalinunsnssngldnadunn  uinendi
Suduizdudazeiavevunsnszagly  awzetrunefeniny Wy usdufusweuuns
nsgeluiinszgnuiesumnninedensdu sy

2.6.1 ASUWINTZNBVBILIF
yenandeunzdzinsiulnumsnudlvluiodeunilaeseuuds Selinisuns
nszagly  Idlnaqumsziwadusifainasuaaoonanfuldie Wesniindweuvaduzisesi
ueaiFenilosautios niwagiiussglrinannndriimismessadund venanimuitludouus3eded
dhdesThzarmeiiode saq wu theesTusiu (Protease) thepuanslaayau (Hyaluronidase) was
depsaziluuulng (Aminopeptidase) waduzi§eineelisunsanausnamnisadunidetnasidu;
Uuuu Fody iwadusieds Sduddauasnsiamieasewinusadion
ngefvesnmsundnszaeunts luthyouiiivguiidesuinn naui 3 fe
1. nouiimenamans szvlagigan (Mechanical theory)anesnaniuldine udunsndad
wifvwes vaendaavienasmiindes (Diapedesis) wiloudindensmyiesinnsuanvevasniden
dligad wsdudlflunssuadononseuaiiudeds
2. gufjvesnnsidoniang (Selective affinity theory) dnumrreseieeiiuninszanees]
mnudfny LagmUANENYNETeINISUNIRTEIEeTEsu e Tanduiuvdsiuwdnazane
YouzI5IU9 vin
3. nuiinsLuBeusy (Transformation theory) &
4. wadund uazsauduiiauunnsadussuug
ulgaduzI5
2.6.2 Sumsumsiinseise
Tngaguuds matfnusiiaiiadenasessuiu dursunsifinusdudeendu 3
swey B9 ffuszeznadusvaduniliuasiensSaunseiadiudufeunzdwsldnanudud
wionared eiiaduadusislng: Wesmnwasusddimufinisviefinsinunifiunde
Taslulew vty wadusduzutsodemnniuadfieesgni luvaduziiaueaslinsiltivad
gnifuleadund dnvasduiifendt wadusde  Tuautivesnisdreneans(Breed-true
property) waauziSelinmg wigiuln lneihdnveuvadivieuwadund Aewdowadutadalnd
uwadgn 2 Wwadudl U1aeadens eguemsinesraaiionii szeed 0 (G0) Juduwadilising
Wigiulausildmeuagenanduidigiedn mamaa‘"lé’é’ﬂﬁ?ﬁﬂs“ﬁu waddnlngiasidngseeed 1 (G,
Presynthetic v3a (postmitotic useeed LsuaaL'smLamanwm"Lawwvmaauu LLav’lumaumm‘uaa

d

ssoziiay dnmswSeuntsasemdue  laenns aswmaaama‘] dnluilussesied (S, Synthetic

Adutedlun (DNA genome) asiiniuly

U

B
IS ' ] Y (3 = o
fiauiuvessneniy ilvieadund wWaswd
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o

a a t | 5 A : 5 - a

phase) Aglin1sadfiduie Mniuazidngseesd2 (G2, Postsynthetic w3e permitotic phase) @slaii
Y oo a 1ed % a a o o v ¢ o v ¢ v o
M3a3RBWeEN uAlinsadslusiuiy Weaihluase enfidue uazaavnesadesdng ssosidy
(M) ABITBENITUUL (Mitotic phase) waduziSearadne Aduwedinimdelndidesiuwadunius
' I3 = - ¢ 1 ra -
waduz eIt nnswadiseglusveslasvesvilives 29¥nveasad dnlngiinudeluszey
a = o I3 & o oo v od ' ¢ a < v ¢ < v @
3 1 wagd 0 MsnwadussuinddnsnsuvsiinIuraaund Judunaliiwadusiesiudiulad
1 4

ufiou

= ) a 3
3\]“ 2.7 WHUNWLAMIYURDUYDINIILNAULLII

nsfnwIgnINssgivlnvessaaussdasanzidutou a1avhdeqlaeniiassesiian

7l waduzifauasuiinstestounziiady 2 wh arawansishinisiesyiulneusasfous
5 Tufthenedsaiuniemseuiuveudiudlutouns Setsudniuddinmaadydulagdeeu
funde vissialuauiifouladunnaeiiwadisasnisudsiigs wililesnniasovaisegne 1y
waandu lueguenndwhlibiimsiuusiwielinswgeasnsenlunielinsmevensad 1y unne
gnileame ¥1news vistneentiau visgnihaielaszuugiiduiuressinelaadindenuns
yiin fouunds  wiazfoussiivasadoninidelasane 5aﬁc§vﬂar‘1’uﬁ'}mﬂmmﬁaumL%engn
mugulasansyilavils fiend1 asnssdunseiguessadyuiswuluremasadentes (Tumour
angiogenesis factor-TAF) nsiivasaidentleslmiq iialmafesvilifounsddlatugade fouus
Seorauusleiu 3 dau fe

1. ey Wudiusevusnvesouwadlasuemnsuazeandiauannvasadenaensau
yal uwuae 15

2. ei'au?'ﬂ:iw‘%ﬂgaqa'ﬂﬁ’mﬁwm \Huwad g sfiFinusliuyssh dndlvgjegluseed 1

3. duiunuiedumesgasinanesiouusisssnouiowadiineuds  wswea
20NTIU nTagnluAne uoiwaé%guuan']‘uaaahudaw%himwum'bjuu'ec?huazehu'lmﬁaq'lussazﬁ
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0 maziwad  annsaldfdnuannisaaresveslnalanuluwed dleeglunmeiinneendiou
wiloutamisun vila Wesmneendiaunnvasaidendesaziinsdusuldluszezsiiauaséiead
agvinanvaeaidion Wesiunitszezne 150 lulasfivves erfiednsadiusglunzuineendiou
avtudlefounvdalivun Tnfudunuviediumeasiivunalniuge Tuvniefidnuadyuazdlsl
Wininaefivunmedi

firmansineen mnndutuma
Taoseuves sendiauly
fouuziia feruziia

A J

= @
JUN 2.8 UNUNNUARIAN Wy YEINB NS

o ° d aa
2.7 vaanm‘mna'mwaﬁuz&m’wnaummqu
v va 3 o a : L7 - @ g I3 ) v ac

Tutaquugndnedunzss Mantuludy #8asnsmesnnnin 1 dausetvilanisnistu
o o da ac o ad I dvﬂuo e v & aw o
fnwlullaqiundlegvene 35 §95mMsShwnzdeiui divegluennfelaglunasia fe

' U - L ‘ o v Vv J 1 - A <y 1 1 U
1. mseda 1HIsMsSmiiaansailidiemeyieldlsiveuninisaunagioinnisunde
13 4 addaa 1@ a Vo o =) 4\1 ' Y @ 1w i
191 nauummamﬂmﬁquﬂmnugﬂwmmuwmdszmm 20-70% lsiassansunisusale
A = o L2 L 1 1 o 1 v o
Ween ddedrinaantedenaisese Wy dumisvesdeuugidwuiauay . Srurufeuusidy, Ay
' o a PNy @ -~ P ' @ ' v
Wdaus Ay anmaunsauvestheiaviunisiidavseillsrduudwselsndu wu Tsalasude
UBNAINIS  NSHIRALAD UNIsANEIITEIINTIE ATV T A aaniaendiuaznisate Sadtuly
b lal @ 1 1 :

wams¥nwitlaifin Tugvaengu

2. msdaguaiiviUauazansganuvasmdensiunaisauvasdenuns (Transarterialoily
chemoembolization; TOCELTUISnsShwlasnisansnaiivivadmaduidenunsiilvaniunsely
& ° v & a R
e fouusivihbifeunsiyuniodslduilonmaniazmenatiuiiiey

3. mIdavhaneuwsheuweansged Alcohol ablation (Percutaneous ethanol injection;

ac 1 ] - L e 4 A
PEl) UuAsnsshwlaealdiduasnsiumsioniadnludsansueanesed euni$ivin ethanol %957

P I3 ' a @ ac [ o & o o = ad X ° [y LR
UYUIA LENNIT 3 LYURNLURT LUU’JSﬂ'\?iﬂ’U'MLLWVIEJLaE)ﬂ‘ﬂ'llnﬂVI?!ﬂ‘ZNf\WUTJﬁﬂﬂiuu”I‘VI'lﬂ'\iiﬂ'tﬂQ'U’JU
a1 w

nedialale

° o . . w v o
4. myhaewasusSwieadululasiw  (Microwave  ablation)dunssnwilagldpay
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Ll sumadniliieadussainnrudounasmeluluiign  THldfuteuunsaun 35
\WURALLINT

5. msmawwaauuLsamammwu WisMssnhwili (Cryosurgery)ﬂﬂ'l?mmwuaﬂwammu
f i -35 esmwadisa haefounndinsinudeisiretinindni e duudeeravily
i TsAunsndouls uazuanmnuumnwsinmmmwnum‘lmw‘lun'ﬁsnquqma

6.MsvanewasuziSansawes (Laser ablation) Laser-induced thermotherapy; LiTT lag
msinwdeisirluanaweiBvhaefeunnse masnwlnglfiaweimuialdselunmsinm o
autaga ]

7. mawhanewaduziSaiendumuiing  (Radiofrequency Ablation; RFAXTWAEMS S
d1gn Ao nMstheduingmwiigs (radiofrequency) wnilenitliiinrudeusieiiodenima u
fiaeasiumediuiluiifeunsde sliwaduzgaukeomeluiigaldldiunmdmunelicy 5.7
iwudlms [WuisAuwmddenldunumsisvhnarosaduziSeeuoanssed

mssnwluguuuumslinauanuiive (Radiofrequency Ablation) Lﬂuaﬁmisnmuvtsmqn
11 m‘l.‘uinm'lunimmmaluawnsnmmsmmlm Iﬂmﬁmssnmsﬂuwfﬁwuamsmmmama
057 u.a.,unthmsnﬁaumammﬁnmmams’lvmmqumnsxm‘lmamsaaﬂwumhﬂunauuu
Swaz  Udesadumnuiingdluswibiifnnudouiazaimieuiliosiasiliifanisinaned
aunziSedauns druvesiauneifsanansidufing yariivedinnsaiauasgnisiia (Fibrous
tissue) WNSNLTIN NAWNY
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o @ = g7 o da a a Qs e v o da
EU‘VI 2.10 uﬂﬂﬂaﬂt}mz“ﬂa\‘iLﬂi@\iﬂ']LUﬂﬂ’J’mﬂ’J‘ﬂEJLL@%E)JLﬁﬂI‘Vliﬂ‘LUﬂ’ﬁiﬂ‘U'}uzLiﬂﬂ’)ﬂﬂﬁﬂﬂ')'mﬂ’.mq

myhanewaduzdwheaaunaiing 1uismsldiedeotiitounsdaleas vdhmsihau
fie (n3eartuiln (GeneratorjusvdosnszualwirinludiwsulneiigUaseaduduniivensasse
msdn wiuBidninsnasuuionis eeglndiuunufeunsis Teldmawideniinthaneies vh
WhAnadu ronuiigefis 300-500 kHz dazarliiwsuiitishwnmOuduoun 176146 (durnaudnans
1.6-2.0 mm) 873 Uszannd 20 wudiams visaduvuimdusihaudnans 2 fsdwns asadilufeuusise
vilbifouusse eanudout mavhifAnaiudey 40 swnwa@uasuly w520 wifles
annsavihlilAnsasuse (Tumor necrosis) lfunawduriiaudnans fadams Tae 50-4omdnnisiine
iiAnaueuiiinme wiisadmeuasliaunmenguiveiseanlusouqlaglivhld
sunviSegnulvdiindeslldvunn - vy wsmsiunabildvihliRumunUsnesieadaomsy
Lﬁatﬁaﬁaq'lna”ﬁLé‘ﬂiwsmﬁauﬁuﬁlaaq W Wwadeuisaamislwilindsuuagnaneliuauiuvinliil
Auuugeiu dwmalidendunruiingld esawarimsnsznsmiudeuosadudae dufu
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° = a o a a Y
AwuaReuluEudiu Tiy,z,0) = To (xy,2) dle Tp = aumgiiSuduresingaieaunis
° Y a o £ -3 as 1aal '
Tlud dwiuefuudnuszneudie (Hsiuiniawa3se) dgan m

AN veaLU sl g
R = lABANAN
W = fedduhon
N, = fefduissumnelueiams
C = wmsnganudousuwy
Qc} = Wannawessuidswnannsiaudeu
K.] = efuavssnininiuiou
M = hawesgamgiiivue
{T} = haweinswasuasgamgilnunlnediugfuran

f W.RAQ=0 i=1,2,3...,m (3.2)
o
Jm.n,0)a | (WN,0)r=0 63
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PnENn1sN 3.3 lunatusnazinendssfiulamueaaeduius Qe) Tuwatia 2 agdudiumngitosiu
YaURUDLadLIue 1 (e)

[ W;(pca—T—V-kVT)dQ= 0 (3.9)
o® ot
wnu V ﬁwa—a-+%+§ﬁaﬁ"’u AN 3.0 %gnﬁﬂﬁ’aq’luaumiﬁ “fvualy 3.6 wag 3.5k 1
X zZ
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Iw pca_T_[.z[ka_fj+z(k6_fj+z(kézj]}dg=o 55
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[ oL aa- | M[{i(kéz)+£(ka—]1]+ﬁ(k£mdﬁ=0 (56)
ol Q9 ox\ Ox 6_}) 6_}) oz\ 0Oz

o a a o ‘s ] '3
imsdufilnsmaunisn3.claeldnguivenid (Gauss’stheorem)

[ x(V-Fae= [ x(¥-Ajr- [ (Vx-P)io 61

Q) © o

WmsiSeufieu I x(V-f’ )dQ AUNRIN 2 vosaun1sn 3.6 wzlamail

o
V=£f+—q°+£l€ (3.9)
XY, N/ 9z
17=ka—Tf+kQZf+k—‘a—Z/€
Ox oy 0z
(3.10)
.y = [or(.or) or(,er GT( ar]
VY= —b—|+—| k— |+ —| k— 3.11
P ( ) (6x( axj By( ayJ 0z 62} (5.11)

nn r=nd+nj+nk du

oT oT oT

Y-hi=k—n +k—n, +k—n, (3.12)
ox oy 0z
x(?-ﬁ)=W,(ka—Tnx+ka—Tny+ka—Tnz) (3.13)
ox oy oz
Vel Wis g (3.14)
ox oy oz

vy 7=y 0T W, OF O, OT (3.15)
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Wi W, = N, aslusunisd 3.6

[noZan-] v (62, T L s T LA PCED
o9 Y ox 6}’ 0z e Ox ox oy 6y 0z oz

[ [ 2, T [ i far 10
ré ox ox ay 6y 0z oz ay oz

ammanwmsmaLaaaimﬂﬂiumm’(,ugmt.wmu

T(x,y,20)=[N(x.02){[T(5) (3.18)
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(met) e ) R O )

= =]
wuannsn asluaunsi 3.17

(e i i il o

[enpenl )|

o

Muuale
[C]= | pe{N} [N} (3.21)
o
{T}= {661;} (3.22)
[X.]= I[{ H ax} {aaz;r} %}r{%—";’}k[a&_ﬂ}m (3.23)
{Qc}=r.([)N( Z +k%§ +k% Jdl“ (3.24)

a v o o (Y é’
aumsinludiedumuiniearusounegluguludsil

[CUT}+[KT}={0.} (3.25)
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3.3.2 mswfidgyrmalniiln
Pnaunsaaw (Laplace equation) ldanldlunismnisnseanesivasadu

V-aVV=0 (3.26)

o ¢ a g o w a e o vy 8w tac
Eﬁ’NﬂNﬂ’]ﬂWlUﬂL’e)al,uwﬂa'm’iuLaaLMUMﬂﬂizﬂa‘U‘l‘Uﬂ')U m Qqﬂ (N".Jx‘lﬂ’\‘l/iuﬂl,ﬂ‘l%ﬂ'flﬁﬂ)

I W,.(E-[O'a—V]+£(O'§ZJ+—a-—(O'ﬂ/—DdQ =0 (3.27)
o0 \0x\ 0Ox/ oy\ 0Oy) 0z\ &z

AMNUVIIEYRRRLUsAlE UMY
| :II
{} = waannwesfulieunannisivavesnssuailyun
K] = waudasanisiilaf
(V} =LINAaTUSIAUALIUA

0 = anmmsilida
o a a A 8 =) &
nmsduiinsnaunsn 3.27 lneldvguivaanid (Gauss’s theorem)

x=W (3.28)
N AU O (3.29)
Ox 0Oy Oz
I7=a-(3—Vf+oa—I{f+aa—Vl€ (3.30)
Ox Oy 0z
(V.y)=[g(aéz)+z[azz)+z[aa_rf)] (531)
ax\ ox) o\ oy ) 2\ oz

P A 2 N VIR
Wewn n=ni+n,j+nk e

V-n=c-—n +0—n,+0—n (3.32)
Ox oy

x(fﬁ):Wi(a%xKnx+0'%Kny+ag—Vnzj (3.33)
4



i (3.34)

Vx-Y=—~0—+—g—t+ Lo (3.35)
Wy W, =N; asluaunisil 3.36

JN,. aVn +0'6Vn +O'6V ]dl" I{%}aa—+{%}a%+{%}aa—ll i0=0 il i=1,2,3....m (3.36)
& 7 Ox o L) &

]
——

7 7 ;
JN. agKnxma—Vnﬁagan]dF {%}agl—+{%}aﬂ+{%}0% Q=0 Wig i=1,2,3...,m (3.37)
&y @& o) dx i)}

uA

v [ }{ }___2[6N]{V} ov {8_N]{V} (3.38)
6x (ax (mx1) ay ay (mx1) 0z (]a Z) (mxT)

LL‘VIL!ﬂllﬂ’ﬁ‘ﬁ 3.38 aﬂuaum'sﬁ 549
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[1]= _[{N (a———n +0'%/ +0'6—Vnzjd1" (3.41)
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Abstract— This paper presents a three-dimensional finite
element analysis for severe asthma therapy by using
radiofrequency (RF) ablation. We study a solution for severe
asthma treatment by using radiofrequency ablation method.
Severe asthma patients have breathlessness symptom, coughing,
and wheezing that influence a daily life of patients. In case of
severe asthma, patients have breathlessness symptom, coughing,
and wheezing all the time. All symptoms cause to die. Severe
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 in long run. The research results
obtained from our three-dimensional finite element analysis show
temperature distribution for airway dilation and increasing
airway wall dimension by using radiofrequency ablation
technique significantly. These results also guide us to develop an
advance asthma treatment in the future.

Keywords— Radiofrequency Ablation, Severe Asthma
Therapy, Airway Smooth Muscle, Finite Element Analysis

I. INTRODUCTION

In the present, asthma is incurable disease. In worldwide,
there are more than 300 asthma patients [1]. Asthma symptom
is breathlessness, coughing, wheezing, and sometimes cause
of death. Therapy method based on severity of disease. Severe
asthma patients must be taking medicine in high-dose, but it
cannot reduce a permanent narrowing of airway smooth
muscle (ASM) dimension in an airway wall. Patients always
suffer from a frequent breathlessness symptom. We study
solution to treat severe 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 breathlessness
symptoms, and taking medicine in low-dose.

Several studics on radiofrequency ablation for severe

asthma therapy have been presented since approximately 2004.

In 2004, Danek et al, [2-3] studied in non-asthmatic dogs.
Treatments applied at 65°C or 75°C delivered to airway wall.
Treatments effect persisted 3 years. In 2010, Jarrard et al [4]
studied electro-thermal finite element analysis model. Catheter
electrodes were designed as D-shaped wires. Model was

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

designed to simulate the delivery of temperature controlled RF
energy to airway walls of lung.

In this research work, we use radiofrequency ablation for
severe asthma therapy. Radiofrequency delivers 480 kHz. RF
probe temperature is controlled to 65°C for 10 seconds [3].
This paper is presented as following an introduction in section
I, methods included airway model, structure of RF probe, bio-
heat equation, and finite element analysis in section 11, results
in section III, discussion and conclusion in section IV.

II. METHOD

A. Airway Model

Airway in this research 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 shows this airway model and dimension.

Parenchyma— /
\
Alrway wnll—-\m

Parenchyma

(a) Front view (b) Side view

Figurel. Airway model.

B. Structure of RF Probe

The structure of RF probe is designed basing on a tract-
able electrode in 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 [5]. Figure 2 shows a structure
and dimension of our RF electrode in this research. Material at
the tractable wire part is Ni-Ti. Table I shows dimensions of
structure of RF probe.

13 mm

(a) Lateral view

(b) Front view

4 mm

22 mm

(c) Side view

Figure 2. Structure of RF probe.

TABLE 1. DIMENSIONS OF STRUCTURE OF RF PROBE

Component Dimensions (mm)
Diameter of electrode 0.5
Diameter of catheter 2.0
Width of electrode 13
Length of clectrode 22.0
Overall length of RF probe 76.0

C. Bio-heat Equation

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 bio-heat equation in (1) and convective term in (2):

peSL =V KT+ E=hy(T=T))=0, ()

hy, = pyc, ), (2)

where

P = Density of tissue [kg/m’];

c = Specific heat of tissue [J/kg* K];

3 _Thermal conductivity of tissue
[W/m" K];

J = Current density [4/m’];

E = Electric field intensity [V/m];

= Temperature of blood;

P = Density of blood [kg/m’];

h,, = Convective heat transfer coeffi-
cient accounting for the blood
perfusion;

Q,,.(W/m}) = Energy generated by metabolic
processes and was neglected

since it is small compared with
the other terms.

In the Pennes model described in the bioheat equation, the
energy exchange between blood and tissue is modeled as a
nondirectional heat source. One major assumption is that the
heat transfer related to perfusion between tissue and blood
oceurs in the capillary bed, which turned out not to be fully
correct. The main thermal equilibrium process takes place in
the precapillary or postcapillary vessels. Nevertheless, the
Pennes model - describes blood perfusion with acceptable
accuracy, if no large vessels are nearby [6-8]. The blood
perfusion in airway wall (smooth muscle) used in the FEM
was @, =0.6%10"s" [4].

We can compute the electric field intensity by solving the
Laplace equation as shown in (3)

V-oVV =0 (3)
and the current density can be computed from (4)
J=0FE=-0VV 4)
where

V. = potential distribution;
o electrical conductivity [S/m].

Then, (1) is solved for the temperature distribution. The
temperature dependence of tissue electrical conductivity was
incorporated in the model and required that the equations be
coupled [4].

Electrical properties are specified at body temperature.
Thermal properties of tissues are modified from animals [4].
We apply trachea properties for airway wall due to a similarity
structure and property. Table Il shows material properties used
in FE models.



TABLE II. MATERIAL PROPERTIES USED IN FE MODELS

Conductivi co::;flrcitl;:ilty Specific Density
Material ty (@) ) heat.(c) (P)
[S/m) [W/m " K] [J/kg " K] [kg/m’|
Air 0.01 0.030 1009 0.995
Airway wall 0.359 0.5 3000 1500
Blood 0.748 0.52 4176 1060
Parenchyma 0.15 0.451 1643 199
N e | s | s | e |

|

D. Finite Element Analysis

In this research, we apply a finite element analysis of
COMSOL  Multiphysics program to simulation the
radiofrequency ablation in our severe asthma therapy at the
airway smooth muscle. Airway model and RF probe are
designed firstly by using a general CAD program then
imported into the COMSOL solver. RF module and
electromagnetics module was selected as a radio frequency
thermal ablation. All physics parameter and boundary
condition was precisely defined. Number of meshing element
is 248,864 at fine Meshing with 84,816 degree of freedoms.
Mesh element is shown in Fig. 3. Power of RF wave was
assumed to control at 22 Volts for 10 seconds of treatment
time. This simulation was implement on Intel Core-i7 2.67
GHz and 12 GB RAM on Window platform and a solution
time is about 62.213 seconds.

Figure 3. Mesh clement.

[1I. SIMULATION RESULT

Simulation result of three-dimensional finite element
analysis for severe asthma therapy at airway smooth muscle by
us ng radiofrequency ablation, radiofrequency is controlled to
48. kHz 22 Volt for 10 seconds. Simulation results of this
stucy are shown in Fig. 4-6. After RF probe operate for 10
seconds, temperature surrounding the active electrode equal to
65°C. This increasing temperature affects to an airway wall
thickness to dilate an airway smooth muscle from receiving the
thermal energy. Temperature distribution is shown in Fig. 4 in
X and Z plane. We also show an isosurface area at temperature
65°C in Fig. 5. This measured temperature also plotted in Fig.6
respect to a therapeutic time. Temperature graph illustrate an

increasing of temperature from an origin temperature 37 °C to
90 °C. At 65°C, this temperature is suitable for severe asthma
therapy because this temperature is non-effect to other healthy
cell surrounding the airway smooth muscle.

Temper ature distribution

(a) XZ plane

Temperature distribution

Mih: 370

(b) Z plane

Figure 4. Temperature distribution.

Isosurface distribution

Figure 5. Isosurface distribution.



Temperature [°C]
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Figure 6. Temperature graph.

IV. DISCUSSION AND CONCLUSION

In this severe asthma therapy by using finite element
analysis, electrodes are intently designed similar to an ellipse
shape. 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.
Each retractable wire electrode has transfer heat in the same
amount of energy therefore therapeutic temperature = is
controlled to equal every point. Results of simulation and
analysis by using COMSOL Multiphysics program, radio-
frequency is controlled to 480 kHz at 65°C for 10 seconds,
that result are an airway dilatation and increasing airway wall
dimension. At 480 kHz, a temperature of 65°C is suitable for
therapy because this temperature cannot destroy cell and
proteins including actin and DNA. Severe 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 in long run, and also guide us to develop an
asthma treatment in the future. Next step, we plan to apply our
treatment system to use with chronic obstructive pulmonary
disease (COPD) and lung disease due to a symptom similarity.
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