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miarlagiTemdinlduninaiia Real time
polymerase chain reaction (RT-PCR) léun msasie
Xpert MTB/RIF assay WIaNIATIAAEID line probe
assay (LPA)

NanN1IAN®N

Hihengudaininsfinm 322 e uiweame
193 318 (Touaz 59.9 ) mmqm‘é‘lﬂ 57.6 1 la3uNI0T79
lanTLIdAaNRILAaINIan 171 M8 (Seuaz 51.5 ) &
MILEAITBITMITALAZAN BN WEN 8 TIENTIdEN

4
LRAIUANTIIN 1

A15199 1. ﬁa;&ammmamm aﬁmkﬂuazé’ﬂwm:

MWINYTIENITNEN
mn’rsu«mﬂaa%‘m‘[‘m ,,ﬂﬂ ' anfmz ,,‘nﬂ
(&:EGE) MuaesIinsgen (S08aY)
No symptom 94(29.2) Cavity lesion, upper lobe 10(3.1)
Chronic cough 128(39.8) Cavity lesion, other lobe 4(1.2)
Fever, night sweat 53(16.5) Reticulonodular, upper lobe 130(40.4)
Hemoptysis 39(12.1) Reticulonodular, other lobe 41(12.7)
Dyspnea, chest tightness 59(18.3) Reticular opacities, upper lobe 35(10.9)
Weight loss 56(17.4) Reticular opacities, other lobe  26(8.1)
Patchy opacities, upper lobe ~ 45(14.0)
Patchy opacities, other lobe 15(4.7)
Military nodule 16(4.9)
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wudedolauuafisouililiTmlsa (NTM) 5 570
(Sowaz 1.6 ) §rhedmla 141 3 AT mlsa
A0eNe83T line probe assay (LPA) wugainlsnaa
9 78 wuatdw INH resistant 5 318 rifampicin resistant
2 T8 uaz MDR-TB 2 1¢ I@mwmﬂumjm%m@ﬂw
HIV 1 318 1382159 2 118 UATUARINIENTIIUGY 2 318
NNMIAANTBITITNURLATIVFVAN 4 18
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OR 95% CI p-value

1.01-3.61 0.035
1.01-3.02 0.049
1.6-4.2 <0.01

Fever, night sweat 1.89
CT chest - tree in bud, upper lobe 1.7
Chest X-rays - Reticulonodular, upper lobe ~ 2.59
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Abstract

Singkarnjanarod R. Bronchoscopy with molecular biology for the diagnosis of pulmonary tuberculosis in patients
with negative sputum smear microscopy results. Thai J Tuberc Chest Dis Crit Care 2022; 41:39-55.

Division of Internal Medicine, Ratchaburi Hospital, Ministry of Health

Background: Tuberculosis (TB) is one of the leading causes of morbidity and mortality in Thailand. Most
bacteriologically confrmed TB patients are asymptomatic and undiagnosed. The screening chest x-rays and
sputum acid-fast bacilli (AFB) smear are most important for disease control. However, some suspected patients
revealed negative sputum smear results. The effective and accurate diagnostic method is important for the

management.

Objective: This study was aimed to investigate the diagnostic value of fiber-optic bronchoscopy (FOB) with
molecular biology for the diagnosis of pulmonary tuberculosis in patients suspected of pulmonary tuberculosis

by chest x-rays but revealing a negative sputum acid-fast bacilli smear.

Results: The fiber-optic bronchoscopy with molecular biology was done in 322 patents who were suspected
of pulmonary tuberculosis with negative sputum acid-fast bacilli smear. Of these 144 patients (43.8%) were
diagnosed pulmonary tuberculosis. Nine cases are drug resistant TB. For patients who had negative molecular
biology test, five were found TB after followed up representing a sensitivity of 96.6 % (141/146). Prolonged
fever and night sweat, tree in bud pattern in CT chest and reticulo-nodular infiltration in chest x-rays at the

upper lobe are associated with pulmonary tuberculosis.

Conclusion: The patients suspected of pulmonary tuberculosis by chest x-rays with negative sputum
acid-fast bacilli smear have high incidence of active pulmonary tuberculosis and drug resistant TB. Fiber-optic
bronchoscopy with molecular biology test has high sensitivity for the diagnosis of TB and is useful for this

group of patients.



215d159aulsm 1sAnsavan
uazluinInga Gwusauau

ThaidJ nal of Tuber is Chest Di and Critical Care

Original Article
Naﬂﬂiiﬂﬂﬂﬂﬂﬁﬂ?ﬂdﬁﬂﬂaﬂﬁﬁaﬁﬂﬂuﬂ%ﬁiaﬂa91
Rifampicin (MDR/RR-TB) mﬂammsw wa% 9-11 LA ak

HAW NNAINE W.11.

°

=]

ik a9 Lﬁ]%i]]u N.1U.,I.4.

Sans 35Vamezlnana is.a.
W51 wSsalasiaw nu.

navimlsn navaavgulsa nienIwamIgy

unAoda

luﬂ‘s:mﬂvlmslﬁmsu]?iszLﬂmﬁ'mmﬁﬂm;jﬂqs’?m‘[m'@%amfﬂ'mgmﬂﬁnwﬁm‘[méaml,l,wLau
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STR WinfiL 110, 254 uas 133 118 TINTIRNA 497 318 WANITNINELIIVBIFATELN kanamycin, amikacin
WL8e bedaquiline-based STR #8a315nu1&1L33 76 318 (Fo8az 69.1), 210 518 (S08AT 82.7) WAL
117 Mo (Fouaz 88.0) Musay laslanuuandinuadWlnafmayneaia (p=0.017) mMylaNziae
Logistic regression 13puLflanszniegasen STR wudn mildgas amikacin uaz bedaquiline flamafias
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ﬁi:mﬂvlmUﬁ%Tﬂwi'miimﬁﬂlﬁﬂLLﬂ:ﬂé’ULﬂWEﬁﬂizmm
105,000 & waaAallu 150 dadszmnsuanau gile
JaulsaRguiusiunmsaadaiarled (TBHIV) $1wmu
10,000 318 ;jﬂwﬁ'mkm%a%%gaﬁa 11,000 18 wasl
wankt ST lIARaE AN DU UAZDADEN rifampicin
(MDR/RR-TB) 31%43% 2,500 318 Femalszanoinazwy
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Nolnd uazsouas 10lugﬂaﬂﬁﬁﬂiﬁamﬁnwﬁmkﬂ
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gmm%fnwﬁm‘[mﬁamﬁwgmmszmﬁfu 9-11 Loau
LUUAANY kanamycin 938 amikacin WazBhaIUUIZNIK
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1. LﬁaﬂmﬁuwamﬁﬂmmmﬁﬂaU’Tnﬂm'@%am
WALUWIUWIDABLN rifampicin (MDR/RR-TB) 321319
gmsmawzz% 9-11 18a% MILUUAART kanamycin w38
amikacin uazahaIUUIzNIUA881 bedaquiline

2. Lﬁiaﬁmﬂﬁm’mﬁiﬂ&uLi“;lwiri’maa;ﬁﬂ’sU*?aﬂ;m

AU HVUIWRTOABEN rifampicin (MDR/RR-TB)
izwj’mqmmiwz%u 9-11 10w TaUUUAATIE kanamycin
%38 amikacin LazThasUUIznualen bedaquiline

%]

a s
aauazIsNIIAN®A

= ‘jl/ < = v s .

AN IWMIFNBUUUSURRY (retrospective

study) lagindayanfunivasihoimlsafonn MDR/
RR-TB @9L6iT] W.¢1. 2560 — 2564 NAHNANIIINW LA LA
Inaavadudun1svesdjianisindu MDR/RR-TB
lavli@adasn fluoroquinolones wazlaitasiilseia a5y
muuuﬁamﬁlﬂugm shorter treatment regimen 1T
nAWUNIT 1 Heu (eniulinanaseuindilidenn)
lasumssneauananguwlagunngdaauuwiniims
SnTmlsafasn Lmﬂumiﬁnmﬁnaﬁmﬁ@aﬁfuagu
oligthodiogassnszozau 9-11 feu nauvvdad
A . A . . a o [
4 kanamycin %38 amikacin LazTRATUUIENINAIY
61 bedagquiline uazdayavinlusunsululsunugu
ﬁagai’rﬂiﬂ WW9T1@ (National Tuberculosis Information

Programmer: NTIP)
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v
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%El'lNﬁW‘Vﬂ%ﬂ']‘SﬁﬂH’l%
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Twlsafasnnaisuwin (Multidrug-resistant
tuberculosis, MDR-TB) #iangfia Taulsafifasnasinasiag
2 I A8 isoniazid (INH) wae rifampicin (R) 370M%

z dl 1 v =1 1 & U

LazENRRBL VMBI g SudenTa i la

Rifampicin-resistant TB (RR-TB) #anafis Taulsn
X . .. X ' o A ' (% A ' (%
Aa8n rifampicin LazanadadasndIdusINmI8wIe WA ba

Shorter treatment regimen (STR) UEVeIIRK) ga3
lun35ne1 MDR/RR-TB 7ilT3zaziianinm 9-11 1iaw
Fegulngrzimuesiasnduinasgiuliue

- Kanamycin based STR wanafily gaven
e e P L » “
SnwTalsafemdingasenszozdu 9-11 \fou uuudle
13 kanamycin(Km) laa szazidutu szazan 4-6 \dan
PVBIFAILT kanamycin(Km)-moxifloxacin(Mfx)-
protionamide(Pto)-clofazimin(Cfz)-pyrazinamide(Z)-
isoniazid high dose(INHh)-ethambutol(E) UazGaaIL
szpzdaihad S8 5 LAaUVBIFAT Mix-Cfz-Z-E

- Amikacin based STR %189 gmm%’n‘m
. S 9 » o dn
Tulsafomndigasunszozau 9-11 ifew wuufand
amikacin (Am) wnufl Km laun szozidudu oz
4-6 L1@a% 289 Am-Mfx-Pto-Cfz-Z-INHh-E uaz6aeg
szpzdaihad S8 5 LAaUVBIFAT Mix-Cfz-Z-E

- Bedaquiline based STR #1819 ga3tn3nm
> ‘E’ U g: =1 v U
Tulsafopndingasuszozdu 9-11 (au laun gas
zazNTwANYN bedaquiline (Bdq) 32821281 4-6 LAiah
283 Bdq-Mfx-Pto-Cfz-Z-INHh-E uazsiaaiaszazsaiita
IZHLIAN 5 LABUVDIFAT Mix-Cfz-Z-E
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(1) Snwd e (treatment success) AONRIINVDY
TnEIre (cured) UazINEIAT (treatment completed)
Tafi

- $nwmg (cured) aNsdd £1)218 RR/MDR-TB/
(pre)XDR-TB Snwnasuriwua lag ldInangrwinaumad
Wa=RnawnziaesLaLiluay (culture negative) agnasias
3 a5 (herliitaanin 30 Su) Gadaiuluszozsaliios
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- INWIATU (treatment completed) P RHGE
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1 Qs 1 £ 1 1 g g A =
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¥ X o e z 4
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(3) Me (died) wuofis ghoamodinanglas
TERIWNMITNEN

(4) 198 (lost to follow-up) VeIIK r;jﬂwﬁ"u
InwuazdaNagnfadanwatngiay 2 1o

(5) lauaan (transferred out) NN gﬂaﬂﬁiau
sanluSnunfisaunsunaduuas linunanssnm

n153azhdays
ia;&aﬁ;ﬂﬂLLa:iagamadgﬁwi’mBﬂ lEaiia
LBINITMU (descriptive statistics) WIF1WIU Jouaz
Aadn damﬁmmummgm ﬂ'w'i']q@ WAAFIFD
‘3me:ﬁ“ﬁagaﬂﬁﬂﬁﬁuﬁufﬁumﬁm‘%ﬁmkmw:
wels laolfadi@ chi-square, Fisher's exact test @&
ANUIALNERUTDININTZNLIIVBITEYA FNRUATZAL
ﬁm%ﬁzymmﬁaﬁ 0.05 (p<0.05) I@mmogmmiw:%u
Du 3 ngw ldun WUUAART kanamycin W38 amikacin
LazsRaSUUTENIUGI881 bedaquiline NNTILATITH
namssnsaswazlidFameaunminanasladsfing
(logistic regression) WIsuiauIznIng §a381 kanamycin,
amikacin W8z bedaquiline-based STR lagla ga381

kanamycin-based STR 81484

NANISAN®E
nﬂ‘ =3 L% Uy s
INATIN 1 miﬂﬂmwa;&ammgﬂammkﬂ
@day1 MDR/RR-TB @dualeuisenimw 2560-2564
@‘Tfmgmmsw:ﬁu 9-11 1AB% JINNINNA 497 181
= e v ' [ U Qs g lﬂl o
FNANIISNENLAT LLmLaJu;dmmmkmamﬂmum

kanamycin, amikacin L8z bedaquline-based STR 31421

110 318 (F088z 22.1), 254 T8 (388 51.1) uaz 113
e (Fasaz 26.8) audey laslulsudszana 2560
Az 2561 ﬁhmug‘{ﬂamﬁl’ﬁgmmiw:guﬁﬁ kanamycin
Tutlsutlszanm 2560 s1uI% 36 318 (Sasaz 32.7)
wasdiutszanns 2561 9wan 74 38 (ToER 67.3 )
ANRIGL T30 110 T8

f{hmugﬂaUﬁl%gmmnmg'uﬁﬁ amikacin
fnIuTudvzanm 2562 uaz 2563 41U 134 318
(3098 52.8 ) uaz 120 118 (3088 47.2) MUSAU
JINT9Ew 254 T8 LLaza‘hmugﬂayﬁi%gmmsw:gu
#% bedaquiline 1uByuszunm 2563 uaz 2564
W% 116 318 (Touaz 88.0) Uaz 16 1Y (308 12.0)
ANRIGL TI0 133 T8

a3eit 1. $wugtheialsndios MDRRR-TB 4
%’ﬂmﬁ’mgmmiwzgu 9-11 L@at dLkun
o Tudszanne 2560 - 2564
Tepilseanow gmmizuzé‘u 9-11 Liiaw (STR) (i‘i'lmuﬁ‘onua=497 378)
WA Kanamycin Amikacin Bedaquline
1w (Fowaz) wm (Sowaz) 3 wn (Sauaz)
2560 36 (32.7) 0(0) 0(0)
2561 74 (67.3) 0 (0) 0(0)
2562 0 (0) 134 (52.8) 0(0)
2563 0 (0) 120 (47.2) 117 (88.0)
2564 0(0) 0(0) 16 (12.0)
SETY 110 (100) 254 (100) 133 (100)

9NANT97 2 wamsﬁﬂmiagaﬁﬂw‘?m‘[m
#881 MDR/RR-TB ﬁ%fﬂmﬁ'mgmmizm%u 9-11 Lhian
TuTlsudseanm 2560-2564 wuin lassin iuiwame
368 3¢ Aavduiouaz 74 tNAWY 129 3w Aadu
Jounz 26 Iug@lsm kanamycin-based STR uid1dw
WATIY 85 718 AatuTauas 77.3 LWARII 25 318 Aatdn
Jowar 22.7 §wIUgAs amikacin-based STR uiaiiu
ey 194 1y Aauiaeas 76.4 LWANRGY 60 T8
fAailusosas 23.6 UaegaI bedaquiline-based STR Liid
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Hulwaze 89 1o Aalluiauas 66.9 LAWY 44 T8
Anlusooas 26 SIANWILININATIRIN 3 nz\ju‘ﬁ"l,ajﬁ
ANULANANI LN ARE A NIIRDG (p>0.05)

mqmﬁlm (mean+SD) gﬂag’;'mkﬂéam MDR/
RR-TB ﬁ%fﬂmé'f’mgmmiw:%u 9-11 Liiawha 46.8+4.5
46.7+14.5 uaz 48.8+15 U ausau awa,a'é"y"l,&iﬁ
ANULANANIEIARE A UNIIRDE (p>0.05) NIIULIY
FanguanyanaIanisaurdolan Tagsruiianua
Wui 98183EWIn9 45-54 1 ﬁfﬁﬁmumnﬁqm Jounz
26.0 399893AaTWNY NI 3544 T Aaluiaua:
22.5 UAZT93ERING 11.24 T ﬁﬁ‘hmuﬁaﬂﬁq@ Saeas
5.2 s’f;dﬂ@;umﬂqmaomﬁv'a 3 nf\juﬁ"l,;iﬁmwmmn@ha
a8 9Ny EATUNIIEDE (0>0.05)

Ussianmsaoen wudwﬁa‘i’]mugﬂw MDR-TB
uae RR-TB AaLilu 436 1o (Fasaz 87.7) Uaz 61 1
(Gowas 12.3) Ui ":ﬁlx‘il%ﬂf\jw kanamycin-based
STR {gilrs MDR-TB mnﬁq@ fdatdu 107 9w
(30882 97.3) 399890 TI% amikacin-based STR fatdw
217 38 (30uaz 85.4) LLazﬁam‘ﬁq@ bedaquiline-based
STR Aaiflu 112 78 (Sesaz 84.3) lay 3 nﬁjwﬁﬁ
ANULANANI LI ARE AN NIIRDG (p<0.05)

giavesaderzfiuimlse wuin aduazin
Taulsnde 5'miiﬂﬂaﬂmnﬁq@ daidusuin 487 e
(Fawaz 98.0) vasasniu Yaulsauandaa Aadudrwan
6718 (Favaz 1.2) uazTmlsaluuazuantaasiniu Ao
s 4 1o (fawaz 0.8) lagrfiavasa oz iduTolse
5$%dﬂa§ﬁvlﬁ§umgmsizﬂ:g’umaa 3 ﬂg;uﬁ"l,&iﬁm’m

o

UANEI BN RIRANIEDE (p>0.05)
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A13719N 2. ﬁagaﬁﬂﬂmaog}”ﬂa gimlinfann U
W.F. 2560-2564 IWUNANNEATLIINIA
Twlsnfaen Jeuzaw 9-11 Han

gmms:u:t';‘u 9-11 Liiaw (STR)
Speeres Kanamyci Amikaci iline EatY

(N=100) (N=254) (N=133) (N=497)
Fwan (Fsaz) wIn (Fauaz) 3w (Faaaz) 1w (Foaz)

p-value

LW

-y 85 (77.3) 194 (76.4) 89 (66.9) 368 (74) 0.089
- w9 25 (22.7) 60 (23.6) 44 (33.1) 129 (26)

E‘TU’HANU 46.8+4.5 46.7+14.5 48.8+15 47.3£14.7 0.38
7 (MeanSD)

ngweny 0.771
9 11-24 1 7(6.4) 15 (5.9) 4(3) 26 (5.2)

79 25-34 11 15 (13.6) 38 (15) 22 (16.5) 75 (15.1)

99 35-44 1 24 (21.8) 57 (22.4) 31 (23.3) 112 (22.5)

129 4554 1) 33 (30) 66 (26) 30 (22.6) 129 (26.0)

99 55-64 1] 22 (20) 49 (19.3) 25 (18.8) 96 (19.3)

429 65 Tawly 9(8.2) 29 (11.4) 21 (15.8) 59 (11.9)

Uszan < 0.001*
m3een

RR-TB 3(2.7) 37 (14.6) 21 (15.8) 61 (12.3)

MDR-TB 107 (97.3) 217 (85.4) 112 (84.3) 436 (87.7)

231z 0.505
aa 110 (100) 248 (97.6) 129 (97) 487 (98.0)

uanaa 0 (0) 3(1.2) 3(2.3) 6(1.2)

Tuuazuaniaa 0(0) 3(12) 1(0.8) 4(0.8)

*p < 0.05: HauuandInuadnslinyimagnIaiia

IMNATWRA 3 HAMIIATIEHRHEMTNENEIUUN
ATNFATLIWUI MNISNBIFILTA (treatment success)
maagmﬂﬁﬂwﬁm‘hﬂéam‘:w:%u 9-11 \fou lugas
kanamycin, amikacin LLa¢ bedaquiline-based STR i\
FIIWIN 76 T8 (30882 69.1), 210 318 (FDUA 82.7) LA
117 o (Fouaz 88) MNEIGL daIINNIANE (died) 1
§97 kanamycin, amikacin W8z bedaquiline-based STR
Aatdusnwin 13 :a(Fosaz 11.8), 23 Mo (388 9.1)
U8z 9 78 (30UAZ 6.8) ANNRIAL

1%511@1‘3 kanamycin, amikacin L&z bedaquiline-based
STR WU MITNBIRNULART (treatment failed) AaLiln
10 78 (30882 9.1), 13 18 (3088 5.1) La 5 18 (3088
3.8) UG FIRIVAAIIN1IV1981 (loss to follow-up)
Aailu 10 98 (Sawaz 9.1), 7 918 (308 2.8) WAz 2 318
88z 1.5) aWEGU N3lawaan (transfer out) AaLilu
178 (30882 0.9), 1 918 (Faeaz 0.4) ez 0 318 (3088 0)
ANRIAL
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7y mssnsinlsnfaasn MDR/RR-TB §A3E1
srozem 9-11 1@ WU wamssnndszannsinm
#1139 (treatment success) U843 bedaquiline-based
STR gﬁ‘?‘iq@ waziimyane (died) 21981 (loss to follow-up)
LRZRNLIAAN (treatment failed) @‘i'\‘?‘iq@ \lanesaunieahia
wWuIdszianzaInanIIInIAaNNLana19 I o818

o o a a

RYFAYNIRDA (p=0.017)
~ o X @ A A
M1379N 3. Namiiﬂwwaaﬁdﬂaﬂamisﬂ@am 1
W.¢. 2560-2564 f{imunmwgmm%ﬂm
Tmlsadesn Jeuzdw 9-11 Liau (STR)

Fisher's 0.017
exact test

Snwdia

76 (69.1) 210 (82.7) 117 (88)

(Treatment success)

@18 (Died) 13 (11.8) 23 (9.1) 9 (6.8)
EHIV ) 10 (9.1) 13 (5.1) 5(3.8)
(Treatment failed)

AL 10 (9.1) 7(2.8) 2 (15)
(Lost to follow-up)

Touaen 1(0.9) 1(0.4) 0 (0)
(Transferred out)

RRtY 110 (100) 254 (100) 133 (100)

Lf‘iaﬁﬁagamawamﬁﬂmmaapjﬂmﬁfmkﬂéam
nenssi 3 suais 2 Ussan (Binary outcomes)
fa 1. Snwd T (treatment success) LAz 2. TN
148159 (unsuccessful treatment) fAaNaTINVBITIUI
Kth AT HaNISNEN S g nanmitaanmasnenguse ih
PIIATNRAIENananas la3x@ng (logistic regression)
WIsuifisusening gasen kanamycin, amikacin uaz
bedaquiline-based STR lawlg §9781 kanamycin-based
STR 81984 (reference) Lﬁaammﬂugmmnﬁadﬁmi
awdolanyszmalils

HaMTe T ud it m3l#gas amikacin-based
STR flomafiasinwnduSaunnnin 2.1 win (95% CI:
13-3.6) Waifisufiumslégas kanamycin-based STR
uazn3ligas bedaquiline-based STR flamafassnw

f13901NN71 3.3 1711 (95% Cl: 1.7-6.3) tilatfisunumy
l‘fqm kanamycin-based STR (Gni’mﬁ 4)

A519N 4. WHATLATIEANITTABIELT (treatment
success) INKNANANBELAIRANS (Logistic
regression) L3BULABUTENING §ATEN

kanamycin, amikacin L8z bedaquiline-

based STR
Ref: Kanamycin 76 (69.1) 34 (30.9) 1
Amikacin 210 (82.7) 44 (17.3) 21 1.3-3.6 <0.05
Bedaguiline 117 (88) 16 (12) 33 17-63  <0.001

mnmsﬁ@mumﬁﬂmmaagﬂaﬂ‘?misﬂﬁ§ﬂwﬂ
gudadaudisuinEands 30 Ausnun w.ea. 2564
lugm kanamycin, amikacin W8s bedaquiline-based
STR 474 76, 210 U8z 117 A% @NAGU 9631N1T
ﬂﬁuLﬂwgwaa;jﬁwﬁvlﬁﬁgmm amikacin-based
STR mﬂﬁq@ Aatluiauaz 1.4 vesasundugas
kanamycin-based STR Aaiusauaz 1.3 uadsliny
;\?ﬁamnﬁumnﬂwﬁﬂugm bedaquiline-based STR @a
dutewas 0 fedwmszazianasmndududiny
31 lugthe 1 5'1yﬁﬂﬁumﬂu%nﬁnﬂmﬂﬁ%uqmm
kanamycin-based STR Aaiduszziian 16 Lo uas
iwmmmaamiﬂﬁuLﬂu%waagmm amikacin-based
STR lu 3 518 wudldszaziian 4, 5 uaz 12 Ldau
(@38 7 1dow) (3197 5)
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4. . . v s S
a1391 5. wnuaziesazgiheTmliadesfindy
Dudrildgasenszuzan 9-11 iau (STR)

q ooy g
Swandihefinduiuhiildgasenszuzdu 911

1Paw (STR)
dszan K yci Amikaci Bedaquiline
(N=76) (N=210) (N=117)
q o q o q o
NN (VLAZ) WK (VLA WK (3DLA)
lainduifudn (No relapse) 75 (98.7) 207 (98.6) 117 (100)
naududn (Relapse) 1(1.3) 3(1.4) 0 (0)
szpzmvasnInauiugn 16 Lian 4,5, 12 i NA

(a8 7 1iaw)

andsy
mnwam‘sﬁﬂmiagamaaﬁﬂw?mkaéam
Uszinn MDR/RR-TB ﬁwgmms:ﬂzg‘u 9-11 Liaw
(shorter regimen) 3 §a381 Fouatlsudszanoe w.a.
2560-2564 #3110 110, 254 Uaz 133 718 (URIAL T4
Fi9van 497 T8 &’ﬂmmr’ﬁagaﬁ"'ﬂﬂmaagﬂa symlsndnen
MDR/RR-TB T w.f1. 2560-2564 wui1 gilosdiulng
Hwwazny fefevaz 74 luameiiduinandge
Jouar 26 AALIURARIN LNATIUADLNARDY YN
2.9:1 %oﬁmmumﬂﬂ’jwLﬁnﬁamﬁmﬁwﬁuﬁumju
drheTalsaiidshden Ssldasu inamodeinands
2:1 1" uazFadinitlndidssrunsanenludszine
wiha' udatnslsiany iwalaifianuuandraiuaeinei
RHEAYNIFNAIZAING 3 gmm%fﬂwﬁmkﬂéa TaEr O
9-11 1@0% HoNINH WU aquaﬁﬁ (Mean+SD)
maa;jﬁ’aﬁmliﬂéam MDR/RR-TB ﬁ%’ﬂmﬁfmgmm
seosdw 9-11 18w YuLUAaRT kanamycin w3a
amikacin wazwRASUUTETNUAIBLN bedaquiline il
ANNLANGIa NIRRT NIEDTE (p>0.05) Hile
saulnnjerlutiienyszning 45-54 T uazafiavaseioie
filwinlsa woh aspsiduwinlsnda Salsaoann

I

Naa Aavdn Sapaz 98.0 wdsziAnnisdasn wuin

!
fdwmaugie MDR-TB lugasuiszuzau 9-11 1fou
wuudafifl kanamycin ¥nfiga Sewaz 97.3 luvmen
@3 amikacin Lz bedaquiline dig{ta813ziAn MDR-TB

Jouaz 85.4 WAz 84.3 aNEGU (p<0.05) a1atitasan

52

Tuasmesiunaluladduwn RR-TB §9lduninans
Tugawan dihesiulng3aiu MDR-TB ﬁvﬁ']gjms%'ﬂm
fegasen STR

HANIININELTA (treatment success) VBIFATEN
Snnialsafasnseuzaw 9-11 Laow lugas kanamycin,
amikacin W&z bedaquiline-based STR AaLiluinsas 69.1,
82.7 Laz 88 NGO waﬂ'ﬁ%“ﬂmz%']ﬁanﬂgmgaﬂfh
Nnonwinlsarzdulan lavasansawdalan (WHO,
Global Tuberculosis Report 2020) Tul w.a. 2561 °71I
fiinsSenaz 62.9 uazluudazgiinadanisinm
gSauandnamuludsudoua: 56 A9 69 Tuglavuas
waWsn éwmSudszinalng ﬁwamﬁ'ﬂmﬁn‘%ﬂumju
fhodszinn MDR/RR-TB daudusasas 63" laswa
mﬁ'm:né’u‘%@mmgmm%’nm%’mﬁ@éa §N3= 82804 9-11
doulumsdnmnit linsinsgiheiulsadsan
MDR/RR-TB flamafsnengnsauiniu

FRIVNANITINBIF1LIV8Y kanamycin-based
sTR lumsanwillnaidssiudsznedulaiife (Fooas
64.5)° wazfsdninafisunisdnsranyszine
Tinanauazlszneauing Adnamssnenansa Al
mﬁ@mﬁju aminoglycosides (kanamycin/amikacin) SOILE
87.9 uaz 79.6 Mua19L"™ LANANTINEFE TV
amikacin-based STR lums@inunaSiiifagenin (Fauas
82.7) gendszinainiia”

1333887183515 NUNINITIUATINLU L
NAUAVBULUA (scoping reviews) ijaﬂ W.¢. 2564
Lﬁa?mmﬂs:?m%mwmaag(mmizmg'u (STR) A
8180 kanamycin uazgatonziaiudizniu A5
bedaquiline tJua1udiznay Wan1sANBINLIN
bedaquiline ﬁﬂsza‘n%mwlumﬁﬂmi’m‘hﬂ%amga
LLa:ﬁﬂiﬂmﬁﬁﬁ]zﬁmﬂﬂu@mm STR luamefl
kanamycin U3zansninlunissnsnTmlsaaesnd
gaunit™ windSoufsunadiTavesnssnenlue
Ussinanastn (et w.a. 2564 Imﬁ%@qﬂi:mﬁlﬁa
wa‘lumﬁﬂwﬂuﬁﬂ’;U‘kaﬂéamﬁlifm bedagquiline

WNWATLEEN kanamycin HANNIANHIWLI HaaTIANT
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SnwndnSefisdouns 89.75° GlndiAssiunansanm
Tuaseit

fnIuwan1ITnediziani§edia (died)
5$ﬁ’jﬂqﬂ1§%'ﬂﬂﬂi'miiﬂ§aaﬂﬁaugmm bedaquiline,
amikacin, kanamycin -based STR Aavdusasaz 6.8,
9.1 uaz 11.8 @8 %awudwé’muﬁm%ﬁmmgm
bedaquiline-based STR ﬁauﬁq@ (Faaz 6.8) InaLAsd
Aumsanmnludszinaaasln ﬁﬁ'@qﬂszmﬁlﬁaﬁﬂmwa
NMIINBIA ﬂgmszﬂzguﬁl% bedagquiline a7 URUTIN
fouas 7.7"° wananinanisansnludssinaluiaed
Wy danmudeiialusznininsligase kanamycin-
based STR Wusasas 9.2"° uaziszinanih Souas
15.3" lum=fins@nwanyseinatiAgawwunis
Lﬁﬂ%%%ﬁﬁﬂ’;ﬂﬁ%’ﬂﬂﬁﬁqg amikacin-based STR
a8z 9.9" IINNAIINANTILATICRAIONATNNNT
nanaslada@ng (Logistic regression) Wuin nvld
bedaquiline-based STR flamafezsnsndisaunnni
§a7 kanamycin-based STR ¥y 3.3 i1 (95%Cl:
1.7-6.3) AFNENLATAIINLNIBITIHATINULLLTINAKE
YaULIA (Scoping reviews) WU11 bedaquiline ¥
ﬂsz'ﬁw%mwiumﬁ'ﬂmi'miiﬂéamgmmzﬁﬂsﬂmﬁﬁ
azhanlglugasen STR luwnuzft kanamycin Usz&nsnw
Tumssnninlsnasndidasnin™

msné’mﬂwﬁwaamsgmmszﬂ:gu 9-11 L6an
INFAILT kanamycin, amikacin WA bedaquiline-based
STR wuSauaz 1.4, 1.3 LAz 0 AINAIAY NITANEN
Aauniid Iudsznamie Gaamumsnauidugian
n3ligasen kanamycin-based STR Twdoust 6 uas
12 wudwﬁ;ﬁﬂwﬁﬂﬁmﬂuéﬂ Aatlluinoaz 0.5 uaz 2.4
audnan” luvaefidsaneluasd wunmsnauug
Jouaz 1.916 arj'ldvl,iﬁmm]”aQamaamsné’mﬂwgﬁmﬂ
n3lgasen amikacin LAz bedaquiline-based STR i
fAaut9dIna

fnTuszozanvsmMInaududnasensnm
ﬁ’]ﬁ%‘lla\‘li;mif_l’l kanamycin-based STR falduszay
1281 16 LAah Lmziwzna’maamiﬂé’mﬂwgﬁmaagmm

amikacin-based STR WU ld5zoziiaads 7 @amu
gﬁfﬂ’m%mkﬂéam MDR/RR-TB 311N17AAO10N1T
%’m:nmaaQ’ﬂaﬂﬁ'misﬂﬁ%'nméhL%%&Llﬁilﬁfﬁﬁﬂmwﬁa
30 MWW W.A. 2564 JEUTLIAT AITANAINY D
wanegasenliviniu lag kanamycin amikacin uwaz
bedaquiline-based STR lfian@aaulastszuno 3 1,
17 wazdsladef ﬁy'dfyl,l,ﬁ@ﬂ’mﬂ‘é"mugmmmuumma
g3U5snalnsuazdunziivasasanisawivslan
lagawzgasen bedaquiline-based STR 9A36a3

A v

daaudeldluuraaifiasanlusmeAgslidgiae
Nnulannauiugn
nTdasundssvainissnenimlsaqaasilu
1932021987 5 1) anaudasl iz oza lnnIsnm
18-20 Laan Lﬂﬁﬂumlﬂumﬁﬂmﬁaﬂgmmiwzﬁu
o Ca L 4
LUUNENRA (kanamycin w38 amikacin) LazilRynan
Lﬂumi%'m:n@hﬂgmmnﬂzé'mmu"ﬁﬁ@%'uﬂs:mu
MIrua 9-11 teau® muldnisdiiniuaasnasinlsa
mumuqﬂiﬂﬁu Taulounomsilaouunlasdinniy
SnedtanTmlinfes ﬁﬂﬁﬂﬁ]ﬁ;ﬁumﬁﬂmé’ﬂm
T3R8 1MANITWIW AT NITNAWINILI D987 IRNN
ﬁﬂsza‘n%mwga gmmﬁﬂmﬁﬁszﬂznm%ﬂmﬁum
drnstuafawaaIna invesnmediduamy Tula
ABENTZAULTZING LATMIRRUABWINTALAUIIUINN
Iﬂiaﬂwsﬂadnuianﬁﬂuﬁ'miiﬂ lumsduiuwnsaadasn
%’ﬂm’imkﬂﬁamﬁwgmmi:ﬂzﬁu 9-11 LABWNITHA
AALRZIUYIETMY ﬂaqﬁu f%’]ﬁfmmﬁé'ﬂﬂszﬁuﬁgmmw
UWHAIT6 (FURT.) "L@Tagﬁal,ﬁmi'mmgmsw:ﬁu 9-11
= a s 2 é o v L= g:
LA UTRATUY TN mm%mnmmgmmmm
X oy A X y 2 A
2u dihefilomanpanndulasldszoziaiiauas et
U3 AUANUFNSIN AU INEINOUFIUB LU 8IS
FudwuawImlsafas lasaniz3asdinsyselomi
lumssnsandqy adrslsnany MINUANAAINNNT
snwuduisddn hosanminsnmlddnia anatfia
¥ X 4 X
Lma@amﬂgmmmuvl,@”l,uamﬂm

a3
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a3uluan1sd@ne

Q”ﬂmi’miiﬂﬁam MDR/RR-TB ﬁ%’ﬂmﬁwgm
81388 9-11 L@aw (shorter treatment regimen) 3

&< A A . A . .
g§a787 NILUURANA kanamycin #38 amikacin LRTEN
bedaquiline @ILATILLUTENNH W.7. 2560-2564 § 3
N9RNG 497 318 wamsﬁnma%’aﬁwmﬂgmm%’nm
Tlsnfasnszazdn 9-11 @awladszantnInng lay
§A781 bedaquiline-based STR ANaN1ITNHI&UT
gaﬁq@ LAZANITANY V1AL WAZANLAAD @‘hﬁqma:
W men A e e ¥ v em
mvluugﬂwﬂﬂamﬂwm atgglsAamuaiIzTifaay
ﬂé'mﬂwﬁ’u,m:ﬂﬁﬁamnﬂﬂ

U
LA LS
1. ff'mLa%mmmﬁnﬁuuiﬂmﬂmﬂﬁgmm"fﬂm
Tlinfa s Tz ARTRATUUTENIY ANl tiNUad
ssdndplanliasauaguiuyis MDR/RR-TB il
KamsinmaSadnininladenligedu
% > 6 1 6 9 [
2. USeBIFUNUT mma@ammwﬂﬂm
WiIB9Ug Lanerunadis g lnunifsliuiniu
L%aamﬂ%gmm%ﬂHﬁtﬂiﬂﬁami:sl:éfu"nﬁ@%fuﬂszmu
1099N LA AN IS NN NALRZ Iz UL IR LN TS NEN LR
3. mi?\@mmé’mﬂwﬁwadgﬂaﬂi’iﬂiﬂﬁam
ASNHNBLETI ATAReNN M ITNAINTIENTIEN
1 v = 49(0/ =4 I
ag1aresnn 1 1 iz lwume ol uszoziaan
figwaznanladelidgthonoladud lasawzgasen

srezRuIRasUUTEmu

2aINNAVBINTANEN

1. mydnwaSsiliuwmsfnunuuy retrospective
study é’aﬁ?uﬁa;&aLﬂwﬁa;‘\jla‘lmzuuﬁ'uﬁﬂmi%umlﬁ B
wazwan et 1ldusueazsuaes
mmqnmﬁﬁﬂ%"‘mmmgﬂaﬂi'miméam WANANIIA
81 MIBNLRAIVDINIIING ;ﬁ%’mmzﬁﬁfhlumiﬁﬂm
ﬂ%ﬁ@ia"l,ﬂmiﬁuﬁﬂLLazﬁLmnﬁﬁagamuﬁﬁm AV
Uselomiasnsdslumsnammssnunimlsaaam

94

A & v .. . =
2. MIUANERNY logistic regression WUy
32WiN9 gaar kanamycin, amikacin Uz bedaquiline-based
STR 1Y% MNKANNTANBENINATEAURILALTD 997N
FalalavindaudAanzialulues wszmsdnm
& AN W e A o o o & =
assinliladnuFasiladsrainissnengnsa lumsdne

ATIRUNAITAN BT LVBINITIN IR TAE

a A

naansINdszne
°1Ja°uamm:@%mmm*ﬁm‘bﬂéams:é‘fuﬁs:mﬂ
LasTEeUA 1-12 RTIuREnGUUlgusuazLwe Ty
Savnnuiseiiauan °11amaum:@mﬁmﬁwﬁﬂaﬁm‘[m
wwnd LnFons mifieafinTadse wazisnind
Lﬁ'm*ﬁ”aﬂumsgLLa%‘ﬂmQﬂw’imEﬂnﬂVim Aflsu
FINIATILAZNNIS BN Tumsaiuayurhldnisdnm
ﬂ%v’qﬁmiqﬁfﬂgﬁizaaﬁﬁév‘avl"f
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Abstract: Kamonwat P, Ungcharoen U, Jirawattanapisal T, Rientrirat P. Treatment outcomes of injectable and
oral shorter treatment regimens (STR) among multi-drug or rifampicin resistant tuberculosis patients (MDR/
RR-TB). Thai J Tuberc Chest Dis Crit Care 2022; 41:46-56.

Division of Tuberculosis, Department of Disease Control, Ministry of Public Health

In Thailand, there has been a change in multi-drug resistant tuberculosis treatment from the conventional
drug-resistant tuberculosis treatment regimen with duration of 18-20 months to shorter regimen. However, an
available data on shorter treatment regimen outcomes of the injectable regimens containing kanamycin or
amikacin and oral regimen containing bedaquiline are still limited. This study aimed to determine treatment
outcomes and relapse rate of the three shorter regimens among MDR/RR-TB patients.

A retrospective study was conducted by using secondary data of MDR/RR-TB patients of three shorter
regimen from 2017 to 2021 who had the final outcomes. Four hundred and ninety-seven patients were treated
with three different shorter regimen containing kanamycin, amikacin and bedaquiline of 110, 254 and 133
cases, respectively. The success rate of kanamycin, amikacin and bedaquiline-based STR were 76 cases
(69.1%), 210 cases (82.7%) and 117 cases (88.0%) respectively with statistically significant (p=0.017). A
logistic regression analysis found that amikacin and bedaquiline-based STR were 2.1 times (95% CI: 1.3-3.6)
and 3.3 times (95%Cl: 1.7-6.3) more likely to be successful when compared to kanamycin, respectively.
The relapse rate for patients treated with amikacin regimen was 1.4%, followed by kanamycin (1.3%) and
non-relapse were found in the bedaquiline-based STR, 0%.

In conclusion, the result of the 9-11month shorter regimen for multi-drug or rifampicin resistant
tuberculosis treatment regimen showed the good benefit. In particular, the bedaquiline-based STR had the
highest treatment success rate while the lowest died rate, lost-to-follow up and failure, and no relapse.
Therefore, the use of a STR as recommended by the World Health Organization on MDR/RR-TB patients

can increase treatment success rate. Moreover, relapse and drug resistance should be annually monitored.
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1.DM 5,268 1,278 (24.3) 458 (8.7)
2. Migrants 2,243 412 (18.4) 131 (5.8)
3. Prisoner 2,801 903 (32.2) 142 (5.1)
4 HIV 3,710 676 (18.2) 219 (5.9)
5. HHC M+/MDR-TB 9,884 790 (8.0) 248 (2.5)
6. Eldery 12,755 2,866 (22.5) 687 (5.4)
Total 36,661 6,925 (18.9) 1,885 (5.1)

e Xpert MTB/RIF Ultra ~ e===AFB smear
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& o - cop 8% oo
e S e 575
DM Migrants Prisoner HIV HHC M+/MDR-TB Eldery
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LN a9 FHIRIWIWDS 4-8 FUAR WINTNITRM W
uazinatan1In %R a8 Xpert MTB/RIF® Ultra
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u
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N douwNInua 17,613 318 NO3IANIFAIID INAATING
8,004 18 Sa8az 45.5 35 Xpert MTB/RIF® Ultra @333
WU MTB detected wediadosuaiduauds 9,311 9y
Jouaz 52.9 uaAD Xpert MTB/RIF® Ultra 7329 lIWULT®
wAdTLR NS IANaUIN 298 18 Yaua: 1.7 Salunydl
AINANNNANNT T UIZGBIFINIZL T RIDRINAROU
walina i ineisawNednuwnsiinvadisa
a L4 dx
Wansnaudsziandszaininguidosnin
A & | Aad A€
N DauNIRNe 36,661 318 WUINITLRRNUTNUNAUIN
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1,885 318 Yauaz 5.1 UdI5aTIINE Xpert MTB/RIF®
Ultra @92anuLdaiilsa 6,925 318 Sauay 18.9 lag
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padmsawdalan (End TB Strategy 2015-2035)
s:qmﬁﬁaﬁyLLim‘%'waﬁmTiﬂ (Early diagnosis)
I@]ULa,wwzluﬂﬁjuﬁszmﬂﬁﬁqﬁamsrﬁm‘[sﬂga IGF
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@28 WHO-recommended rapid TB diagnostics é’oﬁ?u
National TB control Program (NTP) lunﬂﬁizmﬂﬁﬂﬁ
ANnuEAYTUMIRAwILe3aTeRes Juamslunsls
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Abstract : Sitti W, Smithtikarn S, Theprongthong W. Kamolwat P. Effectiveness of Xpert MTB/RIF® Ultra
for TB detection in Thailand. Thai J Tuberc Chest Dis Crit Care 2022; 41:57-64.

Division of Tuberculosis, Department of Disease Control, Ministry of Public Health

Tuberculosis (TB) is considered a cause of morbidity worldwide which is a major problem in public
health. Currently, there are several methods of TB detection and Xpert MTB/RIF® Ultra is one of molecular
technique for TB diagnosis, as recommended by World Health Organization. Division of Tuberculosis
(DTB) has been continually supported from Global Fund for many years including the development of
a tuberculosis laboratory in Thailand. We studies the effectiveness of Xpert MTB/RIF® Ultra compared
with AFB smear in new tuberculosis patient registered in fiscal year 2021 in Thailand. The total of 17,613
cases were registered and diagnosed of both technique with the concordance in 8,004 cases (45.5%)
and Xpert MTB/RIF® Ultra found MTB but smear negative in 9,311 cases (52.9%). Xpert MTB/RIF®
Ultra yielded negative result but smear positive in 298 cases (1.7%). Among the key population at risk for
tuberculosis, Xpert MTB/RIF® Ultra was found to increase diagnosis 54.0% in smear negative cases. Therefore,

Xpert MTB/RIF® Ultra may provide faster diagnosis and treatment for tuberculosis as a point of care testing.
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Tunefisdnfudandseswalng Lﬁ@]ﬂ’]ig@]%%ﬂ’]d
L@unalan3iamk trachea 3@ main bronchus %ﬂﬁﬂd‘ff’lx‘l
o lfiianizaiaemanisla (asphyxia) gty
zfensnseRunsyany ldannsalendaaanidodle
winldlasumaudluegeriuriaed dilvanfediald
g;]Tﬂ’Jﬂﬁﬁ%’]&'ﬂ?}aLLﬂaﬂﬂaaﬂumaLaummlaﬁﬁ
o3 liann wiaemsaturdasanmsaanlugiousn
91U INDUNNTFI 881117910 THFIulanUaay
Tumadumslateds 1w lakess, lofiiRaaduiilug
18 9, lung abscess %38 recurrent pneumonia e é‘ﬂ’m
vnglasumaifiaasillu asthma® uazlinavauasde
srwenevasnay YlwlaTunsinunfisndn ilugns
AaNTzuNINGauda 9auan Geuaadluansnd 3

M15199 1. Jadungesuasnsaanssundandaan 2°

Risk factors for foreign body aspiration
- Senility
- Alcohol consumption
- Sedative or hypnotic drug use
- Mental retardation
- Poor dentition
- Tracheal stoma
- Primary neurological disorders with impairment of
swallowing or mental status
- Parkinson’s disease
- Trauma with loss of consciousness
- Seizure

- General anesthesia or conscious sedation
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A151N 2. AINITHAZDINITLFAIVBINIIZEIAN
faudandaay

Signs and symptoms of foreign body aspiration
- Choking
- Cough
- Hoarseness
- Stridor
- Unilateral or bilateral wheezing
- Unilateral decrease in breath sounds
- Unilateral hyperinflation
- Subcutaneous emphysema
- Pneumothorax / Pneumomediastinum

- Atelectasis

swavaddsnaniaan

ﬁs’lm’mmsé’lﬁﬂéaLLﬂanﬂaamﬁ’ng&maLau
winlaldnassiia fnwuvesldun i@woms %msz@ﬂ
i wiansld e weuth Audsen swsaia
wiedsudandaawsaniiu 2 vszanlug 9 léun organic
LLRg inorganic foreign body (mi’l\‘]‘ﬁ 4) Nﬂﬂizﬂh@imﬁay
madiwmnelionaifialagasianiudandasudidana
WAANAN #I8LAAINNNNTANLRLVBITIINY lagwuin
souandsauiia organic vliiAanseniauaes
ilaeldunnniisdia inorganic 3118149l granulation
tissue bad18nin addlsiany Jorvsvfiarinliiia
nsdniaulduinigunu ldun vangu tetracycline
e mm@;mﬁﬂ wananit Fsutandasndszian
organic WazgNUNTHA Lﬁamhgdwmﬂmaﬁmwmg
mmmlmﬁmﬂﬂﬂszmums rehydration WRZ®HIN
WUIAUNU granulation tissue Aazrldnisings
wiandaanaanansremadulyldonnuazaraianie
wnInTawle 1w Lianaan udu
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4 y o o o 26
M13W9N 3. MEUNINTanaINIMaNsUanUaaw

- Hemoptysis

- Recurrent post-obstructive pneumonia
- Lung abscess

- Bronchiectasis

- Bronchomalacia

- Bronchial stenosis

- Granulation tissue formation

A137197 4. dhatarsndandsanlumadunsla

Organic Seeds (watermelon, sunflower, pumpkin etc.)

Nuts (peanuts, almonds, pistachio, etc.)
Meat

Bone

Fruit

Candy

Inorganic Dental crowns, dental fillings, dental fixtures

Glass

Plastic

Coin

Medication tablets

Fragments of tracheostomy tubes
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Fitpatapnz 2-7) inlinwdneSsanaseniialu (chest
X-ray) fifosfialun1susadiuioulandsey agnslsfiona
susanuauAadndedisduld 1w atelectasis,
mediastinal shift, air trapping oh) pulmonary infiltrate
Wudn Fn19fneiwudn n1vasranuauidadnd
9 chest X-ray lumsitassnizaanasudandaoy
lunmadumeladl sensitivity 70-82%, specificity 44-74%,
positive predictive value 72-83% L8 negative predictive
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1. Non-endoscopic therapies 128 &1 AN &4
LLﬂaﬂﬂaawﬁﬁmiq@ﬁumamaLaumﬂlaﬁhuéf%
RaInNIInafinagiabounaw snaisarulale
azaan lisusanald Sududasldsunisgiomie
1081132 @2837 back blows Waz chest thrusts Lwl@NLEN
%38 abdominal thrusts (Heimlich maneuver) ludnlanse
gifl,my Tus ﬂﬁméfﬂmsqmﬁuﬁnmﬂdmL'%m RRtUabrabill

laryngoscopic evaluation Waun lunie life-threatening
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asphyxia lapyaansiidanudiuigy wanaindt &3
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AN IaTuNUug U199 laun bag-mask
ventilation, endotracheal intubation %38 cardiopulmonary
resuscitation 114
fnSumIinEa18358u laun bronchodilator
inhalation W&z postural drainage liuuetinl#vinluzisusn
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2. Rigid bronchoscopy 9189119031077
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mIle rigid bronchoscope laun adequate ventila-
tion (standard or jet ventilation), good visualization,
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3. Flexible bronchoscopy A15Lg flexible
bronchoscope tathFsulantaanaananmadunisla
A I3 . o @ a a
0oLl procedure of choice FMIUNTUTLLABULALINGN
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bleeding %30 displacement of foreign bodies 1ai
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1% flexible forceps, rat-tooth forceps, snare, basket,
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cryotherapy probe, balloon catheter (Fogarty) LLae
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- Single-action forceps #n3vawlasin
Fwnfioas forceps fnzagjﬁa Tupaefitndnanumniis
sansnviivldiiedaniale

- Dual-action forceps Liw forceps fivan
Fgassuiuielevielaldagneguanas Forceps
LANZRIATY inorganic foreign body ﬁﬁé’ﬂwmumuﬁa
TinwnawAnld 1w wioy adundunzany dunya
uew wie organic foreign body ﬁﬁé’ﬂwmm%a
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aEIMANzaN NiNafe mTidenld forceps Aidawalna
Lﬁmwaﬁumm@Lﬁumuguﬁﬂmwaﬁmq NIHE8INT
mndudufidung "Laﬂﬁ%fmqﬁqumﬁaudm A3LEan
Ifufia alligator jaw %38 rat-tooth forceps WIaNToh
‘émﬂaﬂﬂaauagsluﬁuﬁa‘hﬁ@ asdanled single-action
forceps ilasananansaidlatnues forceps laazaann
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Grasping forceps BUA rat-tooth

2. Snare fanwnuzilurisramaaglugunol
fignansaldléns working channel 289naa4 flexible
bronchoscope 1#a184 snare Ana1u3Uuuy Py
WWURUAUENA, INBUZUAAIA (twisted W38 smooth)
waznIinsalifl electrocautery Ldudu nvldan
284 snare LuAnwuzHiIAdaIRBUTALIAYUALIA
Fuliusiu lawsulnajinlaild electrocautery M snare
TunsdlihFsudantasnasnanmadumels snuiu
IHiiaada granulation tissue

3. Basketguninkndunzni finanoaiia dulwg
gﬂﬂszﬂqnﬁﬁmﬂ%mnﬁmmiﬁu Wi ZeroTip® vawld
#1130 common bile duct calculi %38 ureteric calculi

u12N Nitinol Juu1a 12 Ui, Uas 16 ya., Twister®

o X Yo a . I @
gﬂai’wmuml’ﬁm‘mu colonic polyp Liu@% basket
o “ a A = X a a '
ANNZEIRIURILUANUaaNThakTd NUHII8Y gﬂﬁa
- vo o i .
nays mnl’ﬁnumLLﬂanﬂaamummu‘,u A70Ua4 basket
o o z 2, X L a
a19daFILUantaa Nt ALl wTWEI NN NINDW YA
PINADNITHIDNIARNA PNTHAINEIT ’RINITD BT

Net basket NUaNw MLl snare HARLANINE WN L6

sUn 3.° uamy basket ua: snare (a) Twister® rotatable
polyp retrieval (Boston Scientific, Natick, MA).
(b) Rotatable snare 13 mm (Boston Scientific,
Natick, MA). (c) ZeroTip® airway basket (Boston
Scientific, Natick, MA). (d) Roth Net® (US endoscopy.
Mentor, OH)

§Uﬁ 4.6 (a) Twister® rotatable polyp retrieval (Boston
Scientific, Natick, MA.) basket with a walnut.

(b) Zero Tip® (Boston Scientific, Natick, MA.)
basket with a bean

4. Cryoprobe [%anmsrapid gas decompensation
o . . . a L. -
VILNR nitrous oxide, nitrogen A3 carbon dioxide LNd

AlAAaaNuLEw -40 D19 -80 aveLTaLTyaNlasaY
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§Uﬁ 5.° Cryotherapy. (a) ERBE cryotherapy unit. (ERBE-
USA Marietta, GA). (b) Tomato frozen to tip

of Cryoprobe. (c) Corn frozen to the cryoprobe
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Introduction

The bronchoscopic techniques for diagnosing
peripheral lung nodules have developed over time.
The advanced techniques, including a smaller and
more flexible bronchoscopy, a device for harvesting
biopsies, and guidance techniques such as the use of
guide sheath, radial endobronchial ultrasound (R-EBUS),
cone-beam computed tomography (CT), fluoroscopy,
and an electromagnetic navigation, enhance the
diagnostic yield, especially when used simultaneously’.
Bronchoscopic therapies have also been created and
are already being used in humans, including Salvage
radiation ablation, CT-assisted transbronchial
brachytherapy, CyberKnife robotic radiosurgery, and
cryotherapy'™. However, the data on bronchoscopic
therapies in lung cancer are limited in contrast to
percutaneous CT chest guiding approaches, including
percutaneous radiofrequency ablation, microwave
ablation, and cryoablations*®. The purpose of this article

was to ascertain the development of peripheral lung

suliaAuwidaiui 30 wgwnan 2565
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cancer therapy using an endoscopic method, based
on the current evidence of percutaneous CT-guided

thermal ablation.

Biological mechanisms of thermal ablation

Thermal ablation therapy began in 1850 with the
introduction of frozen saline solutions for the treatment
of advanced cancers of the prostate and uterus. Then,
in 1926, radiofrequency ablation was used to resect
brain tumors, and in 1990, percutaneous radiofrequency
ablation was utilized to treat liver tumors for the first
time.(6) Thermal ablation has significant advantages
over surgery in terms of reduced morbidity, improved
preservation of surrounding tissue, lower cost, shorter
hospital stay, and intra-procedure visibility. While key
limitations included the potential of incomplete ablation or
recurrence, a less favorable treatment outcome, and the

lack of comparable randomized controlled trials (RCT)*®.
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Thermal ablation techniques can be classified
into two categories: those that use high- and low-
temperature. In the group of high-temperature
modalities, there are radiofrequency ablation (RFA),
microwave ablation (MWA), and emerging technologies
such as high-intensity focused ultrasound (HIFU) and
laser ablation, as well as low-temperature modalities
such as cryoablation®. Only RFA, MWA, and cryotherapy
will be discussed in this section because they have
several supported data.

Heat and cold temperatures will influence the
tissues of the tumor and its surrounding areas by
destroying and inhibiting tumor growth. The temperature
change zone is divided into the central zone, the peripheral
or transitional zone, and the surrounding tissue zone®.
The effect on each zone is different, with the central
zone being directly affected by temperature changes,
resulting in central necrosis, whereas the peripheral
and surrounding zones are affected by indirect injury,
which cells in the peripheral zone experiencing apoptosis
or recovery, and cells in the surrounding zone being
unaffected but potentially affected by the subsequent
immunological change.

Thermal energy delivering by the probe or
applicator tip causes the tissues to reach temperatures
greater than 50-100°C. These result in loss of cell
membrane integrity and permeability and mitochondrial
dysfunction. Intracellular proteins and DNA are
incapable of self-repair and thus harm the DNA
polymerase enzyme leading to cell cytolysis. The
peripheral zone is cooler than the central zone at
41-45°C. This heat can cause local damage, denaturation
of hyaluronic acid, and chemokines, resulting in the secretion
of various cytokines that stimulate inflammatory cells
such as neutrophils, dendritic cells, and T cells to migrate

to the area of local damage. Additionally, heat shock

protein-70 (HSP70), which is normally found inside the
cell, acts as an anti-apoptotic factor. However, when
HSP70 is pushed further out of the cell, it has the ability
to bind to tumor antigens and present them to dendritic
cells for further destruction. Heat also causes vascular
permeability in the surrounding zone. Vasodilation and
subsequent reperfusion injury result in increased oxygen
consumption and responsiveness of tissue in the area to
oxygen-free radicals. Tumor antigen released following
cell death is transported through the lymphatic system
to normal tissue areas via the lymphatic system. To
stimulate the immune system, immature dendritic cells
bind to antigens and present them to naive T cells for
further degradation of foreign matter®®. The zone of

hyperthermic ablation is shown in Figure 1.

c) Surrounding tissue zone
/ Unaffected
\ Indirect injury
—— b) Peripheral or transitional zone
Apoptosis or recovery

a) Central zone — Direct injury

Coagulative necrosis

Figure 1. The zone of hyperthermic ablation; The probe or
applicator tip heats tissues to 50-100°C.
a) Central zone, temperature changes in the central
ZONe Cause necrosis;
b) Peripheral zone and
c¢) Surrounding tissue zone, indirect injury causes
apoptosis or recovery in peripheral zone cells while
surrounding zone cells remain unaffected but may
be affected by the subsequent immunological
change.
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Hypothermic ablation affects tissues in three zones
as shown in Figure 2. The cold induces coagulation
necrosis in the central zone via a solution-effect cell
injury mechanism. When the cell is cooled to negative
temperatures, the extracellular fluid crystallizes before
the intracellular fluid due to the lipid bilayer covering
the intracellular content. Extracellular fluid crystallization
results in cell dehydration and a high extracellular solute
concentration, resulting in the expulsion of intracellular
content and eventually coagulation necrosis. When
the cell’'s exogenous intracellular content interacts with
the immune system, it induces the release of a large
number of cytokines, most notably IL-6, IL-1, and TNF,
which can result in systemic inflammatory response
syndrome (SIRS), multiorgan syndrome (MOS), and
death. This phenomenon is referred to “cryoshock” "*.
In peripheral zone, cold can injure the vascular system,
resulting in platelet aggregation, microthrombosis, and
local ischemia, as well as vasoconstriction, resulting in
coagulation necrosis that is expanded. Moreover, if the
blood supply reduced, the cells are ongoing apoptosis.
In the surrounding tissue, the cells may be affected
by reduced the blood flow causing cell hypoxia and
causing cell injury. Whether a cell is damaged by
necrosis or apoptosis (which is the death of cells naturally),
it has different effects on the immune system. When cells
necrose, the release of DNA, RNA, uric acid, HSP70,
and HMGB1 stimulate DC activation and proliferation of
activated T cells. These are immunostimulatory effects.
Whereas apoptosis is simulated by DC, anergy and
clonal deletion occur in the absence of T cell stimulation,

thereby acting as immunosuppression®.
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c) Surrounding tissue zone — Hypoxic
ini < Alert
Vascular injury b e A
4 «  immune
b)Peripheral or transitional zone — Apoptosis

a) Central zone
Coagulative necrosis
Solution-effect cell injury ﬁ

B
’ — ‘3‘1 handll Cryoshock phenomenon

Gell dehydrate & high extracellular
solute concentration

Figure 2. The zone of hypothermic ablation;

a) Central zone, the cold causes coagulation
NECrosis.;

b) Peripheral zone, the cold can cause platelet
aggregation, microthrombosis, and local ischemia.;
c) Surrounding tissue zone, the cold reduced
vascular supply to cells, causing hypoxic injury.
Whatever the cell injury that results in “necrosis,”
“apoptosis,” or “hypoxia,” these alert the innated
immune system to the systemic effect of hypo-
thermic ablation.

Both heat and cold treatments can have an indirect
effect on tumor cells by stimulating the immune
system. This phenomenon is referred to “post ablative
immunogenicity”. Because heat destroys the released
intracytoplasmic material, it has a lower ability to
stimulate the immune system while the intracytoplasmic
content released after cooling was unaltered as a
result, can boost the immune system more. Thermal
ablation causes not only tumor destruction, but
also immunomodulation, in which local inflammation
stimulates the immune system, including induced
systemic cytokine and stress response, recruitment
and activation of immune effector cells, and activated
antitumor adaptive immunity (CD4+, CD8+ T cells) in

both animal and human studies®®. Immunotherapy



is currently being employed, such as naive DC
injection to produce DC, ipilimumab to suppress T cell
proliferation, and OK-432 to stimulate tumor-specific
T cells and to induce greater T cell activation and

proliferation, in combination with thermal ablation to

boost therapeutic efficiency®.

Table 1.

cryoablation

Principle of action

Electromagnetic
frequency

Energy source

Ablation function
Temperature

Function

Ablation lesion
Procedural time
Ablation volume
Procedural pain
Grounding pad injury

Advantage

Disadvantage

Pneumothorax

RFA

Oscillating
currents created tissue heating

3-300MHz

EM energy

Heating
60-100 °C

Coagulation necrosis

Single lesion

Potential occurs

- effective and safe

- Not suitable for mediastinum or
lung apex due to non-target injury
to neuro-vasculature structure
and airway

6-47%

Thermal techniques

The use of radiofrequency ablation (RFA),
microwave ablation (MWA), and cryoablation, which have
been available for some time, will be discussed and
reviewed in both the percutaneous and bronchoscopy
approach ablation using currently available data in this

publication (Table 1 and 2).

Comparisons between percutaneous radiofrequency ablation (RFA), microwave ablation (MWA), and

MWA

Direct microwave energy created
tissue heating

900-2,500 MHz

EM energy
(dielectric
hysteresis)

Heating
>100°C

Coagulation necrosis

Multiple lesion
Shorter than RFA
More than RFA
Less than RFA
No pad used

- More effective for cystic masses
- Less heat sink effect
- Less tissue charging

- Limited data in safety and
efficacy

3-64%

Cryoablation

Gas cooling created ice crystal
formation and osmotic shock

Argon or
Nitrogen gas

Cooling
< -40°C

Protein
denaturation

Multiple lesion
Longer than RFA
More than RFA
Less than RFA
No pad used

- Larger ablation volume

- Limited data in safety and efficacy
- Longer
procedural time due to
freeze-
thaw-freeze cycle
- Higher
hemorrhagic
risk secondary to lack of tissue
cauterization

1-64%



Table 2.

cryoablation CT, computed tomography; ENB, electromagnetic navigation bronchoscopy; NA, no data

available; VBN, virtual bronchoscopic navigation

Current evidence

RFA

- Animal studies
- Fresh human specimen
- Human (case report, series)

MWA

- Animal studies
- Human (case report, series)

Comparisons between bronchoscopic radiofrequency ablation (RFA), microwave ablation (MWA), and

Cryoablation

- Animal studies

Studies field Stage | NSCLC, Mediastinal LN Stage | NSCLC, Metastasis Transbronchial

Transbronchial Transbronchial

Transparenchyma Transparenchyma
Device Single or multiple electrodes Single antenna Single antenna
Diameter 1.3-3.0 mm 2.0 mm 2.4 mm
Guidance ENB, VBN, radial EBUS, low dose  ENB, cone-beam CT, Fluoroscopy = ENB,

CT cone-beam CT
Temperature 70-100°C 60-100°C - 130°C
Procedural time 20 min 20 min NA
Ablation volume NA Depending on the contraction NA

percentage

Procedural pain Fever, chest pain Chest pain NA
Results - Local recurrence rate 82.6% No recurrence NA

- Median progression free interval

35 months

- Overall survival 61.5%

Complication None Pneumothorax (6.7%) NA

Radiofrequency ablation

The use of vibrational frequencies to generate
heat energy is known as radiofrequency ablation. Based
on the physical principle of the electromagnetic spectrum,
which has frequencies ranging from 3 Hz to 300 GHz.
A tiny electrode cannot generate heat; instead, it
vibrates and turns it into heat energy via dipole
vibration, which conducts current through body tissues.
As a result, the system must incorporate a generator to
generate electromagnetic energy as well as a grounding
pad located on the body to allow the tissues to act as

a medium for carrying current®.

According to the mechanism described above,
RFA can destroy the tumor by causing tumor necrosis.
The zone of ablation is determined by a variety of
factors. Factors influencing coagulation necrosis include:
tumor-related factors (size, site orientation, organ, and
histology and biology) and technical factors (electrode,
generator power, heat sink effect, and duration of
ablation)™"".

The zone of ablation is affected by the rate of
temperature rise. A gradual increase in thermal energy
results in a greater dead area than a rapid increase

in heat energy. This is because the rapid increase in
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temperature results in instantaneous tissue necrosis,
and the scorched area acts as a heat insulator. The
energy that accumulates in the subsequent time act as
Desiccation or the energy that the subsequent charring
is unable to extend, resulting in a smaller necrosis zone.
Whereas a gradual increase in temperature will result
in the expansion of necrosis zones. This is because
the energy is gradually released from nearby tissues’.

The zone of ablation is also affected by exposure
to higher or lower temperatures. Such as 100°C for 1
minute versus 45°C for 15 minutes, may result in an
even zone of necrosis, but overheating accelerates
boiling, vaporization, and carbonization, and reduces
energy transmission®.

The types such as triaxial, slotted, and choked,
the size and power such as 14-18 gauge, 200-250 W,
460-500 kHz power, and the number of electrodes, single
or multi-tined RF electrodes, or the new technology
such as internally cooled electrodes, which are cooled
flanking the electrode, allowing for better temperature
control, all affect the ablation zone”"". Using a single or
multiple electrodes, a zone of necrosis typically occurs
within a 1 cm surgical margin, but this is not always due
to Induced coagulation necrosis = (energy deposit x
local tissue interaction) — heat loss, where heat loss
is caused by a phenomenon known as the heat sink
effect, which occurs when heat is dissipated through
a vessel that supplies that tissue, which frequently
occurs in hypervascular tumors or with an abuts vessel
greater than 3 mm. To overcome the heat sink effect,
intravascular clamping, atrial embolization balloons,
coils particles or lipiodol agents, transarterial
chemoembolization, and pharmacological agents that
slow blood flow, such as arsenic trioxide or halothane,
can be used’. Additionally, therapies to augment

the efficacy of RFA are being developed, including

anti-angiogenic agents such as soratinib, synergy with
conventional therapies such as adjuvant chemotherapy,
nanoparticle-deliver chemotherapies, thermosensitive
liposomal doxorubicin, and radiotherapy®’.
Percutaneous RFA has been studied in patients
with primary lung cancer, as well as those with secondary

or metastatic lung cancer'®”'

. Using changes in tumor
size following RFA to determine a response to
treatment should be interpreted cautiously. This could
be because the nodule may grow larger in the first two
months following the procedure. Generally, nodules are
not significantly smaller or do not change over several
years of follow-up. Following a 12-month follow-up
period, the nodules were either 50.5 % of fibrosis or
44.8 % of nodules. The initial size of the nodule is
predictive of its tendency to change. Therefore, it is
important to remember that nodules can change after at
least two months, and that treatment should be followed
by continuous radiographic monitoring for a minimum of
12 months to assess response to treatment*.

There is some evidence that percutaneous RFA
is beneficial in the treatment of patients with stage |
non-small cell lung cancer (NSCLC). The previous study
has reported that stage | NSCLC patients undergoing
percutaneous RFA had a treatment-specific 5-year
survival rate of 27 %, while surgical intervention and
conventional radiotherapy had treatment-specific 5-year
survival rates of 64.6 % and 32 %, respectively®. Another
retrospective study found that 1-year survival rates in
primary lung cancer ranged between 78 and 83 %".
Percutaneous RFA appears to have a lower survival
rate in patients with primary lung cancer.

The ALLiance trial enrolled 51 patients with
inoperable stage IA NSCLC in 16 centers in the United
States (US). They have reported an overall survival rate

of 86.3% at one year and 69.8 % at two years. Local
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tumor recurrence—free survival rates were 68.9% at one
year and 59.8 % at two years, and were significantly
lower for tumors > 2 cm®. According to 3 prospective
clinical studies which included 55 patients in the radiation
therapy oncology group, 211 patients in the American
College of Surgeons Oncology Group, and 51 patients
in radiofrequency ablation, there was no difference in
early morbidity, post-treatment adverse events, or overall
90-day mortality’®. These findings established that
RFA is a single minimally invasive procedure that is well
tolerated in medically inoperable patients and achieves
a 2-year overall survival rate comparable to stereotactic
body radiotherapy.

In terms of long-term safety and efficacy, research
has indicated the benefit of percutaneous RFA for both
primary lung cancer and lung cancer metastasis. A
retrospective study of 153 patients admitted to a tertiary
care hospital demonstrated that overall 1- and 5-year
survival rates for stage | NSCLC were 78% and
27%, respectively, and rates for colorectal pulmonary
metastasis were 87% and 57%, respectively®. The
RAPTURE study, a prospective cohort study in 7
centers across the US, Europe, and Australia, has
reported overall survival of 70% at one year and 48% at
two years in patients with NSCLC, and overall survival
of 89% at one year and 66% at two years in patients
with colorectal metastases, and 92% at one year and
64% at two years in patients with other metastases™.
A metastatic lung cancer study of 566 patients with
1037 metastases discovered a median overall survival
of 62 months, where primary origin, disease-free inter-
val, metastasis size, and number were all associated
with overall survival in multivariate analysis, indicating
that radiofrequency is a viable option for treating small
lung metastases, defined as those less than 2-3 cm in

diameter'’. Additionally, a prospective open-label trial
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of RFA was initiated on 148 nonsurgical candidates
with lung metastases and revealed that 46% had a
complete response, 26% had a partial response, 39%
had stable sickness, and 16% had progressive disease.
These findings established that RFA of lung metastases
is associated with a high rate of long-term survival in
non-surgical patients'®.

The primary complication rate of RFA was
9.8% in a single center experience study after 1,000
RFA sessions in 420 patients. The most common
severe complications were aseptic pleuritis (2.3%),
pneumonia (1.8%), lung abscess (1.6%), hemorrhage
necessitating blood transfusion (1.6%), and

pneumothorax necessitating pleural sclerosis (1.6%).

Bronchoscopic RFA

Only a few researches refer to bronchoscopic
RFA. The initial study aimed to create a device adapted
from percutaneous RFA. Internal cooled electrodes with
a 4-mm active tip (ablation tip of 4 mm and diameter
of 1.67 cm) were created in 2007, allowing this type
of electrode to avoid overheating and injuring normal
tissue. The investigations determined that the
cooled-RFA operated optimally at a power output of 30
W and a flow rate of 30 or 40 mL/min™. As a result, it
appears as though the internal cooled electrode could be
a novel therapeutic tool for bronchoscopy®. Additionally,
a novel bronchoscopic catheter for transbronchial
RF ablation of pulmonary nodules was tested in the
ablation zones of tumor specimens utilizing a monopolar
RF catheter in a working channel of 2.0 mm or bigger®.
At the distal end of the device, an 18-mm-long, uncooled,
active electrode demonstrates that these electrodes are
capable of creating ablation zones that are confined
locally inside ex vivo human malignant lung tissues.

A comparative study of the properties of
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internally cooled RFA electrodes in 10 patients with
stage | NSCLC was conducted using three different
catheters for CT imaging-bronchoscopy-guided RA. They
compared electrode diameters of 10 mm, 8 mm, and
5 mm. The results indicate that when the 10-mm active
tip was used, the ablated areas were significantly larger
than when the 5-mm tip was used without complications
during RFA. According to this study, the ablated patches
grew in size when the tip length and ablation
duration were increased. It may be concluded that CT
imaging-guided, internally cooled RFA is a safe and
practical therapy for local control in medically inoperable
patients with stage | NSCLC™.

Following the development of a novel internally
cooled RFA electrode appropriate for forceps channel
bronchoscopy, a clinical experience with bronchoscopy-
guided RFA under computed tomography (CT) monitoring
was published for patients with peripheral-type NSCLC
without lymph node involvement and distant metastases
(T1INOMO), who were not candidates for surgery. Two
of the three patients remained stable for 4 and 3 years,
respectively, following bronchoscopy-guided RFA. One
patient exhibited progressive illness. RFA was repeated
in the same lesion and resulted in no change during
a 1-year period. According to the case report, bronchoscopy-
guided RFA is a safe and practical technique that may
be effective for local control in medically inoperable
patients with stage | NSCLC*.

In 2015, a study to determine the safety, efficacy,
and feasibility of CT-guided bronchoscopy cooled RFA
in patients with medically inoperable NSCLC using a
cooled electrode catheter with a 10-mm active tip filed
with five beads (diameter 1.67 mm) was conducted. A
total of 28 bronchoscopy-guided cooled RFA operations
were performed in 20 patients, yielding an 82.6 % local

control rate, a median progression-free survival of 35

months, and a 5-year overall survival rate of 61.5 %.
Although three individuals suffered an acute
ablation-related response, including fever and chest
discomfort, they recovered with conservative treatment
without experiencing any further complications. It may
be concluded that CT-guided bronchoscopy cooled
RFA is a viable alternative therapy for patients with stage
| NSCLC who are medically inoperable®.

Several studies demonstrated the use of
bronchoscopic RFA in conjunction with other methods.
Navigation bronchoscopy-guided RFA is a safe and
effective treatment option for individuals who are
not surgical candidates for stage IA lung cancer or
lung metastases®. Three individuals had nonsurgical
peripheral pulmonary tumors treated with a navigation
bronchoscopy-guided RFA. Three months after RFA,
two patients had a partial response, while another pa-
tient had a complete response. Six months after RFA,
however, one patient with initially partial response
progressed, but the remaining 2 patients lived one-year
progression-free. None of the three people had any
significant problems. Additionally, animal experiments
were undertaken to establish strategies that may be
applied in bronchoscopic RFA, such as percutaneous
RFA in conjunction with transbronchial saline injection
expanded the region of ablation in experimental research
in swine using a single internally cooled electrode RFA
(2-cm active tip, 17-gauge, and 15 cm in length). In
comparison to percutaneous ablation, the volume of
the coagulated region was substantially greater in the
saline-injected group than in the conventional group™.
Recently, a study in animal models demonstrated that
EBUS-guided bipolar RFA is viable and capable of
ablation of lung tumors and mediastinal lymph nodes
under real-time ultrasound guidance®. Furthermore,

a recent study published in 2021 discovered that the
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innovative RFA system and catheter, when combined
with automated saline microperfusion, is safe and viable.
Additionally, bronchoscopic transparenchymal nodule
access (BTPNA) may be beneficial in the treatment of

lung cancers but required future research®.

Microwave ablation

MWA is a microwave ablation operation that
utilizes the EMW 915 or 2,450 MHz frequency range,
which lies between radio waves and infrared radiation.
Microwave waves have the ability to penetrate tissue
and alternate the intrinsic dipoles of molecules. Because
the water molecule is strongly polar, it may flip 2-5
billion times every second, generating a temperature
more than 60°C. Dielectric hysteresis is the term used
to describe the interaction between water molecules
and microwaves. The best electromagnetic absorbers
are composed primarily of water, which is found in the
majority of solid organs and tumors®®.

The primary advantages of MWA over RF
lung tumor ablation include bigger ablation zones, faster
heating periods, greater intralesional temperatures,
less procedural discomfort, and less sensitivity to
both intrinsic lung tissue insulating effects and those
associated with tissue charring. MWA may create greater
temperatures than RFA because they do not suffer from
the heat sink effect, which is a significant restriction of
RFA. By contrast, microwave transmission is neither
impeded by air or the low water content of lung
parenchyma, allowing for a more rapid deposition
of energy capable of creating greater intratumorally
temperatures and consequently a bigger zone of active
heating®™*.

Percutaneous MWA is indicated for early-stage
primary lung cancer or for patients undergoing high-risk

surgery, as well as for patients undergoing necrotic
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primary lung cancer or for patients undergoing necrotic
primary lung cancer’®*. For instance, a retrospective
analysis of 108 patients who had CT-guided
percutaneous MWA for a single lung malignancy
discovered a median time to tumor recurrence of 62
months and recurrence rates of 22%, 36%, and 44%
at 1, 2, and 3 years, respectively. Complications
included pneumothorax (32%), unexpected hospitalization
(28 %), discomfort (20%), infection (7%) and

post-ablation syndrome (4%)*.

Bronchoscopic MWA

There are few reports of studies utilizing
this technique. However, in 2017, a novel flexible
microwave applicator was developed which might be
coupled with bronchoscopic imaging and software
guidance to broaden the use of MWA as a therapy
option. They designed the in vivo investigation, applied
the applicator via 2-mm working channel, and evaluated
the ablation zone and temperature profile using a two-
dimensional-axisymmetric coupled Fenite Element
Method (FEM) electromagnetic-heat transfer model.
They developed a prototype device based on characterizing
predicted antenna radiation patterns, ablation size and
shape, and optimizing antenna design for lung tissue.
They then examined the device in ex vivo tissues to verify
simulation results*. However, no research on clinical
result, safety, and effectiveness have been conducted.

In 2020, an animal study was conducted
on bronchoscopically delivered MWA in an in vivo
porcine lung model. Virtual bronchoscopy-guided MWA
procedures were performed using 24-32 W power (at
the applicator distal tip) delivered for 5-10 minutes and
identified ablation sites within the lung parenchyma
5-24 mm from the airway wall. There was no evidence

of pneumothorax or severe airway hemorrhage.
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This study established the technical feasibility of
safely ablating the lung parenchyma using microwave
ablation under virtual bronchoscopic guidance in an in
vivo swine lung model*’. The same year, a human study
was published in which a 47-year-old woman underwent
simultaneous treatment of multiple high-risk pulmonary
nodules using a novel method involving MWA guided
by electromagnetic navigation bronchoscopy (ENB) and
video-assisted thoracoscopic surgery (VATS). MWA
was done following the insertion of an antenna into the
lesion via the working channel. MWA guided by ENB in
combination with VATS was proven to be an alternate
therapeutic method for many lung nodules at the same
stage of the operation®.

In 2021, case series of 38 patients with advanced
NSCLC and lung metastases who had malignant
endobronchial obstruction who were treated with
transbronchial microwave ablation (TMA) under mild
sedation and high FiO2 was published. They compared
two groups of patients with malignant central airway
obstruction (CAQO) who had respiratory failure at the
time of TMA treatment and those who did not. There
was no significant difference between groups in terms of
the proportion of patients with recovered airway patency
following the first session of TMA, the rate of TMA-related
complications, and the overall survival. These results
suggests that TMA treatment is well tolerated and can
be successfully performed in patients with malignant
CAO who had respiratory failure*’. A retrospective study
described the use of TMA in lung nodules, mean size
of 15.1 mm, with ENB guidance in 30 patients which
resulted in 100% technical success rate. There was no
noticeable impact of the heat sink effect. The overall
complication was 3.33% which included pain (13.3%),
pneumothorax which required drainage (6.67%), post-

ablation response (6.67%), pleural effusion (3.33%),

and hemoptysis. No progression of the nodules
was demonstrated after a median of 12 months of

follow-up™.

Cryoablation

Since 1998, cryogens such as, Argon liquid
(-185°C), and nitrogen liquid (-195.8°C) have been used
via an external probe. Cryotherapy can have an effect on
areas other than those treated with local irradiation. It is
hypothesized that cryoablation leaves the cancer cells’
intracellular contents intact, allowing the immune system
to initiate an immune-specific response, also known as
the abscopal effect which termed cryo-immunotherapy.

There was limited evidence in using percutaneous
cryoablation in primary and metastatic lung cancer***.
187 patients who were not surgical candidates had
percutaneous cryotherapy (PCT) guided by CT for
treatment of thoracic cancer masses. They compared
CT-visualized low-attenuating ice production following
PCT. PCT coverage was 99% for peripheral masses
less than 4 cm in diameter and 80 % for central masses
greater than 4 cm in diameter. Within one week after
PCT, area of necrotic cavitation was bigger than the
initial size of lung mass in 80% of masses and was
almost resolved in 7% of masses after three months.
Pneumothorax occurred in 12%. A study of 20 patients
with metastatic lung cancer have reported 1-year survival
rate was 89.4%".

A study of 45 patients with NSCLC stage TINOMO
who was performed ablative treatment using cryoprobes
demonstrated 5-year overall survival, 5-year cancer-specific
survival and 5-year progression-free survival of 67.8%,
56.6%, and 87.9%, respectively”. A recent multicenter
study targeted by interventional cryoablation evaluation
(SOLSTICE) in 128 patients with lung metastasis found

that the treated tumor had an 85.1% local recurrence-free
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response at 12 months and 77.2% at 24 months after
the initial treatment. Secondary local recurrence-free
response was 91.1% at 12 months and 84.4% at 24
months following a second cryoablation therapy for
recurrent malignancy. Overall survival rates at 12 and
24 months were 97.6% and 86.6%, respectively. The
most serious complication, pneumothorax required

pleural catheter placement, was 26%"".

Bronchoscopic cryoablation

Bronchoscopic cryoablation has been rarely
studied in humans. The recent study was conducted
in animal models to determine the safety of procedure.
Early experience in transbronchial cryoablation for
malignant peripheral lung lesions (PPLs) was published
in 2018. Cryoablation were performed on swine lungs
using a rigid cryoprobe, 2.4-mm diameter. The probe
was inserted into the distal bronchus from the right major
bronchus through thoracotomy. The cryoprobe was
removed after three freeze-thaw cycles. No major
bleeding was noticed bronchoscopically in the airways.
The core destruction zone of alveolar tissues was
histologically identical to the thermal zone, whereas the
conducting bronchus structure and associated pulmonary
artery were unaffected™.

In 2019, a flexible cryoprobe with a 12-mm-
length, 2.33-mm-diameter cryotip and a 1-meter long,
13-gauge flexible catheter was utilized in the ex vivo pig
lung and liver to assess the efficacy and security of a
flexible cryoprobe in the peripheral pulmonary lesions.
They determined the size and temperature distribution
of the frozen region (ice ball) in ex vivo pig lung and
liver specimens, as well as the temperature of the
bronchoscope, and found that the treatment approach
was suitably safe®. Currently, a unique disposable

flexible cryoprobe with a 12-mm length, 2.2-mm broad
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cryotip and a 1-meter long, 13-gauge flexible catheter
was utilized to cryoablate lung parenchyma in six normal
female pigs by transbronchial cryoablation. Under
virtual bronchoscopic guidance, the cryoprobe was
administered to the distal bronchus in the bilateral
porcine lungs via the bronchoscopic working channel
and validated by real-time CT. Two freeze-thaw cycles
were used during the operation. Histopathologic findings
indicated the formation of a coagulative necrotic zone
along the target bronchus 24 hours after treatment, with
apparent vascular blockage and bleeding. The lesions
developed fibrosis after 4 weeks after bronchoscopic
cryoablation®®. These two animal studies revealed
that bronchoscopic cryoablation of peripheral lung
parenchyma is a realistic and safe, implying the
possibility for this treatment approach in peripheral lung

cancer in humans.

Conclusions

Percutaneous thermal ablation has shown
to be a safe and effective alternative treatment for
lung cancer, especially in patients with early-stage
NSCLC who are not candidates for surgery and lung
metastasis. Currently, there is limited evidence in using
bronchoscopic thermal ablation which needs further

studies about efficacy and safety in human uses.
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