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UszAnSuazasnisly High-Frequency Oscillatory Ventilation
111 Rescue Therapy G RLARET gdfﬂ')ﬂ Refractory ARDS
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unAoda
fs’mqﬂizmﬁ: WadnmUseanTuanazanulasaduvadnsle high-frequency oscillatory ventilation (HFOV)

luré'ﬂmvlﬂmﬂmy Anane refractory acute respiratory distress syndrome (ARDS)
suuuuMs@n®1 : Prospective, clinical study

é’ﬂ'w : Q’ﬂw;ﬂmj 5318 (L‘Wﬂm]jd 3 318, LNEADTNE 2 38, mqmﬁlﬂ 40 +14.7 4, Acute Physiology and Chronic
Health Evaluation Il score 1afg 29.4 + 9.6) Ga1ian1iz refractory ARDS lasfinusiniifiasedoledaniida
1o FiO2 > 0.7 uaeld positive end-expiratory pressure (PEEP) > 14 ‘ﬁ&l.‘fln %38 arterial pH < 7.25 L8z plateau
airway pressure > 30 w90 luuoasiild tidal volume > 6 wa./nn.ﬁmﬁné’ammgm %Tﬂmﬁmm?z"waa PaO /
FiO2 70.8 + 20.7 ¥.1U387N WAz oxygenation index 39.6 + 21.3

35nsdnun ;14 HFOV unu Lﬂ%aﬁf’m%’lUlﬂLLUUﬂﬂalugﬂﬁElﬁl,ﬁ(ﬂ refractory ARDS lagi/3udsd1 mean
airway pressure (mPaw) L‘%'mi”u‘l,ﬁqamﬂﬂ'hm mPaw ameltiasesrromslanuulnd Uszanm 3 A4
5 a0 udUFudl mPaw aulden SpO, Uszanmsouss 88 fl9T088z 95 LA FiO, < 0.6 LA"GAaAw
wazUwANA FiOz, mPaw, pressure amplitude of oscillation frequency, blood pressure, heart rate Lae
arterial blood gas 3:¥319u/asnanniasestrswislonuulnd Wl HFOV wazfivian 197lus, 6 Talus,
12 $lw9, 24 5219 waz 72 $2lus wasanld HFOV

wan1sdne mPaw luvaeld HFOV fedngeninluameld cv advdaanasaaniséinm nelu 6 i lug
W9 nBulE HFOV uazananszasiianmsansn PaO /FiO, ﬁ@hgdﬁu uaz FiO, e mm«‘hﬁugm IR
Aldiasstremelawuung linunswasuussas arterial blood pressure Tuszwinenisls HFOV aaan
M3dnmil Hiheld HFOV 108Y 42 + 4 S azunsndanluszninensls HFoV lduA 1A pneumothorax
Tugthe 2 918 {the 2 1o (Seua 40) seadianduthuld

G R NAMIANEN LI HFOV Jdselamitriounluanufinln@ivad oxygenation was ventilation wazanald
1w rescue therapy Iurﬂvﬂﬁ aflian1ae refractory ARDS e

Suli@Ausiidotun 20 unsen 2558



wunsSwd JvAgsINgshd na:An:

Mnsai1sArulsa [sAnsavanna:1asunitnanna

VNI

Acute respiratory distress syndrome (ARDS) i}
AMasfilfansanuLazyinaeiatanily (diffuse
alveolar damage) agnaLdaunaw Y lRTnTIANT %
24 vascular permeability Lazli@ pulmonary edema
&’ﬂwm:mdﬂﬁﬁﬂﬁﬁﬂﬁ@mad ARDS ldun hypoxemia
WU opacities Tutlaasis 2 919 uas compliance Va4laa
aadnag ﬂaqﬁuﬁ%’m:é’umw;mmwad ARDS @nu
FZAUAMUTHITIVEINTIZ hypoxemia léuA mild ARDS
(200 Wa.1van < PaO /FiO, < 300 uu.1U3an), moderate
ARDS (100 w3.1van < PaO /FiO, < 200 Wu.Uvan), uaz
severe ARDS (PaOz/FiO2 <100 wu.Usan) ANV
rﬂ'ﬂ’m mild ARDS, moderate ARDS L8z severe ARDS
WINNU 88T 27, 10882 32 LasinUas 45 aus1ay’

WWINMITNEY ARDS thldlasnsinwiing
aspfivnldiia ARDS wazdSudsiaiastianielauuy
lung protective strategy Lﬁa‘ﬂadﬁumﬂﬁ@ ventilator-
induced lung injury? LLﬁiﬁé’@m@nwaag}?ﬁmﬁumiﬁw
aAa T 1aARUIN uAsasIanuas ARDS lag
vl fanagaaidszanas Souaz 25 1 Tauaz 45 uanan
sz miasas 20° 18951078 ARDS azifianiag
refractory hypoxemia lN@8U&UaIABNTINHILAZANT
1a%asrremslanuung %a;jﬂmmdwﬁa:ﬁé'@m
mnﬁgamﬂﬁﬁaﬂa: 90* UAzALFLTINBLINTIALTY
;jﬁaUma’wﬁfﬁmwmﬁLﬂuﬁaavl,éﬁfumﬁﬂmﬁmw th
TN TI0 Va3 (rescue therapy) reuszning
JONAVDINITINWLUTUNIY

High-frequency oscillatory ventilation (HFOV) S
mechanical ventilation G414 tidal volume (V) 30163
nann S respiratory rate ﬁgdﬂdﬂﬁﬂaamdmﬂ (F
mean airway pressure (mPaw) ﬁ’gjas HFOV l4%annns
L@ lung protective ventilation I89umslg HFoOV
luﬁﬁzmﬂvlmlu;jﬂamﬁﬂﬁﬂu ARDS atilyzae’
waildipdnenuimsls HFov lumssngie
Jingfidu ARDS lutlszinelng

= ;d a ] dl =S =S a Aa
midniiefiasiing ieaazfinmfanlsdn-
Hape9n13lE HFOV lunstindiadiuglnafiiia
ne refractory ARDS waglianansalinssnunlasls

mechanical ventilation wuuUn@NlTAke %iﬁ’;vl,ﬂvlﬁ

a A
A5n1s@nen

U tﬂld 1 s A 1 =

HiasfflagivinAunianinndi 15 T nae
Alasun1iinaaeidn ARDS LLaz%'umi%'nmag'ELu
%arﬁ'ﬂ’m Critical Respiratory Care Unit (RCU)

ana ' A a =S
T59WeNUNa@AT T seAafanligwiun w.a. 2555 04
A s a o v =1
LPaUTUNAN WA, 2556 AzgnWIITANENIINIANIA
#i mMy3faaey ARDS lginauivas American-European
.  oda X

Consensus Conference’ l@llAi hypoxemia A2
ALNIAHUNAY lasd PaO /FiO, WNNURIawaNIN
300 ¥y.Usan: AMWSIENIIANWLY infiltrates 1uilaa

@
a

¥ 2 99 Tednwandn @iy pumonary edema uaz
lifidnwauensndfinaad left atrial hypertension #38
tiN1399227@ pulmonary artery wedge pressure @1
wedge pressure 6183 igaifin 18 wa.dsan

K128 ARDS ﬁﬁ]:gmﬁaﬂﬁmﬂ% HFoV laun
Hilap refractory ARDS Zelimansnlinmssnenlas
Ie3stramelonuindsalule lasfinmsidola
Fanitsgsdallitas 1. Oxygenation failure lefurt dosls
Fio_ wiriufisunnin 0.7 wazld positive end-expiratory
pressure (PEEP) 41111 14 w3950 Wi 2. Ventilation
failure 'leuA @ arterial pH §1ni1 7.25 uas Plateau
airway pressure LYiNNUHIauINN 30 o4l i Tunie
il V_anndn 6 wa/nn. RN ENATIIL Qﬂ’mﬁ
Stevulunmsld HFov laun ;jﬂmﬁﬁm’amaa@aw

DANUALNITUNTI UazK1 287 intracranial hypertension.

Protocol Tun31% HFOV®
AsansilaiaIes “adult high frequency
oscillatory ventilatior” (model 3100 B; Sensor Medics)

WINIIINITUSUAS HFOV Tdssia bt



Ui 35 aouii 1 unsAu-DnAb 2557

369 HFOV (333N : 1. Bias flow = 40 3/,
2. Inspiratory time = 33%, 3. mPaw = 34 <. ‘&1 %30
ély'agamfﬁm mPaw wnuzfilFie3astemnelauundnd
Uszanms 3-5 w04, 4. FiO, = 1, 5. Amplitude (AP) =
90 wx.41, 6. Initial frequency ﬁua%iﬁum pH 27N
arterial blood gas; pH <7.10 =4 Hz; pH 7.10-7.19 =
5Hz; pH 7.20-7.35 = 6 Hz; pH > 7.35 = 7 Hz #&931n
& setting @97719GuUa7 A RINTUNTN recruitment
maneuver (RM) “8921N¥11 RM 10 w11 a1 oxygenation
f3laldaanih (spo, 88-95% wia PaO, 55-80 mmHg)
v RM n8nesslagifia mPaw duiilu 50 cmH O
Antulitan mPaw aalnasannninriausin RM 2 a1
uddn oxygenation ldauiilugs l¥vinisaa Fio,
a9fiaz 0.05-0.1 NN 5 w7l IUNTZIT SpO, iy
88-95 % w38 FiO_ = 0.4

Management of oxygenation

1. an‘iﬁa@ FiO2 =04 I@mﬁl oxygenation e
anutihmanauds Tinnsan mPaw asfias 2 o3
Nne 4-6 Falus Fnunseey SpO, > 88% 30 PaO, >
55 wa.U50M) IWNTATI mPaw Wiy 22 o5

2. lunydidi SpO, < 88 % wndadanin s wif
%% RM 1 uazds mPaw 1iunnninssdunewin RM
WD 2 s

3. 1l HFOV ¥1nn31 5 3% n1svin RM 1u
nydif SpO, < 88% miﬁ'n,aw*]ﬂmmﬁgﬂauﬁ'aﬁﬂ'li
aauauas AadmstRuduas SpO, 25 % mulu 5w

4. Fl,u;j'ﬂmﬁﬁfl RM udidlimunsatia SpO,
wia PaO_ ld T FiO, #iaz 0.05-0.1 el
6 oxygenation awiilwang uddn Fio, = 1.0 uda T
sy mPaw dwludias 2 w5

Management of ventilation Iﬁgmuﬂ'wad pH lag
Whaanewinfiy 7.25-7.35 Im’lﬁmmﬁmnﬁq@wﬁﬁ
v ler

1. § pH > 7.35 TWifiwanwuifiaz 1 Hz N 2
2 lus awnseits pH ldanauiih wia £ = 15 Hz uddn

f=15Hz usalWyinmsan DP aefiaz 5-10 nn 1-2 T lug
2. MM pH<7.25:;
- DP < 90 l¥¥inmstiy DP Zufiaz 5-10
nn 1-2 2 lus awnseits pH ldanuiii wia DP = 90
- @ DP = 90 lsivihmsaa f fiaz 1 Hz n 2
2 lug axnszvis pH ldenuiimang wie £ = 3 Hz
3. dlisansnsnenssduanud > 7 Hz o v
cuff leak laaa cuff pressure 83 5 6113J.‘1E1
4.t pH < 7.25 am=fianud = 4 Hz uf ¥
U3z1dn airway (ﬂiﬁﬁ mucus accumulation, ET tube
kink %38 malposition %38 L]
5. ¢ pH < 7.10 amft aud = 3 Hz liian
suction catheter pan Uaza533 ABG t1anelu 1 41w
6. ©1 pH < 7.10 RAINIZAINITTIIA WK
N5 l4 bicarbonate
sunsnasunavluliedastromelauuuing
16 150 mPaw = 20-24 w3 uas FiO, = 0.4 1iwam
agnatias 12 521w

a & v Y aa A
M3ANERvaNa iadadmesan

NAaNIIAN®N

figfihe 5 1w FadnmainnTifeas refractory
ARDS uazlasumssnenals HFOV Qﬂwﬁy’ww@"ﬁ
Sumsinelu RCU ﬁayav’%ugm, #LWQVad ARDS,
ANBUSNIATAN UATHAANTVEINTINENGIE HFOV
waasliua a7 1 mqmﬁlwaaé’ﬂwmﬂﬁu 40+ 14.7%
uaziidn Acute Physiology and Chronic Health Evaluation
Il (APACHE Il) score \inNU 29.4 + 9.6
ARDS 1238 3.6 + 2.4 Tunawsuld HFOV il

LaZLAG

4 el conventional mechanical ventilation (CV)
1% mode volume-target MV ;jﬂﬁ&l 1 57817 mode
pressure-target MV Aawdasuwinld HFOV Tagiads
CV 56 + 48 Tu fawddswanld HFOV dade
plateau airway pressure Tadgﬁa anawlE HFOV iy
33 +7.8 T
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a13191 1. TayaRuguvadthousznadwizaIn1IinmeEI HFOV

ﬁﬂ’aﬂ | mmqmaa LYUTLIAIIN ) Plateau APACHEII 2UTLIAN ne
ARDS | 151/ian ARDS | Fi ] airway aritd UNINTDW
ﬁmﬁatésﬂ‘f pressure HFOV
HFOV (B3.147) (W)
1 45 SLE, 7 % 38 35 33 11 Pneumothorax  L&a%3
pneumonia
2 46 SLE, 2 % 71 36 34 1 None \ReTAa
pneumonia
3 38 ITP, 3% 69 41 41 2 Pneumothorax  L&8%3
pneumonia
4 55 ITP, 1% 86 20 18 3 None Snlkielg
pneumonia
5 16 Pneumonia 5 Th 90 33 21 4 None 300776
Oxygenation udpdnnosia PaO JFiO, ﬁLLmIﬁuga"ﬁu GHE

#5991l HFOV mean airway pressure (PAW)  uw3liun1siauuuias oxygenation vasfitlioudazsne

AI g 1 a o o s aa el dl o tﬂl
PNVEIT WU NNBERIATYNINITEA muamlumswﬂ 2 @GLLE‘T@NSL%E‘]J‘Y] 1
&

Pao, fuwiliugalu uazanansnag FiO, adldatng

A137199 2. MIAunLlaIvaInITLANLR YU TANYREINT LT HFOV

mPAW, cmHO 23.8+5.1 29.2+23 B2ERIOK 28 £1.6 28+ 4
Mean arterial blood pressure, mmHg 98.1 £ 17.1 98.8+1.3 83.4 £ 35.1 91.7 £ 24 90.4 £ 17.8
pH 7.27 £ 0.1 7.30 £1.3 7.28 £ 0.1 7.36 £ 0.1 7.39 £ 1.3
PaCOZV mmHg 544 £ 10.5 49.4 + 16.6 51.6 £224 556.9 £ 215 53.2+£204
PaO2 ,mmHg 62.1+18.4 70.8 £17.1 73.1+26.8 68.3 £5.2 69.8 £ 8
FiOZ* 0.9 0.1 0.9+0.1 0.86 + 0.1 0.77 £ 0.1 0.68 £ 0.3
PaO2 / FiO2 ,mmHg* 70.8 £ 20.7 77.2 £16.9 92.3 +45.2 98.6 £ 32.9 113.8 £ 46.4
Oxygenation index 39.6 £21.3 38.1 £ 10.7 43.7 + 221 32+7.2 289+ 17.3

H, =1 $lwmasld HFOV, H = 6 Malusndsld HFOV, H_ =24 $iluawdsld HFOV, H =72 Mlwsmasld HFOV
mPAW = mean airway pressure, FiO2 = fraction of inspired oxygen

FiO x mPAW x 100

Oxygenation ind =
xygenation index Pa02

AALEAY = mean +SD
* statistical significant difference (p < 0.05) by Repeated Measures
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PaO2/FiO2 ratio

250
200 /\\
/\\ Case 1
150 \—/ < ——Case
\ -=-Case 2
100 - Case 3
S —<Case 4*
50
—-Case 5%
0 I T I T T I T I 1

Ohr 1hr6hr 12 24 48 72 96 120

hr  hr hr

hr

hr  hr

* - survived patient

3N 1. wlum sl Asuuyas oxygenation vasthsudaze

HRANS LAZNILUNINTOR

ﬁﬂ’s Unmwvlé’%'u sedative drugs @uA midazolam
207U fentanyl wazlasu muscle relaxant bain
cisatracurium Hig 2 318 (Fuar 40) 79070 WAI
anld HFOV ilu rescue therapy Hihe 2 7o Lfie
pneumothorax #8493 nLE HFOV uazlasunsla chest
tube TAETUNBAN 19 2 NELFTia sraziaanld HFOV
TAEiadn 4.2 + 4 Tu

39190k

miﬁﬂmf‘tﬁ%mqﬂs:mﬁlﬁaﬂi:Lﬁuwamadmi
1% HFoV lumstiofiagilan refractory ARDS iag
finoauiinsls HFov ludiaoién ETIRR LISt I
TuNuwInfiinazainsld HFOV lugdthedlnag u
Uszinalng

HFOV Huszansnwlumsfis mean PAW ¢
atefalan inlw Pao JFio, ga%u%au@i%"ﬂmuiﬂmﬁa
I HFOV 61 Pao, VL;J"L@?LW@J@J%%%&'@I% HFOV 1iiasann

inaa FiO, &9 iatlesiunmsiia oxygen toxicity L&z
uIMIN13Ine ARDS lutlagiiu uusthliaugule
PaO, agilzanns 55-80 ww.1van WYt GetuazLi
1691 HFOV saunlunie refractory hypoxemia baa34
vl Pa0 JFio_ a1 uazaanmsls Fio, ldatnstatan lu
msﬁﬂmﬁﬁ;ﬁﬂ's 380 TInT0LA: 40 AN aNuYaINIE
ARDS agjﬁﬂszmmﬁ”ayaz 25-45 agndlsnasasiany
maa;jﬂ’m‘ﬁ'l,ﬁ@] refractory ARDS 2zg9ni1K1las ARDS
il lasfinpnuihdanasgeiisfasas 90° uanan
f:;gﬂ? plunsdinunil sulnaiw immunocompromised
host @atfiaiinnnaz ARDS LL@T’;ﬁ]zﬁéTmﬁmyﬁgau'm
Forudsuaaslifiiuin HFOV inzldutoliiie
refractory ARDS 38093 luszninsfisenavasnissnmn
nundwnz Snsanuiinaasin HFOV ldteaadanans
ﬁ%ammﬁuﬁmwmwaagjﬂm early ARDS Wiauf3au
WiBunU conventional mechanical ventilation ﬁl‘ﬁ'ﬂﬁﬂ

10-11

N13284 lung protective ventilation agglsnans

anuildasnsdnsdilsefnInavas HFOV Mg&j’ﬂfmﬁ
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LN@arefractory ARDS ARIN I lung protective ventilation
lawl4 conventional mechanical ventilation U487
nMzunIndauidamuas HFOV lalr pneumon-
4 y X o,
thorax Li8991n 1% mean Paw Ngadn wananibie
NIrNAFadlaTy sedative drugs LLaZ muscle relaxation
4 X a ,
drugs mean Paw N§3l% 8713UWAGA hemodynamics
voatheld ualunsnmitlinunaiovas HFOV da
hemodynamics lagliwumsifeuutadvaddn mean
arterial pressure
v o Qs =3 dq, v 1 U A o v
Tadnavasmsansitlaun Hioldwiudas
\l8991nA2 refractory ARDS wuldliesdszanmsas
az15 fedouaz 20 el ARDS udldamanufigs
[l ~a v a Y ) v =3 v
AN ama"l,iﬂml,m:ugﬂaﬂmmuuaﬂnmmmua@ﬂ%
WudaUszantaiwves HFOV laagnidaian
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Abstract Wongsurakiat P, Rittayamai N. The Effect High-frequency oscillatory ventilation as Rescue Therapy
for Refractory ARDS. Thai J Tuberc Chest Dis Crit Care 2014; 35:1-7.

Division of Respiratory Diseases and Tuberculosis, Department of Medicine, Siriraj Hospital, Mahidol University.

Objective To evaluate the effectiveness of high-frequency oscillatory ventilation (HFOV) in Thai adult patients

with refractory acute respiratory distress syndrome (ARDS).
Design Prospective, clinical study.
Setting Critical Respiratory Care Unit of a university teaching hospitals in Thailand.

Patients Five adults (3 females, 2 males, aged 40 + 14.7 yrs, Acute Physiology and Chronic Health Evaluation
Il score 29.4 + 9.6) with refractory ARDS (PaO2/FiO2 70.8 + 20.7 mm Hg, and oxygenation index 39.6 + 21.3)
who met one of the following criteria: FiO2 > 0.7 and positive end-expiratory pressure (PEEP) > 14 cmHZO,
or arterial pH < 7.25 with tidal volume > 6 mL/kg predicted body weight and plateau airway pressure (Paw)
> 30 cm H20.

Interventions HFOV was initiated in patients with refractory ARDS after varying periods of conventional
ventilation (CV). Mean airway pressure (mPaw) was initially set 3-5 cm H20 greater than Paw during CV, and

was subsequently titrated to maintain SpO2 between 88% and 95% and FiO2 <0.60.

Measurements and Main Results FiO2, Paw, pressure amplitude of oscillation, frequency, blood pressure,
heart rate, and arterial blood gases were monitored during the transition from CV to HFOV and at 1 hour,
6 hours, 12 hours, 24 hours and 72 hours thereafter. Throughout the HFOV trial, Paw was significantly
higher than that applied during CV. Within 6 hrs of HFOV application, and for the duration of the trial,
PaO2/FiO2 was higher and FiO2 was lower than baseline values during CV. There was no significant
changes in arterial blood pressure following HFOV throughout the study. The mean duration of using
HFOV was 4.2 + 4 days. Complications occurring during HFOV included pneumothorax in two patients. Two

patients (40%) was survived to hospital discharge.

Conclusions These findings suggest that HFOV has beneficial effects on oxygenation and ventilation, and may

be an effective rescue therapy for patients with refractory ARDS.
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Abstract: Maokamnerd Y, Khamphira S, Kavinum S, lemrod K, Swaddiwudhipong W. Situation of
Multidrug-resistant Tuberculosis in Tak Province, Fiscal Year 2011 — April 2014. Thai Journal Tuberculosis Dis
Crit Care 2014; 35:8-17.

Tak Provincial Health Office, Ministry of Public Health.

Multidrug-resistant tuberculosis (MDR-TB) can increase the severity of TB public health problems.
The objective of this study was to determine situation and treatment outcome of patients with MDR-TB in Tak
province. Medical records of MDR-TB patients receiving treatment in public hospitals in Tak province during
October 2010 to April 2014 were reviewed. Of the 34 MDR-TB cases, 88.2% lived at Thailand-Myanmar
border of the province and 76.5% were non-Thai who had no health insurance. About 55.9% of the cases
were male, the mean age was 40.4 years old and 70.6% were married. Of the MDR-TB cases, 50.0%
were registered after treatment failure, 85.3% had HIV infection and 38.2% had health personnel as DOTS
watchers. Of the Thai cases with treatment ended, 42.9% were dead and 28.6% were defaulters. Of the non-Thai
cases, 18.2% were dead and 36.4% were defaulters. It is important to have health personnel or health
volunteers as DOTS watchers for both Thai and non-Thai MDR-TB patients to reduce defaulters and drug

non-compliance.
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4 X o 2 4 A e
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Abstract: Jekloh N. Tendency of AFB-positive by Sputum Microscopic Examination at 12" Tuberculosis Center
Yala Province during 2009-2013. Thai J Tuberc Chest Dis Crit Care 2014; 35:18-23.

Laboratory section 12" Tuberculosis Center Yala province. The Office of Disease Prevention and Control 12"

Songkla province.

Tuberculosis is still a public health problem in all part of Thailand including in the areas covered by
The Office of Disease Prevention and Control 12" Yala province (DPC 12). Sputum microscopic examination
is still a core method for confirming tuberculosis diagnosis. The objective of this study is to study the trend

of smear-positive (AFB-positive) in 12" Tuberculosis Center Yala province during fiscal year 2009-2013.

This study was a descriptive cross-sectional study. Data were collected from registered laboratory
book (TB04) during fiscal year 2009-2013. A total number of 10,479 cases had sputum examination by
microscope (AFB examination) during the year 2009 to 2013. We found that the number was continuously
decreased from 2,714 to 1,465 cases. Positive AFB was slightly increased during the 5-year study. The lowest
was in the year 2009 (5.78%) and maximum was in the year 2013 (7.85 %). Males could access sputum
examination clearly more than female, about 2 times in the year 2013 (65.80% vs 34.2 %). The AFB-positive
rate were dramatically higher in male than female in the year 2011, 8.01 % vs 2.87 %. Finally, we found higher

positive rate in the age group of 15-44 year.

In conclusion, the number of people who came for AFB examination at 12" Tuberculosis Center
Yala province was decreased during the 5 years. Males were clearly higher than females in term
of the number of examination and AFB positive rate. We also found that the age-group
which had higher AFB positive rate were 15-44 years. Further studies about factors that influence high positive

rate in young age groups are needed.
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Pulmonary Arteriovenous Malformations
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Pulmonary arteriovenous malformations (PAVM)
Hunsiiinmafeudennadfalnfzasvsenifen
wadteaa (pulmonary arteries) Waznasaliaadiloa
(pulmonary veins) ﬁmiussmUn’n:ﬁ"ﬁ”ﬂ%\ﬂ,uﬂmr}
myaTaanwlull we. 2440' nsildfedondnrane
'%ia L% pulmonary arteriovenous fistulae, pulmonary
arteriovenous aneurysms, hemangiomas of the
lung, cavernous angiomas of the lung, pulmonary
telangiectases.

mmQmu‘lmy'wud']ﬁmmﬁ@ﬂnﬁ&%amiﬁnLﬁ
mm@;ﬁus] Aifintumenisinuiwiaenisfiing
Tnadavasfaaaniiladuwin sy (right-to-left
shunt) Anasullsaduuds (hepatorenal syndrome)?
a'lm@ﬁiuﬁmﬂﬁiwmuvl‘f léiun schistosomiasis, mitral
stenosis, trauma, actinomycosis, Fanconi’s syndrome,
metastatic thyroid carcinoma® faumsitendenudine
1n@va3 bronchial arteries W8z pulmonary arteries W
LA left-to-right shunt f313awL 1@ b bronchiectasis®

Uﬂﬂ??“ﬁﬁ]gﬂﬁﬁﬂﬁd PAVM ﬁﬁa’ummﬂmmﬂ@

Un@udnitauaszdl right-to-left shunt.

32U1A 2N (Epidemiology)

PAVM tilunnaziiwulalites annmistfiusius
Tayavad Mayo clinic 3 e ulImM N tadsgile PAVM
194 3¢ lwgaaian 45 U Aadudasnmsiialia 4.3
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Pudell®® wolwwandgadusoarinvesse Sagaz 10
maa;&”ﬂfamzwu&yﬂ‘iLL@iLLsmﬁw%ahi'mﬁﬂ mquﬁ'wu
leanfiataseny 50-60 I Inenunuitiasas 80-90
2848128 PAVM FUNUSNU Hereditary hemorrhagic
telangiectasia (HHT) &@wiugile HHT Siioasauas
15-35 yiuwAwus PAVM®

HHT ﬁ%aﬁﬁnﬁ'ﬂuﬁﬂ%aﬁﬁdh Rendu-Osler-
Weber syndrome Lﬂuma:ﬁﬁmﬂa@maﬁuﬁqmm
NSE LA (autosomal dominant pattern) inlwiinng
\Bensainad9AnUNGTaIMABALEEALAY LAZAAEA
1RaAEN (arteriovenous malformations-AVM) ﬁﬁ’mﬁd
L?im_g wazaYenzneluag g Aouzilunnsfidneonaa
Faudriiia lazgulwaiormsusasiniduluioglng
Hih8dnazane88IMINIRINT nIadifaaiiien
Vl,mriaumq 20 U #1ua 1M IURAIVEI PAVM aInaswy
lumamqﬁmﬂ‘ﬁu“

vauazna1snLita (Etiology and Patho-
genesis)

FUHQVBINIILAA PAVM galinsuuite udan
m‘sﬁuwummﬁ@ﬂﬂﬁmoﬁugﬂﬁmaﬂsﬂ HHT 3950
hanuladn@neaswugnisu (genetic abnormalities)
whasfiswfisatosiunisiia PAVM ﬁv‘ﬂquﬂwﬁﬂu

[

HHT wazldlaidlu HHT™ Snséumy HHT gene Nddey

o

atn9tas 3 gene lan™
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- Endoglin (ENG) &svnminfinaalusauiiin
gandsznaudrnlngvainiimasalion lag
Iﬂiauﬁﬂud’m%ﬁwad transforming growth
factor beta (TGF-b) complex dyanufalng
VD3 gene Lﬁ@%%vlﬁ%\‘lﬁl’m mutation N1IV1AHID
mstRNAupe9 axon 1w gene i l¥in 1396
PaIFINUTNIINRALUNG

» Activin A receptor typell-like 1 (ACVRL1) %38
activin receptor-like kinase 1 (ALK-1) gene ¥
%ﬁ’lﬁﬁ%’ld cell surface receptor LﬁialﬁLﬂuﬁ'ﬁu
289 TGF-b Lot receptor ﬁﬁagﬁwﬁamamﬁa@
Uaauazan tuen

- SMAD4 gene salusiuiidninfisfynm
muluioadls TGF-b/BMP pathway

IsFninshdanufaUnadlunishieuues
TGF-b ‘uha:l,ﬂumm@ﬂﬁﬁmsa%maamﬁa@ﬁﬁ@
ﬁn@%ﬂug&?ﬂw HHT n3fin®118d Berg WazAMMEWL
Smsaiues PAVM faoas 29.2 luasaun$atd HHT
ANNNAUNAVDY endoglin gene &IUATALATY HHT

=l

plaifianufaUndiing PAVM LRpssasas 2.9" &9
ANnIAue 10 1 Mafnsuran laiuauENNEz I
191 HHT 94 endoglin mutation tAxlamaiia PAVM

Wa159na (Pathology)

PAVM wuﬁaﬂmy’ﬁsﬁLmuwaaﬂa@ﬂﬁmﬁa
(lower lobes) laswuunniissasas 53-70° An135IU5W
ANEUNINEFTINE VeI PAVM 350 318 wudn
Jouaz 75 maa;jﬁmﬁiaﬂmlﬁm Souaz 36 wusaslsa
RAUA LR LLa:ﬂéwﬁwada’ﬂwﬁwuwmm‘mmm
swwuludaanssasdng (bilateral) Tud g 350
ot Lfiaﬁmsmﬁmwwzgﬂm 110 swﬁﬁia;&amuﬁm

WU 89 1o (Sear 81) dunidvadsanlsatuiien

lasiubeduten™ awavatsanlsn PAVM sulng
Huwadng g Awasle 1 09 5 0. v9aTInuIlawa
1R A & v 1 ]

Innifls 10 wa. waananasbiiuasaulan uasun
avanylddiondasganssmiyitiu Uszanmfasaz 10
pa95thewuseslinfifiansunuuuy diffuse microvas-
cular PAVM lagsumannwusiunusaslsaumalngif
WUldnMIATI9AINSIF TeauDas Hales uazame
WUAN B I08 [TATUIALAN 9 VU1A 1-10 T4, BanaTas
dunszanvagluteanysasing'®

PAVM snansauLidlenduadia simple #3a complex
simple type wu'ldsesas 80-90 & feeding segmental

. . o I _
arteries WAz draining vein a8g1398z%d RIWNA feeding
arteries 38 draining veins 810N 2 L@ U
complex type™ PAVM &1ulnal supply 28 pulmonary
arteries (30882 95) 7ILWANB12IZUIAN systemic
arteries'® ¥308131N11Y systemic W&z pulmonary
arteries” #ulwnjuas PAVM drain i laviasuudne
. \ A A . v .
(left atrium) ®IUNLARD drain LU1 inferior vena cava
= . . . 2,18

38 innominate veins

ANWIUTNIINLITING1VI PAVM 1AL a Ny AVM
A a A A : A Ao =
Mfalufidng vass19mafelanwmziiu vascular
channels fidsznau@iy endothelium 114 ¢ TawNua

68 connective tissue stroma U149 lidanuifiadan
Un@*

SnumenangSinefisnwuldunniclusudely
ﬁ14—15,18
1. large single sac
2. plexiform mass of dilated vascular channels
3. dilated and often tortuous direct communication

between artery and vein

25



31 1MIJua

mnsaisdulsa [SAnNs3Ivannaz1IasuvoInnn

AW C, D LLamé‘nHm:maqammﬁmm PAVM
NN E, F Ltamal,ﬁaﬂa@ﬁaglivmaaﬂ"LﬂmﬂsaﬂISﬂs']’iaﬁ&'ﬂwmzﬂﬂﬁ
(@auiadan Alexander Samor et al. Cardiovascular Pathology 2012:21(6);515-8

21NIUEAIN9ARILN (Clinical manifestations)

21119

o1nsALAind w1 wansAinain PAVM
wdndatduanisves HHT laseanisved PAVM &
Usingludieeny 40-60 ¥ ansfiusngiuiusiy
YUNA F1UIUVEI PAVM m3dindeliddl HHT saweae
WazwWIAEd shunt fraction 31unn wiaas laavialy
AVM duiden wialawalannin 2 on. dnldviliife
21M73 §nInuTIngieann Mayo Clinic™ wuaimslu
Q’ﬂ’sUﬁﬁiaﬂsmﬁﬂuﬁﬂﬁaﬂa: 37 aaulupjﬁﬁ%anms]
soulsanuaINslateTenas 59 HIulIIANULANENd
falifitoddynesia uwafiyITinsruan PAVM
A NUFUNUTNUNTUEAIONVBIBNNIT T1LIUVBS
Haitiema uazamz’ wuindthe PAVM 32 AuALESY
N13%11 embolotherapy fenwfinUndvesmiuandasn
ﬁ”’neml,ﬁgij”ﬂﬂmuvl,&i"l,@i’mhaﬁomn'ﬁ LAIZAUAINURA
Unfivad shunt fraction FUNUTAUBENITALAUNALINUIN
283 PAVM (p<0.001 by linear regression) ﬁv’dﬁgﬂ’mﬁ
fanwmuzsonlsnluy diffuse microvascular PAVM 9nag
f21m5® anmsfinuly PAVM ldun

1. 1Raaruenlna (epistaxis) namsfiwuag
ﬁq@ wasdnWuLdueINSUINUas PAVM S99
PAVM $aufy HHT laves ideaduanlnasaaziia
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PUaINTBLAAAINNRTI minor trauma MeNUBBILTE
HHT (with or without PAVM)®* wuainsiaaariiienlua
Uszanmuiaeas 50 N1a1g 20 T Sauas 90 N1a1g 45T uaz
ANLAANUDINITNIRIN TR
2. ann1Inies (dyspnea) tDua1n1TUEAS
4,4 4 e A o wda
mideafinutiesfign lasemamitesdnifaiugd
PAVM p1alnainsenanadunibs uazinwuludiled
= . 1Y X a P
i1 clubbing of fingers U&7 HihuuwMoilanmunilay
2Azihd LAGAUUENUAUINY (platypnea) Wiainlurinuauil
MIAARIVaILAaaN nar1 PAVM lugiuwad dependent
4 A om
portion @4 platypnea anunsanulunnizaulddnnany

22-23

N17% LT hepatopulmonary syndrome F989%
mMafiaaunaInIzvaeaiiaalangad (Pulmonary
embolism) uazN136alaa (pneumonectomy)™

3. 'lesaniiaa (hemoptysis) tJuarmInisten

finudassasasnn sulnagjormainduliuusg

91M3130000N9N telangiectases TiRINTIWSD
nnmadunenmanulugiie PAVM A8 HHT A
Wanaanlumaduenmsnuldiasas 15-30 v83d18
HHT &ssniAalugng mqﬁ'mﬂ%u ﬂ’%mﬁawﬂwﬁaomq
30-58 1) Sﬂﬂ’éawﬁawumﬁaawq 58 1) ;jﬂw‘ﬁ'ﬁl,ﬁa@aaﬂ
Tumaduamssiuniisenaandioiteda

grn3dugiionanvlaun Suniren lo vaa
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dswzlunu tinnitus oudsse walida duay wes
Funmdan onmawsniianlidaan eneduRuEiy
nzaendauluidaadi (hypoxemia), LAaauadds
(polycythemia) w3atdunzunsndaunisszuulszan

BINILUERAS

gij”ﬂm HHT telangiectases ﬁﬁmﬁfwauﬁaqlﬂu
24 v 4 o 24
ffiananulduesfiga uazanaududaderfinuainms
a119319me lavvenlnazlidnmueun deudrinay
PPIANIN 1-3 VY. VOUATABAZNUNIFIBE BN
TURINTIUNE FU9UA9 NALAINY F1ATaNUTa IR
Vl,é’lunﬂ@‘i'm,mmaﬁf'mnw LL@iwuﬂayﬁﬁg@u%Lamiu%ﬁw
110 wian waw Yanadii dadudinisnznansansn

. . ‘ﬂl U Q/ =4 U
911 spider nevi Ainvlugthoduuisle

Y A =1

N335 uuela 013w e L 9 murmurs w38
bruits NeNLRUITaIT0813A T1BINWIUIGANY bruits
Yauay 46° uda NN leLNe93asas 10 bruits A EH
Qs 1 v Qs g £2 U 1 1 QIJ 7 s
Talutrmelad uasdatuigioagluig’ luada
wunsnuihiuuazidpiess: 34-82  udnTenu

] Q g v =1 2

Iwg19nasg ubwunesadlaswulifesesaz 50
SN classic 189 PAVM e twitas 13ie Hhilu wu
WNE9Sasas 10 maa;jﬂwm

MIasaNeRaslians

1. Hypoxemia WUANMNHALUNGUDI PaO, uaz
oxygen saturation (SaOZ) PMNMITILTINMIANB b
afia fiiw PAVM 101 8 wudidithesulvg (Sey
8z 94) { desaturation lasfanaz 32 1 Sa0_ Hasni
fonay 76 vuzfitewar 6 & Sa0 annninsauss 96
T83897N case-series WUIH18 PAVM Faeaz 81-100
il Pa0_vaundn 80 mm Hg w38l Sa0_ Mpsnindouas

16,20,25

97-98 amzwelaluussennadng PNNMIANEN
%ﬁdﬁiammgﬂm diffuse PAVM 16 T18WL3 9%
7122 hypoxemia Tagdniadsas PaO, ag}ﬁl 47 mmHg”

2. Orthodeoxia (JuanuAaln@vein1tasia

NIkl JUANIINFUNRIAVEINT platypnea fafin1g

8089289 PaO, 730 Sao, Watlfuuanvinnawduyin

a

HIn30¥NNIda1da9 Dutton UazAme Meugile 53
871923618 embolotherapy  WuiE e

NIRUARAIZ hypoxemia Imszinanninalasaiade

iAo

189 Sa0, agffifonaz 89 uazannilasiaduiova: 6 lu
iy msfnsfikiunwuingiie PAVM sulng)

28-30

a i \ « = X
10712 orthodeoxia®®™® atindlsAany n1IANBILAETG
@mﬁﬂu@ﬂaslﬁl,ﬁﬁumﬁﬂmﬁw embolotherapy 4
o &  wa Aa o o = a a
dniugihsnfisnnsuan dayadsenalianuienldss
NORNADT
3. mMIasaNIIannlaa Terry uazane®
nmsanaauIsanwlaarilaeg PAVM 10 P RIS AR
N13%11 embolotherapy WU 10 188N exercise
. . . . . [l 6 a a g
intolerance spirometric indices aglummmﬂﬂ@l lapfan
diffusing capacity for carbon monoxide (DLCO) NAAILAN
wonlugi o 6 au uazWL resting minute ventilation §9
gudnttosludiliens 10 au lapduadvegf 12 Limin.
4. AINSIANSIAN WUANVRAUNGVEININ
o A = v U Qs d’
TiEnTsanunieiauas 98 vasnihe lasany AN
VInfigafia NauNIANEULNANT ANUTULYIN AN
v . . o ' 1 dl a
fiat (uniform density) Taulwata sulnpnuiniulaa
FIUENT VUAAING 1 D9 5 UY. aaﬂummaagﬂmwu
=1 = 10 1 v U v
Weassaalsadan sutaawunaiy g faw (2-8 Naw)
saﬂmlumw%‘fdﬁmaaaﬂmagﬂmﬂaﬁmmdma:vﬁu
a A A [ 1 v
nsitdanaanlinlan Aazdaauny mamwauagl@l
neileay I8 nodular telangiectasia WNUUATNNT
WNUUBBY lung marking 13 1%289180 U1TIBEIANL
feeding vessels fansaziduidusma 4-7 vy, lasnaea
\WNaauasfienwaindnen naaaliaad1iszuigean
=3 ] dl Qs v v 78 o A a 1
ﬂﬂmmamﬂmlwammuu’ AMNIENTaNUNA b
RINNIDFANZ AN 6 TNAN YNNI RNTIWIAEIFE
ADITNNNITATITNNLGY
5. Pulmonary Hemodynamics LHAWARDALREA
120 1#89310 PAVM U3z uUNTLIIIUNIHET AL
% A a A a A ol =
aurapatlaataadniaUn@niadn anmsanEVD9

Whyte WLazAmhe WU pulmonary vascular resistance
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lugthe PAVM ﬁmmﬁmagﬁ 32 dyn.s.cm ® (AUnG
60-150 dyn.s.cm ®)*" f9laifins@nsnaz pulmonary
hemodynamics atnsiiuszuulugilie PAVM finns
FIUFINNYINWBNITIAIIY pulmonary hemodynamics
Hihe PAVM 88 111" wuhiludazlidaandiauluiten
dan (severe desaturation) &1t 80 318 (aeiaz 91)
fenusidumaisvasraanidaauadilan ( mean PAP)
Undindad Hheies 8 oAU aisamana
Aeauasioaindu (> 25 mmHg) Hile 8 et
mPAP aglu1793:1i19 36-50 mmHg Wik FUWuE
ﬁ'u‘[mﬂam%a%faﬁﬂuagi@u Snwitaranuiingslu
Uoa srusnsfmaswudniag chronic hypoxemia 4 lu
6 718 luﬁﬂuauﬁﬁ%é’ngmdﬁma:tmﬁumamé‘a@ﬂa@
g9 (PH) vhlsk PAVM flnunalnajiu cardiac index (CI)
TaprnldUndvafisdulussdulmnans

a A A o
n1stdagnudainisaIsIngirnadnisaan
a8 (exercise physiology)

;ﬂ'ﬂ’m PAVM inAN13aaadua4d exercise tolerance
2 v X o .31 A
PITNINUDYVUNUVYWIAUDI shunt fraction LD
WIsuiAsunun128wid hypoxemia LTwLABING
fMatnagu Anznladnmsuarmiie lsansdaludaa
WU PAVM Januanansaluniseaniasmeninnin
= = A & a o A A
p3a719LdwanAIzdn g uumﬁmmaa@iuﬁawga
2 o v a A A = \ . 32
e ldiAaenmsnitesfisanin Chilvers uazamuy
TIHNUNNIANT exercise physiology Iuﬁgﬁm PAVM
15 918 N19219TUNIINEG28 balloon embolotherapy
lagltarnmsiduddinalunisaansndasnie(symptom
based) WU UNIIRARIVD Sa0, INTLNT 86 Ve
win uasas 73 vaisaniaimoigagian dile
fHulng deaansnaaniadlaaniieiosaz 70 2096
predicted maximal workload ﬁmﬁg&”ﬂ’s 21923 desaturation

ADUT1INN

¥ - -
nEunINGan (complications)
NI szuudsesniduwnzuningdauiny
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vasfiga(3auaz30) lasmoaudilngiigavas White

Lazame?

fiudayarie PAVM 76 1o nawluvi
embolotherapy WU stroke Jauaz 18 Transient ischemic
attack (TIA) Saaz 37 Hlusnassovaz 9 luinsuses
82 4 LazaIMITITLA 8 %amm@;ﬁnﬁtymmnmﬁ@ﬂ
lusnaiuas TIA thaanmsd paradoxical embolization
Hw AVM lasdinazifiatn feeding arteries Juwialwg)
N1 3 Wa.

masunIndousug leur Lﬁa@aaﬂlwﬁauﬁaﬁw
1a@ (hemothorax) %uﬁ@mnmm@mmaa subpleural
PAVM wazennshatduifien anatfinannnisuanves
PAVM Ladw3adn13uanaad endobronchial telangiectasia
AMLRaaLAITH (polycythemia) wuldTasas 25 uay
nMzlRaANIWLTasa: 17

msfnmeiae PAVM AT HHT 143 579 fae
1WNTUN19¥IN embolotherapy WU 11 318 (30882 8)
ﬁmms"l,aLflul,fé‘a@LLa:Lﬁa@aaﬂluﬁaaLﬁaﬁuﬂaﬂ lag
5 e Jemslaiduifansdnadon 5 Nuflifensean
sl,wﬁaal,ﬁaﬁuﬂamm«,ﬁm 1 Mefamsnesesatng
Tusuaniiny pulmonary hemorrhage LHua1n1viin
(initial symptom) 9 318 lag 7 newflwwends 3 Mol
0T AESINTIH

WUTBUE1L8 PAVM Afidensanlutasfie
Wutlaaadnias 30 My Taswuinwitslumaiialugag

&

AI0338 ez A RTI9ATIRAIVDINITAIATIA " T
nalnynaztiaanI NN IlSH M Eae AL
MIUBRIRLe warlinnuiy vascular distensibility

Fr969nTTH

N3IIRY
mMsssaaiuduineiuiunsHisuussiie

dudayalumidagulalinmsguainengisleun

1. Shunt Fraction Measurement

Shunt fraction (udasiuasidenfioanainain
1 lUdne Taglidnsuanidsuiaiiden d1und
liiusoraz 5 m3da shunt ldlaslidieniala
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100% oxygen t{uaan 15-20 1l 9N1iuAT29 arterial
blood gas WazHINIATIUWIUAT shunt ATNRNNT
gandian 100 % 7ildaaadulainle 100 % 439 Taeldna
aun3nlisu mizlanig mouthpiece LLﬂ:’L"E“?’i%ﬁm;&ﬂﬁw
wialinmelalu airtight mask with an inflatable cushion
and head strap (King Systems Corp., Noblesville, IN)
lsisnunsald Venturi masks 138 non-rebreathing bag
systems Iifiasannanefiormeanmanendl e
TapsndifaiAndnddedfiannnitosss 5
NN3AIWIT shunt fraction™
Shunt fraction = (CcO2 - CaO2 )/(CCOZ- CvOZ)
]UN1T (1)
Shunt fraction = (CCOZ- CaO2 )/(CcO2 - CaO2 +5)
]UNIT (2)
Shunt fraction = [21- (SaO2 0.19) - (PaO2 - 0.003)V/
[26 - (Sa0, 0.19) - (PaO - 0.003)]
]UN1T (3)
Shunt fraction = (PAO2 - PaO2 )/(PAO2 - PaO2 +1,670)
]UN1T (4)
CCOZ= Oxygen content Tu capillary
Ca02= Oxygen content luwRaauad

CvO2 = Oxygen content 114 mixed venous blood

@1 shunt fraction fiurassmaunsadwraldan
gumIf 1 uetlasannisasie CVO_ 9z689A32991N
188 mixed venous blood 210 pulmonary artery Tu
ma§iasaduisiivinlannn daiuiadnmaduamann
aun3fi 2 e suNfgIwdn CaO -CvO difference ¥
5ml O /dL yadidea” dlwszaudlulnadulwiaairnmy
14 g/dI PaCO_ ¥y 40 mm Hg maysuameinshunt 9z
la@auds aum‘iﬁ 31an SaO2 flad oxygen saturation
luidaa dunudn sa0_ vy 100 % Aaeldmunmf 4

Haitiema uazaniz' s19ugieg PAVM At
embolotherapy Wy 30 114 31 318 § shunt fraction 11nA30
Sounz 5 (FALadpieus: 16.6, AFu3ouas 3.5-35) M3
anwlull w.a. 2538 vinsasadantasanfvesithe
HHT i’mﬁy/déu 98 aulasisn137a@ shunt fraction L‘f\ia

w1 PAVM wuindianah (sensitivity) Sesaz 87.5 aaal
WL (specificity) Taeas 71.4 %

midnendag smuidiitenyhies uung
TanuwnuIdanyhlszanmwiesa: 607 lagnsld
100 % oxygen %N PaO2 s arterial blood gas #aanin
575 mmHg 1933131928 shunt fraction annnnYesas
5 ynlaigunsarinnisia shunt fraction lag3Fasld
100 % oxygen 81979 PaO_ Waz SaO, ’Lumm:ﬁlgﬂm
mwiglaluusssnmeind@ win PaO, annd1 95 mmHg
sz SaO, annitsasas 96.5 §1M13GA significant

shunt 8anlll w1 PaO, Fauaz 85 mmHg uaz Sao,

(%

wauninseuas 96 U9TI1N potential shunt fraction
annnidesas 50 SEmsidanuiuwzieaninns
Salaglsk 100 % oxygen iasanlisansausn shunt
88n31n V-Q mismatch 'I¢

2. Contrast Echocardiography

Humsamafidanahlumsasamniig right-
to-left shunt f9udinazamialdnulasdTauase shunt
fraction la&n13l#4 100 % oxygen® N13A329 contrast
echocardiogram M lalasls saline 5-10 ua. W&
Auamaanitay wadvanlAines (agitated saline)
BEINIwAEATINIRaaaLEsasudIIINsATIe lag
echocardiogram 52 ﬁ"l;&’ﬂ’mﬁ intracardiac shunt 2
wunasenmedisnlakesdranielu cardiac cycle 7 1-3
WasNWAT right atrium &30 PAVM 2zwuwas
omeluinlawasdnedinin dedszanm cycle 7 3-8
(2-5 A7)

Barzilai wazame®® iN1n13@323 contrast
echocardiogram ijﬂ’mﬁmm’jwﬁm’az atrial right-
to-left shunt 10 918 uazdte HHT 19 9y (F9F8in
§ PAVM 4 318) mju‘ﬁﬁ intra-atrial shunt WU contrast
lusmlakasdhouu < 1 3wl fihes HHT 14 owud
positive contrast echocardiogram (delayed contrast Tu
Wlukastoun >1 Sunf) usuwu 14 swﬁgna’ﬂﬂ
fefdwdoauasfivon 11 e wazwuImANeil PAVM
I@]mejﬂaUﬁﬁLaﬂmiﬁﬂamﬁmﬂﬂaLﬁm 6 1w 11 7w
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a a a a A al
ae 8 i’]U&lﬂ’ﬂllN@ﬂﬂ@l“ﬂadaﬂﬂ‘mﬁ]%luma@ anny

® iR 939

ﬁﬂﬂﬂwﬁlwad Nanthakumar uazame’
#1128 HHT 106 318 fiflanwAadndvesanmidlanlag
1811052967835 100 % oxygen shunt test W3
contrast echocardiogram Laza 90N TAARIFWLAEA
wasfioawuin contrast echocardiogram #aw'h
Jouaz 94 anuIUWIzIasa: 80

midnwufiesag dnwuiatidanuhdstosss
98.6% lasfianui@niin13as1a radionuclide
perfusion lung scan Z9azldnanfisdoly

N1IAIIINLY intracardiac shunt vlajﬂﬁi‘ﬂilq(ﬂmi
A PAVM tnamspadgiiedeinaase ilosannaes
nzitnusniuld 8niiensd intracardiac shunt 819
M lnsaTar PAVM laei3 contrast echocardiogram
lsidaian'

NNINIIAL transesophageal echocardiogram
sensitive N1 transthoracic approach lun13as79
W1 intrapulmonary shunt luﬁjﬂﬁﬂ hepatopulmonary
syndrome™® uafislaifimsdSoud ﬂuﬁy'aaaﬁ'%ﬁlugﬂm
PAVM N13@333NWL intrapulmonary shunt @837 contrast
echocardiogram \Hudorisdl¥vinnsasiawn PAVM dg
5audely lauifanasguainisariaw PAVM ldur
mMidaFnaaaiaaLadlon

3. Radionuclide Perfusion Lung Scan
lHasununIIaTIaRaIITUINWIaad [N Ia LN
= ] v Qdé; ad o =)
LAIRIN B EIN1INATIN8TTAU ATaTvinlasda
*MT¢ pertechnetate-labeled macroalbumin (10-60 pm)
%38l albumin microsphere (7-25 pym) %dﬂﬂa%gﬂﬁu
oA . . [% A A A v A
149 capillaries lutlaa thludaaiinaaaioafivenadifia
1Und srwmannaziiw bl ldatnsunn wazsaisy layas
a579nL @anATI1N capillaries bed luanasuazla Whyte
wazAme’! YN13AIwIne shunt fraction las@dInImkaN
ANNLANAaITIFNUaa wazlaanlasauas 2.7 T
AuUnN@ANINIINNTITY Iummz'ﬁ;ﬂ”ﬂm PAVM A@Laae
shunt fraction 38882 23 VUWNLALLYNNUAIN LGN

MW shunt @28351W 100 % oxygen M3dAnEA
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aaoﬁﬂug}?ﬂw PAVM 66 318 WU3ENLa LN assii shunt
NNNI3aLaT 3.5 @283TN13701929 radionuclide scan 3
anuhieuas 87 anwdumziasay 61 lunIaTiam
PAVM ﬁ%aam?z‘aag’%é’amiﬁw embolotherapy®
1ad20433 Radionuclide Perfusion Lung Scan
fo lidoanzifeadihe uazdiaunsnnasin PAVM
16 Tapaznuinfinsmindinueg19Tasive959F7 %
arterial phase wazaanelUan957a1571% venous phase
Fodouvasdtiine lisnansadldlunnaniuneona

LRSITATLN

[ a 6 =

4. NMINIVANSIFAaNNIADINIWanlAaNIIAA
#13NUSIA (CT scan of chest)

FININATIANY PAVM I0NILEULROANNLRLS
a =1 a = o
IN1TAN YT ULNY VNI contrast-enhanced
ultrafast CT uaz MIaasIuwlAaaLaINlaa (selective
pulmonary angiography) Iugﬂ’; AN&INY PAVM WU CT
fiauinin angiography lunsduny PAVM (aana'h
Jouay 98 WAy 60 ANAIAL) L angiography 813130
rziindnyuvaaaidanuad PAVM laanin®

luﬂaﬁ;ﬁuﬁmsmwmw%‘éﬂauﬁ’;mai‘maoaﬂ
MeATa i@ (3-dimensional helical CT) &9lidasiia

=1 o A v a 2= d‘ =)

RINUSIF s lveaziduavassas s leaL ety
AUN1IATI9078 unilateral pulmonary angiography* k)
v ngd U v U g: v
dappasitide dihoszdesmeladhusznawmalalild
PIUNDFNAIT BAZANINNALINAIIINNLRaIanNABRa
LROANLRLININ

5. Magnetic Resonance Imaging of lung (MRI)
f7ldiasninmstiennsidnaufiaiaes fow
ileludaalasi ez fiinwmsiilu increased signal
intensity on T2-weighted image 1§ PAVM LAUAN WU
absent MR signal Ai3an flow-void tilasanidenlna
H1w5nn luuneduniafena lwaiiund s uusiam
sau9v0ulin mmﬁuﬁmfyﬂmmw%@%ﬂﬁ Bodnmniz
flow void ﬁmfnu,zmmﬂafmamﬁa%ﬂuﬂamaa nMhui

# low signal léun calcified lesion, air cyst, scar tissue.
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6. Pulmonary Angiography

fatdun13aTldaduNaIgIndIniy PAVM™
FUszlamilun1ssuann1ssneaiuni1sdasaslsa
(surgical) %%amsqméfw,ﬁa@ﬁvlﬂl,ﬁm (embolotherapy)
$9n13¥11 angiography AIsvhnsIuseInaulaaiiie
waammﬂmﬁmwauagj waziagnisiTansaas

v A a X o VA = ~

LRWLAANANLREILRZ Iz LN S9luinsAnwLLTay
= 1 ) tﬂ' =4 = =
WovataiuzuuiNadnsdSouisuauluesy
AMUTUNIZVEY CT, MRI uaz angiography Tuilagiin
CT scan of chest Telun133%asy PAVM win lisnanin
i1 pulmonary angiography e kazldlunsamadaau
theffgaiudring PAVM®

LININ1IBARY PAVM (Diagnostic
Approach to Suspected PAVM)

Arssay PAVM lusefifianwmeennnsdait

- wudeauludanannanssdnsisen

- WU mucocutaneous telangiectasia

- laifuiiea

- ﬁa’m’ﬁﬁadﬁﬂ’i’m’lﬁ)lﬁmfm right-to-left shunt
i wiley sonGlanluidoadn daadu ﬁaﬂu ST
ﬁﬁlmﬁaﬂaaﬂﬂqﬂiuauaa Hluanas 1udu

- gfvasdihe HHT m3ldrumsamamansil
fousdlaifionns

asanngaaiiaunisnuaas PAVM Wuany
a a o A = 1 1 &
RaUNGUaININIIFENIIEN ATRIoNeMnUaardln
SOULIN FIUNNITFINTWANDIRIRY PAVM ARanny
lwa 9 sesadny aduwsnidumsanalasdauiagin
# intrapulmonary shunt Laz8n31J1N1T931311 PAVM

dl o o aada aa dl
1086395971 [0 832N 19 INSIFI LA TN

INAnEUTI9EH N3 100 % oxygen shunt
test, contrast echocardiogram, radionuclide scan f
sensitivity Indidia30naz 100 Tumsduw PAVM fiflenna
feneedin mafenaraluiusniuiug win
1HONATIAAILD 100 % oxygen fiat WU shunt haendn
wiawiniusesas 5 tauaninluuing clinically significant
PAVM #1 shunt snnninfagas 5 masrinmInsiaciiuLé
afuiu PAVM da  flisansnaiadasds 100 %
oxygen shunt test Taursaantuuuztinlils contrast
echocardiogram® ({uiEmIasausnifiesaniiay
gs winwaduau lidasasraadndnaniunydld
RIFUNING LB ‘mm@‘]a?ﬁmUma:aan%l,au‘lw,ﬁa@@'ilﬂ
14l wSanuinauannwiidnseen

myanaluiunoudalindsanAiwuing intrapul-
monary shunt I@Uﬁavlﬂ;jﬂaﬂﬁﬂvlﬁ%'umimwﬁam cT
scan of chest ¥NWUT PAVM uas Léwldanfianiased
wnalrainin 2-3 u. A138971 pulmonary angiography
daldiieRansonanudulylelun1svi embolotherapy
WINHA CT scan of chest linwusaslsa analidad
i1 pulmonary angiography Lﬁadmﬂ@ﬂmﬂw:ﬁlﬂm
microscopic PAVM NNI93I9AANIBIAEY CT scan of
chest futszintinlinusindiosanmanumns uazld
Sugsedlasladniu L‘ﬁ:aamﬂﬂaqﬁumimn CT
scan of chest aansar e U3 T duussi lvsansa
FeATH hadpnanmamzaInIeaain wand g
wanad§alunsifadoifusnasgiw udd algorithm

ﬁmﬁmﬂuummﬂumsm@mﬁ]Lﬁmx?mé'al,mugﬁﬁ 1

31



mnsaisdulsa [SAnNs3Ivannaz1IasuvoInnn

Patient suspected of having PAVM
Patient with clinical features of HHT
Follow up in a patient treated for PAVM
Follow up in a patient with HHT

v

Chest radiograph and
arterial blood gas (ABG) on room air

Abnormal chest radiograph
and/or Pao, < 0 mm Hg

Normal chest radiograph and
Pao; = 20 mm Hg on ABG

Contrast enhanced chest CT
|

: )
|Abnorma|| | MNormal |

No further
work-up

Contrast
echocardiography
+/— shunt study
|

[Abnormal | [ Normal |

No further
work-up

Candidate for
embolotherapy
or surgery

Yes ‘No

Neo further
work-up

Pulmonary
angiogram

No further
work-up

WHWDAN 1. UEAILWINIIMTIRAREANIE PAVM™

nMIaTRAansaRaNBnasauafislssIa
HHT

wIN19UJUGAVed International guidelines for the
diagnosis and management of hereditary haemorrhagic
telangiectasia Y w.¢1. 2554 LLuzﬁ”lL'%aamimwﬁﬂmaa
w1 PAVM 618t

ﬂaiﬁﬁﬂﬁsmnﬁ@maogﬂa BN UNRIFY HHT

'
aaa o

wioR3Rasy HHT udfensnamn PAVM uasfous
ningulwdnezisludaion fidsrmayiunsili
vmsarasansasludnda asanilamaianin:
unsndeufisuaneldiuin winmsaransausnliny
fafiaung lﬁﬁﬂmmmaﬁnﬂ%mé'amﬁﬂLﬁzy‘ﬁmfﬁé’d
nmsasasss molu 5 ﬂﬁaua:é’amiﬁua:nn:ﬁw}
l#vimn 5-10 T (inguszdiu I, szduduuzii strong)
wizih lAinmsaTIafdansadie transthoracic contrast

32

echocardiography Huaghausn wnwatluuan ldvinms
Hudua28 unenhanced multidetector thoracic CT with
thin-cut laiuugtihlivinnsdansasdas CT scan of chest
JurduusnidiasananussdanslaSussfiusod
ualluganuiiflififissamalumsvi echocardiogram
9199271 CT scan of chest usauusnle (mangu
=AU 11, ITAUAULKEIN weak)

nsanlaa
madfiuliavesfihs PAVM Bslifinanums

a

anmfidan wanudminldldsunsinm disoas

= 1 =) Aaa dl a 1

Faanmathuuasfodiawasguais tladaanuldain
. n . ¥ .

Ing PAVM famwaaadia Souas 25 awialadut g lag

aelndan 0.3-2 un.6a1)"%*® winIINKNENIIANEY 3

nsfnmAdaaudis PAVM AldldsumsSnsnld
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nanadslunifaau 5-6 Tluudaznsdnun A 1-13
1) wuiifia stroke Sasas 13 Hluanasdovaz 11 809
msthuuasFedianuiasas 22° 7 lamaifiane
5 o ¥ .
unIndannianadfANIuauaNguazIIkIBYDI PAVM
Maher uazae® Meaugihe HHT 7l PAVM 71 318
TIWLNNMZUNTN TN ENBITaas 30 sl,uﬂq:uﬁmq
wonndn 30 T Sawaz 45 lungufiongannni 30 U 8n
INUNUTNIATIINLHAN IR I RUBIVIAREAINAN
v Ay U n:l'n:l a 2R v
JieTouay 32 Elugqjﬂammaﬂism@m WUUINDIT08AE
60 fi{tled PAVM nae 9 sanlsa®
Tavslumssnwuaidaulaun PAVM Suualng
& . . . A a
AU paradoxical embolization formsvasaandiauly
1Raad luﬂﬁlﬁ‘l‘ﬁu international guideline for diagnosis
and management of HHT iuA i i3S
WINWU feeding vessels Juwatvinunialwginii 3 ua.
fauatldfionns asanilamafianizunsndaums

&
FUBINNVW

NIINBN
NINIGA (surgery)

dumssnenanluadaeil w.a. 2485-2520 lag
MINLEULAEA (ligation) N3G@ PAVM (local excision)
mydanauleaiisaslsa (obectomy) waznsdatoans
419 (pneumonectomy) AEUNINTaRANUREINIHAGA
VLGTLLﬁmiﬁLLsaéTwaa@Lﬁa@ﬂa@gﬁuamamzﬁuﬁwﬁa
nda PAVM aanld vliiAaenmsmilathssnsduman
ASUNAW ;jﬂ’as‘éﬂﬁi’au%ﬁuf}aﬁ@mﬂﬂ%ﬁamﬁ@wu
mudutr we PAVM Suwelnatuioss: 12 ins
Taduvas PAVM Aamalinuluaanusn sasdsves
MIHNGA PAVM Wa § fumskdagasanaug Getaidy
Adadnsuonlsangunafiuim wazsanuns

nIRAd1IanNaanLdan PAVM (embolization
therapy)

dunsinswanludagiu GFuiimymdisaess
winlay Prostman lufl w.q. 2520 winmsfiayinsaa
LfuBaaRuREy PAVM lavldaunsniniaanseneg

L% steel coil, balloon, polyvinyl alcohol, wool coils,
Amplatzer plugs miﬁﬂmﬁlmg‘ﬁ'qmﬁmmwamiﬁ'}
embolotherapy 415 PAVM lugtlag 155 :1owuindas
f1595088z 100%

mazumn%auwuvl,@ﬁ_iamﬁq@ﬁa WFunihenlay
WUSesaT 5-13  waza1mImelaias Adzunsnden
fsuaronuldiosuin saulngnioldiastuiu
1@un stroke wusawaz 0.5 TIA Seuay 1 transient air
embolization Sa8as 5 lagldwunzunsndauluszay
817 radiographic pulmonary embolism Jouas 3 6‘%\‘1
mmmﬂaaﬁuvl,@ﬂ@mnmsﬁﬁlzq@lﬂnéz"@‘hl,muwaa
PAVM neck mnﬁq@ 1wt

MsRAAUNAN TSN T2 azeIN LI lanila
mzunsndanluszazanffinoen ldun stroke waz
3ol luauas wusesas 2 recanalization of occluded
PAVM wWuSauaz 1-15 1ia PAVM lnal iduifantdu
lﬁajvlﬂLgmiaﬂmﬁgnqﬂﬂuﬁa fannsduniien
pleurisy #a991n¥11 [ U 4-6 &A% uazifia new onset
pulmonary hypertension (PHT) %%agij”ﬁﬁ PHT a%iLa&I
fanmaanad

WAIIINNIINT embolotherapy #89N170979
aﬂmugﬂwaﬁnaua ifiosandlemadiseslsnazasne
2UNan3aLia recanalization lean lasvinnniasiase
spiral chest CT with thin slice formatting ﬁ 6-12 Laa
WEIIINNITIN embolotherapy ﬁ]’mﬁfu@i’aﬁ]a@lmﬂuﬂ
fisna %olmjﬂa ofis PAVM ualallglstnnssnunle q Al
ATIVAAANLT LA I

NIATIAAANIUA2Y contrast echocardiography
iudanuliAnlulunisasiafiaaiundinissnm
LﬁaamﬂLL&TﬁlzﬁﬁmsqmﬁmﬁaﬂﬁmaLﬁu@i”mmmm

Yo & Awa q o v o
1ag15a msamannialvuauinlanetasas 90 w89

nw%’nwﬂuﬂ@;uﬁlﬂu diffuse PAVM §NL#497 84
saslsafianansalinissneneis embolotherapy ‘ol
. 4 S S
11 embolization Gvdr1ulngAnaliaanGianindrfaw

\Rpaandapiriniu migaiduianlanyinf segmental
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arteries mmhuﬂmm“ﬁwmmunmaawﬁﬂﬁqjﬂa g
a aX 54
Jam NG e

N133N¥IDY 9)
msulasuaelan (lung transplantation)

I@ﬂ‘ﬁ"ﬁvl,ﬂ;jﬂaUﬁﬂﬁNamﬁfﬂmﬁﬁ@iamﬁﬂmﬁw
embolotherapy ¥38mM 3@ H1d OfRadaN TSN
fu snafsonmaasutinelen laslanzadnebs
%Tﬂaﬂﬁﬁiasﬂiﬂﬂ‘%mmmﬂluﬁa@ﬁy’madﬁw atngls
ANNTTINWNITAALREADNUINAAINIAA LAZWU
favrzmeludumarauanle® msasuinsdenia
ﬂaiﬁfaﬁtmmwwzgﬂaUﬁﬁmﬂmﬁmgaﬁd6] fenans
\§TI@91N PAVM

wanaNi Aduweiinuas International guidelines
for the diagnosis and management of hereditary
haemorrhagic telangiectasia T W.¢1. 2554*° 1%7113@1,1,@
e PAVM mamsziimaifanasenmealuiduifaalu
mmﬂﬁmﬁﬂm@ﬁaﬂéﬁﬂm{lﬁmﬂ%amsﬁwmama@
\Haadn ;}ﬂwﬁﬁ PAVM mslesumslsiensingonauns
YRAOMILNIBEN 111 ¥ilu wiewannshiliUsea
Fa 1ietlasiumsiiauuafidelunzumdoadsonasin
lugmafefluanas asannuilluauasleddszanm
%ovaz 10 NewRezas29Wy PAVM® dausifiauadsnain
L%Eﬂﬂ"ﬁmaﬂhe American Heart Association guidelines
for prevention of bacterial endocarditis® LazaIULL1N
Iﬁ;jﬂawﬁﬂlﬁlmmsﬁwﬁﬂﬁﬂ dasmnanunneiilama
\i@ systemic air embolization @ funzsi sl
nanea bl laslidilstisauaves PAVM auninazle
MINELaI 1o oyINAILY HHT ﬁﬁdagiumm\aéfﬂ
PAVM M%alu;jﬁwﬁmﬁﬂ microscopic PAVM LT%n13
@373 contrast echocardiography tJuuInua lwusas
15alu CT scan

nanlaoasy PAVM Hunnsinolélivey ud
ﬁmwéwﬁzyﬁlumﬁﬁaﬁﬂLwnkmjﬂmﬁ'mﬁaalmms

A . aoa A A v
netaa Nwutias 5 I%L’J“IT‘]JQ‘LI@] LD LAWY LAY NUNDW
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Tudaaannwiiansisen My ldlasnmsasa
1 intrapulmonary shunt LLaZN1IAIIINRT PAVM lasass
mysnlaendnld33ns embolotherapy Lilosannwa
M3sNENfia uaznazunIndeuteaninmsida s
avndamandmsineuiuiiiday dWesnnilema
naudludintaianssumarannnislnisinele
K18 HHT adsimiasiadansadgaiueie
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