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Tooor Jafeafinnna : msAnanulvesnasaanludieiifinga Inatiousmaea
91115 (BRONCHIAL HYPERRESPONSIVENESS IN GASTROESOPHAGEAL REFLUX
DISEASE PATIENTS) 0. f3nu1 ; . uw. erifios@ 2ed#iu, 0. ffSnusan : wt. uw, quvm
nAYING. 53 Wi,

v d d, A - g ¥ Aaa
Tagquszaan veamsAnmiitiomanuynvesnznaeaan TuiuludihvauInoiiinsa
Tnafourmasaomsifisuiuauilnd taznianuduWUFs21 913 PC20 1Az NRE number of reflux

episodes LI0Y esophageal acid contact time

Saquazdims Wumsnuuuy Analytic Cross-sectional Tufthofiinasrefiununmaiiu
pnmsves lsmunagmasnsaidauadouunsnudadunny w.a.2549 Svermsuavounthon
Lsmﬂ‘%"mﬁ%‘ﬂmmsﬁ"uqﬁﬁmmnaﬁuﬁuTﬂfﬁ‘ﬁ 24 hours esophageal pH test Iagaz 3o uiluTsa
nsalnadouvasae misiilonanisns0iim %time pH at lower esophagus 110N31 HauAL4
1739 %time pH at upper esophagus ¥1NAIMIOMIND 1 Lmzﬁﬂﬁﬂwﬁlﬂuﬂauﬁﬂ, Haaﬂnuqmzu
Fosonnnmsdn sandus i 40 auuazaulnditliiomsvesnsaluadoumasaoims
40 AU MimsnaaeunInY 1veanaonay 1Auds five-breath dosimeter method Hamsnazouiiy
wanidie PC20 < 8 mg/ml

HamsAnE ANNYNvesveInazvaoaay laAuludihoau lnufill GERDIAY 10%
@/40) Wiunnsnnnguandn@fifianugn 2.5% (1/40) e619ThiudAyNeadA, p=0.36. Prevalence
ratiovoaBHR W1h0GERDINANTIAUIING 4 1911 (95%CT 0.467-34.238). %FEV1 fianasninais udu
H&IMINATOY Methacholine lunguiilGERDIIAY 8.021.48 laluandamnnguann@iianas
I 4.95+ 1.37(p= 0.132). PC20 T3ifianuduusiy NRE at lower, upper esophagus (r=0.69, 0.39;
p=0.13, 0.45) 11a¥ acid contact time at lower, upper esophagus (r=0.54, 0.33; p=0.27, 0.52).

agy anuynvesveanzuasaa Tuiu ludihoaunehll GERD linandeninnguau
Undedalitiud1iyn19ada. prevalence ratiov®IBHR U1 0GERDINNIIAUUNG 4 (11(95%CT
0.467-34,238). PC20 ilinnudinius i NRE 11a2 acid contact time at lower, upper esophagus.
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fi# 4874722530 : MAJOR MEDICINE (PULMONARY DISEASE)

KEY WORDS: BRONCHIAL HYPERRESPONSIVENESS/ GASTROESOPHAGEAL REFLUX

DISEASE
CHAIYOS ROONGRUANGPITAY AKUL : BRONCHIAL HYPERRESPONSIVENESS IN
GASTROESOPHAGEAL REFLUX DISEASE PATIENTS. THESIS ADVISOR : PROF.
SOMKIAT WONGTIM, M.D., THESIS CO-ADVISOR : ASST. FPROF. SUTEF
GONLACHANVIT, M.D. 53 pp.

Objective: To study the prevalence of Bronchial hyperresponsiveness (BHR) in Thai
Gastroesophageal reflux disease patient compare to healthy control and correlation between PC20 ( the
methacholine concentration that cause a 20% fall in the FEV1) and NRE ( number of reflux episodes) and
esophageal acid contact time,

Materials and methods: An analytic cross-sectional study was performed in 40 GERD patients
both typical and extracsophageal symptoms proved by 24 hours esophageal pH test. GERD was defined
as the patient who has the % time pH<4 at lower esophagus = 4 or % time at upper esophagus 2 1. The
study began from January to December 2006 and asthma and COPD were excluded. All patients and 40

healthy volunteers underwent Methacholine challenge test using the dosing protocol five-breath dosimeter
method. Positive test was defined as PC20= 8 mg/ml.

Results: The prevalence of BHR in GERD patients was 10% (4/40) which was not significantly
different when compare tu 2.5% (1/40) in healthy volunteers (p=0.36). The Prevalence ratio of BHR in
GERD was 4 times more than in control (95%CI 0.467-34.238). %FEV1 change (FEV1 that decrease
from baseline to the last concentration of methacholine calculated in percent that decrease from baseline)
in the GERD group was -8.02+1 .48, not different from healthy control (-4.95£1.37) p=0.132, 2-tailed.
PC20 had a no correlation to NRE at both lower and upper esophagus (r =0.69, 0.39 (p=0.13, 0.45)
respectively) and acid contact time (r = 0.54, 0.33 (p=0.27, 0.52).contact time at lower and upper
esophagus respectively)

Conclusion: The prevalence of BHR in GERD patient was not statistically different from
contral. The Prevalence ratio of BHR in GERD 4 times more than control (95%CI 0.467-34.238). PC20
had no correlation to NRE and acid contact time,
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Uni
ananilenuazanusdguesilavin (Background and Rational)

nmensalwadouninasaeisGastroesophageal reflux disease, GERD) 1fiuTsaiing
"lﬁ’ﬁaamnzﬁyu“luﬂmgﬁuuazzﬂuﬂﬂujmfﬁ't?ﬁnulﬂiywmﬁﬂuiimzuummﬁummﬂmé’ﬂw%
fioms  uavudounthon  (nearthurn), sonfien (fegurgitation), ndugwan  (dysphagia)
American college of Gastroenterology 1a1w#enw 1341 GERD as symptoms or mucosal damage
produced by the abnormal reflux of gastric contents into the esophagus [1] vresteetslhifierns
uanundng 1wl esophageal inflammation wSe complicaton anTsa. Reflux esophagitis i
subset wesflae GERD 4% endoseopic 3o histologic evidence 415 esophageal inflammation

Hseannmenannanuduiiussznane GERD uas asthmalaeswai prevalence
v04GERD Tugilae asthma wannrluslszannssialal Field et al [2] s1eangilae asthma 109 au
deuu control 135 au wudhiiernts heartburn duglae asthma 77% wasz# control 5 48% . v
Silent GERD 1u#j1ls asthma Tae3s 24 hrs. esophageal pH test 62%[3] . Harding [4] wuan 24
hrs. esophageal pH test Jufilae asthma s GERD symptomsii abnormal esophageal acid contact
time 72% Taosau 50-80% vosdilae asthma a1z GERD sudae

Tuvaz@eanunnuilulungudilae GERD Tprevalence veq asthma snnndnlszanns
t2'la) Ruigomez [5] 181011 Longitudinal study in UK general practice 1 cohort study gilae
GERD 5653 s1witazfilae asthma 9712 s1u & austt 1996 Aan'l 3 Twu RRuesmsTiasthma
ugheGERD iy 1.2(95C1 0.9-16) Iuvaizdt RRuoamsHGERD lugilawasthma wirdu 1.5
(95CI1.2-1.8) waz 1@ag 1l dile asthma & significant increase risk vesmsiilu GERDIawmwnz
ogatshudlusnndsnsdiade. daudie GERD fimsidiy Risk wosmaidlu asthma ue'lid
Woddymeada.  De-Nan Wu [6] swansluansens Chest 2000 Sifimsifinduves ainay
hyperresponsiveness iienaaoslansa HCL éhlunsequlu esophagus vesdtle asthma. uelai
fimsu/denuasves VC, FEV1, PEF rate, respiratory resistance



ms3nen GERD eroiinls? asthma uazngu difficult astima  flenmsadn, 19entesas
Tawiife 1 GERD Tidwiin 14 ainway inflammation , bronchial hyperresponsiveness snnu Jiang
[7] 18aSeuidieudile asthma 30 au #i5 GERD (3faselas gastroscope w5e Barium
esophagogram)uoniiiu 2 ngw, nauusnler omeprazole 20 my/dayiaz domperidone 6 alani
ngui 2 T, Waangui baseline characteristics and lung function, PC20 lsiuansaiu wut
wéamsnsnguusnen FEVL, PC20 @3 (p<0.05) vz finguitares ifimsidouuas

fwaru prevalence vos BHR Tuawne [8] #4180 nmsdrsaninlszmea'lng 3244 au
o BHR Tuaune'l 3.31%(95 Cl 2.68-3.94) Fssoudhaduiedfionsumalszmenz fuan
o1l mmsAinudprevalent ves BHR Tugfilhe GERD Tulszimelneda lsifl sty
msfnuniise lddnnaan hvetasaanludiheitinse lnadeummasaemsieriiudoya

voanu'ne.

L. dewms3se (Research Question)

fnwudn (Primary research question)

manasulasves bronchial hyperresponsiveness Tugilae GERD azannninlszang
i llnddeesiila

Aowsea (Secondary research question)

BHR ( Bronchial hyperresponsiveness) i3aain Methacholine challenge test (MCT)w5e
PC20 (naunduduains methacholing fisinls FEVL anas 20 %) fiauduitusiu NRE (number
of reflux episodes) «1az esophageal acid contact timewse lai

2. SagilszasAvesmsIde (Objective)
1. #nwaBHR ( Bronchial hyperresponsiveness) 1uilas GERD 719zuinnaacontroliviala
2. #nwBHR ( Bronchial hyperresponsiveness)-@saain Methacholing challenge test
w5e PC20 finnwausiusiu NRE ( number of reflux episodes) naz esophageal acid contact time

n30 'l

3. mngAgvesmsIde (Hypothesis)

Proportion vea positive BHR1u&1126GERD wanndalu control



4. nseunanmaalumsise Conceptual framework)

GERD

Confounder
~| Asthma, COPD

y A
Airway Inflammation

A

Bronchial Hyperresponsiveness

amitl  nseuanuAalumIIve
5. deanaaidiosdu (Assumption) i

6. saeey (Keywords)
BHR  (Bronchial Hyperresponsiveness)
GERD (Gartroesophageal reflux)

7. aslmdies alfianeAslums3se (Operation definition)
GERD 1&unfileiid
1.01ms heartburn , regurgitation v3ee1n1s extraesophageal symptoms. 1&us chronic
cough, reflux induced laryngitis, non cardiac chest pain, chronic sore throat, Globus sensation
2. confirm Tae 24 hrs. esophageal pH test Sia%time pH <4 at Lower esophagus annnin
ey 4 w3e Ytime pH<4 at Upper esophagus snndmSemiaiy 1

Control 18unauunad hiflermsves GERD i typical uuaz Extraesophageal symptoms
W 2 ngu' il Tsaduiiinne bronchial hyperresponsiveness ‘Idun asthma, COPD



Bronchial hyperresponsiveness( BHR) Aensdiiinaoaan laniindnadon Tasasiin
Methacholine challenge test wasr PC20 (Avundfudiues methacholing fivia1i FEVL anas 20 %
) $1< 8 mg/ml 53 positive test

8. wauuavaamMIde
aw Ao = 9 = A a ¢
M3398UNNMIANYIINAYWBNNINTIINUNUNMAAUDINIT 15IN81U1ag1IaINTal

lugaudenunsian fe Sunau 2549 Aias GERD 21an130399 24 hours esophageal pH test

9. Jaymimaeadussn
= o 9 sy A a
m3snaaeu MCT fiaaunlasadegenisldamsniuguueawnnddiFernny o1alioins

FraRedins iy To Wheezing #slisiouase udlu'1d

10. wanorlszlemifimainnZldsuainmsade (Expected Benefits & Application)
10.1 hlvinsudoyavesdile GERD wazaiaz BHR Tuilszmelng
10.2 951101 19 nalnatsiiaeinis extraesophageal symptoms Tudile GERD
Tawwiitn Bronchial Hyperresponsiveness
10.3 $2eldh lvamduing GERD uaz asthma ad GERD enwiuilosentiaiiinti

asthma iShuaan 3w Taeritu Bronchial Hyperresponsiveness i

11, gilassaiennvzinavuszrdamsIvenazanasmsiumandly (Obstacle)

]
AaaAa o

$1u9u Case Tume eranrsanlddiloe GERD Mtanelas Gastroscope w
esophagitis wsdi
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nmensalwadounmaeasa( Gastroesophageal reflux disease, GERD) ifiuTsaiing
"lﬁ’ﬁaamnfu“luﬂm;ﬁuuazzﬂuﬂﬂgmﬁt’?ﬁ'ﬂujﬂmwmﬁﬂuiimzuummﬁummﬂmé’ﬂw%
fioms  uavudounthen (nearthurn), sonfien (Tegurgitation), ndaudwnn  (dysphagia)
American college of Gastroenterology 1811w 1391 GERD as symptoms or mucosal damage
produced by the abnormal reflux of gastric contents into the esophagus [1] vresieetshifierns
uanundng 1wl esophageal inflammation w3e complicaton aanTse. Reflux esophagitis i
subset veaffilas GERD 4l endoscopic w3 histologic evidence 417 esophageal inflammation
Heartbum feansd@nuaudouiivs e retrostemal et lifine 18, dnavds
GRIYAD
Regurgitation feermsfiiemsnnnszmneonns madoumiinsioa Pharynx Taed
Niflomanau'ld, ndunionthitestiug Tniinsaannsemize s HauR UYL
G
Dysphagia fioemsndudiunsinwn lusefiiumm w5ed Reflux esophagitis v3e
complication 1w Barrett’s esophagus, esophageal cancer
wenaniidaiionnns Extraesophageal symptoms vea GERD [9 ] wu
Middle ear/ eustatian tube
Glue ear
Otalgia
Nasal/sinusitis
Chronic sinusitis
Oral cavity
Dental erosions
Aphthous ulcers
Halitosis
Water brash, hypersalivation



odynophagia
Pharynx/larynx
Pharyngitis
Posterior laryngitis, chronic laryngitis
Vocal cord ulcers, granulomas, nodules
Laryngeal, subglottic stenosis
Laryngospasm
Laryngitis stridulosa
Cancer
Sore throat, excessive throat phlegm
Postnasal drip
Frequent throat clearing
Dysphonia
Globus
Tracheobronchopulmonary tree
Tracheobronchitis
Chronic cough
Aspiration pneumonia
Pulmonary fibrosis
Chronic bronchitis
Bronchiectasis
Other
Sleep apnea
SIDS
Torticollis
Chestpain, noncardiac

msoudumsiiadolsniiTao1435 24 hours esophageal pH test Taeldane probe 13u
esophagus witetiuin pH Awmiamitede LES (lower esophageal sphincter) 5 cm #ia 1314
fHufinuiu 24 52Tua &1 %time pH <4 at Lower esophagussnnndmSeriaiy 4 nse Y%time pH<4

Qdd

at Upper esophagus snnniwseniiy 1@uiluminfvesau'ng dedr positive 33



sensitivity @ndnTasazaaedtianoTsaludihentemsuas liaevaussdemssnymselusie

ad A

fivin esophagogastroscope  udaundriesninlussesusndalaisi mucosal damage. 8n33de
es0phagogastroscope Fsvzaavinaselunsdiig esophagitis udauiniy wied complication 1z
Barrett’s esophagus, esophageal Cancer an endoscope ANTOULNTEAVANNTULT S
(severity) ldnaneuuunaiidonlFiutendun
The Los Angeles classification graes esophagitis Severity Tae extent of mucosal abnormality

1. Grade A — one or more mucosal breaks each 5 mmin length

2. Grade B — at least one mucosal break >5 mm long, but not continuous between the tops of
adjacent mucosal folds

3. Grade C — at least one mucosal break that is continuous between the tops of adjacent mucosal
folds, but which is not circumferential

4. Grade D — mucosal break that involves at least three-fourths of the luminal circumference

duitoundilintae’dun Esophageal manometry, Bemstein test, barium swallowing
nalnmstna Reflux

Taeun@exiina'ln antireflux barrier i gastroesophageal junction s anatomic and
physiologic usiufiile GERD axiinnufiaundvesnalnuidiii
1. Transient lower esophageal sphincter relaxations (tLESRS) iituna'lnfidhéiey Faianin
gastric distension a1n 81115 e au
2. A hypotensive lower esophageal sphincter (LES) Fwiiaann gastric distension,
cholecystokinin, eanase1as (fat, chocolate, caffeine, alcohol), smoking, eneiran
3. Anatomic distuption of the gastroesophageal junction; &adusius o hiatal hernia
wenaniidalilodoiaduain impaired esophageal emptying, diminished salivary function
w1197 esophagus expose densaumidn. luuramoeanuiieans Tngi liifiate acid reflux

wudeiaain esophageal hypersensitivity



MISNH

uteanily
1. Life style modification ‘I&un

1.1 Dit modification w&nidesermsalszian fatty foods, chocolate, peppermint, sa
alcohol, inSesdnulssInn colas, red win, orangejuice (pH 2.5-3.9).

1.2 Head of bed elevation neueniiaga

1.3 ‘Haﬂléﬂﬁﬂ?iﬂ@ﬂi?ﬂﬁﬁﬁﬂ1u@1ﬂ15, “HaﬂLéﬂQﬁﬂ@?Wﬁ‘ﬁiﬂé}L’mWU@u

1.4 wani@aoanzdan amifiv

1.5 mmﬁl

1.6 vAnAmmsmuEerngausiuHuly
2. Acid suppressive medication enin151@waa 1¢ua H2 blocker, proton pump inhibitor 4/5ua
AU aves Tsn Taowaneny keep intragastric pH 1¥uinnta 4 Tusnananiiesd reflux
3. Prokingtic drug 1&us metoclopramide, cisapride. Taeasaaeii LES pressure
4, Surgery ‘Idurnnssi Nissen fundoplication Taeiderissiie

4.1Persistent or recurrent symptoms despite medical therapy

4.2 Severe esophagitis by endoscopy

4.3 Benign stricture

4.4 Barrett's columnar-lined epithelium (without Severe dysplasia or carcinoma)

4.5 Recurrent pulmonary symptoms (eg, aspiration, pneumonia) in association with

GERD

38n3ms2e 24 hours esophageal pH test[10]

Indication

1. reflux symptoms i refractory de proton pump inhibitor therapy isix Endoscope 114
wallnd Taongamanmavaansaneuedeios 1 dani, wietheziluszuiiiu
g0g A3z Ia Symptom-reflux correlation

2. reflux symptoms #isia Endoscope & watln@ fimarsanassinda antireflux repair

o ' 1 [ 4
surgery Tagrigagannisraansanouediatios 1 dilan



3. Tudihendgiowms reflux symptoms eg mevidsniseinda antireflux repair surgery
Tagngagtaamsnaansaneuesiatios 1 dulad

4, Tugihedtienms noncardiac chest pain fissdesuiluan reflux naz AT undann
1861 PPl wredration 4 dila

5. Tudiledifienns otolaryngologic manifestations (laryngitis, pharyngitis, chronic
cough) Aasdesufiunn reflux ua hidtundeninlde PPl inedrartos 4 dulannd
Tagihwmziiga livaae PPl

6. Tuglefiihu adult onset, nonallergic asthma fietadoii reflux-induced asthma Tae

ngagaamsnaInsaneuesaies 1 dant
in3esiie¥n 24 hours esophageal pH test

basic equipment requirements &v<u ambulatory esophageal pH studies 1sznoudae
portable data logger #1w¥u data storage, pH electrode, computer, uaz software dmsuimsizd
pH data

1. Data loggers 15 battery-powered units, fishwiiniun, aawfuifudasaseuon ndeq
2z sample intraesophageal pH 4 6-83uni intervals @sae  miss intraesophageal pH decreases to <
4 alszanas 2-3 Sundi st laifimasio overall acid exposre time in3esffafid aydnsudo event
marker fghweziiudin By itormsduiusiu reflux, floons, vueuniel raw data
fil&nninsesd number of reflux events, esophageal acid exposure time associated with each event,
timing 1az nature veq symptoms

2. pH electrodes electrode #iaianuasie stability (no drift), short response time, lingar
response (no hysteresis), sensitivity, small size, disposable (w5 easily sterilized), s1n1gn.
Electrode 5 3 wiiafio

1. antimony monocrystalline electrodes with a separate skin reference electrode vunauan,
51190, Horgms g ldtesnin< 10 ﬂﬁzq)

2. unipolar glass electrodes with a skin reference

3. combined glass electrodes (built-in reference electrode) fiognsIsrammIduu( 40-50
A%, s1mus, Most linear response, most rapid response (>90 percent within one second), least
recording drift, idiameter 1wqj (2.5103.0 mm)
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Electrode placement

Tawitr ez dmeruaynaslaaudedumiis s cmmile Lower esophageal sphincter
(LES) Tael4 manometry snelumsasumvisves LES ieans electrode

percent time with pH < 4 (esophageal acid exposure time) i Huariildusnszna
physiological wrazpathological reflux 184 shawdilfainsd 6 a1 #io original scoring system Tae
Johnson and DeMeester

1. percent total time pH <4
percent upright time pH <4
percent recumbent time pH <4
number of reflux episodes
number of reflux episodes with pH < 4 for 5 minutes
period of the longest single acid exposure episode
i Dietary andfor activity limitations sena1smisasae

Interpretative techniques

' Y
S a K

Gastroesophageal reflux a1z physiologic mavnidluanilng ndnnsves
esophageal pH monitoring fie wenenaen pathologic reflux eenu uavz ity lumsulana’ld
2 15emsne

1. Methodology esophageal pH monitoring Sasfisasiien acid contact time st GERD
tmaen multifactorial (acid sensitivity of esophageal mucosa, mucosal resistance to inflammation,
extent of mucosal acidification, constituents of the refluxate other than acid)

2. Definition wes GERD Tunsdi#lsifi esophagitis 1i5 gold standard wes GERD

indnwn esophageal acid exposure time Tuaualn@c laifiowms uaz endoscope 1nd) fu
A1leiin esophagitis a1n endoscope w1 esophageal pH test 5 sensitivity 77-100%, specificity 85-
100%, odalsfamdanuh 23% vosdilwdii endoscope vl esophagitis s esophageal pH
test 1nd
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ms1ait 1 Diagnostic tests for Gastroesophageal reflux accuracy in Adults

Sensitivity% Specificity%
Empirical PP trial 70-80 85
Esophageal pH 77-100 85-100
Endoscopy 60 at best 90-95
Barium esophagogram 40 -
Bernstein test 32-100 40-100
99 Technetium-sulfur colloid 14-90 Upto 90
From Ref [11]
Swallow ENG -
Qesophageal “I 7
ey &7 ui;c._rh:{;{;(;am_ﬁ.;{;&},“_"
bl — il AR A
Oesophageal &0
EHEST:THQ% ,M_,__m_,u-r--|JJ'"‘J‘L-M“M-M

fon
e L i, AR l*—-—‘l lll"\-l'll l\"\fxdll;l\\/k»'—"
B pressure

mmHgl  Pada_ WOR A

Intragasiric &

[prEssure
mim H 0 e s e RIS B S -
el o 10 0 0 40 0

Time [seconds}

Figure 2 Exerrple of gesbo casesh refhu detected by o pH
et i 1 eocrcdin ..?':'.TH reafbux 4[_'Hu?iﬂuph Fncderar 4] n:-n\:E}rI: (_tlr-illg @
Sreana ! B g o sphincler reexation §LIOER]. A cormemon
eovily phencenenon con be cberved in the monomet e Focing as on

ﬂhpi nereae i cesephoge body presure fo infrogasine prassure

g

317 2 amuaaswamsasae 24 hrs esophageal pH test



anwditugnuiieaiu Bronchial Hyperresponsiveness

Bronchial Hyperresponsiveness wsangvaoaanlufuvineisadnwuesnasaauiii
UfRsnnevauesedud it mnszduin i nasaauiaindduuaumnnndiinasesi
m3ItneeIfensNadow Bronchoprovocation test 1w Methacholine challenge test TaeTvigae
vih spirmetry waein baseline FEVA wiasainihulifgasiaen methacholine iifens=dunaonalifia
p) lemm3mmmummmammmummﬂmﬂm FEVlanaala20% nieaudannududu
gega hundnoumat PD20 wie PC20 fedriivendr dose wie concentration weavhn
methacholing ivia1s¥ FEVL aaas 20% [42] &1 PC20

L>16mgml 1nd

2.4-16 mg/ml - Borderline BHR

3.1-4mg/ml mild BHR

4. <Umg/ml  moderate to severe BHR

BHR wuludilae asthma ynsie drileamsann BHR faganndae, driieanisifes BHR A
wifeeas 1o aSthma azaeuauesinnauind 10-100 wih Tuawlnddulwajdad 185y
ire1 methacholine % high concentration i1 FEVL amassinia 20% Tsadid BHR 1n
figadio asthma ifeamingien PC20 damn dauluajazdini 4 mgml gl asthma 718561
inhale corticosteroid iuszeznammsondnaesan allergen wufunannu ezvild BHR
anasanetnduaniduladld odelsiawanmsdnudile asthma alideimsfdmohdau
Tngjdadinnnz BHR o

File allergic rhinitis 71 asthma saugaee1ai BHR '1840% diodanulium 4-5 3
wungiheasnanesszaatoiiu asthma 18- nuan 40% allergic rhinitis s¢3i mild nonspecific
BHR PC20 1ndu 16 mg/ml 1lae atopic dermatitis 70% wiii BHR1E

f117s COPD 40-60% 7 BHR Tasii PC20 Indiussudile asthma, Taeii PC20 indie 8-10
mg/ml chronic bronchiectasis, cystic fibrosis 45-50% 1 BHR

Tsnduafierndl BHR 'I8un Hypersensitivity pneumonitis, sarcoidosis, tropical pulmonary
eosinophilia, chronic congestive heart failure
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Tunuind 5-10% Alifiermsnui BHR ereduaangifudiu mild intermittent asthma

Tawfi lunswindew, wieidl allergic rinitis, wSeifluan@lndFavesdiie asthma 4

awngues BHR

1.

2.

4,

Genetic 11w polygenic inheritance drviewazsiiv asthma 1??@@: aniiTemanilu
asthma 50%, & iudhenisrheladiafieagnasiiTomendu 25%

Allergen indi 185 allergen snans i Tonanil asthma Idannn, wo asthma u
Uszmenianmuda Taunadnlsemasiasiann auluvadeuiumnnhlume
FUUN ﬂuagliﬁ'u@Ehmaé’ﬂwumﬁumnﬁuﬁﬂﬁ’ﬁﬂ?mm allergen 1w environment
WA allergen ﬁﬁﬁmflﬁ’uﬁ 5w, yugiiv uw, nwasa, 1,6?;@51, mersva du'ld
Respiratory tract infection Virus, Chlamydia, Mycoplasma e19vi11+%5 BHR 1@ 1aj
NNI1Y

Air Pollution Tixaniisslulagifus i sulfur dioxide, nitrogen dioxide, ozone, PM10

e BHR daulnajornlifiernisounseiialasuens allergen, irritant, air

pollution Se¥rlsTiorms o vew wiuwthon

audnailasueans Inmitant iWulSummnaginl#h BHR ilemeRnegndug

@18, 4% BHR wwn Respiratory tract infection szndugarzilndlu s-12 ddaniuders

[ d' 1 z:al Yy A o d' =y
G]E]L“L!ENIlﬂiﬂuﬂ’JWHVlﬂﬂ13Jﬂi]i]fJ®u3J1LﬁﬁJ

Indication MCT

wite 1012z Bronchial Hyperresponsiveness &setifinain Tsn asthma, vseTsadun i
145 BHR

viio 3 Severity ves BHR

14 follow up response to treatment

14 evaluate occupational asthma

Faerlszidiu Relative risk Tumsifa asthma undandea



Contraindication MCT [12 ]

severe airflow limitation( FEV1< 50% predicted or <1.0 L)

Heart attack or stroke in last 3 months

uncontrolled HT, SBP>200 mmHg, or DBP>100 mmHg

known aortic aneurysm

Moderate airflow limitation (FEV/1<60% predicted or, 15 L)

Inability to perform acceptable-quality spirometry

Pregnancy

Nursing mothers

Current use of cholinesterase inhibitor medication( for myasthenia gravis)

MIIAIBNEIVOIYIN T UM sNAdD

1. 9981 15919195 UNIUHAM T NATOLAINAIT I

a13199 2 fladeniinaan BHR

TABLE 2
FACTORS THAT DECREASE BRONCHIAL RESPONSIVENESS

Minimum Time Interval

Factor trom Last Dose to Study Ret. No.
Medications
Short-acting inhaled bronchadilators, such as isoproterenal, 8h 45, 46
isoetharine, metaproterenol, albuterol, or terbutaline
Medium-acting bronchadilators such as ipratropium 24 h 20, 47
Long-acting inhaled bronchodilators, such as salmeterol. 48 h 48, 49
ftormoterol, tiotropium {perhaps 1 wik for tiotropium)
Oral bronchodilators 50, 51
Liquid theophylline 12h
Intermediate-acting theophyllines 24 h
Long-acting theophyllines 48 h
Standard Bz-agonist tablets 12h
Long-acting Bz-agonist tablets 24 h
Cromalyn sodium &h
Nedocromil 48 h
Hydroxazine, cetirizine id
Leukotriene modifiers 24 h
Foods
Coftee, tea, cola drinks, chocolate Day of study 52

Note: The authors do not recommend routinely withholding oral or inhaled corticosteroids, but their antiinflammatory effect may de-
crease bronchial responsiveness (53, 54). Inhaled corticosteroids may need to be withheld depending on the question being asked.
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a13199 3 Hadeniiwary BHR

TABLE 3
FACTORS THAT INCREASE BRONCHIAL RESPONSIVEMNESS

Factor Duration of Effect Ret. Mo.
Exposure to environmental antigens 1-3 wk 25
Occupational sensitizers Manths 55, 56
Respiratory infection 3-6 wk 57,58
Air pollutants 1w 59
Cigarette smoke Uncertain* EO
Chemical irritarits Days to months &1

* Studies of the acute affects of smoking on airway hypemreactivity and methacholine
challenge testing are not consistent (G0, There is some evidence of a brief acute effect
that can be avoided by asking subjects to refrain from smoking for a few hours before
testing.

k4
Ulllé]}@\iflﬂﬁ%mgﬁﬂﬂﬁiﬂﬂﬂuﬂﬁ‘ﬂﬂﬁﬂﬂ

J a 99 9 KX ax o Y a ! 9 Y Y
unndoFunelidihadhladdsms naaen e lininaeims lo uiuwihenIdihs
T aendy inform consent

TN ALBUULNATOU

musanhaussanmilonss1ausene 1a
= Z A
mse3aaien Methacholine

Methacholing fidnuaigiiunsdauiiueysiusdunsizrives acethyl choling sinnazate
fiu 0.9% normal saline iWhairesrnnudiuduaiae o3 udidu eavai 4 esrwamoa 1

U a U

Y
3 @ouduhoiianududuinnis 0.125 mg/ml
ad %
Ionageuiannulivesrasnai

35m31en Dosing protocol 3 2 33
1. 2 minute tidal breathing method Tael4 nebulizer vivisiaw mask 1w Wright nebulizer

Tasdsy Flow 779 LIminllgusmaazeeedosiinenanmseaunds 0.13 mimin

0% MMD 1-3.6 pm
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2. five-breath dosimeter method Tae1sf Devilbiss nebulizer 5w Rosenthal dosimeter
frefufuiadiausedy 30 psi. der dose delay 02 St itelieranasu
vaoaan luduisiminza, e dose duration 0.6 511t Failuszoznamiela
dhamavethadiui asasnnatly manual dose vite prime nebulizer dew 1
ou mouth piece Taayndw nose clipiite e hilfermarmudn Ui oararien 10

Y1 Y v y A =
gihevglaingeg lvasnuninge

Dosing schedules Uil luns nageuiuandeiu ) luusas Lab a1 0.0625,

' v Y 4
0.125,0.5, 1,4, 16 %30 0.125, 0.5, 1. 5, 10 Mg/l Taesia lezminanuduiuveninaieay 2-4
M
o g’ Y & 9 A 1 3’ o
inhoesnangiiuwias1in room temperature 30 wisineunageoy lavhnasas 2 ml
aa'lulu nebulizer ASumsnaaeuinasamsnaaew 11 baseling spirometry new meludroin
Y
FRC 41 @nqauda TLC agldmamuilsyane: 0.6 3109 udrnauls PBuu 5 3ui welasen
o g’ = uaJI 9y osj 1A a (2 as;’ a = Y 1
Hdndnsaw 5 aselagldnamaiualiny 2 il waemniunelu 30-90 i wzdeaih
- s g Y & 2 o ;
spirometry duieda FEVL Tiipasinu 3-4 aselu 3 wiiinsiiie Idnavesennai Tngszezia
' 3/ ! 9y 9 =
seunuhemaazanuaudunelu 5 i
' Y ' ' Y
&1 FEVL #i%a ldudamelaheranasiindinisudu lita 20% Aviimsnaaeudisiien
v Y [ '
anudududduae h 41 FEVL idaldndamnelnieaaasdindinnsuduninndt 20% Avge
nmsnaaey Tenveenasaay wu Salbuamol MDI 4 puff s Spacer sesn 10-15 wiilith

spirometry suite 1% FEVL nduanilnd



amdi 4 wermamanasew Methacholine challenge test

17
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msudanamsnaaeu

&1 FEVL anaaliia 20% néennliihnanmududu 16 mgiml saanis PC20> 16
mg/ml

#1 FEV1 arasinnni 20% vnarsudunszdmnumar PC20 vingas

PC20 = antilog [log C1+ [(log C2-log C1)(20-R1)] |
R2-R1

C1 = methacholine concentration aew last concentration
C2 = methacholine concentration last concentration #+i11% FEV anaa 20%
R1 = %FEV! fanasmafndéiddnaitusu Cl

R2 = WFEV1 fanasndesninldvieanmdutu C2

flsodgfideihuniinsandoulana
1. pretest probability fioz:tls asthma lumaazan
2. Tivasaauganuednow wu COPD
3. Quality vea pulmonary function test , spirometry doudodie'Id svirediattes 3 nss
wazenii 18 linasuandraiuannnd 5%
4, exmsiiiavuilaiasonts Aoy
pulmonary function Atundalfveenanaay
6. sensitivity, Specificity
win ROC curve sindfigaiilduonszudnediiu astima wazliiu fe PC20 8-16
mg/ml
False positive fia PC20 < 8 mgml wadilehaildiilu asthma erdasndiledu
Allergic rhinitis, COPD, Smoker. Methacholine challenge testsi false positive as, positive predictive
value én. sz 30% Allergic rhinitis 5 borderline BHR
False negative fodilaenilu asthma us PC20 >8-25 mg/ml wa'Id¥oe Negative predictive
valuernnndn 90% el ldan 1&5uen Antiinflammatory, steroid, i l&duda allergen anunu
win, 1w Occupational asthma % allergy #e specific allergen



&1 PC20 1-16 mg/ml ugi hifiermsneviia eraiiuain
1. 1F mild intermittent asthma e lai3 3 uivog
2. fiemsua ludndand
3. #imild BHR vwnavazau viral infection, smoker
4, 1l aymptomatic asthma asaz:iiu asthma luewnan 14 15-45% lu 2-3 Tlete 14

19
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AA
NUNIHIFTIUDNIINNINYIVUD]

anuauiusszrng GERD waz Asthma

GERD waz Asthma Sanwdwiusiu. fisieamdn GERD flu potential trigger ves
Asthma [11] uazwu it asthma snnvulugilhe GERD.  fiseansswu prevalence vea GERD
mﬂsﬁyuclué’ﬂaﬂ Asthma[s.13, 14, 15]

Field etal [2]srosudilae asthma 109 awfieusiu control 135 au wuiiiieams
heartburn Y gilos asthma 77% wasz control 5 48%

Perrin-Fayolle et al [16]s1091u161 asthma 65% sien1s GERD symptoms
Sontag et al [17] 43% wearilae adult asthma w3 biopsy proven esophagitis
Sontag et al [18] w31 24 hrs. esophageal pH test 1wl asthma & abnormal
esophageal acid contact time 82%

Harding [19] w42 24 s, esophageal pH test 1l asthma 7% GERD
symptomssi abnormal esophageal acid contact time 72%

wu Silent GERD 1uiilae asthma Tawas 24 hrs. esophageal pH test 62%[3]
50-80% wosfjilae asthma fin1az GERD saudae

an319n 4 Prevalence ves GERD 13 asthma

Findings Prevalence

Adults Children
Heartburn 1% 50%
Reflux-associated 41% -
Respiratory symptoms
Clinically silent GERD 62% 23%
Esophagitis 43% 5.85%
Abnormal esophageal pH 82% 5%

From ref[11]



21

Locke GR [20] wumiidile asthma Jndulunguauiitionnis heartbumn,
requrgitation (11.6%) iereusugii ifiems (7.9%).

El-Serag H B [21] wudimsidis risk vos asthma luidndisi GERD ierfiuiunu
Una.

Ruigomez [5] ‘I&s1eanu Longitudinal study in UK general practice «iw cohort
study dlae GERD 5653 s1euazilan asthma 9712 s1emaudil1996 Aanly) 31
wuh RRuvesmadiasthma TugilaeGERD sy 1.2(95CI 0.9-16) Tuvmedi RR
voem3sUGERD ludiheasthma wirviu 1.5 (95CIL2-1.8) uwaz'lfagiih dile
asthma & significant increase risk voansiiu GERDTasinmizedbsluilusnnds
msaiade. daudieGERD 1 nonsignificant increase in Risk veanas:ilu asthma
De-Nan Wu [6] swewdumsens Chest 2000 $iinisidintuves ainway
hyperresponsiveness iionannslansa HCL ilalnsedulu esophagus vesdihe
asthma. uat laifinasldenualasues VC, FEVY, PEF rate, respiratory resistance

D Vincent [22] s1oa1ulumsans Eur Resp J 1997 4iwmun1az GERD 32% Tudilae
asthma uazwu4adl positive correlation s¢wara PD20 wu NRE (numbers of reflux
episodes) r= 0983, p=0.001 Tuswsarniil¥ esophageal pH test Tunis3iiasie
GERD sifenfsumdianan spirometry( FEV1, MEF25%, MEF50%, MEF75%) was
PD20 Tuffile asthma i GERD iiteuduiilaiii GERD wuh liuansssuedied
vodaymeanauazagilan NRE(number of reflux episode) 11w main determine
vosnnuduiusszrdna GERD nag asthma,

Jiang [7] 18useuiieudiie asthma 30 au #id GERD (3daseTas gastroscope
w30 Barium esophagogram) weniilu 2 ngu, nguusnliter omeprazole 20 mg/day
a domperidone 6 e ngudt 2 “lilven, waznguil baseline characteristics
and lung function, PC20- lsiuansasiu wuimdsmsSaunguusnar FEVL, PC20
A1 (p<0.05) vaziinduitaea hifinsidsuinlas.

Bagnato [23] s1ea 1w Respiration 2000 511ugthe GERD 30 510 #i3iaseain
gastroscope 5 BHR(PC20< 8 mg/ml) snnrsnaaen MCT 11/30 vazii control &
2130
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awngfiliwu GERD snntludihe asthma Aadnieziumamnen [11]

1.

2.
3.
4

incompetent LES

inefficient esophageal clearance of refluxed material

delayed gastric emptying time

increase pressure gradient ssw3a thorax uag abdominal cavity (over-
riding LES pressure)

autonomic dysregulation

high prevalence we« hiatal hemia itaz obesity Tl asthma &aita 2
i auhl#s GERD innau

hyperinflation fitFavn bronchospasm 1+ crural diaphragm egly
Samisi Tz augemsihamises hiinase LES pressure &
relaxation i

o1 145 asthma 13w theophylling, albuterol, oral steroid fiaawsi 1%
GERD. 3110 theophylline st gastric acid secretion, an LES pressure,
albuterol fiwaan LES pressure w dose dependent

Y
Tuanzi@ernufnuiinie GERD Nauvinld Asthma iluunau

Mechanism # GERD trigger asthma
Stein [24,25] 185189112 Am J Med 2003 ifieraiu mechanism veamsifaienadiu

N

1. Microaspiration 11+ airway inflammation airway protective mechanism ‘lsi
ena neutralize acid 7 airway epithelium’e

2. Vagal reflexes wu+ esophageal acid reflux-#ia14%1: vagal tone ity Tasnszdu
vagal reflexes Taodi 2 na'ln

2.1 nsequ esophageal receptors @sugmsiaeulasves pH, osmolality,

pressure o afferent 1 midbrain w3ioas nucleus of solitary tract udadls efferent reflex ladi
airway vin1%% airway 3 inflammation, mucosal edema, mucous hypersecretion, smooth muscle
contraction adhefuiiiialu asthma



23

2.2 noxious wSe painful stimuli trigger local axon reflex e
neuroinflammatory consequences
3. Hyperresponsiveness sz i vagal efferent sndi airway via14%5 airway
hyperresponsiveness
4, Neuroinflammatory reflexes an reflex il sinmswas mediators #1475 airway
inflammation

Esophagus CNS Tracheobronchial Tree Airways

|
!, Inflammation
F“; ‘—l g D e
_ Rmi”)“_[—{?——-' Edema
i '
. i
| 47
L& g
— N Mucus
Vagal
afferents
0 Mediators
7 Bronchial Smooth
hyperreactivity muscle

Figure 1. Both esophageal afferents and airway afferents lead to central nervous system (CNS) stimulation with resultant increases
in vagal efferent impulses. This leads to increased airway hyperresponsiveness. NGF = nerve growth factor. (Reproduced with
permission from Williams & Wilkins.*)

amdi 5 weras mechanism @ GERD trigger asthma



A Symposium: Possible Mechanisms of Influence of Esophageal Acid on Airway Hyperresponsiveness/Stein

Esophagus Central Tracheobronchial Airway
Nervous Tree
System
(CNS)
| Reflux — “{Michpir“li”q__ _I Mediaror Release
[—— | I — g
| " _

_| “‘[I‘j‘ﬂ‘m"ﬂl‘l‘ls(il‘ll‘l )

R
/r Airway Vagal | ——
| 1 l Afferents | Edema |
I 2 I EE —

Esophageal | — o CNS

Vagal | R _—— Mucus
A.Jl'aga | o Airway Vagal |
erents - I y _—
1 i E"E'f'm o Smuooth Muscls
| /’
B e
Heightened Bronchial |
Reactivity |

Figure 2. Gastroesophagealreflux disease may lead to microaspiration with directeffects on the epithelinm. Refluxate can stimulate
vagal afferents in the esophagus or the tracheabronchial tree. Axon reflexes may cause direct pulmonary neuroinflammatory changes
or can lead to central nervous systermn (CNS) stimulation. The addition of nerve grawth factor can lead to switching of airway “A”
fibers to tachykinin-expressing fibers, which result in greater CWNS stimulation and peripheral neuroinflammatory effects.

adi 6 uame mechanism 7 GERD finade Airway hyperresonsiveness

A Symposi Raflex Machani in Gast i al Reflux Di and Asthma/Canning and Mazzons

Laryngesl "Noclceptor”
|

T C
O

Ganglia = O_
Mechanically-Sensit
Pulmonary Afferent Fiber
=1— Esophageal
“Noclceptor™
Preganglionic | - [ 1
Farasympathetic Fiber === Phranic Mator Neuron
<
A
Respiration | | Refluzate
Obstruction (e.g. Mistamine) 7 v n
Ethanal

Vascular Engorgement

Figure 1. Schematic representation of the sensory nerves innervating the airways and esophagus and potential mechanisms of
gastroesophageal reflux disease—induced asthma. During airway obstruction, rapidly adapting mechanoreceptors initiate cough and
parasympathetic reflexes such as bronchospasm, mucus secretion, and vasodilatation. When activated by stimuli, airway nociceptors
also precipitate defensive reflexes such as cough, bronchospasm, and mucus secretion. Nociceptors also innervate the esophageal
mucosa and respond to stimuli such as acid, capsaicin, and ethanol. The pathways of some esophageal and airway sensory nerves
terminate in the same regions of the commisure of the nucleus of the solitary tract (MTS) in the central nervous system (CHNS)L
15-HETE = 15-hydroxyeicosatetraenoic acid.

ad T e SENSOTY NErVe innervation wes esophagus waz airway
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fi:1e0mnssnu GERD Tihnueerarios 3 idew ervvinli asthma adu wa Pulmonary
function test ?\fﬁu, T4 asthma ﬁf@amimﬁﬂuﬂtju difficult asthma &-e[7,26,27,28,29,30,

udvnssenunlildwa  Flilimaagluivenuderaiiumszdmandihelundaz s

faiifor , sraansaiiliervazdsliaursa maintain pH >4 1aaweuas 1feds liuume[32] Tu

swnudt [@raines Wenumnnnh 36 deu  uasldenndw  Proton pump inhibitor,

PPI[33,34,35,36]

Kiljander [28] &aguwamsdnuivesen PPl den1ne GERD-related asthma wudmna
nsAinyv 14 asthma symptoms Ay, vremasdneialid FEVI w3e PEF #%u uandaeiulalug
Yaiqnmsanyn. my e PPl ufiay asthma 715 GERD eaasial+? lung function aduusifud

You.luftlau Severe GERD v ¢ia'1den PPl azvinli? asthma av

M35 weraa efficacy ves omeprazole o asthma outcome lugilae asthma fidlu T

GERD a1amsfinenenag

Study Nenrolled/ | Duration | OMP | Asthma symptoms | PEF | FEV1
completed | (wk) (mg/day)| Daytime | nocturnal
RCT, double blind,
Crossover
Ford et al.(1994) 11/10 4 20 NA
Mier etal. (1994) 15/15 6 40 NA | NA NA |+
Teichtahl et al.(1996) | 25/20 4 40 NA ¥
Levin et al.(1998) 11/9 8 20 + NA +
Kiljander et al.(1999). .| 57/52 8 40 +
Open, uncontrolled
Harding et al.(1996) 3530 12 20-60. | = NA £ | x
RCT
Boree et al.(1998) 36/30 12 80 +

PEF= peak expiratory flow; FEV1=force expiratory volume in L second; NA= not available; + = positive
treatment effect; - =no treatment effect; OMP= omeprazole

[table from Ref 28]
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4
=)

fi:1eauh GERD iflummaveanslersess uazmsinun GERD wlderns leditu
uadesl¥eraansali maintain pH>4 wvedraios 3 1denmuiu [37,41].

J L Coughlan [32] 1&51ee1u Systematic review vn 12 randomised controlled trial vos
effect weanns$nun reflux esophagitis sie asthma outcome Taed! treatment duration &aust 1week-6
months. 8 trials Aisiimprovement wes asthma outcome (FEV1, PEF, asthma symptoms, nocturnal
asthma symptoms, use of asthma medications) edralaedreniia uanaraiululuudasswanas
agUhnnsenuiied lifindngnuiisae ez mfuayuiimssnm GERD ezsiild asthma
outcome Adwuslundazsioans criteria diagnosis GERD #ifivanwedhasans esophageal pH,
endoscopy, history of symptoms, acid perfusion test.fufies 1 51emiia FEV1 ﬁsﬁu.i‘hmuﬁﬂwiu

£
Lma‘éﬁ1ﬂ\ﬂu§\1ﬁ°ﬁ!}@ﬂ iéﬁﬂ&’ﬂﬁ1ﬂ1§%lﬂ‘klﬂuu@]a$ﬂﬁﬁﬂ‘]el1ﬂ@u%l1ﬁﬁu
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IBAUHUNUIY
sinuums3de (Research method)
Analytic cross-sectional study

szidleu3s39w (Research methodology)

1szanns (Population)
A1lhe GERD 73tiastsTas 24 hours esophageal pH test

szansdaedia (Sample)
f1lhs GERD #3iiasaTan 24 hours esophageal pH test 18 sunsasafiumun

a 4
ﬂTﬂﬂu@TWTiIiﬂWﬂ1U1aﬂWﬂaQﬂim

amimsAa@enimisanen (Inclusion criteria)

GERD

1.4tiennns heartourn, requrgitation w5efiennns extraesophageal symptoms 1&us
chronic cough, reflux induced faryngitis, non cardiac chest pain, chronic sore throat, Globus
sensation

2. Budumsitiadededtnisasas 24 hrs. esophageal pH test fis%time pH <4 at
Lower esophagus snawsewiniud w3edtime pH<4 at Upper esophagusuinnswisewinm 1

Control

Leranasinsfitieng 2060 11 liflermsvea GERD i typical uaz Extraesophageal
symptoms

2. exclude fiiganss Tunsdifidududgs viediinsnalsziudouiioniins

£
@

J
PNATIN
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3. exclude & Contraindication ves methacholine test

amlumsaagihaeenainmsanwExclusion criteria)
1. #lae asthma, COPD
2. Contraindication wes methacholine test

1. severe airflow limitation( FEV/1< 50% predicted or <1.0 L)
Heart attack or stroke in last 3 months
uncontrolled HT, SBP>200 mmHg, or DBP>100 mmHg.
known aortic aneurysm
Moderate airflow limitation (FEV/1<60% predicted or, 1.5 L)
Inability to perform acceptable-quality spirometry
Pregnancy
Nursing mothers
Current use of cholinesterase inhibitor medication( for myasthenia gravis)

MITUNARAZMSIA

ms¥a BHR Tag35 Methacholine challenge test (MCT) Taals Dosing protocol s five-
breath dosimeter method fiuwzsinTae American Academy of Allergy and Immunology Taels
inFoavuazoos DEVibliss 2w Rosenthal dosimeter

Dose schedule 1%#%1en methacholine fifianndudamandraiu 4 szaude 025, 1, 4, 16
mg/ml

wéanniiu WEawith spirometry 3 asa wieh FEVL fanniiga L i, wae PC20 Tagwn
mannduduves methacholing fiv1% FEV1 aaas 20% predicted

imsnaeud ot i wunnnduduieslinn veamsnagomie FEVI
anasntnn 20%predicted, wiaiiodsarmdudu 16 my/ml

mutlana Positive test iiie PC20 woundmsemiriu § my/ml

mautlana Negative test o PC20 innn 8 mg/ml 3o FEVL anaslsias20%predicted

ilonadeu Taudeanuaiudu 16 mg/ml
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msvin 24 hrs, esophageal pH test ﬁwuaszawaTﬂEJLLW‘VIE’J’L%w@nuummaummi
Taw distal probe egdidwmis 5 om. mide LES ( lower esophageal sphincter ) proximal probe 20
em. smite LES (lower esophageal sphincter ) nrsanssiumsiaves probe endfs Manometry iitosiae
Tumsmdwmia LES

mautlawa Positive iife Ytime pH < 4 at Lower esophagus annnwsewiiiu 4 wie
Otime pH<4 at Upper esophagus snnadwseiiiu 1

msnadou MCTHwazulana Taediveiesnns o nazinoulinsny GERD

msAnnavnavesdeena (Sample size calculation)

N/ group :((1-96*2\/.0'0.)+1-28\/(p1%ingz))2

(Prpy)°
P1=0.366 n2=.066
D=L+ p2)i2
Za=1.96 Zp=128

A=0.05 B =0.1 ( power 90%)
N/ group = 38.18 wSe1lszanm 40 au

v o Ay ° = A
gaiulszannsndeaihudnmne 80 au
mstiusausanveya (Data collection)

L iudeyanauuudeusumasiassifioudiihe. GERD. @-diagnosis Tas 24 hrs.
esophageal pH test $1uau 40 s1emazngu control 40 s1e Lmuﬁauam%’agaﬁugm , D13

2. oyanin 24 hrs, esophageal pH test 1&un% time @ pH < 4 at lower was upper
esophagus, a1 NRE (-number of reflux episodes ) # lower waz upper esophagus

3. doyasn MCT 1aun PC20

msanszriveya (Data analysis)

L. nfSvwdiow basic characteristic szw1s 2 ngu



2. w prevalence vea gilaeii BHR positive 1ungu GERD wagndgu control
3. wanuuanaeues Prevalence szvida 2 nguTagld chi square test
4. w1 correlation PC20 i NRE , acid contact time Tee linear regression analysis

30
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m31ait 6. Basic characteristics of GERD patients and control

GERD( n=40) Control (n=40) Pvalue

Mean age (years) 46.232.09 34.824.94 0.000
Age range 22-10 20-66

Sex (M:F) 16:24 24:16 0.07
Current Smoker 1/40 2140 1.0

History Allergy 8/40 9/40 0.83
FEV( Lit) 2.4340.10 2.8840.14 0.009
FVC (Lit) 2.7240).19 3.160.17 0.03
Weight (kg) 57.6441.76 64.634.98 0.03
Height (cm) 160.354.29 163.354.56 0.14
BMI 22.8640.72 24,234).66 0.16




m31ait 7: Symptoms of GERD and Extragsophageal symptoms

Frequency %

Heartburn 28 70.0
Regurgitation 24 60.0
Dysphagia 2 525
Globus 24 60.0
Throat clearing 19 415
Chronic phlegm 17 42.5
Chronic sore throat 14 35,0
Chest pain 14 35.0
Hoarseness 13 32.5
Postnasal drip 10 25,0
Chronic cough 4 100
Wheezing | 2.5
ma1ai 8; Aggravating factors

N =40 percent
L After large meal and fatty 8 200
food
2.After large meal and fatty 12 30.0
food and supine
3.After large meal and fatty 1 2.5
food-and other’
4.Supine position T 175
5.No 10 25,0
6.0ther? 2 50

1= s0da water, sitting and lean forward

2= spicy food, fasting




m31ait 9: Relieving factors

33

N=40

Percent

1. After drink some water and
antacid

10

250

2.After antacid

225

3. After drink some water

100

4.0ther*

|~ o

2.5

H.No

40.0

1= small meal

ma1aii 10; Indication 24 hours esophageal pH monitoring

N =40

Percent

1.GERD symptoms

26

65.0

2.LPR

2

2.5

3.Dyspepsia

5.0

4.Globus

2.5

5.Chronic cough

2.5

6.Chronic sore throat

— | == o

2.5

LPR= Laryngopharyngeal Reflux

m31ait 11; Result of MCT in GERD and control group

Positive MCT

Negative MCT

Total

Positive Esophageal pH

4

36

40

Control

1

39

40

MCT= methacholine challenge test

PC20<8 mg/ml

GERD PC20 = 0.57,2.64, 3.68, 7.69 mg/m|
mg/ml

Control PC20=6.16



Borderline BHR (PC20 8-16 mg/ml)
GERD PC20=10.55, 13.3 mg/ml
Control PC20=14.04

mg/ml

m31ait 12; NRE and acid contact time in GERD group

34

Total (40) | Positive MCT (4) | Negative MCT(36) | P -value

NRE at Upper esophagus | 31.2345.04 | 24.547.9 31.9745.54 0.66
NRE at Lower esophagus | 69.7412.24 | 70.25417.99 69.6413.51 0.99
%%time at Upper esophagus | 3.224.12 | 1.440.31 3424.32 0.62
Otime at Lower esophagus | 740.97 | 6.542.61 7.0541.05 0.87
NRE=number of reflux episodes
m31ait 13; Correlation PC20 and acid contact time and NRE

R P value

(Carrelation) to PC20

Acid contact time Upper esophagus 0.33 0.52
Acid contact time Lower esophagus 0.54 0.27
NRE Upper esophagus 0.39 0.45
NRE Lower esophagus 0.69 0.13




ma1ai 14; Other gastrointestinal diseases and findings

35

N=40 percent

Gastritis, Duodenitis 17 425
LPR 9 225
Reflux esophagitis LA type 8 200
AB

Hiatal hernia 6 15.0
NSEMD 3 15
GU, DU 1 2.5
NUD 1 2.5
PSS 1 2.5
IBS 1 2.5

NUD= non-ulcer dyspepsia, PSS= progressive systemic sclerosis, 1BS= irritable bowel syndrome,
NSEMD= nonspecific esophageal motility disorder, GU=gastric ulcer, DU= duodenal ulcer, LPR=

laryngopharyngeal reflux.
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f1lhe GERD sinazan present dasennns heartburn, regurgitation, dysphagia wseeinns
Extragsophageal symptoms. GERD ifluaungiinutlessuniiavesdilae chronic cough wen'ld
11n Postnasal drip syndrome (wSe Upper airway cough syndrome), Cough variant asthma,
Eosinophilic ~ bronchitis.mssne1  GERD  Tasmislferaansaiifysz@niamd lasennsn
maintain esophageal pH lnnadh 4 iWludmluajas Wenuedries 3 wenaziilieins
Yo, GERD Wiuaumignitavesfiile difficult to control asthma nazn1ssnua GERD v
woze ¥ asthma symptom &, 19envtesas, pulmonary function 77,

umsaAnunii 197ae GERD 4% criteria Jums3iiasieiio 24 hours esophageal pH test
fisidtime pH <4 at Lower esophagus wnnndmsewiiiu 4 u3e Ytime pH<4 at Upper esophagus
wnnimdonidy 1 sudluanlnfvesaudng ) st 40 swludwauiwudi Erosive
esophagitis Anwainnnsiia Gastroscope 8 s1efiméte 1w Nonerosive esophagitis. nwaizdiugu
voafthelunqu GERD uay controlensasd 6)wui1mqm§&ﬂué’ﬂm GERD w1nna1lu control
Aihednvafududs  dadiuvesdfiquins luaeanguivanaety,  dadiuvedii
Usziagiiuiluaeindu hinandenusdniiisddgmuana qilelungu GERD fish baseline
FEVL, FVC feaninlunqu control(p=0.015, 0.04 awsdrdn) uaninmsinsizridse multiple
lingar regression analysis NuhAIANATANINANIIANATIVEY 91, 1N, TIUFI TEUIN
Fearoandy (p=0000) Fahod i majidaueants Heartburn (7096), regurgitation(60%) iiuei
Tngiuaziioinisme,  Extraesophageal . symptoms  sawdaeldun - Globus(60%), —Throat
clearing(47.5%), chronic phlegm(42.5%), chronic sore throat(35%), ‘chest pain(35%),
hoarseness(32.5%) (Genmdduainun o). Chronic cough, wheezing ifiu exmsfinutes

figa@asi 1) fihedaulvgliomsunui 23.3234.75 deu (0.5-120). Judihoiiindleerns

typical GERD heartburn, regurgitation sinazfiennismia Extraesophageal saudefinuiiesiio
Globus, Throat clearing nszuemannziiosn, Suneisess. Indication Tumsih esophageal pH
test (m319@i 10) Judithedrulnajie aads GERD a1nerms heartburn, regurgitation fiva
sesnamdo Laryngopharyngeal reflux, LPR &avzandeennis Globus( 2 cases), chronic sore
throat(3 cases), chronic cough(2 cases), dysphagia(1 case) , hoarseness(L case)
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Aggravating factor (msnadi 8) Aiwunriesite Large meal, fatty food, supine position du
Relieving factor(msnsdi 9) finuiesdie msaui, nuen Antacid

Prevalence wos Bronchial Hyperresposivengss lugilas GERD 10% (4/40) &<laiunnsing
v1nngu control 2.5% (1/40) edraiiviodwynieada (p=0.36) uddriruammadr prevalence ratio
Taol4 prevalence ves BHR 1u GERDwsdae prevalence ves BHRIuauin@sgminiuion.s
i 4 (95%Cl 0.467-34.238)

FEV1 fiamasarnnsiin MCT Jundy GERD 11az control wirify 8.02 .48, 4.954.37 &

Niuandafuedniiteddamaaa (0=0.132) awasiei 11

PC20 Tungu GERD uaz control fluuandrsiuedisiifoddaniada (p=0.51)

diofinrsarunmzdtlae Erosive esophagitis 8 s1e mwadadi 1 51 i positive BHRusoa
dlu prevalence 1/8= 12.5% nnddieRaswandy, udf linanseenngu control Faiiy
2.5% (1/40) eeraiinfodnynisana

Ruiogomez [5] 1&sinsdnuacohort Longitudinal study in UK General practice cohort
study #filhe GERD 5653 51aua=fiilhe asthma 9712 s1ssansiilioos diaam'lyl 33wy RRves
mafiasthma TuglheGERD iy 1.2(95C1 09-1.6) luwvaizdi RRvesmsfiGERD Tugile
asthma wiviu 1.5 (95C11.2-1.8) waz1daq1)31 dilae asthma i significant increase risk veanns
u GERDTasinmizeddaluilusnnasmsitane. daudileGERD 5 nonsignificant increase
in Risk vesrmmilis asthma. sawanisAnyves Ruiogomez HazHaveIMsANYTiNL
prevalence wedasthma / bronchial hyperresponsivenessiu filas GERD ‘iidnevin general
population Sawiiwanisanei lmiuayudr GERD Hidaulums predispose dilaelviilu
asthma, uddasiu'lal'18% GERD evoas trigger asthma lugthefidlu asthma egreumsiuda, Tu
mafnugile -asthma 105avuwas Vincent[22] wui FEV, PD20- sewianguiitiiazlaidi
GERD( 3fia#vTae esophageal pH test) liiunnaradunandunwuinlungu GERD e PD20 4
correlation fu NRE(number of reflux episodes)r=0.983 p=0.001 waslaifi corelation sewaag
FEVL, MEFT5%, MEF50%, MEF25%, percent of 24 hours with pH<4, NRE. aifulumsanun
avwduiusszrine GERD way asthma é11da1 PD20 (wanndFEVL, PEF) uaz1¥NRE
(snndn14 acid contact time) TunisAnsanudntusihosilifuamdunius §asau.
Shan-Ping Jiang[7] #nundithe asthma 3051w #isi GERD 3diasalas gastroscope w3e Barium
swallowing uiseemiiu 2 nquasd baseling characteristic, lung function, PC20 Taiuanaafias
nquwiieldf standard dose omeprazole waz domperidone6 weeks Snngulsils wusnguusn
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FEV1, FVCPEF, PC20 ﬁﬁuwﬁﬂﬁ’mi%’ﬂyﬂummzﬁﬂtjuﬁ"liflﬁ’mllajﬁgﬁyu.gluﬂﬁﬁﬂmf;"lﬁ
wanaliidtuhimalimssa GERD ludihe asthmadierfieusunguiilaild1%ms s GERD
14 12 asthma @%u. Tunmsiinunii 197420 Erosive esophagitis athungui severe ndingu
Non erosive esophagitis 45 abnomal esophageal testusiéfa'laisi mucosal change Fservazsin1ia
Airway hyperresponsiveness snnnd a1+ Lung parameters FEV, FVC,PEF, PC20 a%unds
Mz, Tuvarfiseadugamdiliatundalinssov, Kiljander [28] s1oami ity
F11e asthma uaz GERDyns1eiineanuaussnemsifo PPl filefitiomsvesGERD quuss
nnnezaevaueaens e PPlannnd,

wamsAnyfiuandeInsAnEwes Bagnato [23] fdnudile GERD#3iiasenin
Gastroscope i Esophagitis Taa exclude #ilae asthma wa-q prevalence Positive BHR(PC20< 8
mg/ml) 11/30 w3e 36.67% waszdi control 1 2/30 3o 6.67%. amuansaiiernifianin study
population @idraiy lunisdneves Bagnato filae ifusuand Western, Erosive esophagitis
“lummz’ﬁﬁjﬂaaiumﬁwwﬁﬂu%umﬁ Asia, Non erosive esophagitis 1nni1 e1vagsinlitdl
Airway hyperresponsiveness fesnan. Hinsdnun Prevalence of BHR and asthma in adult
population in Thailand (Dejsomritrutai €t al chest 2006 [8]) $1uau 3141 au wudaulned
prevalence of BHR 3.31 % (95 CI 2.68-3.94) &avtasndnlszimamisnz Suamaru Canada 4.9-22%,
Sweden 12.7%, Italy 11.6%, Germany 25% ustilszmetmaionse iu Southern China wu BHR ¢
(itee 4.1%uriu. Mean age vosffihelunsdnunilinnndives Bagnato ud lifimang s BHR
Sanwduiusfueiy vinssarives Dejsomritrutai et al (chest 2006[8]) i BHR Tuaw'neii
Hudlngseery 2044 5 luanaraiu, Tasergimsiinanmsane BHR lugie GERD fidh
au'lng liuandnnauilnddauandwnnmsanmes Bagnato evfiuan 1. au'lned
Airway hyperresponsiveness sfoeninnumialsgmamsagfuan 2. ﬂ’cjil“lumsﬁﬂmfigﬂuﬂtju
Fileiiiu Non erosive Esophagitis snnndn Erosive &aii severity wasndieravinlds Airway
htperresponsiveness woen 3.

Tudilo GERD 40 shenui hifiauumnarsvessi acid contact time, NRE (both Upper
and Lower esophagus) s=wrenquii positive MCT waz negative MCT (misnsdi 12). 1esiwiiacid
contact time, NRE snnndus MCT ndu negative ereefilasouniigalins i ligihe
GERD 113510 airway hyperresposiveness sannin

Tudithe 4 swi positive MCT wnsiefiems hearthurn, regurgitation, globus 2 s1e,
hoarseness 2 s1e, chronic sore throat 2 s1e ynse'laiiile, wheezing ,1 s1eii Reflux esophagitis
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LA type B, gastritis , 8n 1 513 LPR, Humeandaia 4 510, liquywinnae, 1 Mefise 3
allergy

Tumsnenii i correlation sz PC20, NRE, acid contact time(mmﬁ 13)
owiludeunanninugiheivesiifies 4 310 Tunmsfinund.

Tsasauma Gastrointestinal Awunaaslumsisdiia

fnwnuveadile asthma fiasdudiogi GERD us 24 hours esophageal pH test 1nf us
AileiTormsves asthma Atuudalifnissnur GERD s medical wie surgical treatment o
fundoplication [38,39 403 aueraalsfifivuinsenmiionin acid reflux wawds Haseisos nonacid

] o w Y
reflux AUANUA A YIUNY.

' 9
a3 10 nlFeuieumamsfinninumsinyives Bagnato

Bagnato 2000 (30) | This study (40)
GERD patients criteria Esophagitis (scope) | Esophageal pH *(8)
Age( years, range) 34.8(19-46) 46.2312.09(22-70)
Sex(M:F) 18:12 16:24
Allergic rhinitis Exclude Not exclude (8/40)"
Asthma Exclude Exclude
Coexisting medical illness Exclude Not exclude
Prick test Negative Not done
Smoking Never Not excluce(1/40)’
BHR (pc20< 8 mg/ml) 36.67% (11/30) 10%  (4/40)
Prevalence BHR I Erosive esophagitis 36.67%  (11/30) 125% (1/8)

*there were also 8 cases which had esophagitis from gastroscope among all cases.
1=there were 8 cases of allergic rhinitis from 40 cases.
2=there were 1 case of current smoker.
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ailwanmside

1. Prevalence BHRIuglhe GERD #3iasean Esophageal pH test = 10% s aisha
ninngy controlgamiiy 2.5% (p=0.36) erefivioddymeada

2. diefimsaruamzfie Erosive esophagitis wuh prevalence = 12.5%

3. Prevalence ratio ves BHR 1usilha GERD iitsunuaudndiiiiu 4 (95%Cl 0.467-
34.239)

4. PC20, FEV1 change 1ungu GERD wag control liuanarsfusdradisfoddam
ana (P =051, 0.132 awdredn)

5. Tudile GERD wudr hifinnwuandrsueesn acid contact time, NRE (both Upper
and Lower esophagus) sew1anduii positive MCT uas negative MCT ediivioddymisada

6. Tluwmwandi correlation sev3va PC20, NRE, acid contact time

daudf prevalence vos BHR ludilae GERD a2 hinanarsesisiitfoddgmisaianin
healthy volunteers unnain1a 10% fuerasldbifiuduna Teui prevalence Jungu GERD ve
winnlu healthy volunteers sy 2.5%uaze prevalence ratio fiwnndauind 4 ui
Uszneuiulidoyalunylnedl BHR osndmumiaz Suanuazdfile GERD lunsinunil
i§u Nonerosive esophagitis asii severity sfesndingu Erosive esophagitis e1a¥11+%5 BHR wfou

! Y A o | 1 < o ' = T aay ¥
. dunnduau SAMple Size snduniilinewsznuauuanaediisddymadaa o
Y
L GIGATRINTE

Az iimsaneianuduiusszvas GERD uay asthma deliTavervesdnunlungu
File asthma 1% GERD Taeinwz#fiia Esophagitis uiaifles 2 nquuun randomize 195 baseling
characteristic, lung function IndiAeasu nguusalwer PPl w Omeprazole double standard dose
w3 ideu confirm msnuaunis¥nud adequate acid control Tasrepeat esophageal pH test
wasmsIierinuqunialdasa Snnaulvie placebouas repeat esophageal pH test -dsiacid
reflux snnninlndeg nia outcome §iu PC20 11ad o'l muﬁq@h%uq FEV1, PEF,

asthma symptom, medication use.
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