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The KAAACI Standardization Committee Report on the procedure and
application of the bronchial provocation tests

Kyung-Hwan Lim,' Min-Hye Kim,? Min-Suk Yang,® Woo-Jung Song,* Jae-Woo Jung,’ Jeongmin Lee,® Dong In Suh,” Yoo Seob Shin,®
Jae-Woo Kwon,” Sae-Hoon Kim,'® Sang-Heon Kim,'"' Byung-Jae Lee,"” Sang-Heon Cho;* the Korean Academy of Asthma, Allergy and
Clinical Immunology Standardization Committee

'Department of Internal Medicine, Armed Forces Capital Hospital, Seongnam; *Department of Internal Medicine, Ewha Womans University School of Medicine,
Seoul; *Department of Internal Medicine, Seoul Metropolitan Government - Seoul National University Boramae Medical Center, Seoul; “Department of Internal
Medicine, Seoul National University College of Medicine, Seoul; *Department of Internal Medicine, Chung-Ang University College of Medicine, Seoul;
°Department of Pediatrics, Yonsei University Wonju College of Medicine, Wonju; "Department of Pediatrics, Seoul National University College of Medicine, Seoul;
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School of Medicine, Chuncheon; °Department of Internal Medicine, Seoul National University Bundang Hospital, Seongnam; ''Department of Internal Medicine,
Hanyang University College of Medicine, Seoul; *Division of Allergy, Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of
Medicine, Seoul, Korea

Bronchial provocation tests are of value in the evaluation of airway hyperresponsiveness. Nonspecific bronchial challenge (metha-
choline, mannitol, exercise, etc.) is used when the symptoms, physical examination, and measurements of pulmonary function are
unremarkable in the diagnosis of asthma, when a patient is suspected of having occupational asthma or exercise-induced broncho-
constriction (EIB), and when a screening test for asthma or EIB is required for some occupational groups in whom bronchospasm
would pose an unacceptable hazard. Methacholine inhalation challenge is most widely used pharmacologic challenge and highly
sensitive. For appropriate interpretation of the results of methacholine provocation, it is important to perform the test with the stan-
dardized protocol and to recognize that inhalation methods significantly influence the sensitivity of the procedure. Indirect chal-
lenges (e.g., mannitol and exercise) correlate with airway inflammation and are more specific but less sensitive for asthma. Indirect
provocation tests are used to confirm asthma, to differentiate asthma from other airway diseases, and to evaluate EIB. (Allergy Asthma
Respir Dis 2018;6:14-25)
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Table 1. Characteristics of direct and indirect bronchial challenge tests

Allergy Asthma Respir Dis AARD

Measure Direct challenge Indirect challenge
Mechanism Direct effect on airway receptors Intermediate pathways by mediator release
Examples Histamine, methacholine Exercise, mannitol, hypertonic saline, EVH, AMP
Factors of influence

ASM function HHH ++

Airway caliber +H Minimal

Airway inflammation + HHH
Dosing

Dose required Low High

Dose limited No Yes
Sensitivity High Low
Specificity Low to fair (pretest probability) High

Diagnostic value Rule out asthma

Help diagnose asthma, especially if symptoms mimicked

Confirm asthma
Evaluate for EIB

EVH, eucapnic voluntary hyperpnea; AMP, adenosine monophosphate; ASM, airway smooth muscle; EIB, exercise-induced bronchoconstriction.
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Table 2. Contraindications for methacholine provocation testing

Absolute contraindications
Severe airflow limitation (FEV; < 50% predicted or <1.0 L)
Heart attack or stroke in last 3 months
Uncontrolled hypertension
Known aortic aneurysm
Relative contraindications
Moderate airflow limitation (FEV; < 60% predicted or <1.5L1)
Inability to perform acceptable-quality spirometry
Pregnancy or nursing mothers
Nursing mathers
Current use of cholinesterase inhibitor medication (for myasthenia gravis)

FEV;, forced expiratory volume in 1 second.

Lim KH, etal. * The procedure and application of the bronchial provocation tests
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Table 3. Medications that may decrease bronchial responsiveness and withholding time

Factor Example Minimum time interval from last dose to study
Medications
Short-acting inhaled bronchodilators Salbutamol (albuterol), terbutaline 8 hr
Medium-acting bronchodilators [pratropium 24 hr
Long-acting inhaled bronchodilators Salmeterol, formoterol 48 hr
Tiotropium 1wk
Oral bronchodilators Liquid theophylline 12hr
Intermediate-acting theophyllines 24 hr
Long-acting theophyllines 48 hr
Leukotriene modifiers Montelukast, pranlukast, zarfirlukast 24 hr
Antihistamines Hydroxyzine, cetirizine 3day
Foods Coffee, tea, cola drinks, chocolate Day of study
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Table 4. Medications that may inhibit response to mannitol provocation test
and withholding time

Medications Time to withhold
Inhaled mast cell stabilizers 6-8hr
Short-acting beta 2 agonists 8 hr
Inhaled corticosteroids 12hr
[pratropium bromide 12 hr
Inhaled corticosteroids plus long acting beta 2 agonists 24 hr
Long-acting beta 2 agonists 24 hr
Theophylline 24 hr
Tiotropium bromide T2 hr
Antihistamines 72hr
Leukotriene receptor antagonists 4 days
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Table 5. Interpretation of mannitol provocation test

Patients with clinical diagnosis of asthma

Positive for mannitol provocation Negative for mannitol provocation
Not using ICS Using ICS Not using ICS Using ICS
Interpretation Patient with active airway  Patient has active airway inflammation ~ Airway inflammation not detected  Patient’s asthma is controlled
inflammation despite current ICS therapy on current ICS therapy
Response or planned action  Consider using ICS Consider increasing ICS dose, Consider alternative diagnosis Consider maintaining or
ascertain adherence to therapy reducing dose of ICS

Patients with suspected asthma

Positive for mannitol provocation Negative for mannitol provocation
Interpretation Asthma likely Asthma cannot be ruled out
Response or planned action  Consider using ICS Further diagnostic work-up (e.g. peak flow monitoring)

If symptoms are uncharacteristic, consider alternative diagnosis

ICS, inhaled corticosteroid.

5) A AAro] QA F 4 6417 592 S-S FAIgH) =7 Bhgoleete HALS wiAE 4= glck vhE ARl A
S/Jo] B & HAlo] ofeha ZehE W)= bl QlojAl= gyt
4, A} s 71el VA 271 & ol ERRlgljof gt} FY AH|Ro|EE A
) GHE FHokL SASfoF & FEEY] B8 ARE el F5] ARESIIAY AT A, HISAREd WA Solde 3L
gtk 2 Uerd 4= Qo EgE ] AR E bS], T = AR A
2) S A FEV & S5t} BAASA 70%F 203t At A Xk 9T} viekE e AAR W o IS AV = WS
of gkete] HAFE XIgygtch. H AT EE Qe u g, EX Aol bt gk A are
3) 7] FEV& J517] 918l 0 mg a2 SUT T FEV. = 5% 7} aspplc 2 a7 1R S o) tigh Zlgte] 9lofA
gtk F ¥ S G 5 =2 A E Ytk T 7P e TE vl e e S ) vjsegh 2l
4) o] g EQ] oS 5,10, 20, 40, 80, 160, 160, 160 mg O & 2 58S Ho| 11 gJrh0®
oA St TS HeS okl U 520 & 3
11,602 o FEV,& T+ ¥l 574510 =2 44 & ggi). 4) 71de nesliE o, 7 7| IR EEARE 7= A A
5) 743 FEV,0] 7|4 FEV.of| H]a} 15% ol wi7jx] Mt oS Wgsin =2, a5 A&7t Bgol d 4 Al & 4= Stk
1,3 A U E 830 635 mgo] YA| Y Bk o= T8 AE| 20| & AR S T E HEg/do] WOl AU g st
e A TUE vhAo] 245 FY A E0|E ARE-
5. #@AL sHA)(Table 5) of Qloja] A o] 2 H]A] o= A= AIvks A RE
1) FEV.0] 714 X]9] 15%7} Astel= A2 g =8 5= 2lE 4= ok B3k W& §hg-Ad2 Aee] SAE S 7=
£ provocation dose causing a 15% fall in FEV, (PDs)0|2} 5}, A= A E U5t = S 7|AMSA A 42 9] 2719} WS A 7}
635 mg o5t 74 7| = IS HRITkar e} PDys o] 2]o]| Uk A ob S-S O & 3 Ao A= v E R
HH-3- -8 Bl&(response dose ratio, RDR)= A2t sfjAlof] &-85F  HAM= T2 7% Aol ot 7| =g & skl 57]4kskd
71% gt} o]i= FEV.©] 7|A A9 15%5Hg A s = AlFe 4 st Belds Helrk” wheki] HAE oiE vt 4]
FEV %S T E $3(mg) O 2 U= Fholch o2 ol thE635 QI Shao AN v S AL A} ofAdo] Lrgiehd g5l
mg A-§- & FEV 0] 7| 2]0] H]af 15% AAF T PDis=635mg, 7%= 55 FEI6hHs 40| e oulshy 95 Aw7F 2
RDR=0.024%/mg (15%/635 mg) ©. & 7]t} Qalcha Pgst 4= 9k
2) A/l A= FEV, asggo] Hg 10%E HA| b=tk 5) H|E0]4 7| A5 e 4= 9l S<olv 229 7%
T 2 A Y uE 4= glo B & ool gitk A 4
3) W& A oh 2 T 718 AL Bt e ofof|A] ol w|of R 7] kRl g ako] AhS ok =i
O] At Uefli, Jid o8 Solvs =2 9 e dAtofli, ofEg] of = T E 7| = el du} o] gloieh
= Wtk wheba] A WhE-0] A9 HA] 7He 0] maa AlARSH,

https://doi.org/10.4168/aard.2018.6.1.14 211



AARD Allergy Asthma Respir Dis

1. ZAF IS

&% 89F7| WR] 4> (exercise-induced bronchoconstriction,
exercise-induced bronchospasm)-= 250 & WAsI= F439] 7]
EHES I S F L A AN AR EE
Qe 71 5t R0le] hLkR, Apeas] 4] St M 25
4] o) okl wAEt 4 olck 1ejelo] TANE L5
2)(exercise-induced asthma)o|gh= -8-012} E-LE|o] Al-L-5
oL £ U ITIAE B112] oF 20% YA HAE 71
Agko.2 13 SJA] gFon, & A} A4S QoA o

— fu

ohe ofulod ol 25 QUK Folehe §oI2 B

=13
=

401' msi'
e Ay

L
[

15

o
3o

o
N

ﬂ.l

¢

] Alzshar glek
R R e PR ERES R DT R
2% % va|e} o) FoUsk B0 S} LT} FHES
Ao BT QR oA glek ofed 74 7o) Hape
2 Profshs 702 del Qi) $FOE A B A 7|E

A
25 FAHLEI T s 71 3
54 SO, Thepe] BVH S AR B S-S 4
Yok AFEQ Aol OJ3) 7|maZ W S} s
3 gl ofefet 7|me] Lok S sk 7]
sleftl, 53R 5 JFoA

N
ﬁ
50
%

o
l T
it i
¢
=
)
l_

iy
Aro2 oy 2 Lo
o X ¢
<

IR 25 FLS}OII

N
—

Mo

= ju
fuzsto] ulSolHel 7l Eahaly §5-5 Selshs (H A
M0 2 S SRR 5 Ankel i ARl

1) NS =10
oo

@

offt - offl
ol
i
Ir
o
ol
o
foi
ok
i
aS
ok
@

w o

2
N
<
T
>

on
filo
>
e
_?L
N
1
ok
1
2
o f
u
>
<

S
|

yo2 4eiel 9 25 <0l A ol

i ool
ot
do 2 e

N
>
:

ogal] glal Ay okge) A3t
23] 919) A8
FAZXBAY] A7 AHE 9

~
3
=

e, ot rfr

o o on
U
N
)
oo
S

20t do woi g Mo Mo

Ol
X
do oK

1>
N

S
o (X
o S b
S~
o
ol
i
rlr o
oit

o o
>

N
-
<
XN

2) 715"

OEEEER
7k 5521 715 AT (FEV, <34 |52 50% = 10T)
U 2OPE SR A AT EE 350 2

22 https://doi.org/10.4168/aard.2018.6.1.14

Lim KH, etal. * The procedure and application of the bronchial provocation tests

o). 2

bu
r__4
)
g
S~
i

A E W EHE

OREEEZ
7k B 5E0] 717 AT (FEV, <34 ol 5712] 60%)
U A4 4 ofg)
. 22 25 o]uj o] A7) 7]
ok, 28] X) oh T1ele
a}, o] Alo|uf 28
u}. okER 27 W Qs 7Hd
A5 Sealo] 2] 9he Bmo] A A2k 9 e}
2 BA} Q= A9
of. QA HEH 0] BT S A0] S
3. ZAL H TOUAM
A 5o B8 B BT SEIE 25T PAE
wrotof gtk AL A 71l A=) Ak 7H5st F =yl
of S 2 22 Q) ThS 4]
@1, 2 2ok 5 SakeR, 239, A A Z|E R o] e
% % 9 A= oAl whet 14 7 8 82
ble 3), 35| AE}aLA| = 390 o4 Zkatofol skt FAL A 2 F-&

T/ [E st o) 5 Al 7] of A At ‘il:% ‘/F

il
4
n{m
Flo
o
~
>
ol
ne,
124
N o
_°|L
N
i)
[¢]
o,
]
o
ol
Ol
_\;‘

910,12 1A} A 4412} o|ufolli= THEH-8-5-& Fsfolof T,
4, ZAA} HiH
)es

HBE = S Ee R of8) 25u 420 &5 4E)

F4o] 7h53 EY| =Y (treadmill) E= HAP|RA9] AlEo] 7t
538 AAA of 2 110]E|(bicycle ergometer) & ©]-8-3F WIHo T}
A TUER o A4S 2501k oo, o} ohla)
of wiul Al Z ol =47 s\
£ olgsto] & 4= Qlrf. s Ao ARl =
9] 7|Fo] "asith 279 = = 7 R 5 B
2 o] % ol we) 5]e
e ol olepl Bjetol % o Mo s o
U 43 ol o] B B 12 2 5 ok e 71
o Aol g A 2 el o
AR W Bo UL AW P B o A4
o LA FARHA A2 2ol 5o 2
SR o] -85 A0 2 AekElo] Shek Al 20| £
cleb g1 13} 420, AT 5 A st B
Q4252 mUEs] ofHti Askyo] Qlthe sl 21-9dw]
7| o2 S5 RRAR Al U S o3t 9% 5 AEA
f310]| SJaf) A FaFS e 4= YUk

E

{3 =21
E 2

N

fe
=)
N,
[Tajni
UN
iy 8



[e)
TS BRE 5 A B 53 g o]l2s &5E
AT 4-68--& FAISHES st 124] w]gk ool A=
ok 124] o)} obF B A Qlof A=

e S 0F Sol A ARFSIA Mo R £t oF A
£ S7H7IH, AE 2320 IS E = 2 AEk(220 - A%)2
80%-90%0] =2 5l== Sk

5 5l BUEPll= A ErE 7S AR Sk A
o] Fom, 7|FE o5 %= eh7|% (maximal voluntary
ventilation; FEV, 7] #]X]9] 358 2 AJAH 2] 40%-60%9] =25fjof
Sk RN U E O] HOY witol] AA|A o 2= ARk} T
ol o]-g-Hrk AIA1A 213 Al 5ol H3E Aol o2 E
Rl R e S A L

O[FA QN AR Aol W= AR Hokeh = Q= S
7FeRt WA SeF F7HA7) AL o] $oll = Efl =Y FAE F
THAA FIER Sl Al B 3|RFA] 48 o) §A1E =
WS £ FAHE AEigich

HARE 3 Ak e SRkl A 24 427 252 AR
& I F251H, th7) & 6-849] &-50] Basith AAL 5 2Rl
ofgl] A= T2 4= ek

o

o

@) AA =3l
A1 S5l glo] BE B7|%S s Slat B 25

(work rate)2 -5 F T}tk AR, Ab AT} 2|7k

S AR 2T 5 900 (5376 X 2 FEV-1107)
wattE A 4= Glck S5 AL 3 150 B9 60%, 250]
70%, 350 90%, 45-of 100%°]] === AlgYsich Bx = 5}

s Bjgo] 4 4 S vhgoll e EFS st

ol #ag Ack”

WA 50 $RT WS

Jo
L

A B R LEYH 620 2 5P 1 F2E &
A QAlekE AAE A 4 ek

AENEEEIES]

S| U5 50) Wl S50 Ae), A7k e Ft
W 25 A B7] LESH BT FR5P A42TEC BALE A
A3 ) R EHS AT G AR ol AL
2 44 20255, Afh 2 50% koAl Al e
TR 58 40 7|50] S8 S Mo] Yto 2 AAS st Al

Allergy Asthma Respir Dis AARD

315
Ir
Y
)
i

£on], A L0} Sk 24510} 7| S shofopgiet

§) 5719] 45 A 10 mg HO/L m]gtolojof gk
Apale] A B73(30%-50%)0l14] £ 55H= Zlo]
3 37] Bl L5 3HE AT ulmste] 7%
R R I B B R
7shs 0.2 areld gk

X T
(S
il T

o,
jud
i
T,
2

1E
P,L
oY
BN

=

U,
nz
oZ
of
ol
rlr

oo oo
N

ne
E
A
o
Ir olN

%0
X

> n
&l
|>
o

$ .
o
juie’

z

%
B
B
o
riet
o,
=
>

wn fo

=

x 1o

off :E_,
=)
O N
H1
&
Ay
°

o
oZ
N

=

ful
o r
o,
o
Wi
o

[T
BN
2
ﬁ

rle Ho

ol
L

pak
o
Jo
o
e
b
s
_E‘:

o,
ol
-
2
%3
-
=
£

7} ol 3l AY}S L EE SelAo] chat HEte G
e Sl Aol Seiglch A9 B #A) wko]
W7k G SAbh S0 2 gl 4 gk 2stelA 7
B WS 7V A S H 4 gl ol 1Ak B Eeke) of

= 9lo]

=
2 55 AT 4= Slofof shar FAu o] WS 21T 4= 9

tot

(

oF Bk, TSI BAelAl Skt A4 Ak HAIE
Sith ofEl A9ekE S R H4 AT 4 QS
S, wjapkaZ g7 Ol B Ak slwel

P

ot 2
oy
>
=
=
=)
fo
_(|)L
_=3
o
2
ol
rt
gk
!IO
1o
N\
o
flo
e,
=y
rir
o,
v

At 683l
E 8] A e o] AR Al 248 $ite] 1
23j0, T9IBTolAE 125 AE BU o] Baste

F39) 7107155 0] WAISH B9 Ake Tt 434 7197
SFoFE-& AP LB S S 23 ofob 5o, 7

T BA S & 952 AT o2 doju, B
HAE 5 30-902 o|Hol] 714} #7552 95%71A] SjEet 4= ek
SHAIRE FAPE olRt Frme] SFehs SadhE e AR
e W7k = FEVo] 744232 10% o|Uj7HA] 55 =
% Brole 7IErS e SN sl Sad7 e
AAE FoAL = ek

AL FAPF 2 w7 1s& 7R A9l S A9l 75% 1]
th E5 i) HRer S7ItE 2 o7t e sty

5. At i
FEVio] §hg4 71e] 93} A3t spolo, ol 24P 912t

https://doi.org/10.4168/aard.2018.6.1.14 23



AARD Allergy Asthma Respir Dis

ALFHAE 25 AT F F g oA Ao Ay

25 T wjZeAle] AT AE £5- 1T 5,10,15,20,

2 3 13, 38X B o 2710 24

2 3P| sHew| £50) S F U NSl 7HE 05 B0

23 Upebd 4= Q7] o]k FEVio] Aol A] 7|24 ol4}
% Sle A &5 F 208 A% S48 4 9tk

SEeF AR 21750) ZAF Aol A] 2 28, 7Hs e v e

3t ZAS Polok sl, M3 Y T WA R =2 FEV, 71| 2}
0]3= 0.2 L o]Wjojof Fhek. et FEV, &) 214312 2+ #AF A1
o] T zro & Aeist). 57|15 AAF A B3 53 592 FEV,0|

S
70l Qo] B 5L

AREA A e 4 glo B BE

rlok

HFHoR B 3 BolhlA Sol AR S U A
3= o] Fa3}e] FEVi] FAk) 0 Higo]n 2 57} 032

2 ;(1]-5]-6'1- 2~ 011;]_10
SETL AT S-S &5 A 714 FEV.3 Hlasto] 5 &
ZF APl A ﬂf“‘ﬂb FEV,¢] ?}i A 2 Hr)si=g), 7|4 FEV,
ollA] 10% o4 24 ? FEJg 71 A= F0] 2L
=e ijﬂﬂﬁwﬁ %ﬁ" ]{]roﬂ/ﬂ%%—ﬁ AAstaL Sol=7t =7
+ 7S A8 | e ek

U‘I
X
2
o~
o
e
>~
\l
—
o
1r
O
Oll
-

mln
tlo
Kl
ﬁ
:l:.‘
;Z
ol
_’:‘: i
i,
i
;
ilin}
or

5o 157}4& B3, A4k
& 7141 A% ol whet gebd 4 QL& frdsfior d ofefdt
QA5 aefsto] g AP ATEH 1L s Eojo sl om,
735l whebAl= 2 Sbatoll Al Glof At 2 o] Bt agh
B WA = QL M2 AR Aol 8-E ke Gl
ZoTk o} AR FHaelS thato 2 3 A AntEo] Bx] ¢
ARl gt A A S A el it 2 AR ) Wit
Sol 59| ARTt FA=] 98 F7F A7 L] o] Fol
A A& 7R

52
rlo

N

jfz

REFERENCES

1. Busse WW, Lemanske RF Jr. Asthma. N Engl ] Med 2001;344:350-62.

2. Chapman DG, Irvin CG. Mechanisms of airway hyper-responsiveness in
asthma: the past, present and yet to come. Clin Exp Allergy 2015;45:706-
19.

24  https://doi.org/10.4168/aard.2018.6.1.14

Lim KH, etal. * The procedure and application of the bronchial provocation tests

3. Anderson SD, Brannan JD. Bronchial provocation testing: the future. Curr
Opin Allergy Clin Immunol 2011;11:46-52.

4. Tiffeneau R, Beauvallet M. Epreuve de bronchoconstriction et de bron-
chodilation par aerosols. Bull Acad Med 1945;129:165-8.

. Cockcroft DW, Davis BE. Diagnostic and therapeutic value of airway
challenges in asthma. Curr Allergy Asthma Rep 2009;9:247-53.

6. Cockeroft D, Davis B. Direct and indirect challenges in the clinical assess-

ment of asthma. Ann Allergy Asthma Immunol 2009;103:363-9.

Cockcroft DW. Direct challenge tests: airway hyperresponsiveness in

asthma: its measurement and clinical significance. Chest 2010;138(2

Suppl):18S-24S.

. Anderson SD. Indirect challenge tests: Airway hyperresponsiveness in
asthma: its measurement and clinical significance. Chest 2010;138(2
Suppl):25S-308.

9. Coates AL, Wanger J, Cockcroft DW, Culver BH; and the Bronchoprovo-
cation Testing Task Force: Kai-Hakon Carlsen, Diamant Z, Gauvreau G,
et al. ERS technical standard on bronchial challenge testing: general con-
siderations and performance of methacholine challenge tests. Eur Respir
] 2017;49(5). pii: 1601526. https://doi.org/10.1183/13993003.01526-2016.

10. Crapo RO, Casaburi R, Coates AL, Enright PL, Hankinson JL, Irvin CG,
et al. This official statement of the American Thoracic Society was adopt-
ed by the ATS Board of Directors, July 1999. Am ] Respir Crit Care Med
2000;161:309-29.

11. Martin R], Wanger JS, Irvin CG, Bucher Bartelson B, Cherniack RM.
Methacholine challenge testing: safety of low starting FEV . Asthma Clin-
ical Research Network (ACRN). Chest 1997;112:53-6.

12. Freezer NJ, Croasdell H, Doull IJ, Holgate ST. Effect of regular inhaled
beclomethasone on exercise and methacholine airway responses in school
children with recurrent wheeze. Eur Respir J 1995;8:1488-93.

13. Kim MH, Song WJ, Kim TW, Jin HJ, Sin YS, Ye YM, et al. Diagnostic
properties of the methacholine and mannitol bronchial challenge tests: a
comparison study. Respirology 2014;19:852-6.

14. Anderson SD, Charlton B, Weiler JM, Nichols S, Spector SL, Pearlman
DS, et al. Comparison of mannitol and methacholine to predict exercise-
induced bronchoconstriction and a clinical diagnosis of asthma. Respir
Res 2009;10:4.

15. Kim CW. Bronchial asthma with negative methacholine challenge test. J
Asthma Allergy Clin Immunol 2012;32:150-1.

16. Cockcroft DW, Davis BE, Todd DC, Smycniuk AJ. Methacholine challenge:
comparison of two methods. Chest 2005;127:839-44.

17. Prieto L, Ferrer A, Domenech J, Pérez-Francés C. Effect of challenge meth-
od on sensitivity, reactivity, and maximal response to methacholine. Ann
Allergy Asthma Immunol 2006;97:175-81.

18. Cockeroft DW, Davis BE. The bronchoprotective effect of inhaling metha-
choline by using total lung capacity inspirations has a marked influence
on the interpretation of the test result. J Allergy Clin Immunol 2006;117:
1244-8.

19. Todd DC, Davis BE, Hurst TS, Cockcroft DW. Dosimeter methacholine
challenge: comparison of maximal versus submaximal inhalations. ] Al-
lergy Clin Immunol 2004;114:517-9.

20. Holzer K, Anderson SD, Douglass ]. Exercise in elite summer athletes:
Challenges for diagnosis. ] Allergy Clin Immunol 2002;110:374-80.

21. Ban GY, Park HL, Hwang EK, Ye YM, Shin YS, Nahm DH, et al. Clinical
characteristics of asthmatics having negative results to methacholine
bronchial challenge. ] Asthma Allergy Clin Immunol 2012;32:152-8.

22. Nair P, Martin JG, Cockcroft DC, Dolovich M, Lemiere C, Boulet LP, et
al. Airway hyperresponsiveness in asthma: measurement and clinical rel-
evance. ] Allergy Clin Immunol Pract 2017;5:649-59.€2.

23. Dell SD, Bola SS, Foty RG, Marshall LC, Nelligan KA, Coates AL. Pro-

w

~

oo



oz el « F1RAFEAAL Al S

vocative dose of methacholine causing a 20% drop in FEV, should be
used to interpret methacholine challenge tests with modern nebulizers.
Ann Am Thorac Soc 2015;12:357-63.

24. Sverrild A, Porsbjerg C, Backer V. The use of inhaled mannitol in the di-
agnosis and management of asthma. Expert Opin Pharmacother 2012;
13:115-23.

25. Porsbjerg C, Sverrild A, Backer V. The usefulness of the mannitol chal-
lenge test for asthma. Expert Rev Respir Med 2013;7:655-63.

26. Anderson SD, Brannan J, Spring J, Spalding N, Rodwell LT, Chan K; et al.
A new method for bronchial-provocation testing in asthmatic subjects
using a dry powder of mannitol. Am J Respir Crit Care Med 1997;156(3
Pt 1):758-65.

27. Brannan JD, Anderson SD, Perry CP, Freed-Martens R, Lassig AR, Charl-
ton B, et al. The safety and efficacy of inhaled dry powder mannitol as a
bronchial provocation test for airway hyperresponsiveness: a phase 3
comparison study with hypertonic (4.5%) saline. Respir Res 2005;6:144.

28. Miedinger D, Chhajed PN, Tamm M, Stolz D, Surber C, Leuppi JD. Diag-
nostic tests for asthma in firefighters. Chest 2007;131:1760-7.

29. Miedinger D, Mosimann N, Meier R, Karli C, Florek P, Frey E, et al. Asth-
ma tests in the assessment of military conscripts. Clin Exp Allergy 2010;
40:224-31.

30. Brannan JD, Koskela H, Anderson SD, Chew N. Responsiveness to man-
nitol in asthmatic subjects with exercise- and hyperventilation-induced
asthma. Am ] Respir Crit Care Med 1998;158:1120-6.

31. Holzer K, Anderson SD, Chan HK, Douglass ]. Mannitol as a challenge
test to identify exercise-induced bronchoconstriction in elite athletes.
Am J Respir Crit Care Med 2003;167:534-7.

32. Porsbjerg C, Brannan JD. Alternatives to exercise challenge for the objec-
tive assessment of exercise-induced bronchospasm: eucapnic voluntary
hyperpnoea and the osmotic challenge tests. Breathe 2010;7:52-63.

33. Brannan JD, Koskela H, Anderson SD, Chan HK. Budesonide reduces
sensitivity and reactivity to inhaled mannitol in asthmatic subjects. Res-
pirology 2002;7:37-44.

34. Koskela HO, Hyvirinen L, Brannan JD, Chan HK, Anderson SD. Sensi-
tivity and validity of three bronchial provocation tests to demonstrate the
effect of inhaled corticosteroids in asthma. Chest 2003;124:1341-9.

35. Leuppi JD, Salome CM, Jenkins CR, Anderson SD, Xuan W, Marks GB,
et al. Predictive markers of asthma exacerbation during stepwise dose re-

Allergy Asthma Respir Dis AARD

duction of inhaled corticosteroids. Am J Respir Crit Care Med 2001;163:
406-12.

36. Anderson WJ, Lipworth BJ. Relationship of mannitol challenge to metha-
choline challenge and inflammatory markers in persistent asthmatics re-
ceiving inhaled corticosteroids. Lung 2012;190:513-21.

37. Porsbjerg C, Brannan JD, Anderson SD, Backer V. Relationship between
airway responsiveness to mannitol and to methacholine and markers of
airway inflammation, peak flow variability and quality of life in asthma
patients. Clin Exp Allergy 2008;38:43-50.

38. Sverrild A, Porsbjerg C, Thomsen SE Backer V. Airway hyperresponsive-
ness to mannitol and methacholine and exhaled nitric oxide: a random-
sample population study. ] Allergy Clin Immunol 2010;126:952-8.

39. Kim KW, Clinical implication of mannitol challenge test and exaled nitric
oxide in childhood asthma. Seoul: Ministry of Health & Welfare, 2011.

40. Park TY, Yi MJ, Choi WH, Kim SY, Yu R, Ban JE, et al. Relationship be-
tween atopy and bronchial hyperresponsiveness to indirect stimuli in
asthmatic children. Allergy Asthma Respir Dis 2017;5:83-91.

41. Anderson SD. Exercise-induced bronchoconstriction. Immunol Allergy
Clin North Am 2013;33:xv-xvil.

42. Parsons JP, Hallstrand TS, Mastronarde JG, Kaminsky DA, Rundell KW,
Hull JH, et al. An official American Thoracic Society clinical practice
guideline: exercise-induced bronchoconstriction. Am J Respir Crit Care
Med 2013;187:1016-27.

43. Pongdee T, Li JT. Exercise-induced bronchoconstriction. Ann Allergy
Asthma Immunol 2013;110:311-5.

44. Park HK, Jung JW, Cho SH, Min KU, Kang HR. What makes a difference
in exercise-induced bronchoconstriction: an 8 year retrospective analysis.
PLoS One 2014;9:¢87155.

45. Kippelen P, Anderson SD. Pathogenesis of exercise-induced bronchocon-
striction. Immunol Allergy Clin North Am 2013;33:299-312, vii.

46. Anderson SD, Connolly NM, Godfrey S. Comparison of bronchocon-
striction induced by cycling and running. Thorax 1971;26:396-401.

47. Choi IS, Ki WJ, Kim TO, Han ER, Seo IK. Seasonal factors influencing
exercise-induced asthma. Allergy Asthma Immunol Res 2012;4:192-8.

48. Koh YI, Choi IS. Seasonal difference in the occurrence of exercise-in-
duced bronchospasm in asthmatics: dependence on humidity. Respira-
tion 2002;69:38-45.

https://doi.org/10.4168/aard.2018.6.1.14 25



