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The Efficacy of Nebulized 3 Percent Hypertonic Saline Solution and
Fenoterol in Infants with Bronchiolitis
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Purpose : To evaluate the effect of inhaled hypertonic saline solution in hospitalized infants with

Methods : A randomized double blind trial was performed from October 2003 to May 2004. A total
of eighty patients <1 year of age with a clinical diagnosis of acute viral bronchiolitis were enrolled
and assigned to receive either of the following : inhalation of 2 mL(0.5 mg) fenoterol added to 2 mL
of 0.9 percent saline solution(group 1; n=40) or 2 mL(0.5 mg) fenoterol added to 2 mL of 3 percent
saline solution(group 2; n=40). This therapy was repeated at six hours interval after admission. They
were evaluated daily just before and 20 minutes after nebulization. The outcome measures included
changes in clinical severity score(based on respiratory rate, presence of wheezing, retraction, and

Results : In the clinical severity score, a significant improvement was observed during the 72 hours
of hospitalization in both groups(P<0.05). The basic clinical severity scores before inhalation were
decreased significantly faster in group 2 as compared to group 1 on each day of treatment(P<0.05).
The mean duration of hospital stay was significantly reduced in group 2 than group 1(56.9%1.9 days
versus 7.4£2.0 days, P<0.05). No adverse effects were associated with inhaled therapy.

Conclusion : These results suggest that a nebulized 3 percent saline solution plus 0.5 mg fenoterol
may be more effective than a 0.9 percent saline solution plus 0.5 mg fenoterol in accelerating the
clinical recovery of infants with viral bronchiolitis. (Korean J Pediatr 2005;48:518-522)
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Table 1. Definition of Clinical Severity Scores”

1. Respiratory rate(breaths/min)

<30 0

31-45 1

46-60 2

>60 3
2. Weezing

None 0

Terminal expiratory or only with stethoscope 1

Entire expiration or audible on expiration 2

without stethoscope

Inspiration and expiration without stethoscope 3
3. Retraction

None 0

Intercostal only 1

Tracheosternal 2

Severe with nasal flaring 3
4. General condition

Normal 0

Irritable, lethargic, poor feeding 3

21

“From Wang et al.
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Table 2. Patient Characteristics at Entry into Study

0.9% saline
solution

3% saline
solution

Characteristic

(n=40) (n=40) ~ Vvalue

Age(months)” 6.1*£3.2 56*2.7 0.389
Age(=6/>6 mo) 22/18 18/13 0.251
Sex(male/female) 25/5 24/16 0.818
Body weight(kg)” 82+1.6 8.0+1.7 0.585
History of atopy 10(25.0%) 7(17.5%) 0.412
History of wheezing 3( 7.5%) 3( 7.5%) 1.0
Median duration of illness 44=%2.1 47%19 0.542

pre—enrollment(days)”
Chest X-ray 10/10/20 13/11/16 0.643

(Normal/patchy opacities/

overinflated)

“Values are mean=SD

Table 3. Comparison of Pre-inhalation Clinical Severity Score

Baseline At 24 hr At 48 hr At 72 hr
0.9% saline solution 58*1.6 47*15 40*16 30*f14
3% saline solution 57t16 35*f14 26*f12 18*1.0

Values are mean*SD

2
. —+— Group 2(3% NaCl)
’ =~ Group 1(0.9% NaCl)
1.5
B
2 .-
w .
[ 1 “‘x
0.5 T e
e —
—
Baseline 24 hr 48 hr 72 hr
Time(hours)

Fig. 1. The effect’ of nebulization in both groups. The effect”
was 51gn1flcantly better in the group 2 as compared to group
1(P<0.05) : effect =preinhalation  clinical ~ score—postinhalation
clinical score.

]

>,
o
2
!Iloil
0
i

Oﬂ/ﬂ 58T1.6(91:3-10), 3% AAH FHwelA
902 BATHOE fol3 ol GATHP=

5.7E1.6(89 :

0.834). & lf Ao F g 94 #WF Hee 47 Al
Zro] zbell whet FAIH o R fofahA 7HAEAIL(P<0.05), ©]
23 7 e F e E BAH s {3 Aolrt gl
ATHP<0.05). =719 I H7F AF o|F9 FY AR M9
AEE 3% Agd FYwelA FoAsA | @A tH(Table 3)
A AE A A7) A Hub A AolR F A e F

Fob A7 BADAA 3% 11Fd AF A} Fenoterol HE&FH A8 &3

o) Aol gaks wusdEdFig. 1), 3 WA F9 Aw &
ok 24, 48, T2MA F) ARE AW Fo Az k=
09% A Fdarel 247 08407, 0.6+06, 04107, 0.3+
0601203, 3% Ao} FAwelA 742F 19409, 1.0+1.0, 05+
08, 04+0.65% 3% AN FUTLAN BF AGH R F
«10}71] 2 Ao UEITHP<0.05). e EJJr% A5 Al
24713k o] Ay akgiTt

3. g2 o= o BNE

it 49 dae 09% A9 FATH 3% A9 FUT
Zhztell A 74204089 1 4-14) 3 59+1.9(H 9 1 3-13) =
F ozt BAGHOR Fol3t AfolE HATHP<0.05). Al
Fold #ob T HA F 25 ol AYLT A= i
AT 71 St A ueh A¥E FAEe AAEA Gy

i =

A AZIBAGd g3 A8 FE B QHS Al
ArtanFA FE2E =9 ARG T3t oAl At el
g u FAAE Folat, F459 TFHol TS Aol
= 714 37] 89e] Hasity APHoR 7R A FY
A87F AA AgelA] &3] ARREAL Qlvh Al EE] od
Fotoll = 718A] HEte] Wwdo] wgsly] wlie 7= 4
Al BT o] Bojdlr|e AN Bk Ta3 4L 7]
HA Aute] HF Hooly AIME s FHolg I
FAgP B AT AREL AZIBAG Dot F A
A Efete A4 Adde 134 Addez giAgezy
1% FHE AAZE R 9 &olald slolzt At

g A Y 57 AEs e s 71He v
AR gokeh, v 3EFFT e AR ¥l ol g
Aol oldel 3] E 7HA 71Hoe] AFHSATE Dasgupta
5o A FH Win vitro) 2 e (viscoelasticity) ol g
AFolA g Adde] A AdAne Mol oA (spi-
nabilitiy) 2+ 44 & (rigidity) 2 #aA1712 HAHNE A A5 (mu-

cociliary clearance)s FAIZITI L KBttt Eg # Ay

A E A9 (pulmonary epithelial barrier)2] 7%l thdt 34
Jdee] gatel] Tk AFoN® 3% mAA Ay F
Fo2HE H =

>
E

H:l
o ¢

ZHalveolar space)o = &9
AR HEe

i ol A=A

P

SR A
o
T
z
o
%
[
IN
o
ol
2
nl

2 aFA Aol Huk BE:S g7l 454 A in-
flammatory mediator)®] F%=E #AaA7IH, 71Fdd 9% 5
H g JAZF AA EHAE ANAAA AAHor HAHw
7152 $Wes AT FHEEAL =3 Al"d W(in

- 520 -



A48 A A5 & 20054
ola 7]3¥A & (bronchospasm)

Aol FF9 Zd3H(neutrophil activa-

Korean ] Pediatr :
(ciliary beat frequency)®dll o] i we]

F5 Sl 7% 1

f=]

vitro)¢t AA(in vivo) ATNA 0.9% 21 Aol
Al

(ciliary beat frequency)
7|82 Aot @A

P WA N Y WA M NIx®ITUHET B RTAWm® L R T M
o om T 0 X ™ ~ ~ o B oR oF o o of
oummu_h%meAWﬂLmﬂ ﬂxLWoLuo7lﬁ Wﬂ:%Zm%omm F R ® T
3R R Y L No w5 2 oo RN N 3 To T . — 5 I -
3 ° © s oz ® o T o oo T i
O, T S —_ — 9 S~ ol ,Wl =S Bl L o oF °
G L —_— iy ~ 70 0 T ; el T
T ML ® 5o ol == M T &R ©ogg W S L N ) K T
ST o T AT R - I Romox B
Buvn__/upmiae]ﬂn;oo ﬁdrﬂoﬁﬂ‘iﬂm_. T _E 'S S B UM
o B R we ¥ Hamm IyWbas 7 TR B
oUrﬂmLﬂ_wLm oamﬂmeﬂ_.L Eo%o<vaX71_| mvo#ﬂqapsaﬂutam ﬂWﬁJu% Y
W 4r e o Jjo . ..ﬂr_./‘ o gt ~ ol < -t e lm o T8 & 1= _mﬂu w ) ~
o e e 4NN e T A == ° g
= ol 5 o R T ~o O W OH E R ot Mo B X T o = = ol ) ojr o I TR iz
Mﬁ_gwﬂwzwgﬁzi giy%WLva@%ﬂﬂ%siﬂ@ T oo D
0l —
w_SET mawd & K oEPST xEPRoSZ 0wy wEc I8
O = BRGSO SR S e X g Tl g 8P s T BT e TS
= R = X o o B e W o 3 R T = N o ™ = o &V
A - S FoTEeT 03T Ve Wi sSEIL
) CI = -~ of N = B = S S ST S E B o " x NI
Taew 28zl gy O =TH T4 o TW ST W EY
FawZ ET TN S B R P - B NP B S R < A S
TrEE w8 SO e B e S i o B S B B I
THT o 3% o & ST Pl T o me @ _ 9 S EEMT g UNY S8y
RRF S e g s o ﬁ@%%awmﬁfﬁmmzmﬁﬁﬂ?MAoo.owﬂ
™ i) = oo 3 j — X e TN N o S n S
< Y ER = = E = T s 9 R " T = 82 Rt Ny X
s o ® N = % ) T o X B o S < o Qo N &
— = — o ) Nl —_ N N
Mﬂm%sﬂx%ﬂwwﬁ %%%ﬂ%ﬂﬂﬂm%%@m%%,,mamzywdrﬂ%
- Mrx o wx P ZK TErmr - wmRESeyR e Ew PN T g
FERNTI®R T B R R T - I S S I
R~ Lowm o w Rig 2 N TXHM gy widregideRx o
o o X o N BE M W oF T o o o m W L o uT]dn;of o . H o Ao oS
P Moo RN Mmooy %% w@o i "R ™"
i~ T X W OoH ok W drw BB O OFE BN R KON R do my by BE Be U B e m R
gu- AT X MPT RPN RDET FHFFT BNV R MR AN R KET
Sy oHTWHFTH B SN WE sy _w ot T o TN, e
b= o ~ e @ £ oy o X 2 S ! B o oo = W o) = M
B MR SE My e S w SR mﬁ%%\urﬂﬁﬂiﬂﬂ%ma%m%ﬂgﬂﬂ
= M ﬁ%gmwﬁﬂﬂ%m%&ﬂﬂ ﬂﬂﬂﬁzﬂ ;H%ﬂwﬁggﬂﬂqmﬂia
¢ I~ lo —_— —~ Ho o) = ~ = o NB p— jut olm =
T Bl Xl ewnT pxt Az & RTVLNsoRHSOT
B=| s et o~ m’ 0 = = 0 0 "
Sta Timtaonie PP 8 Sz ISR T ST el 5wl q
,ami,drﬂoﬂk o E.so,_@%ﬂﬂu%q_ ..HﬂEMom.%\o/ﬂu,m.%ﬂmuu_._woﬂAoooaAiaM%
= in oKk ~o od ,uA.M o Ho ofF el =y O~ o Hﬁ sy mﬂ.ﬂ ~ q m ‘PM e Gl 1= o W_ruﬁ i ™ il ™ VL
B oaidg T Pl xR ERN g DX T T AT T FE g
s ngra® gk B,y PR g TgR e 20 TE T AHTH gy
M HbkrETREFT Ly mr, LElerot s BN m DL el @
5ﬂ%ﬂ%ﬂéﬁﬂﬂm.mﬁ@ﬂwmxa:m&m;oﬂaawmaﬁﬂﬁoﬁaﬁ%xaam.i
= xX [5) = f 63 R & — N
7%ﬂu%ﬁﬂﬂoﬂmm@ww%%ﬁﬁ%_: %ﬂﬁﬂ“mﬂmdmmw;ﬂ%wxw_%ﬁ__mmwﬂuﬁ
T EFERY e T TRXT A X e Il w0
of TR X %o B Smﬂrxﬂo1_z?mﬂ]i,_iuqﬂmnﬂ oTuLHooE70zoX7EA]oEJEI7_1J
ma.nzobﬂrﬂo%wlﬂ%%oVﬂm_.ﬂﬂo@mawumbif_izodﬂu:wANnﬂ_,lMﬂou?ﬂyiMwogaﬂzﬂ%]ﬁomﬁ
,%lmﬂwﬂﬂﬂ,omumﬁ.mﬁﬂﬂg%,ﬂm o oM A z%ﬂﬂ? P T L R
g5k Jo ° g ) R i TR zog — T 5 oy W < oy OF moR 2 < ,_mO R
7 Njo S o ooy T 5 Zn ook T X ° ¢ B 2 (G R o)
duoioﬁiﬂ PLTL_MTWﬂmﬁﬂumrﬁnm.mxHu " dn],ﬁc‘mwowmm%m;zﬁ%ms X s = A
T op R g T SN Rw p Uy ¥ w8 552 EMyw o MR
hw Ut w < o ww g 2e & 0 e Nogag @ S ¥
—_ ) —_— T j— T = = — —_ 0 —
M%%ﬁ&%ﬁﬂﬂﬂ@%ﬂﬁo,moﬂmr@m)ﬂiMmﬂolwﬁﬁxﬁwﬂm%%wﬂmﬂﬂoaﬂ
. 7l T ]_ﬂ ~ o ]1110
S _ w R sl gt vl Erg s "R ool Ervar R TS d
o X = %o ey ¥ 3 2 2 o) ] S &
e it ~ AR OX A o — — = 9 2% N WO T o P N %o
Mg T Mand Ao AR LB E Eo T o g Wt W o
T EXTW T e  EpET TR RTENE hE TR EME T 0T H
T E% HBRTETFTHEOXKTAA TN B P MT T PR EZJRTRET TR MT

|5l Al 3% sa-

A
. o .
== 0.9% saline so-

=
X

|

jotel

[¢}

1 o

kel
r
H

‘(__‘
)]

9

AFoz <
fenoterol &

1

1
<

pu

gl

’(?’:]]-

-

=

193 A7
line solution®l

Al
- 521 -

=

i

g8 o

FATt.

o

2441ZF ool &A

B ATelA A}

5
T

15 A1z

A



ur=d 9] 391 ¢ dot AlZIAAAANA 3% LAEA

33t

T H

lution®ll fenoterolell H|3l] t]

SAAZT

References

1) Darville T, Yamauchi T. Respiratory syncytial virus. Pedi-
atr Rev 1998;19:55-61.

2) Welliver JR, Welliver RC. Bronchiolitis. Pediatr Rev 1993;
14:134-9.

3) Hall CB. Respiratory syncytial virus and parainfluenza vi-

rus. N Engl J Med 2001;344:1917-28.

Smith DW, Frankel LR, Mathers LH, Tang ATS, Ariagno

RL, Prober CG. A controlled trial of aerosolized ribavirin in

infants receiving mechanical ventilation for severe respira-

tory syncytial virus infection. N Engl ] Med 1991;325:24-9.

Moler FW, Steinhart CM, Ohmit SE, Stidham GL. Effec-

tiveness of ribavirin in otherwise well infants with respira-

tory syncytial virus—associated respiratory failure. J Pediatr

1996;128:442-8.

Guerguerian A-M, Gauthier M, Lebel MH, Farrell CA, La-

croix J. Ribavirin in ventilated respiratory syncytial virus

bronchiolits : a randomized, placebo-controlled trial. Am ]

Respir Crit Care Med 1999;160:829-34.

Hall CB, McBride JT, Gala CL. Ribavirin treatment of res-

piratory syncytial viral infection in infants with underlying

cardiopulmonary disease. JAMA 1985;254:3047-51.

8) McDonald NE, Hall CB, Suffin SC. Respiratory syncytial

viral infection in infants with congenital heart disease. N

Engl J Med 1982;307:397-400.

Menon K, Sutcliffe T, Klassen TP. A randomized trial

comparing the efficacy of epinephrine with salbutamol in

the treatment of acute bronchiolitis. J Pediatr 1995;126:

1004-7.

Bertrand P, Aranibar H, Castro E, Sanchez 1. Efficacy of

nebulized epinephrine vs salbutamol in hospitalized infants

with bronchiolitis. Pediatr Pulmonol 2001;31:284-8.

Klassen TP, Rowe PC, Sutcliffe T, Ropp LJ, McDowell IW,

Li MM. Randomized trial of salbutamol in acute bronchi-

olitis. J Pediatr 1991;118:807-11.

12) Schuh S, Canny G, Reisman JJ, Kerem E, Bentur L, Petric

M, et al. Nebulized albuterol in acute bronchiolitis. ] Pe-

diatr 1990;117:633-7.

Eng PA, Morton J, Douglass JA, Riedler J, Wilson J, Ro-

bertson CF. Short-term efficacy of ultrasonically nebulized

hypertonic saline in cystic fibrosis. Pediatr Pulmonol 1996;

21:77-83.

Riedler J, Reade T, Button B, Robertson CF. Inhaled hy-

pertonic saline increases sputum expectoration in cystic fi-

brosis. J Paediatr Child Health 1996;32:48-50.

Robinson M, Regnis JA, Bailey DL, King M, Bautovich GJ,

Bye PTP. Effect of hypertonic saline, amiloride, and cough

on mucociliary clearance in patients with cystic fibrosis.

Am ] Respir Crit Care Med 1996;153:1503-9.

Robinson M, Hemming AL, Regnis JA, Wong AG, Bailey

DL, Bautovich GJ, et al. Effect of increasing doses of hy-

pertonic saline on mucociliary clearance in patients with

cystic fibrosis. Thorax 1997;52:900-3.

17) Robinson M, Daviskas E, Eberl S, Baker J, Chan HK,

4

=

5

N

6

=

7

-

9

=

10

=

11

—

13

N

14

=

15

<

16

=

Anderson SD, et al. The effect of inhaled mannitol on
bronchial mucus clearance in cystic fibrosis patients : a pilot
study. Eur Respir ] 1999;14:678-85.

King M, Dasgupta B, Tomkiewicz RP, Brown NE. Rheol-
ogy of cystic fibrosis sputum after in vitro treatment with

18

N

hypertonic saline alone and in combination with recom-

binant human deoxyribonuclease I. Am ] Respir Crit Care

Med 1997;156;173-7.

Dasgupta B, Tomkiewicz RP, Brown NE, King M. Com-

bined effect of hypertonic saline and rhDNase on cystic

fibrosis sputum in vitro. Pediatr Pulmonol 1995;20(Suppl
12):A201-36.

Tomooka LT, Murphy C, Davidson TM. Clinical study and

literature review of nasal irrigation. Laryngoscope 2000;110:

1189-93.

Wang EEL, Milner RA, Navas L, Maj H. Observer agree-

ment for respiratory signs and oximetry in infants hos-

pitalized with lower respiratory infections. Am Rev Respir

Dis 1992;145:106-9.

Sarrell EM, Tal G, Witzling M, Someck E, Houri S, Cohen

HA, et al. Nebulized 3% hypertonic saline solution treat-

ment in ambulatory children with viral bronchiolitis de-

creases symptom. Chest 2002;122:2015-20.

23) Radford M. Effect of salbutamol in infants with wheezy
bronchitis. Arch Dis Child 1975;50:535-8.

24) Rutter N, Milner AD, Hiller EJ. Effect of bronchodilators
on respiratory resistance in infants and young children
with bronchiolitis and wheezy bronchitis. Arch Dis Child
1975;50:719-22.

25) Folkesson HG, Kheradmand F, Matthay MA. The effect of
salt water on alveolar epithelial barrier function. Am ] Res-
pir Crit Care Med 1994;150:1555-63.

26) Boek WM, Keles N, Graamans K, Huizing EH. Physiologic

and hypertonic saline solutions impair ciliary activity in

vitro. Laryngoscope 1999;109:396-9.

Duchateau GSMJE, Graamans K, Zuidema J, Merkus

FWHM. Correlation between nasal ciliary beat frequency

and mucus transport rate in volunteers. Laryngoscope 1985;

95:854-9.

Daviskas E, Anderson SD, Gonda I, Eberl S, Meikle S,

Seale JP, et al. Inhalation of hypertonic saline aerosol en-

hances mucociliary clearance in asthmatic and healthy sub-

jects. Eur Respir J 1996;9:725-32.

Nasr SZ, Strouse PJ, Soskoline E, Maxvold NJ, Garver

KA, Rubin BK, et al. Efficacy of recombinant human de-

oxyribonuclease I in the hospital management of respiratory

syncytial virus bronchiolitis. Chest 2001;120:203-8.

Angle N, Hoyt DB, Coimbra R, Liu F, Herdon—-Remelius C,

Loomis W, et al. Hypertonic saline resuscitation diminishes

lung injury by suppressing neutophil activation after hem-

orrhagic shock. Shock 1998;9:164-70.

Angle N, Hoyt DB, Cabello-Passini R, Herdon-Remelius C,

Loomis W, Junger WG. Hypertonic saline resuscitation re-

duces neutrophil margination by suppressing neutrophil L

selectin expression. ] Trauma 1998;45:7-12.

Murao Y, Hoyt DB, Loomis W, Namiki S, Patel N, Wolf P,

et al. Does the timing of hypertonic saline resuscitation

affect its potential to prevent lung damage? Shock 2000;14:

18-23.

19

=

20

=

21

—

22

=

27

-

28

N

29

=

30

=

31

—

32

=

- 522 -



