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Upper airway and obstructive sleep apnea in children

Hye Mi Jee

Department of Pediatrics, CHA Bundang Medical Center, CHA University School of Medicine, Seongnam, Korea

Obstructive sleep apnea (OSA) is characterized by a disorder of breathing with prolonged partial and/or complete airway obstruc-
tion which causes frequent arousal during sleep. The prevalence of OSAS is approximately 2%-3.5% in children. It is mainly caused
by enlarged tonsils and adenoids. Obesity, craniofacial abnormality, and neuromuscular disease are also relevant predisposing fac-
tors. Snoring is the most common presenting complaint in children with OSA, but the clinical presentation varies according to age.
The pathogenesis of OSA is complex and involved in multifactorial, relative roles of anatomic and neurohumoral factors. The role of
the nose is considered a component of the pathophysiology of OSA. It is unlikely that the first manifestation of OSA is intermittent
snoring with nasal obstruction, often considered a coincidental finding. Childhood OSA should be diagnosed and treated, if clini-
cally suspected, because various symptoms, signs, and consequences can be improved with proper management. Adenotonsillec-
tomy is the first-line treatment modality in pediatric OSA with adenotonsillar hypertrophy. In addition, treatment of allergic rhinitis,
nonallergic rhinitis, and other structural problems of the nasal cavity, if it is needed, may be included in the treatment of OSA.

(Allergy Asthma Respir Dis 2017:5:3-7)

Keywords: Obstructive sleep apnea, Snoring, Nose, Child

M E

w44 4=HE-E S (obstructive sleep apnea, OSA)% Eae]

S8 B 9 ALE a7 Estel A4

=

—l>
(2
=
foi T, ofn
lov o

o 2o S g e o

Aol (sleep-disordered breathing)®] F 72 1&g 4= 1=,

#1558 R 0] o i Ay 2,2,
. =1

o_>L yo
e b

n>;
©

_OIL
T

s}
pobim Sl SHREEE Sl T 342
= Ol H]Z o]z e 2 b o] Bao] 9l 7
34 9l F 4ol B & FFol} ek s sy SRS

3=

Akt i, oh2 Aok uijAlE 5= gl ofofl o FHo

_IN' Fl
T
oZ

> omoh g
e o

FHapgek 7| AR 0] A QRS A 2
ST 4 S R 7 91 AT Lohro 2wy
S| gk 1 A0 012 HE Fobn ek

L} ¢ SO} B 4TS Go) of o), ole] M
ofe] witolq £ BAE wol] uho] eket WiES Tofeiis

tl= o] ¢
Holx|qt o] %
ol Axof vk Q157 F7keke| whet 6-11

- 5718kl BAl=

St 94| mRte] Aol A= oF 12% =9 Rl
Aol A= thas sl ko] BaE|qIck! F
A Abol¢] siFo|=
36%7HA| & RIS W gk vf ek A-te]

Correspondence to: Hye Mi Jee () http://orcid.org/0000-0003-0128-065X

Department of Pediatrics, CHA Bundang Medical Center, CHA University School of Medicine, 59 Yatap-ro,

Bundang-gu, Seongnam 13496, Korea
Tel: +82-31-780-5229, Fax: +82-31-780-5239, E-mail: hyemijee@gmail.com
Received: February 13,2016 Revised: April 19,2016 Accepted: April 27, 2016

© 2017 The Korean Academy of Pediatric Allergy and Respiratory Disease
The Korean Academy of Asthma, Allergy and Clinical Immunology

This is an Open Access article distributed under the terms of the Creative

Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0/).

http://www.aard.or.kr


http://crossmark.crossref.org/dialog/?doi=10.4168/aard.2016.5.1.3&domain=pdf&date_stamp=2017-02-06

AARD Allergy Asthma Respir Dis

A Holhrtol upet ol cho
AH5 29 S -5t
T ATEFE QA Ak Aol o 3% Hwo] vl
% Liepgel e 1.} ek
A7) o112] dofel A Y 7 I Zol7} glort A7)
o]0l WolellA] ezt Bz} F7hok 202 Holed, Helo]
551 2} 38714 Aol W7} oItk 915 71 Kol = 9)
7102 nol, ofxjobA] 2ot 8 Bl ]| ol ul3l cha
U7t e A0S uRsls sl 3 15 164 £12
02 3 Aol A o] W AN SRREF) WEs} 2
11.2%, 0.9% = B 31 v} Qlc}’

oY +HESE

G % A1) Hao] ojgt SRsEo| MEEls 59 o
AJA] A ptaagg ol A H=t vl=H 28] (American Acad-
emy of Sleep Medicine)ol| A 7FeH A7 7|0 oJshd w4 F

2 2|4 10% oA B2k FZ A ZE(respiratory signal ampli-
tude)Ol 714 3-8 %1% (baseline amplitude)o]] H|3f 90% ©]AF 74
B 0.2 Rolstolkn o) Fago] washe 65 Alkx )
517} BN oz FEE-S Aejahzt] Beel f.aE of
R T A S o 20 o gl A
3% 0|49 T AA T TTAS Holk Aeg Aol
THESEY FF5Ee 2
dex, AH)E 0] £:5}0] 243}
A E= TP PR

o] Sl T2

& -# & A5 (apnea-hypopnea in-
=, o= F 5 AR Fol At
Stof FH51A Fok

7159] ofe] @Al A thesiA A
ThEjo] Qlek oo} Hia ] F2go] A7l (retropalatal) -9
of Al WAYSIA|TE 52, 1%, SRl A WAsH= thaet 7| 359
“goll, A3} so] B 5 »E— of) ThofsIA| Ert. WA HAL W
AZBHAE S ofg] 71 A= Al Fago] Al A
ol Al F7§Q15 (velopharyngeal) 2} Q15 Afo]2] WA o] 152] oF
2 Afetol H]3] ] 282 oF 2 gu), Ea} 31 A A= 9
AV AT 50%E AK|5He Faw SlRlo] Qe

iin)

y%
N o

s

i1

ato| 7|

=

A7)20] o] o8l F5go] WS ofe 714 Q1%
7 Baba o 2 AT, el SREr Bl )5 H o= 4]
20} SPIES s ), tha Zolr} Qi st g 2, 3

& —??l% H|QIE, &7 59 F2ES 47| =o =st=, o2
Sk A A2, 25, B8 5ol 8l = Sl
€ 3719 55, 25 Fol AR He| VAR So7H| ek A

4 https://doi.org/10.4168/aard.2017.5.1.3

JeeHM - Upper airway and obstructive sleep apena in children

Pharyngeal
constrictors (X)

Tensor Veli Palatini (V)
Levator Veli Palatini (V)

Sternohyoid (XII)
Omohyoid (XII)
Sternothyroid (XII)
Mylohyoid (V)

Fig. 1. The upper airway in obstructive sleep apnea: a reliance on upper airway
dilator muscles for patency. Arrows indicate overall force vector and are shown
on diagram. Upward directed arrows (red) signify force vectors for levator pala-
tini and tensor veli palatine muscles in raising the soft palate (uvula) and lateral
walls. Because the pharynx is collapsible at all tangents, multiple muscle
groups must act in concert to prevent collapse of the pharynx. NP, nasopharynx;
OP. oropharynx; HP, hypopharynx. Adapted from Dempsey et al. Physiol Rev
2010;90:47-112, with permission of American Physiological Association.”

Ooi 07];@0;

Ao} thefet WE = & W H4L, o] & 3 sl ool

271 s1ko] A BAEA] ot A TH(Fig. 1)
2R A ah ol2i3t 71 Ko] waElo] mjay F5go] uhy
3h= 7 T3k Thofst Yolo] Hala o & 2831 Aulo|t) 51 o19]

FORAL, Elo] AU B2 WGl A9 7 U 2
& 739 HIREe & Qla]| & 5291¢]
79, % 7:919] 250] oFlA WA T 77
Ao it A9 50| B oy £Fol L v 5
A 4=(body mass index, BMI)7} 57|51 A] A|Z0] &
AYA = Aol 59 F1he A vt B2 9 vX=
Ao e o), BEdl M B 215 A s
e LRI
SR OB sk A 7
ol Efro] A oh=th AL A5 At B
of g m|A|7] witolrhe ELF XM ”ﬂ:TEOﬂ* i
52 e AR SHE R, Tl A 4
FRlof vla T-o] AAEr. o]

4% ki3
el R 2 E7AE Sole A2

2
I
)

ofy
o

X, ol
KoY
rO
:{rlm
T

X lo



X3l o Ao FHFT FoA 71z AT

FSE0M AFR

lo
12
o

o«
u:3
oXx,
°
=
B
RS
=2
o
LJ
LN o o
AR R
ox R flo
& =
rir iH o &
e =

[}
N
N
i
N
2

e Sob e o 2 ogfso ol RIck: 4710 71
oJ3E4S) Qb 220l B2} of o= 24 o) F A e
2 AR 2 1 2-84) Aol 78 2] sl Eof o] Al
710l Zxote} A7 s 7 F2 AEIZE Eh whebA 5’—42‘0101]
gt e RS AT o= ARl Sofode e W
LR = s R N i S i R R bl XIEOH"W =
< YA 7= 0, 2 o, Y9 shet ¢A A, A =
LAk 24 AA 52 Ash= P71/ 8 & (uvulopal-
atopharyngoplasty)= =2 AJejol= " Aobe] 749 A 9 o}
Hlieol= HAlE S A1 AldshEA 7 29 S et
Tk Tkl Aol A ﬁﬂJﬂ“ - \:rEE = ﬁ%‘#% =
e Yl ojd|ieo| = HAl
i1, 9] el A5 2F 70% Ei -Ur%

T RSEE ek W 2ofo] 49 REgEO) A2 o)
o) 47 A2, 5o B 9 oleiol= A% S Aleol
Apotel AL Bok 18 B8 30| ofel 29

Kisisto] 47

= AAL

<> (rapid maxillary expansion)&

[e] =y 9\1]\]4_.22

25S0IM 20| o3

1o

SlolA QT A} o] TG SHRTFZ0] Gl 4ol
3o A 9 ofdieo] =) F7)7} gz l )3 wlehlar o
A} ek e B 9 ofeieo| = 219] 27)9 51 5 B
Aofle] Hr7} ool S Rols 2L ofehi B 9]
25,26 o]_\ﬂ./\-] le g]oﬂ r,]-E_ 01z].7]- T§§oﬂ 61—7}1] Odzﬂcﬁ_ u];}jg:
349Uk 5] A7 Ao 70% oJ4fo] W} 3 of

(o) =

k)

m{olv

xqo

+

o2

Allergy Asthma Respir Dis AARD

of Y& BT TEF oA ok ofd g
of SJsiA= o] bl FoMls - 471 A9 29l =
ORAIA| E=ul, thIEAQ] A91o.= gk BlHof &3k HIZi) Hl%,
Bleul S, v Ul S, 854 W s o] ok
de27HEe 7 &Rt Ao 95 4
=718 eabs A il vl Zzole] 317t ool
o, G| =7]of| ojt el L F SE-eke Aol Wiel 1.8
HY SFSPARITRAL HATE QIR upeb G270 H e HekE ¢
3 Bl 2E|RO|EAIE AREShE AS- H FEEE A A
He iﬂri Holu] o1 T Abh oM TG} /AR Axotof A
=P W EFETRES A 27]HH0] e Aot Al ARESHA
=1 EM*J FHEFEE0| HAstglEol Hard v Qlek R
B = e 271w Shatoll M 2k *}EO}L oFAl 5 shel
g, vl U] S| Zo| =X v = RS B et
YAV o 27do] =AY O}Eﬂl:OIE A7)0 24e HA
Ths B317F 0] 88 AR 4= Ik 2H e =7 ml
Aol A ] LE| 2olA 2} Hl AAAE A AHEStE 78
&= et BISEAIAA O] B9 A A 22 ARG A 23] oFE
Bl 5= fraste] Bl U] “J%‘ Hole Jans 7 es

O o=T= A
2 91002 Fofsts Jlo] Fk ALY gel27]lge]
A igle] Z4bo] AlajAl Ao REF Ei 720 2
%= A ASAIAL, v o] BHEH o5 %AOE Wﬂ ﬂiﬂ%

$7hgon ok 27] S4F Xze] 4
o 2] 50| HekS AR TG 3
AR Ao] b oS FolA B ¢ 9
o =7 uldo] Sl BHxfe] 2
o, ol <17 30t £ B4 i W2 DW&
797} gl A A2 7]ule gxjo] ) 4o
£ A} B8 o B YL i
B3h= o] 54 d o

Slek 2 ol s 7ol 7l Aol

HU
=l
5
rlr
Y
©

2
o
ook
i

Fll‘ r

olN
o
o,
B2 X g f o R Xy o oo fF o

off
[
o,
hL
O
oN
o
oz
o
)
Zi

foh 22 g ¢
o,
N
10 o>“

L

o

o
R

of
S5

2 o
T
o
rr
jus}
LJ S

2
&
©°
e, O
—l>
(T

AR 52 kel 2 Sol IgE AR AR Alet A wAA S
5352 7P| Gl Aoboll ] Qe 2 7 Sol IgE 3] 4B

] =} tH(57% vs. 40%, P< 0.01) 1L 1 115} c)®

U =7 Gt Fogof gk ohefRt A7k Hare Alof ¥
3f) H]YH| 2 719 (nonallergic rhinitis)Z} F5-8-of Tgt A=
12 WA bk ey B 2GS 7H SR IR A] o
Shato]] vlal] AT AHAR A B 2] 92 AutE HYAY
o] Zo] AJstEjo] glero] Hare vl Qlrk ELF H|GE| = 7]8|d 2
A H7 W AH|ZO|EAIE AFERE 9 OSA7F T E]= o]
H A E|Qle

H|Yo] Q= EhRboll A BRI HIS7} QAW HIZE W 55, HIF

Akl So| 918 AL 015 8 dslr] Y3t v U e A 5E

3

rl

https://doi.org/10.4168/aard.2017.5.13 5



AARD Allergy Asthma Respir Dis

Agsts A7} wod], o] B3t o] Al wi 4HEES
WAAZ = BT} Qe A0 2 HOIThY Al HlaAd 423

1-01[

52 71 R EOM MEA B B o AL A
T A9 U AR 2 3 HolX) eokAnt 4] o]
sZo7h Z9lrhs a7} ek

zd E
opol A e zol, 1 T FAY, 7o 5o S #HA
THEFEEE AAEEE Y 4 3tk 53] Zzole e
2 Aske S FTole) wad gl ofgt At
WA L 2 5] FEEA] ot rHttaAE F3iA KHo]
O FofA =, axob= rThAAAR AlRYo] HA] ghot 11 Al
off of2fEo] ek wHEbA] quM 717d& olafsiaL e]lo] Ert
Bt IS S Ho] AlFst] Athe FAIA] 5 Fofsjof ¢
Zope] - o] U 9 OPEﬂlnolc Bleof] of3) 3 “01

3

>~
ok
>
=
~

L;o]‘— u]7]—LH AgE X] olo

o 2851 22 Ag 5] s ot

Slolrol= e & MBIt
A& 5 A1) A FJAdo] ofolX
2 A3lo] 27 SR 2 ks 4] Bho)

AJahs Zlo] =go] B 4= 9Jrk

)
o?L'
m

o2 Hi
l
=)
}l_’

Hu
ne o=
o)
il
N
=)
H L

o,
o
iz}
o
L"l’,
O,
At
&p

(

|
K
o
N
15 —d
oM.
o moi
I
ol ox
< 22

il

R

g2

Ir

ot H
rlr

gll
ki
o
i)
ot
KU
it

REFERENCES

—

. American Thoracic Society. Standards and indications for cardiopulmo-
nary sleep studies in children. Am J Respir Crit Care Med 1996;153:866-
78.

2. Marcus CL. Sleep-disordered breathing in children. Curr Opin Pediatr
2000;12:208-12.

3. Marcus CL. Sleep-disordered breathing in children. Am J Respir Crit
Care Med 2001;164:16-30.

4. O'Brien LM, Mervis CB, Holbrook CR, Bruner JL, Klaus CJ, Rutherford J,
et al. Neurobehavioral implications of habitual snoring in children. Pedi-
atrics 2004;114:44-9.

5. Chay OM, Goh A, Abisheganaden ], Tang J, Lim WH, Chan YH, et al.
Obstructive sleep apnea syndrome in obese Singapore children. Pediatr
Pulmonol 2000;29:284-90.

6. Gislason T, Benediktsdottir B. Snoring, apneic episodes, and nocturnal
hypoxemia among children 6 months to 6 years old. An epidemiologic
study of lower limit of prevalence. Chest 1995;107:963-6.

7. Shin C, Joo S, Kim J, Kim T. Prevalence and correlates of habitual snoring
in high school students. Chest 2003;124:1709-15.

8. Young T, Peppard PE, Gottlieb DJ. Epidemiology of obstructive sleep ap-
nea: a population health perspective. Am J Respir Crit Care Med 2002;
165:1217-39.

9. Li AM, Sadeh A, Au CT, Goh DY, Mindell JA. Prevalence of habitual
snoring and its correlates in young children across the Asia Pacific. ] Pae-
diatr Child Health 2013;49:E153-9.

10. Berry RB, Gamaldo CE, Harding SM, Brooks R, Lloyd RM, Vaughn BV, et

6 https://doi.org/10.4168/aard.2017.5.1.3

JeeHM - Upper airway and obstructive sleep apena in children

al. AASM scoring manual version 2.2 updates: new chapters for scoring
infant sleep staging and home sleep apnea testing. J Clin Sleep Med 2015;
11:1253-4.

11. Dempsey JA, Veasey SC, Morgan BJ, O'Donnell CP. Pathophysiology of
sleep apnea. Physiol Rev 2010;90:47-112.

12. Ferris BG Jr, Mead J, Opie LH. Partitioning of respiratory flow resistance
in man. ] Appl Physiol 1964;19:653-8.

13. White DP. The pathogenesis of obstructive sleep apnea: advances in the
past 100 years. Am J Respir Cell Mol Biol 2006;34:1-6.

14. Sforza E, Petiau C, Weiss T, Thibault A, Krieger J. Pharyngeal critical
pressure in patients with obstructive sleep apnea syndrome. Clinical im-
plications. Am ] Respir Crit Care Med 1999;159:149-57.

15. Epstein L], Kristo D, Strollo PJ Jr, Friedman N, Malhotra A, Patil SP, et al.
Clinical guideline for the evaluation, management and long-term care of
obstructive sleep apnea in adults. ] Clin Sleep Med 2009;5:263-76.

16. Schwartz AR, Patil SP, Laffan AM, Polotsky V, Schneider H, Smith PL.
Obesity and obstructive sleep apnea: pathogenic mechanisms and thera-
peutic approaches. Proc Am Thorac Soc 2008;5:185-92.

17. Phillips BG, Kato M, Narkiewicz K, Choe I, Somers VK. Increases in
leptin levels, sympathetic drive, and weight gain in obstructive sleep ap-
nea. Am J Physiol Heart Circ Physiol 2000;279:H234-7.

18. Dobrosielski DA, Patil S, Schwartz AR, Bandeen-Roche K, Stewart KJ.
Effects of exercise and weight loss in older adults with obstructive sleep
apnea. Med Sci Sports Exerc 2015;47:20-6.

19. Bradley TD, Brown IG, Grossman RFE, Zamel N, Martinez D, Phillipson
EA, et al. Pharyngeal size in snorers, nonsnorers, and patients with ob-
structive sleep apnea. N Engl ] Med 1986;315:1327-31.

20. Brunetti L, Rana S, Lospalluti ML, Pietrafesa A, Francavilla R, Fanelli M,
et al. Prevalence of obstructive sleep apnea syndrome in a cohort of 1,207
children of southern Italy. Chest 2001;120:1930-5.

21. Friedman M, Wilson M, Lin HC, Chang HW. Updated systematic review
of tonsillectomy and adenoidectomy for treatment of pediatric obstruc-
tive sleep apnea/hypopnea syndrome. Otolaryngol Head Neck Surg 2009;
140:800-8.

22. Villa MP, Rizzoli A, Miano S, Malagola C. Efficacy of rapid maxillary ex-
pansion in children with obstructive sleep apnea syndrome: 36 months
of follow-up. Sleep Breath 2011;15:179-84.

23. Fernbach SK, Brouillette RT, Riggs TW, Hunt CE. Radiologic evaluation
of adenoids and tonsils in children with obstructive sleep apnea: plain
films and fluoroscopy. Pediatr Radiol 1983;13:258-65.

24. Arens R, McDonough JM, Costarino AT, Mahboubi S, Tayag-Kier CE,
Maislin G, et al. Magnetic resonance imaging of the upper airway struc-
ture of children with obstructive sleep apnea syndrome. Am J Respir Crit
Care Med 2001;164:698-703.

25. Laurikainen E, Aitasalo K, Erkinjuntti M, Wanne O. Sleep apnea syn-
drome in children--secondary to adenotonsillar hypertrophy? Acta Oto-
laryngol Suppl 1992;492:38-41.

26. Choi JH, Kim EJ, Choi J, Kwon SY, Kim TH, Lee SH, et al. Obstructive
sleep apnea syndrome: a child is not just a small adult. Ann Otol Rhinol
Laryngol 2010;119:656-61.

27. Redline S, Tishler PV, Schluchter M, Aylor J, Clark K, Graham G. Risk
factors for sleep-disordered breathing in children. Associations with obe-
sity, race, and respiratory problems. Am J Respir Crit Care Med 1999;159
(5 Pt 1):1527-32.

28. Georgalas C. The role of the nose in snoring and obstructive sleep ap-
noea: an update. Eur Arch Otorhinolaryngol 2011;268:1365-73.

29. Lavigne E Petrof BJ, Johnson JR, Lavigne P, Binothman N, Kassissia GO,
et al. Effect of topical corticosteroids on allergic airway inflammation and
disease severity in obstructive sleep apnoea. Clin Exp Allergy 2013;43:



X3l o Ao FHFT FoA 71z AT

30.

31.

1124-33.

Brouillette RT, Manoukian JJ, Ducharme FM, Oudjhane K, Earle LG,
Ladan S, et al. Efficacy of fluticasone nasal spray for pediatric obstructive
sleep apnea. ] Pediatr 2001;138:838-44.

Goldbart AD, Greenberg-Dotan S, Tal A. Montelukast for children with
obstructive sleep apnea: a double-blind, placebo-controlled study. Pediat-
rics 2012;130:€575-80.

32. MacLean JE. Montelukast potentially efficacious in children with non-se-

vere obstructive sleep apnoea in the short term. Evid Based Med 2013;
18:173-4.

33, McNicholas WT, Tarlo S, Cole P, Zamel N, Rutherford R, Griffin D, et al.

Obstructive apneas during sleep in patients with seasonal allergic rhini-
tis. Am Rev Respir Dis 1982;126:625-8.

34. Craig TJ, Teets S, Lehman EB, Chinchilli VM, Zwillich C. Nasal conges-

tion secondary to allergic rhinitis as a cause of sleep disturbance and day-

Allergy Asthma Respir Dis AARD

time fatigue and the response to topical nasal corticosteroids. J Allergy
Clin Immunol 1998;101:633-7.

35. Liistro G, Rombaux P, Belge C, Dury M, Aubert G, Rodenstein DO. High

36.

Mallampeati score and nasal obstruction are associated risk factors for ob-
structive sleep apnoea. Eur Respir ] 2003;21:248-52.

Kiely JL, Nolan P, McNicholas WT. Intranasal corticosteroid therapy for
obstructive sleep apnoea in patients with co-existing rhinitis. Thorax
2004;59:50-5.

37. Hoijer U, Ejnell H, Hedner J, Petruson B, Eng LB. The effects of nasal di-

38.

lation on snoring and obstructive sleep apnea. Arch Otolaryngol Head
Neck Surg 1992;118:281-4.

Li HY, Lin Y, Chen NH, Lee LA, Fang TJ, Wang PC. Improvement in
quality of life after nasal surgery alone for patients with obstructive sleep
apnea and nasal obstruction. Arch Otolaryngol Head Neck Surg 2008;
134:429-33.

https://doi.org/10.4168/aard.2017.5.13 7



