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Sleep-Related Respiratory Disturbances

Hwa Sik Moon, M.D.*

—ABSTRACT

During sleep, relatively major respiratory physiological changes occur in healthy subjects.
The contributions and interactions of voluntary and metabolic breathing control systems during
waking and sleep are quite different. Alterations of ventilatory control occur in chemosensitivity,
response to mechanical loads, and stability of ventilation. The activities of intercostal muscles
and muscles involved in regulating upper airway size are decreased during sleep. These respira-
tory physiological changes during sleep compromise the nocturnal ventilatory function, and
sleep is an important physiological cause of the nocturnal alveolar hypoventilation.

There are several causes of chronic alveolar hypoventilation including cardiopulmonary, neu-
romuscular diseases. Obstructive sleep apnea syndrome(OSAS) is an important cause of noctur-
nal hypoventilation and hypoxia. Coexistent cardiopulmonary or neuromuscular disease in
patients with OSAS contributes to the development of diurnal alveolar hypoventilation, diurnal
hypoxia and hypercapnia.

The existing data indicates that nocturnal recurrent hypoxia and fragmentation of sleep in
patients with OSAS contributes to the development of systemic hypertension and cardiac brady-
tachyarrhythmia, and diurnal pulmonary hypertension and cor pulmonale in patients with
OSAS is usually present in patients with coexisting cardiac or pulmonary disease. Recent studies
reported that untreated patients with OSAS had high long-term mortality rates, cardiovascular
complications of OSAS had a major effect on mortality, and effective management of OSAS
significantly decreased mortality.
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Silas Weir Michell(1)& 1890%d 19] =& “Some
Disorders of Sleep”oll Al +HF <9 3F3 A (respira-
tory failure in sleep)ojgls EHo g dAe +97
%ig%i‘z(sleep apnea syndrome) & S0 &2 7|
At 23 2@FA ZA 4uF BAY 3
&7 o} (sleep-related respiratory disturbances) o) tf 3+
A7t Asgden, ig—*gﬂl(respiratory physio-
logy) ol #¢ 479 t]&] 19708 B8 2F A
A77F AFRE YUY (sleep medicine) 9] wgol
gol #0] EFo) ulx= JES ol stA Rt
(2, 3).

TS #EE 23T A X8 7)F o) (disorders
of alveolar ventilation)E FE3e Fad Pl
9 74 3 ZA 8 7)(chronic alveolar hypoventila-
tion) & Tu3te o2 7kx) A8 AA o) Fhd
FEE vd F U3, #A F5EFFETL 4
WA FRRRF FARAFNAYYANAN g EA
Aede Afoln(9), +4 F3EZI P L X9
q271A] FHH AHE TFANE AL A7
37] YE e FHo] TFAY L AHERA u)
A A% dF o3yl Wasd Ae £
TEAE ] Wl $71 ) (A4 HEAFI)) S 4,
TH FEEFFI FtHE @F0e B4
TH FEEFFFL AHAYBA viNe g
et 7|&3tny .
SE4e(e HE

N
FHFolE A 24 A (oxygen consumption) 9
A7 2 A (carbon dioxide production)©] F 10
%R ALY E7HT ZAAANNE HEE7)
Fol thd FAaste FHY @A AE R (PaCO,) ]
2 WA SmmHgA T Z713t3, $9 8 A2 E¢(Pa0
D& 3 WA 1llmmHgAE ZAasy FF T4y
A F 35 (mean $a0,)E 2% o] 9] ZHAE Bt}
(5). olAE& AN g FAFdE T3P
Wakrh Aeg gushe e g 2L giix
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Wzt d2d

1. B8XFIIs9 g}

3&2 Fig. 194 Heule) go] FHzAAS
(voluntary or behavioral control system)# tAR 2
A A& (metabolic or automatic control system) ] 3
A & F7HA 2387%4 d3td FAHed, £
dEole 244X 9 28 389 oAz YrE
AR A=A o) gt} TFo] FA (s,
7), Table 1904 RE Higjgo] F&HUTFLE4H
(REM sleep)# HlF&A4T&5FH(NREM sleep)
Atolel= SFZAIIAAA ol Ho] Qlrh(e, 8).

HFEATEEFEANE TFol FHHo|n o
33 F%(tidal volume) & F7t3h T FI5E 72
&230H6). kA £9387) Z(minute ventilation) 2
H E 87 & (alveolar ventilation)o] P43t oA}
Wste AT A FY9YE et ARge F
7hatan AARYE ZAFY(S, 6). 1Y Abad
2] 5 4 (oxygen dissociation curve) 2] B4 W £ &
Ay Az ¥Hile Hvse pHY HIw
o ZoH(s). ofH g Wale vaAH dAHIA FA
HAT SEE 3EFFA} gl AT 184
o oA Ml FE&ATEEFHUA HESH7|Fo] YA
Hog AA HEHA 20%0149 FUY 4rgX
g Hole BA$E =& Utks).

BEATEETFHFA = HFSUFEETHA Y
H st 33|57t F715t1 Y33 FYL 23
o &0 B A3t(6). JAUNME 47 EF0)
FRE A7 3F] B BT 5 Fo) 9
A3A BAHAY F3Fol 20%04 A&HTL 7
3 EA4(apnea index)7} 50)49 A$E =&}
s&o] B did EBEIFE dFA
ZRed e oggo) oy oy Buzse 4
AT 3d FEATLEFLUT THBHE)
A H o2 FItste A7lg YA st £ o)
O FUheAE & A7lde B29ar)ge) i
e Aoz 43A Uoke).

2. #7189 His

7 WA € Bawsiel e 818 A (che-
mical stimuli}) &<& 7}4 & &Z(mechanical stimuli)
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Fig. 1. Schematic representation of the respiratory control system.

Table 1. Summary of respiratory control mechanisms during sleep

Awake NonREM sleep REM sleep
Inactive Active Stages 1, 2 Stages 3, 4 Tonic Phasic
Domiant influence State Bchavioral ~ Metabolic ~ Metabolic  State Nonmetabolic
on breathing Metabolic State Metabolic ~ (Behavloral)
Pattern of breathing  Regular Irrcgular Periodic Regular Regular Irregular
Response to Present Decreased  Present Present Probably Decreaed
metabolic stimuli or absent present or absent

Definition of terms and abbreviations : Non-REM = non-rapid-eye-movement ; REM = rapid-eye-movement ;
Inactive, Active=absence or presence, respectively, of behavioral ventilatory activity ; Tonic, Phasic=absence
or presence, respectively, of rapid-cye and other movements ; State=respiratory effect related to state of wakefu-
Iness or sleep per sc; Metabolic, Behavioral=metabolic or behavioral respiratory control system

of g +HF #71uE(ventlatory responses) ]
HEE o3y AT B2 A7 ATk A
Ae B3 qe ti zo)7t ey 88T
A F7So] Zader HMFEGTEESFHA
Er 844754 EA 9% 248 24

€ Ao
HA Aom AakAZ(hypoxia) BTk LEAHE(hy-

fu

W &7)wkee vl Pgorg fAHY, A
AaZo] 2% AF o2 8775 (ventilatory drive)
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of t& F7lste Aoz 8 A AT(0).

22 ¥A%(diaphragm) 8] EAEE FHE
et ztol7t lon §3] FEATEFFUA
B4z W3t & YA @7]9 vjAe g
g A Aoz A Aok B2 EFZ (accessory
respiratory muscle) 8] 8 E7} Zadled 53 5
2t (intercostal muscle) & H|F& AT 25T HA &
AE7t 243 FE5AFLEFAAde Y
Za7h uie AHAA(e, 9). 371z 2HEE F
Bl A X7 Zase A3 (hypotonia) 3 €l

A

Mo ox 2 i W

Table 2. Chronic hypoventilation syndrome

LI

7} Bl 22U eEFAAdE BAEY #aTL
A3 A 4$ =704 (aonia) FEHZE 2 5 AT
ANEE RN 715E RE QFG F7 o
2450 $UF AR FaFozA DRl
AAHH FAANME 7)EA G o] 2 WA 4 F7}
A Ho) 2F o] YE AHEAAE 108039 7]
TR YZIE BAY(, 9). o1HF V=AY F
te $EZ SEZNE dode FaT 299

.

4, HeHS0| ME 38750l Wal
QA e} ARG, B71F L BIRE,

Mechanism Site of defect

Disorder

Impaired respiratory drive Peripheral and central

chemoreceptors

Brainstem respiratory

neurons

Defective respiratory Spinal cord and

neuromuscular system peripheral nerves

Respiratory muscles

Impaired ventlatory Chest wall

apparatus

Airways and lungs

Carotid body dvsfunction, trauma

Prolonged hypoxia, hypercarbia

Metabolic alkalosis

Sleep

Myxedema

Bulblar poliomyelitis, encephalitis

Brainstern infarction, hemorrhage, traurna, neoplasm
Brainstem demyelination, degeneratjoh

Chronic drug administration

Primary alveolar hypoventilation syndrome
High cervical rauma

Poliomyelitis

Motor neuron disease

Organic depression of motor pathway(Ordine’s curse)
Peripheral neuropathy, Guillain-Barre syndrome
Bilateral cervical cordotomy

Bilateral diaphragmatic paralysis

Myasthenia gravis

Muscular dystrophy

Chronic myopathy

Kyphoscoliosis

Fibrothorax

Thoracoplasty

Ankylosing spondylitis

Obesity-hypoventilation

Laryngeal and tracheal stenosis

Obstructive sleep apnea

Cystic fibrosis

Chronic obstructive pulmonary disease
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HEFZ, 871851 (ventlation-perfusion ratio), 3
& H5 (pulmonary diffusion capacity) §¢ £§71%
ol oA Mgt oy YA 3FI5Y |
BFeld 5718 2L 4991 (supine position) 2 §
HAde &7t oz olFdd TR} FolHo
B2A J|=A 7o) FUMEA Ha, FAvto] Bl
o FH2 o5 TA H75F NNeHRNEH
(functional residual capacity, FRC)©] Y} (erect posi-
tion) A9} ¥l &te] 500 WA 1000mle] Z4AE BHY
F A9, 715HRNEFY The FiFoy
A5 EA HE7 20 8 (alveolar gas exchange) ol g
FE VA AT AXATE 42T F JD B9

GEA e gt EARE ade] "),
B7|Zol (vt EXET|)o 2ol

B2 %o (8 HAEAB))E Table 29 2]
27kA Ao odte] A = glon, FW(sleep)
& ¢ FIEFL @71FAE Fdste dgriA
AAEFY shbolth(s, 12). 53] £#1& 1 A7k
X A G o) APAINE FFAIEFTE
(central respiratory drive) 8] HA|& X3 o 7}A]
& HstE 2oz BINRGE Jo
5% 4] Hu, &7 (4 A X ARV}
RE SR A LA BAGO) FHEFT &
71%ei7t |5 38 tH(3). Catterall§(13) 3 Bye's
(19)& 74zt wvA w44 A (chronic obstructive
pulmonary disease) % 7t A # A & (interstitial lung
disease) BAENN FAF AT A2 PFo)
B 5 A&E HAYIL, Mezons(15)& 52
#Z=3 Z k2 (kyphoscoliosis) FAFo| A +8 23 F
I 2L s #AHE sEFNE #HEE v U
o] BFL STt WM E3) FHdE A=A
SEFRAE Tk st 3 EVAEAE] F1H
o Blted ofzte] A ARLEEH BATMEAR
(nocturnal hypoxemia & CO; retention) £ 913}
59 9373 AE ve B9-§ &3] 2o B34%
(16)& A4 9 23FFFL 828 gyoz
233 FA71e A A F] AR ANME o5
LSRN QAT F/HE XES H 5] @It

BE =BFOM

#2E & don ol Ao FutHe Aud o
7159 d3te THF AL EZ 9P A F
Ve AR v Aot w2 E7V1FHE FHee
3EA% U RGN FR FIEFF IO
g7 e 853 (overlap syndrome) 8] 7 -0l =
FHREEESFTNIE0E Qe F 9 v w st
#7147t 98 ASA Jdehdth(3) (Fig. 2).

HHyy +H FIESFT

E-&(snoring), 471=ATFF T (apper airway
resistance syndrome), A3 £ FE2FZFF(ob-
structive sleep apnea syndrome) 52 57} 51 50|
B2 V=AFE F7HAIE A7HA 24
o3t} SAgc}. BAA BA 7] =AY (total air-
way resistance) % F71% 7) =4 & (upper airway resi-
stance)o] A FFE H]Fo] HA Ayl o]Yolmg
olF #AtedAM Yehve 7T VI=AEY F7te
AA =AY A F7HE W3, 7= d
F7he #U1R4E dodle Fad 94 #En

(16). ANy FH FIFFIT EAAAM 53 &
A #7ZNE Roln, 87¢ol= AAEdA A

A7t JEE "AH oE A AINAEE
{(long—term morlity rates)E F7MAITIE 8319

"3 (17, 18).

Syndromes due to damage

or depression of

! |
respirtory neurons Central

sleep apnea

Chronic alveolar

Obstructive
hypaventilation

éleep apnéa

Obesity -
hypoventilation syndrome

Fig. 2. Overlap of the syndrome of chronic alveolar
hypoventilation and apnea.
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1. MY +H PSEEFT &Kt ALE
TRl g =3 JAE AT A
-1‘1@1%;3?1?‘ $po] BriAg e i A i_‘_7}
AgeH, fEAY F AREL of AEE HA
A gstA @e 449 51d FHAIEE(5-year cumu-

lative mortality rates) & 27} 11% 9} 13% & H L34l

AH(17, 18). ol & AL A& FEFS A=
MR L% 24 FIFY MEEM REFAS
(apnea index) 7} 200] 8¢ BAEY] 8 FHAY S
o] 4% ¥ R 3 FAF7} 20013¢] EAEAME

37% 9 & AMYES EQTH(18). AA7EA Y o
ATFHIE olF #AEY FH AgAdez A
g3 i}"g%% AL glom, AHIAA §H
2R age FUT B3
A% 3} o]o] FutE o] Yehte
(acidosis) @] TH(19).

M 2P SEBEET BXOIMY EIIF

FHFNE
AT AN FEF
3Fo2 UAH A 71
(5,19, 20). 218 B3 F7Izte] 23 F3EFAF7L
L A4 FE FIFFFT SN —‘?‘ig—’\] 7]
(apneic period) & toll& #7|go] £z
AA7F R 23e a2 EFE A Xﬁ’f}ﬂ‘ﬂ A
Arg HY TF gojol @k I FL V15T

=2
N
ot
iz
it
_1

¥
A

718 F(FROAZEHANA AZHEZ H ol AH s of
Ae Aage FAA HY 7FART & wet
AR Dt G AHG upejzto] YANR F& 7
A XE 715 H A7 & o] A3 1 o] F Fxd
&3] utge v uke A A #7155 F ol (restrictive

pulmonary function defect) & fr#ate] #H &9 A
AL & #AAY. $F5 v B¢ %’\o}
ol Mg 715H 2783 JAAY B7F
dual volume) FEO8 ZA4dld H&
a%ozE AY FAQTE 1RIY F
A5, 11, 16, 19, 21, 22). o] 92o) ng l 91&
(A2)B71 N H&o AFHE FaF o
EAE A2GEHRE FLET, FIEFAVA e

1

3t

Al
Al

e #7354 B S(ventlation— perfusion ine-
quality) & A E 59} 7‘1""_’-‘.’2‘ < 98 7h&3E A

ATH(19). olF BAIA FRFo] FAY Babrs
2ol 3714 378 101111 gastaErel 57
e Ane AEAE, AdLT 2 ZFIIATAA
A i 7] A AR ste] Wt 34 7] 7% (central
respiratory drive) % #71¥h-3 o o8 ZRFHTG, 6,
9,19). Table 2014 B 87]F el o] AAAR] o] &

Bo] F0rE B9 FUFAGID)ABE A A
WA RE QoA =AU, 12), S4FI
He H44 Be ARA A28 de BAIA
48 REEREEO FUHE A% £ ¥ &
ek

3. HAA 20 PEEFET BRI YU

HEES
1) HAN DY
A4 £ FEEFFE BAAAE FEF

AAA 8 U (systemic blood pressure) 2} F714 %
2o pog dge EFUY AAERET A RNE

vole RaFel Al R wow 1% 3R
oo $UY H2THEst AHAE Uehie
A7 BEF] B Aol A% £ FHETG,

e 5uY prgERAEd
ge AvolE 24

19, 23). ¥t B
v, Arg RS HEA RS
A= BRAeE HolA FErh(s, 19, 23). 3
AFE I oJ3d AHA +H FEFLE FET BT
ofdet FE s S Hole MUY 1¥Y
(systemic hypertension) o DA & FA 7 de Aoz
deiA drh(e4, 25). BHA PSR
Aol oF 30% 7§E°\V‘1 Eﬂiﬂ’ﬁ FH T3 Fo]
54“1 HH4 3
% oA —'g‘“"] %‘“}51
AT 7
geh(26~ 28) fﬂzﬂ ﬁg%}—l &1 7)
ARe Huxe] wt b Zolzt g
B HE AAbAS Adgd %
B Ee HA4H Fher HE w0l °‘2f4(29~
31), o|5 @Ao &3 Futde uvte G &
Wil feo] e Ao dex ATh(s2).
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2) HSWoEL Y HoA
# 59 ¢ (pulmonary artery pressure) = H414 8
el WY FARH F8 e BAd(19).
A7) 7t A0 §4 =3 (inspiratory effort) o] F
7tabe A7) FUe §974 Y (pleural pressure)©]
"ol A HFAto] YA A HAE BolAT F5F0
Y 3% 98 23wt HAA o2& A
719h ARt Agwgtel AR HA AeddQ,
33). HEAGY 5 AMLFH nEdFY F
To H 3 FEAIFLEFTEA HAAE 5'—04
QA ARG 2ufel o]2TH(19). HAA F
FIEFET AN FEF Bt opUg F3H °ﬂE
HEugte] Fedtt #H5WLEY(pulmonary hy-
pertension) 9] FH & M A7 #EF A
o)A v, F7+ H4AEF (daytime hypoxemia)©]
e ASde £F A9 dRAAT BFY HF
¥t "}E}"}w] 242 A (right heart failure)&
%‘H}QZ] € Aoz 23A Aok w2t HHA
FH 23 F 0—7—4 o el A4 (cor pulmo-
nale) & ditE 0 2 AR Ago] Futd 79 Tty
A9, 34, 35).

3) ARHY gl MEIISe wE
T3 &A1 B¢l Autsert gad
9 (sinus bradycardia) & H 0]=¢ A e
THYE FLrEISATY v o) AL NEHe
AxnFo g2 Bx318 44 A (peripheral chemore-
ceptor)7} AFHI o] A3} FRTAAA &%}
Z7187] " &oltk(19, 23, 36). OI% gzl 9

o A28 E AAAY FuAANRA X}""QFE
Foatd Mg "ﬂ"“& T Utk Abdol ol &

_ﬁr_

o] ANE FH FIFFTET ¥4 80%°
doll A FHES F4AETH T4
dia)o] dFFoz dojue F
A (sinus bradytachyarrhythmia) ©] 2 }(87).
zte] o 102 3TN A FAXNEFH 2 A 132

W19 (sinus tachyca-
3 AR

ot FF A (sinus pause) 7t HHEHM o]z}
B{second degree atrioventricular block) = &-&42¢]
A AZATH(ss). AAA o] 24 ¥HE (ventricular ec-
topic beats)& BAFe] o 15% FEohA FHEHH
Uy A2GIIAI HESFE F A7n 59
A2EETE 60%0) 3R FA M BANE} oF
sul Erh(39). THYE MAFEHET} 65%0] 3 AL
AV A A ¥l (ventricular tachycardia) = WERE = 9l
9 ol§ A= FHEF TR qF FA
(sudden death) 9] 18 A0 & Ao 2 4HA U}
(19).

T3EA 7] sgde 4WEF(cardiac output) |
A3 gasn FiFo] B Feoe NAHA o
o2 ZIlAt REEFAY) S e EFe gL
B HAA dgbol FrhseRE AN ERAY
(systemic vascular resistance)©] F7beH& w3
HAo 2 o]y TxEA(peripheral vascular beds) ]
%24 %5 %338 F(coronary blood flow) ¢} H 8 F
(cerebral blood flow) & Z7IA17l o2 A3 H ¥ o
AA2FFE FFE ERE JEIT9, 40).

4. HMY =H REEEFZ A(E

ANE F8 FEFFTL2 N8YY A9 ot
AEEY L AFFE 2 Zol7t e How EHA
AH(17~19). BN ZEL, FVI=AREFFT 2
A4 +8 FEF 7‘3?—?—_‘ g2 A5g AU,
a7 A e A AAH polysomnography) & 3
& o7k Y 7&"}2 58 o #d9 557
ohe] P Ak} o o]F Ao FAY A
AgAA v|He 4 F 8| Hristofol 3L,
AgAde 4R NgA P g A5y dE ol
gasty, AgFde FHAPAE 53 AREHE
383 BHsdol k. AT A 2 AEAA
glol gz Ngyurd APt JFFETE 3
AAA FeRAe AHNERA T I8 &9
%7]A}‘?%a ZaNANA B (17~19), ©$7]
A 7HEE0) o AEY AAYE 9A ¥ 9
Fuopd Aok A ¢ FIFFFTS I
A7\ A o] opet FURNE
AAGBA N A 4FE vA F e 2@
=3
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FHFgE og2rtA aEAE Y W vede
d, 3&9 #9R32H e 3 i drAEE
Aol o3 sFo] FAEHY, @7t} Aaw g
A% AT & TEIAFY IARATA Q@
7)ol AL, 5AT R PESHER EL
H2IE2Y 7% JAHY, ANdE F A
oA od2i7hA 3§75 d3t & o @
IEAE Y W32 AU E FRFd e B0
713N (AENE B F slov, £ FiFo
AE ZSole @71%47 b @A

87134 & 94 AZABIE Tse
A Ag ool E rtAst gler +d F3F
FFTE BRAE dodle FLF 49%9 &
volth B HEAEV)E Bole e 49289
A Qo] FEF EINFA} 6% YHAH 53
FH F3Fo] WA FHse e 59
A7 FHE Ao

HAY &9 FIFFIFT e FUFTA HE
He Ad2FsS Aoz £UZNFE o)
T AN 18U A5 £3) gy, F3
T AdLFE Bole AAZEEANA £ F3
3-53?‘--?%] TUEE 3¢ A5 ggs A8l

F Aot ol g AAEBA FEF L FE F2
3-5—"?‘—-7‘ zpe] A7 LES Eole F2E €0
g9, 5 #29 A5 FAF AT £ A4

HAY ¢ FIESFT EAY AAEBA §
B3 A7AEES FaAI7] AdXE HEE
Aggel 27HY, 7 FAN(HE AXAEI)Y
OE 49380 ¥4 e 4¢de £8 F3E9
X g5et Wasta o]5 A& ARE FAIA A8}

gL

ook Wk,
B4 o1 59 - 553 - 58 75E.
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