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Uykunun Solunum ve USY Uzerine Etkisi

Normal Anatomy & Function
Your upper airway is open and unobstructed
allowing air to flow from your nose, through

your throat and into your lungs.

https://myprimarydental.com/snoring-sleep-apnea/
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Note that several sleep-related chanaes contribute to decreased alveolar
ventilation and increased arterial PaCO,.

VT: tidal volume; UA: upper airway; VA: alveolar ventilation.
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https://www.uptodate.com/contents/pathophysiology-of-upper-

airway-obstruction-in-obstructive-sleep-apnea-in-adélts



https://www.resmedjournal.com/article/S0954-6111%2824%2900295-6/fulltext
https://www.uptodate.com/contents/pathophysiology-of-upper-airway-obstruction-in-obstructive-sleep-apnea-in-adults

Tanim

Obstructive Sleep Apnea

During sleep, gravity and muscle relaxation allows

the tongue and surrounding soft tissues to fall back
into the throat area obstructing air flow.

« Uyku sirasinda ust solunum

yollarinin tekrarlayan tikanmasi /
daralmasi ve buna bagl olarak

uykunun bolunmesi ve hipoksi ile
karakterizedir.

©2012 Dear Doctor,Inc:
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Epidemiyoloji

* AHI25 olarak alindiginda;

* Prevalans %24 (Erkek) ve %9 (Kadin)

Prevalence of Sleep Apnea
Increases with Age

 AHI25 + GAUH dikkate alindiginda; rrf/ws/w
* Prevalans %4 (Erkek) ve %2 (Kadin) L]

Young, T et al. The New England Journal of Medicine 1993;328(17), 1230-35. o0
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* Orta ve siddetli OSA (AHI > 15) prevalansi;
* 30-49 ile 50-70 yas arasli erkeklerde sira ile %10 ve %17,
* 30-49 ile 50-70 yas arasi kadinlarda sira ile %3 ve %9

Peppard, PE, at al. American Journal of Epidemiology 2013; 177(9), 1006—14.

McNicholas WT, Pevernagie D. J Sleep Res. 2022;31:e13§116



OSA Risk Faktorleri

Cins

* Sismanlik

* Yas

 Irk

* Kraniyofasiyal morfoloji
Ailesel/genetik faktorler

Diger risk faktorleri (sigara, alkol, sedatifler)
Eslik eden hastaliklar




OSA Fizyopatoloji

¢ Anatomik Faktérler B MALLAMPAT| SKORU
« UYS rolatif darhiklar (obezite, 6dem vb) palate paldte. vl
 Tonsiller hipertrofi, makroglossi vb
« Kranio-fasiel anomaliler

» Nazal obstruksiyon
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Class I Class 11 Class 111 Class 1V

« Non-Anatomik (Fonksiyonel) Faktorler

e Class | : Uvula, fauces, soft palate, pillars visible.

e Class Il : Uvula, Soft palate, fauces visible. /‘,ff,_: \‘\
e Class |ll : Base of uvula visible, Soft palate, . | o2 )
e Class IV : Only hard palate visible . i

TTD Uykuda Solunum Bozukluklar1 Uzlasi Raporu 2024
6



OSA Fizyopatoloji

20of17 Journal of
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« Anatomik Faktorler
« UYS rolatif darlklari (obezite, 6dem vb) i s g W
. . . . inimal lossal )
- Tonsiller hipertrofi, makroglossi vb s i
. . . leep-related eff
« Kranio-fasiel anomaliler Narrowed oropharyngeal s L
. . airway resulting in
» Nazal obstruksiyon increased negative

pressure during inspiration

« Non-Anatomik (Fonksiyonel) Faktorler
« USY dilatator kas yetersizligi

« Arousal esigi dusuklugu |
. s oo FIGURE 1 Balance of forces affecting the patency of the upper
e Solunum kontrolu deI’IQESIZ|IgI (loop gain) airway. Factors resulting in increased negative intrapharyngeal

pressure and factors that reduce dilating muscle contraction together
promote airway collapse

McNicholas WT, Pevernagie D. J Sleep Res. 2022;31:e13616
TTD Uykuda Solunum Bozukluklar1 Uzlasi Raporu 2024
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Anatomik Faktorler

UYS rélatif darliklar (obezite, 6dem, mixddem, postlr vb)

Adenotonsiller hipertrofi, makroglossi, sarkik uvula

Kranio-fasiel anomaliler '
« Kucuk mandibula
 Altta konumlu hyoid
« Posteror lokasyonlu makxilla ...

Nazal obstruksiyon
 Polip
« Deviasyon
« Konka hipertrofisi
* Rinit ...




Anatomik Faktorler

« UYS rolatif darliklar (obezite, 6dem, mixddem, postilr vb)
- Adenotonsiller hipertrofi, makroglossi, sarkik uvula

« Kranio-fasiel anomaliler
« Kucuk mandibula
 Altta konumlu hyoid
» Posteror lokasyonlu maxilla ...

« Nazal obstruksiyon
 Polip
« Deviasyon
« Konka hipertrofisi
* Rinit ...




Non-Anatomik (Fonksiyonel) Faktorler

e USY dilatator kas yetersizligi
* Arousal esigi dusukliugu

* Solunum kontroll dengesizligi
(artmis loop gain)

Blocked
Airway

Tongue

High pharyngeal critical

closing pressure (Pcrit)

High Loop Gain

Hypercapnia

Exagerated
ventilation to
cause hypocapnia

Low arousal threshold High loop gain

Poor upper air\\'ay recruitment

Eckert D]. Sleep Med Rev 2018;37:45-59
McKeown B, et al. J. Clin. Med. 2021, 10(3), 471
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USY Dilatator Kas Yetersizligi

Daralmis ust hava yolu .............. Daha glcll inspiratuar ¢aba

USY acikhgi korumak icin ........... Daha giiclu dilatator kas aktivitesi

~ami | ® Yetersiz dilatator kas yaniti........ OSA
S  Santral / Nérojenik kontrol ... (faringeal basing, CO2...)

OSA’'da dilatator kas aktivitesi;
* Uyaniklikta normal insanlara gére daha yuksek
e Uykuda normal insanlara gore daha dislik (6zellikle REM’de)

* REM doneminde kas atonisi nedeniyle genioglossus aktivitesi
en dusuk duzdedir (REM’de diyafram aktivitesi
etkilenmediginden, apne bu dénemde artar)

McNicholas WT, Pevernagie D. J Sleep Res. 2022;31:e13616

TTD Uykuda Solunum Bozukluklart Uzlasi Raporu 2024 11
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Dusuk Arousal Esigi

* Arousallar ile OSA agirligi arasinda dogrusal iliski var

* Apneler %80 arousal ile sonlaniyor
* Onemli bir koruyucu mekanizma ...

* Ancak post-apneik hiperventilasyon apne’ye neden olabilir
* Apnenin erken sonlanmasi — Daha agir OSAS
e Apnenin ge¢ sonlanmasi — Daha agir desaturasyon

* Dlsuk arousal esigi, OSA’ya zemin hazirlayan bir faktor

* OSAS olgularinin 1/3 tinde esik disuk

* Secilmis hastalarda terapotik bir hedef teskil olabilir

e Arousallarin en onemli tetikleyicisi ...
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Artan ventilasyon olarak gorinmektedir

McNicholas WT, Pevernagie D. J Sleep Res. 2022;31:e13616
Lv R, et al. Signal Transduction and Targeted Therapy 2023;25;87218
TTD Uykuda Solunum Bozukluklar1 Uzlast Raporu 2024



Apne E§|é| / LOOp Gain (Solunum Kontrol Bozuklugu)

* Uyanikliktan non-REM’e gecerken;

* Normalde CO2 solunum durtislinde azalma
nedeniyle ventilasyonda dalgalanmalar olur (CO2
bagimli hassas apne esigi nedeniyle)

* OSA'da, post apne hiperventilasyon nedeniyle; apne
esigi daha duyarh hale gelir (amplifiye olur)

e Sonucta CO2 azalir ve bu daha fazla apneye neden olur

* Hiperventilasyon sonrasi akcigerin gerilme reseptorler ve
baroreseptor stimlilasyonu da apneye katkida bulunur

* Hiperventilasyon ataklari sonrasi apne olusur

* OSAS olgularinin %36’sinda artmis loop gain
mevcut

PaCO2 PaCO2

45 : eupnea

/// /// |
///

C02 Reserve il

40 Apnea

/ /// threshold 1:2 mmi
/// -----

Wake

35

McNicholas WT, Pevernagie D. J Sleep Res. 2022;31:e13616
Antonaglia C et al. Respir Med 2024; 234:107820
Lv R, et al. Signal Transduction and Targeted Therapy 2023;25,8:218
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https://www.resmedjournal.com/article/S0954-6111%2824%2900295-6/fulltext

Disuk / Yuksek Loop Gain

D.J. Eckert / Sleep Medicine Reviews 37 (2018) 45—59 53
Breathing
response
A. Breathing disturbance
Breathing
response
B. Breathing disturbance

Fig. 7. Schematic representations of low (A) versus high loop gain (B). In these examples breathing is stable for the first 7 breaths (e.g., a patient with obstructive sleep apnoea on
continuous positive airway pressure [CPAP] therapy at their required therapeutic level). A disruption in breathing then occurs (e.g., a transient reduction in CPAP for approximately
3 min). This causes a rapid reduction in breathing because the upper airway narrows (similar to a mild hypopnoea). Overtime, CO, and negative pharyngeal pressure (respiratory
drive) builds up and in these examples there is some restoration of breathing due to partial compensation by the upper-airway dilator muscles until a new steady-state is reached
(slightly below the level obtained on therapeutic CPAP as shown in blue shading). In example A, (low loop gain), when the upper airway is rapidly reopened (e.g., with reintro-
duction of therapeutic CPAP), the breathing response (orange shading) to the breathing disturbance (blue shading), peaks at approximately 3-fold. Following a small oscillation,
breathing then returns to the baseline therapeutic CPAP level. However, in response to the same breathing disturbance, in the high loop gain example (B), breathing peaks at
approximately 9-fold before steadily decreasing until an apnoea occurs due to the subsequent reduction in respiratory drive from the initial excessive response. For more infor-
mation see Wellman and colleagues [35,72] and refer to the text. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)

Eckert DJ. Sleep Med Rev 2018;37:45-59 14



Loop Gain (Ddngl Kazanci)

Loop Gain
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Loop Gain (D6ngu Kazanci)
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USY Kollapsa Yatkinlik (Pcrit)

Dilatator kas yetersizligi

Daralmis USY

Daha fazla
inspiratuvar negatif
basing

Loop gain
Arousal esigi

USY acikhgr icin

Daha guclu dilatator
kas aktivitesi

Inspiratuvar negatif basincin, dilatator kas
yanitini yenip, kollapsa neden oldugu emme

basincl...

Apne Hipone indeksi, n/saat
0 10 30 50 70 90 MO0 130
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20

Sekil 3. Ust havayollarinin pasif kritik kapanis basinci (Pcrit)
ile apne-hipopne indeksi arasindaki temsili iliski. Beyaz dol-
gulu daireler OUAS hastalarini, gri dolgulu daireler OUAS
olmayan bireyleri temsil etmektedir. P_ >+2 cm H,O olan
bireylerin tiimiinde siddetli OUAS goriiliirken, P_,<-5 cm
H,O olan bireylerde uykuda anormal solunum olaylar izlen-
memektedir. Ancak, P_, degerleri -2 cm H,O ile -5 cm H,0
arasinda olan grupta (kirmiz: kesikli ¢izgilerle sinirli bolge-
de) hem OUAS hastalar1 hem de saghkh bireyler oldugu dik-
kati gekmektedir. Bu grupta yer alan hastalarda anatomi-dis1
faktorlerin OUAS gelisiminde 6n planda rol oynadi: diisii-
niilmektedir (12).

McNicholas WT, Pevernagie D. J Sleep Res. 2022;31:e13616
TTD Uykuda Solunum Bozukluklar1 Uzlas1 Raporu 2024



ispiryum Kaslari
DiYAFRAM

Fizyopatoloji Ozet

Orofarenks

Trakea

PALM Model
Pcrit
Arousal
Loop gain
Muscle responsiveness

« USY dilatator kas yetersizligi

 USY kollapsa yatkinlik (Pcrit)

« Arousal esigi dusuklugu

 Solunum kontrol dengesizligi (loop gain)

TTD Uykuda Solunum Bozukluklar1 Uzlas1 Raporu
2024

Lv R, et al. Signalfransduction and
Targeted Therapy 2023;25;8:218

Lemyze M, et al. Am Fam
Physician. 2010,82(6):669-670

www.medillsb.com/illustration_image
_details.aspx?AID=15046&I11D=355856




PALM Model / Tedavi Yaklasimi

Tablo 1: PALM ol¢egine gore hedefe yonelik OUAS tedavisi planlamada hedefler ve tedavi girisimleri.

PALM 1 ve 2a PALM 2b ve 3

ﬁ?&rﬁﬂiifzce Diisiik arousal esigi Dilatator kas yetersizligi Yiiksek ventilasyon yanit1
nCPAP Hipnotik/sedatif ilaglar ~ HNS - O, ilavesi

Kilo kaybi Ust hava yolu kas egitimi 'CO, stabilizasyonu
Cerrahi Desipramin Asetazolamid

Pozisyon tedavisi

Ag1z igi arag

Klsaltmalar CO,, karbondioksit; HNS, hipoglossal sinir stimiilasyonu; nCPAP, nazal siirekli pozitif hava yolu basinci,
_» oksijen; OUAS, obstriiktif uyku apne sendromu.

TTD Uykuda Solunum Bozukluklar1 Uzlas1 Raporu
2024
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OSA’da
Dért Fenotipik Ozellik ve
Tedavi Hedefleri

I
|
EEG Ay e i sbutpama g o 1) i MM
| Al \

* Hipnotikler

Eplglottic '
pressure

Low arousal threshold

Dusuk Arousal Esigi

Hipoglossal NS
USY kas egzersizi
ilaclar (Desipramin)

USY Dilatator Kas Yetersizligi

 CPAP
* Agiziciarag
e Cerrahi

* Pozisyonel tedavi
* Kilo verme

Throat

Blocked
Airway

Tongue

Anatomi

High Loop Gain

e Oksijen
&b - CO2

Hypercapnia o AsetOZOIa m id

Exagerated f
ventilation to
cause hypocapnia

Artmis Loop Gain

EMG W
MTA &2
Poor Upper Airwvay Recruitment /

EMC  suiiaid aleibl, diiiics et hi il
raw

Eplglottic

Eckert D]. Sleep Med Rev 2018;37:45-59
McKeown B, et al. J. Clin. Med. 2021, 10(3), 471
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Bazl Tanimlamalar

* Apne: Oronazal hava akiminin en az 10 sn. sureyle B g
kesilmesi (amplitidin min. %90’k azalmasi) = VW AN
* Obstruktif apne: Solunum ¢abasi eslik eden apne L W\ B8

e Santral apne: Solunum ¢abasinin olmayan apne

* Mixt apne: Santral tipte baslayip, obstriuktif tipte
devam eden apne

21



Bazl Tanimlamalar

* Apne: Oronazal hava akiminin en az 10 sn. sureyle

kesilmesi (amplitidin min. %90’k azalmasi) B LT BTV R

(AN

e Obstruktif apne: Solunum cabasi eslik eden apne

=
g
-

e Santral apne: Solunum ¢abasinin olmayan apne

e e

LLLLT

|4
&
| 5

59§ 55 4
TR

; =2 &

b o =]

S £

} L \‘\
Loyl

* Mixt apne: Santral tipte baslayip, obstriuktif tipte
devam eden apne
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Bazl Tanimlamalar

* Hipopne: Hava akiminda en az 10 sn suren %30
dusus ile birlikte

* Sa02’de %3’luk diisus veya arousal
e Sa02'de %4’luk disus

 RERA: Solunum cabasi artisi ile iliskili arousal

Epoch
50 i

= WA

51

lllll N \ \/ \ N A \ N
sanso /\./ VAVAVAV AVAVAVAY
\ [ A i AN
:,n:;‘ctsanrcn /\ / / AR AW A ,\ AWA Figure 3. A respratory
V/ V vV AV V V\VV\/ event that should
VAVAY
: be scoredas a
' hypopnea. The red
Sp0, : — bracket i ates the
: 10 sec ull duration of the
! hypopnea event
2023 American Academy of Siee| cine. All rights reserve:
Epoch
50 51
Arousal

Figure 3. A respiratory
L?I:IL;:: !Sance event that should be
scored as a respiratory

effort-related arousal

(RERA). The red
bracket indicates the
10 sec full duration of the

- RERA event.
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Bazl Tanimlamalar

* Hipopne: Hava akiminda en az 10 sn stiren %30 =

disus ile birlikte o0 o

* Sa02’de %3’lluk disus veya arousal

* Sa02’de %4’luk diisls
 RERA: Solunum cabasi artisi ile iliskili arousal —%_WH———

24



Bazl Tanimlamalar

* Arousal: Uyku sirasinda gelisen kisa uyanikliklar.
* Enaz 10 sn stren bir uykuyu takiben,

* EEG frekansinda ani olarak alfa, teta, ve/veya 16
Hz’den blylk frekansh dalgalarin gortlmesi (uyku

igcikleri haric)
* Min. 3 sn sireli

« AHi= Apne + Hipopne (bir saat icinde olusan)

* RDI= Apne + Hipopne + RERA (bir saat icinde olusan)

AHi/RDIi indeksi: Bir saat icinde gerceklesen olay sayisi

Brainwaves
Stage 2 Sleep Awake
(@ (unl n M )

/Mgl | o)y AP St AN Mg i A P m‘ MWWWWMM
M“\»N M \,\,g "\,‘; vw‘*«wv AN s oy \Nmm-v o~ -\\w et N N.«wmmw«WJm
w"’wﬂ/ PardV N AN AN A AN A~ AN A A A MW / mewwm
AL A N s NS N At Ny ot et oA AN, o [\ P Prom e SIS AN p S o S

v ) «“ AN A A
o wu,\»‘ N'"\ S "‘\,‘j\;‘ \\W,,V‘ VA N

Jj{'\‘ \ /Vw""‘"’vx/\.., '\WW“ WWN-"\,,

= Glalaiatat M A meM Af H WM’M vW
[Thermistor |
L['"I‘{' S — i \
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e AR ~— g — a \ A~ —
! ‘ L L %"’f“" ﬁﬁb‘ I I I Il
L)
Chin Muscle Tone Leg Movements
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OSAS Tani Kriterleri

e AHI=15 veya

e 5<AHI<15 ise + Semptomlar

* Semptomlar

acan diger semptomlar

e Hastada uyku hali, yorgunluk, uykusuzluk veya
uykuyla iliskili yasam kalitesinin bozulmasina yol

ICSD-3 TR

SINIFLAMA (AHI)
e Hafif: 5<AHi<15
e Orta: 15<AHI<30

e Agir: AHI = 30
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