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“...and on the box sat a fat and red-faced boy, in the state of somnolency.”

Charles Dickens introduces us to Joe (in the upper right of the drawing). Dickens
described many of the features of sleep apnea 120 vears before this syndrome was
identified by medical science,

Dickens, C.: The Posthumauns Papers of the Pickwick Club, London, Chapman & Hall, Published in Serial
Form 1836-1837,



LoTtopikh avadpopn

TABLE 1. MILESTONES IN DEVELOPMENT OF KNOWLEDGE ABOUT OBSTRUCTIVE SLEEP APNEA

818,

¥

1854

1962

Description by Cheyne (1818) (8) and Stokes (1854) (9) of Cheyne-Stokes respiration

Description of alveolar hypoventilation in obesity (Pickwickian syndrome) (11)

Periodic cessation of respiration recognized in patients with Pickwickian features (12, 13)

Recognition that cessation of respiration during sleep was due to airway obstruction (i.e., O5A) (1)

Catserepgont adienBbing WHECctvenass b trathetttonty In patients with OSA (14, 15)

Case series of pediatric sleep apnea (94)

Description of unifying concept re pathogenesis of O5SA (40)

Description of nasal CPAP (4); description of specific surgery for OSA (90)

Identification of CO,-dependent apnea threshold during sleep (102)

Hypopneas have same consequences as apneas (17)

Identification of neuromuscular compensation (39); intermittent cylic hypoxia leads to hypertension (47)

Study with robust epidemiologic methods reveals high prevalence of O5A (6)

Family aggregation shown: Cleveland Family Study (30), in Israel (32), and in relatively nonobese Scots (31)

Induced obstructive apneas in dogs leads to hypertension (71)

Schoolchildren with poor academic performance have high prevalence of OSA. School performance improves
after surgical treatment of O3A (97)

Introduction of sham CPAP in clinical trials. Efficacy in severe sleep apnea syndrome identified (107)

Improvement with nasal CPAP in blood pressure demonstrated in randomized, placebo-controlled trial (67)

Definition of abbreviations: CPAP = continuous positive airway pressure; OSA = obstructive sleep apnea.

A. Pack. Am J Respir Crit Care Med , 2006



Baputnta ZAAY

AgikTng amvoiwy - umomvoiwy (apnea-hypopnea index, AHI)
n respiratory disturbance index, RDT:
ouupPduara (dmvoieg - UTTOTTVOIEC) avd Wpa UrTvou

AHT <b: PUOI0AOYIKOC JEiKTNG

AHI 5-14. ATTIo oUVAPOLO

AHI 15-29: péTpio ouvdpopo

AHI =230: ocopapd ouvdpopo

Strollo PJ, N Engl J Med 1996; SIGN Guidelines 2003




Odnyiec CMS (Centers for Medicare and
Medicaid Services) Tnv xopnynon CPAP

0 H didyvwon Tou 2ZAY mpémel va £xel yivel pe moAuumvoypagia oe
gpyacThpio UTTVoU

0 O kaBopiopdc Tou AHI Oa pacileTal og = 2 WPEC TTOAUUTIVOYPAPIOG
0 Meérpio i ooBapd ZAY (AHI = 15)

O ‘Hmo ZAY(15 >AHI = 5) kaiI cupTITWATA

Huepnoia utrvnAia

[ VWOIOAOYIKEG DIATAPAXES

Alatapaxéc ouvaloBriuaTog A adTtvia

YTEPTAON, I0XAIMIKA KAPJIOTTABEI IOTOPIKO EYKEPAAIKOU ETTEICODIOU




O AHI oxeriCeTal pe Tnv KAIVIKA
ovgmtTwpaTtoAoyia Tou 2 AYY




Relation of Sleepiness to Respiratory
Disturbance Index

The Sleep Heart Health Study

DANIEL J. GOTTLIEB, CORALYN W. WHITNEY, WILLIAM H. BONEKAT, CONRAD IBER,

GARY D. JAMES, MICHAEL LEBOWITZ, F. JAVIER NIETO, and CARL E. ROSENBERG,
for the Sleep Heart Health Study Research GAM IRESMR CRIT CARE MED 1980:158:502-507.

TABLE 1 10
SUBJECT CHARACTERISTICS 7 9
Subjects, n 1,824 g
Age, yr* B3 (11) ﬁ :ﬁ
Sex. temale, % 51 £ 8-
Race/ethnicity = t
White, non-Hispanic, % 72 =3 g 7
Black, non-Hispanic, % g &f unj
Hispanic, % 3 0 E
Mative American, % 16 i B =
Adan/Pacific lslander, % 1 E_
BRI, kg/m?** 28.8(54)
Usual sleep period, h* T4(1.3)
ROI, events/h* 10.9115.0) 25 §. 15 15 . 30 |
Epworth score* T.704.5)
* Yalues are mean with S0 shown in parentheses, F|*E“: All EUh]E cts

{events per hour)
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THE OCCURRENCE OF SLEEP-DISORDERED BREATHING AMONG MIDDLE-AGED ADULTS

TERRY Young, PH.D.; Mar1 PaLta, Pu.D., JEROME DEMPSEY, PH.D., JaMEs SkaTtruD, M.D.,
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Proportion of Men and Women Who Reported Hypersomnolence, According
to Category of Sleep-Disordered Breathing.




Modeling Hypersomnolence in
Sleep-disordered Breathing
A Novel Approach Using Survival Analysis

NARESH M. PUNJABI, DANIEL ). O'HEARN, DAVID N. NEUBAUER, F. JAVIER NIETO, ALAN R. SCHWARTZ,

PHILIP L. SMITH, and KAREN BANDEEN-ROCHE AM ] RESPIR CRIT CARE MED 19046;150: 17031704,
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The Association of Sleep-Disordered Breathing and Sleep

Symptoms with Quality of Life in the Sleep Heart Health
Study

Carol M. Baldwin RN, PhD," Kent A Griffith MPH,2 F. Javier Nieto MD, PhD.* George T. O'Connor MD, MS,* Joyce A. Walsleben PhD,® and Susan Sleep 200 1 I 24 . 96_ 1 O 5
Redline MD. MPHs

Table 2—Relationship of the clinical categories of RDI at 4% to
SF-36 vitality scale, odds ratios with 95% confidence intervals

(C1)

Clinical Categories of RDI4%  OR Cl

<5 (Referent)
5-<15 1.20 1.02-143
15 - <30 1.41 1.12-1.78

30+ 1.77 1.31-2.38
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Does arousal frequency predict daytime function?

R.MN. Kingshott#, H.M. Engleman#®, |.J. Deary:, M.J. Douglas#
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The relationship between pulmonary function and
dyspnea in obstructive lung disease.

N Wolkove, E Dajczman, A Colacone and H Kreisman

Chest 1989,96;1247-1251
DOl 10.1378/chest 96.6.1247
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O AHI oxeTiCeTal pe kapdiayyelakEC
ETNTIAOKEC




Sleep Apnea & Hypertension

Wisconsin Sleep Cohort Study

N = 893 subjects followed 4-8 years to assess the presence of
hypertension in relationship to initial severity of OSA

N =709 4 year follow up
N =184 8 year follow up

Peppard et al, NEJM, 2000.




TaABLE 3. ApmosTED OnDs Ratios ror HYPERTEMSION AT A FOLLoww-Ur SLEEP STUDY, ACCORDING TO
THE Arves— Hyrorwes Thpex a1 Base LiMe. ™

OD0s Ramio, ADJUSTED ODDs Ramo, ADJUSTED
QOD0s RATIO, ADJUSTED FOR BasE-LINE HYPER- FOR BASE-LIME HYPER-
FOR BASE-LINE HYPER- TEMSION STATUS, MOM- TEMSION STATUS, MON-

TEMSION STATUS MODIAABELE RISK Fac- MODAKELE RISk Fac-
B sE-LIME OnDs RATIO, ADJUSTED AND NONMODIFIAELE TORS, AND HABITUS TORS, HABTUS, AND
APHEA—HYPOPNEA FOR BasSE-LINE HYPER- RISK FACTORS [AGE (BMAI AND WAIST AND WEEKLY ALCOHOL AMD
INDEX TEMSION STATUS AND SEX) MECK CIRCUMAERENCE] CIGARETTE WSE

odds ratio (95% confidence intensal)

0 events,/ hrt 1.0 1.0 1.0 1.0
0.1-4.9 events, hr 1.6 (1.35-2.03] 1.65 (1.33-2.04) 142 i1.14-1.78) 142i(1.13-178)
E.0-14.9 events, hr 274 1182-4.12) 271 (L78-4.14) 203 (1.29-3.19) 203 (L.29-3.17)
=15.0 events, hr 454 (246-8.36) 447 (2.37-E.43) 2E9(1.47-5.69 2B (1 46-5.64)
I tor trend$ <2 0,001 < 0,001 0,002 0.002

*Hypertension was defined as a blood pressure of at least 140790 mm Hg or the use of antilypertensive medications.
Drata on 893 tollow-up sleep studies trom 709 participants were analveed. The odds rarics and contide noe invervals were
adjusted for the tact thar 184 participants completed two tollow-up sleep studies. BMI denotes body-mass index.

tThis category served as the reference group.

3T values are tor the linear end of the logistic-regression coetlicients (log, of the odds ratios ).
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2. Tepaviaia voooc kai ZAYY

Table 1: Prevalence of sleep apnea (AHI greater than 10) in patients with coronary artery disease

Author No. of subj. Gender AHI > 10 Controls
De Olazabal [12] 17 Male 76%

Andreas, et al [32] 50 50%

Mooe, et al [16] 142 Male 37% yes
Mooe, et al [17] 102 Female 30% yes
Koehler, et al [8] 74 Male 35%

Peker, et al [15] 62 Male, Female 31% yes
Moruzzi, et al [22] 22 Male, Female 9%

Sanner, et al [23] 49 Male, Female 27%

Mehra, et al [19] 104 Male, female 66%

Takama and Kurabayashi [24] 65 Male, Female 45%

Yumino, et al [18] 89 Male, Female 57%

Total 776 42%

Hedner J et al. Sleep Medicine Clinics 2007;559-564
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Sleep, 281608613

4 1997 Amecrican Slecp Disorders Association and Sleep Research Society

Sleepiness, Driving, and Accidents

Sleep-Disordered Breathing and Motor Vehicle Accidents
in a Population-Based Sample of Employed Adults

Terry Young, Joseph Blustein, Laurel Finn and Mari Palta

TABLE 2, Association of SDB and 5-year MVA history estimated by adjusted OR, 95% CI; Sleep Cohort Study, n =

vz
Any MVA in 5 years Mulitple MVA in 3 years
Women OR Men OR Total OR Women OR Men OR Total OR
SDB category (95% CI) (95% CI) (95% CI) (93% CI) (95% Cl) (95% CI)
No SDB {Reference category)
Hahitual snorcr, 0.9 3.4¢ l.5% 313 2.2 298
AHI < 5 (0.5, 1.6) (1.8, 6.9) (1.0, 2.4) (0.9, 12.0) (0.7, 7.0) (1.0, 8.6)
AHI 5-13 0.8 4.2 1.9 4.5 LB EN
(0.3, 2.0 (1.6, 11.3) (0.9, 3.8) (0.8, 25.0) (0.2, 14.0) (0.8 12.7)
AHI = 15 0.6 34 1.6 2.4 11.8¢ 7.3¢
(0.2, 2.5) (L4, 8.0) (0.8, 3.1) (0.2, 25.00 (1.1, =25) (1.8, =15)

SDB, sleep-disordered breathing; MVA, motor vehicle accident; OR, odds ratio; CI, confidence interval, AHI, apnea-plus-hypopnea index.
“ Gender specific OR adjusted for age and miles driven per year; OR for total sample adjusted for age, miles driven per year, and gender.

bp o= 005




O AHI oxeTiCeTal ye Tnv amodoxA,
OUHHOpPWON Kdl ATTOTEAEOUATIKOTNTA TNC
Ocpamciac pe CPAP




SLEEP DISORDERED BREATHING

Continuous positive airway pressure reduces
daytime sleepiness in mild to moderate obstructive
sleep apnoea: a meta-analysis

N S Marshall, M Barnes, N Travier, A J Campbell, R J Pierce, R D McEvoy, A M Neill, & Fu
P H Gander 9 JUNE

Thorax 2006;6 1:430-434. doi: 10,1134/ thx. 2005 050583

Mumber of studies identified by
systermatic and hand search
n=204

Nan- 054, non adult, multiple
w| comorbidity studies excluded
n=76

Nen-RCTs excluded
n=101

Mon-suitable RCTs excluded
n=%1

Potentially appropriate placebo
controlled RCTs
n=28

Mot exclusivaly mild to moderata
savarty O5A excluded
n=21

¥

r

RCTs with usable infarmation
included in meta-analyses:
n=7

:

Studies ovailable for onalysis
of each outcome:
Epworth scale n=7

Multiple sleep lotency test n=4

Mointenance of wakefulnass

test n=23

Figure 1 Trial inclusion Flow chart.




SLEEP DISORDERED BREATHING

Continuous positive c:irwcc?/ pressure reduces
daytime sleepiness in mild to moderate obstructive
sleep apnoea: a meta-analysis

N S Marshall, M Barnes, N Travier, A J Campbell, R J Pierce, R D McEvoy, A M Neill, .1|§IE
|
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Points of improvement on the
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Figure 2 Forest plot indicating that Epworth sleepiness scores were
significanfly improved by CPAP treatment. First outhor and yeor of
pi“m’rinn of source trial are listed on the vertical axis. Horizontal lines
reprasant 5% confidence intervals from each indicated study for the
E"Ends of CPAP alter adjusiment for control. Elengated diomonds
indicate the mean | apex of diamond) and 95% corfidance intervals for
the pooled estimate of the effect. The size of the shaded boxes represents
the waight given to that study. Larger boxes are studies that have given
more precise estimates and they tend to be larger.
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Figure 3 Forest plot indicoting that Maintenance of Wakefulness Test
[MWT) sleap latendes ware significonfly improved by CPAP fharmpy.
First outhor and year of publication of scurce trial are listed on the
wartical axis. Horizonkal lines mprasent 5% confidence intarvals from
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Figure 4 Forast plot indicating that Multiple Sleep Lotancy Test [MSLT)
sleap latencies were not significontly improved by CPAP therapy. First
auther and year of publication of scurce rial are listed an the vertical
axis. Horizontal linas reprasant 5% corfidence intervals from each
indicated study for the effects of CPAP oher adjustment for contral.
Elongated diameonds indicote the mean |opex of diomond) and 95%
mwnfidence imtarvals for tha pocled astimata of the affad.




Continuous Positive Airway Pressure Therapy
for Treating Sleepiness in a Diverse Population

With Obstructive Sleep Apnea

Results of a Meta-analysis

Sanjay R. Patel, MD; David P. White, MD; Atul Malhotra, MD; Michael L. Stanching, MD; Najib T. Ayas, MD Arch Intern Med. 2003:163:565-571
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Figure 1. Effects of continuous positive airway pressure (GPAP) on change
in Epworth Sleepiness Scale (ESS) score. Data are presented as means and
95% confidence intervals. A positive score indicates a more beneficial effect
from CPAP than from placebo; x-axis, the difference betwean change in ESS
score with CPAP and change in ESS score with placebo; y-axs, studies
reporting change in ESS score (ordered by size of the SE); and diamond,
the pooled effect (with a mean of 2.94).
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Long-term Use of CPAP Therapy for Sleep
Apnea/Hypopnea Syndrome

NIGEL McARDLE, GRAHAM DEVEREUX, HASSAN HEIDARMNEIAD, HEATHER M. ENGLEMAN,
THOMAS W. MACKAY, and NEIL ). DOUGLAS

Respiratory Medicine Unit, University of Edinburgh, Edinburgh, United |AM_1 RESMR CRIT CARE MED 1988, 158:1108-1114.

190 -
TABLE 3 g0 -
MULTIVARIATE ANALYSIS: INDEPENDENT VARIABLES an |
IMFLUENCING CONTINUED CPAP USE oW TO - o 15_-;5"‘?3-9
Hazard Ratio®  05%CI'  p Value B oo
-
AHI = 15 wersus AHl =15 248 1.70-3.46 < Q.C01 ) o
Epworth = 10 versus Epworth = 10 1.02 1.41-2.81 = 0001 E N
Monsnorer Versws snorer 2.76 1.20-5.05 0.008 R Abi<1s
CPAPusesat3mo < 2hwersus= 2 h 128 2.86-215 = 0001 20
For definition of abbreviations, see Table 1. ¢
* Relative risk of stopping CPAP. o T T T T T |
" 95% confidence interval. o 12 24 36 48 &0 7z a4
BMonths after starting CPAP
100 o —_— =4 hours 100
a0 B0 |
a0 B0 |
a TO - a TO
E 80 - E 60 - AHI=30
;., 50 - ;. 50 4 AHI 15-30
A 2—4& hours e |
E 4Q £ 40
i ag - b & 30 o AHI15
20 - <2 hours 20 -
10 - 10
[+] T T T T T 1 [+] T T T T T 1
[a] 12 24 3s 48 &0 T2 Ba o 12 24 36 A8 &0 T2 ad

dMonths after starting CSPAP Months after starting CPAP




Health Care Utilization

|
2 yrs before and 2 yrs after CPAP use

CPAP users
* 413 hosp-days before treatment
* 54 hosp-days after treatment
CPAP nonusers
» 137 hosp-days before treatment
- 188 days after treatment

CPAP treatment reduces the need for acute hospital admission due to
CVPD in patients with OSAS.

This reduction of concomitant health care consumption should be
taken into consideration when assessing the cost-benefit evaluation of

CPAP therapy. Peker et al. SLEEP, 1997.
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Figure 1. Flowchart of the study.
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TABLE 5. FOLLOW-UP CHANGE IN BLOOD PRESSURE, BY TREATMENT COMPLIANCE

Systolic Blood Pressure Diastolic Blood Pressure Epworth Sleepiness Scale Score

Hours Conff (SE) 95% CI (PValue) Coeff (SE) 95% CI (P Valug) Conff (SE) 95% C1 (P Valug)

2340 0.07(1692) -398,412(P=09688) -138(1.060) -392115(P=01928)  -0208(0.3693) -1.09,0.68 (P = 0.5745)
16110565 -143(1461) -493,206(P=03273)  -1180912) -337,100(P=01964)  -1225(03235) -200, -0.45 (P = 0.0002)
25,65 ~373(1372)  -7.01-045 (P=00069) -351 (0.857) -5.57 -146(P=0.0001) -1357(0.3013) -2.08, -0.64 (P < 0.0001)
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OO0 This study shows that CPAP treatment is associated with a small
decrease in systolic and diastolic blood pressure in non sleepy
hypertensive patients with OSA.

O This effect is evident only in patients who use CPAP more than 5.6
hours per night
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TTpopAApaTa Tou POKUTITOUV ATTO TOUC KAvOovec oTadiomoinong
(uttéTtvoiecg)

Chicago 1999 AASM
Recommended rules AASM 2007
Alternative rules AASM 2007

O1 ai08nThpeg Kkai h HEB0BOG HEAETNG UTTVOU TTOU XPNOILOTTIOI0UVTAl OTIG
sm6nu|vov|ng HEAETEC unoAsmovml oc evuaigOnoia amé auTéc Twv
KAIVII;wV HEAETWY — Tr010 TO Oplo Trou dlaxwpilel To YualoAoyikd amd Th
VOOO:

T eivar RERA? TToia n kAivikA onpacia Tou?

EAAeiyn dedopévwy Trou va uttoaThpifouv Th Oepaneia oe aoBeveic pe
KaBdAou N eAdX10TN hUEPHOIA oUPTITWHATOAOYIA
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Table 3—Apnea Hypopnea Indices and Hypopnea Indices Using
Different Hypopnea Scoring Criteria

Hypopnea

Definition AHI (/h) HI (/h)
Chicago 251 (11.1,485) 163(7.8,264)
Recommended 8321, 264) 22(05,6.6)
Alternative 149 (55.374) 7.2(2.4.15.0)

Values are median (mnterquartile range). P < 0.001 for all pair-wise
COMPAarisons

Table 3—Percentage of Patients Classified as Positive for OSA by
Method and AHI Threshold for OSA Diagnosis (n=323)

Hypopnea Definition AHI Cut-off (events/h)

=5 =15 =30
Chicago 2% 67% 42%
Fecommended 50%% 38% 12%
Alternative T6% 0% 31%

P < 0.001 for all pair-wise comparisons at all threshelds examined.

AASM Criteria for scoring Hypopnoeas: Impact on AHRuehland et al. Sleep 2009
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[0 Xpnon aigOntnpwy pdaon Twy d1€Bvwy odnyiwyv
0 Ewviaiol opiopoi
[0 Tlpoodiopiopdc peBodwyv aradiomoinang

0 Tloio¢ AHI civai autog mou TtpokaAei KAIVIKA oUUTITWHATOAoYIA,
PpeATiwvel TV allomioTia, Aagpavovrag utowiv ouvodouc
TTAPAYOVTEC




2 UpTtepdopartda

O AHTI:
1 ecival KAIVIKA Kai epeuvnTikA XpAOIHOC

O ZxeriCetar e TRV amodoxh KAl TV ATTOTEAEOHATIKOTNTA ThG
O¢epameiag pe CPAP

(loTé0o0:

[0 Ac Ba pémer va amoTeAsi To pévo kpiThpio yia va e€aipeBouv
aoOeveic amd Bepameia

[0 Avaykaiéotnra mpoodiopiodoU gvidiou opioHoU Yid Thv UTtdTTvold
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