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What is obstructive sleep apnoea (OSA)?
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and sleep fragmentation
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What is obstructive sleep apnoea (OSA)?

~ 1 sympathetic tonus
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What is obstructive sleep apnoea (OSA)?

definitions

* Five or more obstructive respiratory events per hour sleep
and one or more of the following:
o Sleepiness, non-restorative sleep, fatigue or insomnia,
o Waking up with breath holding, gasping or choking sensation
o Report of habitual snoring, breathing interruptions or both

o Diagnosis of associated medical or psychiatric disorder (ie, hypertension, coronary artery
disease, atrial fibrillation, congestive heart failure, stroke, diabetes type 2, cognitive
dysfunction, or mood disorder)

* 15 or more obstructive respiratory events per hour sleep, regardless symptoms

KU LEUVEN
ICSD 3, 2014




Prevalence % of AHI 25 Reg = o5 with excessive daytime sleepiness
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OSA and Excessive Daytime Sleepiness: the how and why?

Excessive daytime sleepiness is o No clinical significant relationship
not present in all OSA patients between OSA severity defined as AHI

and sleepiness!!!

AHI<5 5=<AHI<15  156=AHI<30  AHI=30

Prevalence % of AHI 2 5

50 - 50 - Subjects, n 898 524 211 191
30 - 24 30 - ESS score, median® 6 7 8 9
ESSscore = 11, %* 21 28 28 35
20 R 9 20 I 17
0 0 H Definition of abbreviations. ESS = Epworth Seepiness Scale
Izl
0 | 0 | | Weak correlation between subjective sleepiness (ESS) and severity of OSA;
men women men women ’

a substantial of patients without OSA (21%) report a high ESS, while a
substantial proportion of severe OSA (65%) do not report a high ESS
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OSA (treatment) and traffic accidents: the facts!

Meta-analysis
Relative crash risk in OSA patients: incidence of crashes occurring among populations of individuals
with OSA vs. without the disorder

Study name Statistics for each study Rate ratio and 95% CI
Rate |Lower Upper
ratio | limit limit |[Z-Value p-Value
Mulgrew 1220 | 0920 1.618 | 1381 0.167 ]
Barbe 2570 [1.304 5065 | 2727 0.006 -
Shiomi 2342 | 0237 23151 | 0.728 0.467 =
Horstmann 8.719 |6.179 12.303 |12.326  0.000 N
Lloberes 2720 [ 0342 21645 | 0946 0.344 u
Findley 2000 6.195 |0.373 102.896 | 1.272  0.203 =
George 1306 |0.791 2.157 | 1.043 0297 B
Stoohs 1.848 |0.865 3.948 | 1586 0.113 il
Haraldsson 1.551 |0.641 3.754 | 0973  0.331 ——
Findley 1988 6.833 | 0.257 181.683 | 1.148  0.251 =
(2427 )1205 4890 | 2480 (0.013 < )
. 001 01 1 10 100
0,
243% hlgher Reduced Increased
Risk Risk
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OSA (treatment) and traffic accidents: the facts!

Earlier meta-analysis - within the scope of the “lmmortal” project funded by the European Commission in 2003 -
on different diseases and relative risk of accidents while driving

relative risk vs.general population

slaapapnoea/narcolepsy I 371 371% more accidents
alcoholism I
mental disorders I 1,72
neurological diseases NN 1 75
drugs and medicines I 1,58
diabetes mellitus GG 1,56
cardiovascular diseases I 123
arthritis/locomotor disability I 1,17

hearing impairment I 1,09 > 9% more accidents

0 0,5 1 15 2 2,5 3 3,5 4
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OSA (treatment) and traffic accidents: the facts!

Meta-analysis of effect of CPAP in patients with AHI =15/ h

Relative crash risk on CPAP treatment versus before Relative crash risk on CPAP compared to non-OSA subjects
Study Name Statistics for Each Study Rate Ratio and 95% ClI Study Name Statistics for Each Study Rate Ratio and 95% Cl

Rate | Lower  Upper Rate | Lower  Upper

Ratio Limit Limit | Z-Value P-Value Ratio | Limit  Limit |ZValue P-Value
Barbe 0407 | 0370 0447 |-18566  0.000 [ Barbe 2149 | 1865 2478 10548 0.000 [
George 0333 | 0231 0482 | 5850 0000 -
Findley ~ 0080 | 0005 1631 | 1629  0.103 Geoge 0BT | O 134 108 047 ¥
Horstmann 0255 | 0232 0279 | -29.279 0.000 [ | Findley 0410 | 0015 11014 | 0531 05%
Scharf 0286 | 0250 0327 |-18292  0.000 m -
Yamamoto 0039 | 0002 0649 | 2260 0024 1 Doss 3168 0-583 @
Krieger 0313 | 0194 0503 | 4797 0000 S 001 04 1 10 100
Cassel 0.188 0.131 0267 | -9.246 0.000 - Reduced Risk  Increased Risk
Engleman 0200 | 0104 0385 | 4811 0000 ——
(injury) ™ 0978 0223 0348 '-11214C 0000 ) (e ]

_ 0.01 01 1 10 100 CPAP-treated OSA patients did not show a significantly
72% reduction Risk Reduction  Risk Increase greater crash risk than their counterpartners without OSA
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OSA (treatment) and traffic accidents: the facts!

What about commercial drivers?

Screening questionnaire in several thousands of truckers — full adherent (at least 4h/night 70% of nights)

_ o AHI < 5 = negatives — partial adherent
High-priority for PSG —— PSG< —— no adherence
AHI = 5 offered APAP treatment

Low-Priority for PSG (= controls matched on experience-at hire and on job tenure)
12

*
_ 12
10
10 hazard ratio adjusted for
rate of preventable crashes
8 /100.000 miles age, race, usual amount *
' 8 miles driven/week, ...
6
6
4
4
oL LI
1.00 1.34 1.02 1.5 4,97 1.00 1.34 112 3.79
Control Neg Full Partial No Control Full Partial No
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Belgian driving legislation: the point of view of the “somnologist”

KB van 23 maart 1998 ~ rijgeschiktheid
AR du 23 mars 1998 ~ aptitude a la conduite d’un véhicule a moteur

and OSA

Bijlage 6. 4. Pathologische somnolentie Annexe 6. 4. Somnolence pathologique

Traffic
accidents

Excessive

Daytime
Sleepiness




KB van 23 maart 1998 ~ rijgeschiktheid

AR du 23 mars 1998 ~ aptitude a la conduite d’un véhicule a moteur

Group 2

and OSA

kandidaten van groep 2 (Art. 42 en 44)

De kandidaat ondertekent een verklaring waarin hij
op zijn woord van eer bevestigt, bij zijn weten
niet te lijden aan een van de in bijlage 6
genoemde aandoeningen (model bijlage 6, IX)

(inclusief vragenlijst ~ snurken en moeheid)

en legt die voor aan de geneesheer van
- een medisch centrum van dr @‘ qal-Medische Rijksdienst, of

- het “Office communauta’ ‘(\e -gional de la Formation
Professionelle et de I'"” e% , of de “Vlaamse Dienst voor
Arbeidsbemiddelir- (\6 .oepsopleiding”, of “I'Institut
bruxellois francr g@ Jour la formation professionnelle”, of

- de medischr o\ van het leger, de rijkswacht of psycho-
medisch- @{0 centrum

les candidats du groupe 2 (Art. 42 et 44)

Le candidat présente une déclaration sur I'honneur aux

termes de laquelle il certifie qu'a sa connaissance, il

n'est pas atteint d'une affection mentionne dans
annexe 6 (modele, annexe 6, IX)

(questionnaire ~ ronflement et fatigue inclus)

devant un médecin

. RPN .
d'un centre médical de |'Offir Q‘&\ -0-social de 'Etat, ou

de I'Office communauta’ 0’\3 .gional de la Formation
professionnelle et de * .+, du « Vlaamse Dienst voor
Arbeidsbemiddelir 0\(\ _roepsopleiding » ou de I'Institut bruxellois

francophone pr '@66 mation professionnelle, ou

du service me ., de I'armée, du service médical de la
gendarmerie, od d'un centre psycho-médico-social




KB van 23 maart 1998 ~ rijgeschiktheid

AR du 23 mars 1998 ~ aptitude a la conduite d’'un véhicule a moteur Group 2
and OSA

Normen voor de kandidaten van groep 2 Normes pour les candidats du groupe 2

De kandidaat met pathologische somnolentie of Le candidat souffrant de somnolence pathologique ou de
bewustzijn stoornissen ten gevolge van het troubles de la conscience suite au syndrome d'apnée
slaapapneu syndroom is niet rijgeschikt. De du sommeil est inapte a la conduite. Le candidat atteint
kandidaat met een matig of ernstig d'un syndrome d'apnée du sommeil modéeré ou sévere
slaapapneusyndroom is niet rijgeschikt. est inapte a la conduite.

De kandidaat met een matig of ernstig Le candidat atteint du syndrome d'apnée du sommeil modére
slaapapneusyndroom kan rijgeschikt worden ou severe peut étre déclaré apte a la conduite un mois
verklaard een maand na het instellen van een apres l'introduction d'un traitement efficace. Un rapport
succesvolle behandeling. Een gunstig verslag, favorable, un suivi médical approprié et une thérapie
adequate medische opvolging en therapietrouw suivie fidelement sont requis.
zijn vereist. La durée de validité de I'aptitude & la conduite est d'un an

De geldigheidsduur van de rijgeschiktheid bedraagt maximaal =~ maximum. Si le candidat est toujours exempt de troubles ou

een jaar. Is de kandidaat, na deze periode, nog steeds vrij d'anomalies apres cette période, s’il y a un suivi medical

van symptomen en is er adequate medische opvolging en approprié et si la thérapie est suivie fidelement, |a durée de

therapietrouw, dan is de geldigheidsduur voorgeschreven in validité prévue a l'article 44 de 'AR 23/3/1998 est applicable.

artikel 44 van het KB 23/3/1998.




Belgian driving legislation: the point of view of the “somnologist”
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Belgian driving legislation: the point of view of the “somnologist”

Prevalence % of AHI 2 5

50 - 50 -
40 - 40 - 34
30 - 24 30 - m
20 - 4 20 - 17
9
a
m -
D T 1 D 1 T 1
men women men women
Young. N Engl J Med 1993 Peppard. J Am Epid 2013
1 and Excessive davtime sleepiness: not in all !!!!!!
Not all

AHI<5 5sAHI<15 155 AHI<30 AHIz30

OSA-patients
are somnolent

Subjects, n 898 524 211 191
ESSscore, mean (SD)* 7.2 (4.3) 7.8 (4.4) 8.3 (4.6) 9.3(4.9)
ESS score, median*® 6 7 8 9
ESSscore = 11, %" 21 28 28 35

Delinition of abbreviations. ESS = Epworth Seepiness Scale

Weak correlation between subjective sleepiness (ESS) and severity of OSA;
a substantial of patients without OSA (21%) report a high ESS, while a
substantial proportion of severe OSA (65%) do not report a high ESS




Belgian driving legislation: the point of view of the “somnologist”

2
OSA severity only poorly predicts crash rate

Meta-analysis

with OSA vs. without the disorder

1

Study name Statistics for each study

Not a” and ::::: I.-I‘i:ir\ll'\:'ielr ulil:::i:r Z-Value p-Value
OSA-patients e 2570

Shiomi 2.342

are somnolent

Horstmann ~ 8.719 g . \

Lloberes . Ga\ 6\ \N\\X\ ‘(\ -
‘\5\\ . »
6 P 1.148  0.251 =
05 4890 | 2480 0013 | | < |

. 0.01 0.1 1 10 100
% higher Reduced Increased
s failure [o control for exposure (miles driven) Risk Risk

crashes foo often from questionnaires in stead of (police) data bases

Tregear. JCSM 2009; 573

Relative crash risk in OSA patients: incidence of crashes occurring among populations of inds~

KU LEUVEN




Belgian driving legislation: the point of view of the “somnologist”

®

How to measure
iIn OSA

Traffic

and
EDS

related to
traffic accidents?




The Epworth Sleepiness Scale (ESS)

How Sleepy Are You?

How likely are you to doze off or fall asleep in the following situations? You should rate your chances
of dozing off, not just feeling tired. Even if you have not done some of these things recently try to
determine how they would have affected you. For each situation, decide whether or not you would

have:
¢ No chance of dozing =0
e Slight chance of dozing =
¢ Moderate chance of dozing =2
¢ High chance of dozing =
Situation Chance of Dozing
Sitting and reading .
> =
Wathng TV - 10 = somnolent
Sitting inactive in a public place (e.qg., a theater or _
S public place (.9 : >15 = severe somnolent
As a passenger in a car for an hour without a .
break
Lying down to rest in the afternoon when .
circumstances permit
Sitting and talking to someone .
Sitting quietly after a lunch without alcohol .
In a car, while stopped for a few minutes in traffic | o

Total Score =

KU LEUVEN

Johns. Sleep 1991, 540



Belgian driving legislation: the point of view of the “somnologist”

Meta-analysis
Relative crash risk in OSA patients: incidence of crashes occurring amona populations of ips#

Study name

Rate
ratio

Mulgrew 1.220
Barbe 2.570
Shiomi 2.342
Horstmann  8.719

Statistics for each study

Lower Upper
limit limit

Z-Value p-Value

How to measure
. Findley 2000 6.19
G
In OSA q Gearge
| [
E D S 0.01 0.1 1 10 100
Red_uced Incrgased
re I ate d tO re fo control for exposure (miles driven) Risk Risk

sfies too often from questionnaires in stead of (police) data bases

traffic accidents? KU LEUVEN

Tregear. JCSM 2009; 573

(Epworth Sleepiness Scale) Except: ESS > 15

The ESS quantifies behavioral sleepiness in relatively passive situations with low level of alertness
(“Sitting and reading or watching TV), whereas sleepiness at the wheel refers to drivers in a
condition requiring a high level of alertness (in a car while driving).

KU LEUVEN

Karimi. Sleep 2015; 341




Have yo experienced in the previous year at least one episode of severe sleepiness at the wheel
that made driving difficult or forced you to stop the car?

Odds Ratio
Study Weight IV, Random, 95% ClI ;
Wu, 1996 5.0% 5.72 [2.39, 13.67] 5 —a
Gisllason, 1997 7.5% 1.49 [1.01,2.21] .
Llobere, 2000 5.4% 5.05 [2.30,10.90] § —
Cummings, 2001 6.9% 1.60 [1.00, 2.70] — -
Connor, 2002 4.9% 8.20 [3.40, 19.70] : e
Liu, 2003 4.1% 0.63 [0.22, 1.82] —
Stutts, 2003 6.4% 8.25 [4.53, 15.05] g ——
Gander, 2005 8.0% 1.52 [1.15, 2.02] -
Nabi, 2006 5.4% 2.90 [1.30, 6.30] e ——
Gnardellis, 2008 8.2% 1.41 [1.14,1.76] | -
Hutchens, 2008 6.8% 1.79 [1.07, 2.99] e
Philip, 2010 5.2% 9.48 [4.14,21.72] : —
Pizza, 2010 6.7% 2.06 [1.19, 3.56] o
Sagaspe, 2010 8.1% 2.03 [1.57,2.64] .
Abe, 2011 1.7% 12.90 [1.72, 97.69] ;
Bahammam, 2014 7.7% 1.19 [0.85, 1.67] .
Philip, 2014 2.0% 9.97 [1.57, 63.50] :

Total (35% CI) 100% (251 [1.87, 3.39] . &

Heterogeneity: Tau2=0.268, Chi2=93.21, df=16 (P<0.0001); 12=83%
Test for overall effect: Z=6.0 :

0.1 1 10 100
Odds Ratio

KU LEUVEN

Bioulac. Sleep 2017; doi.org/10.1093/sleep/zsx134 A general population study!




Belgian driving legislation: the point of view of the “somnologist”

®

How to measure
iIn OSA

Traffic

and
EDS

related to
traffic accidents?

(Epworth Sleepiness Scale)
Ask the question~sleepy at the wheel!

Are these subjective ESS questionnaire and the “sleepy at the wheel” question reliable in an evaluation
of driving ability in commercial drivers — a rather punative situation - ?




The Maintenance of Wakefulness test (MWT 40 minute protocol)

the subject is asked to remain awake while he is exposed repeatedly
(4 times 40 minutes every 2 hours) to a sleep-favoring environment during daytime

Number of inappropriate line crossings (ILCs) during 90 minutes real driving
(mean t standard error) in patients with untreated OSA divided in 3 mean sleep
latency groups on MWT with OSA and in healthy control subjects.

3 - f v 1

I 1

Mean number of inappropriate line crossings (ILC)

Very sleepy Sleepy Alen Controls
{0-19 min) (20-33 min) {3440 min)
OSA OSA OSA

KU LEUVEN

Philip. Ann Neurol 2008; 410




Belgian driving legislation: the point of view of the “somnologist”

®

How to measure
in OSA Traffic

and
EDS
related to
traffic accidents?

(Epworth Sleepiness Scale)
Ask the question~sleepy at the wheel!

Objective testing (i.e. MWT) to measure restored alertness after treatment, in some cases,
at the discretion of the specialist*.

KU LEUVEN

*Consensus report of experts (the Obstructive Sleep Apnoea working group) for the European Community, 2003




Belgian driving legislation: the role of the occupational physician

Screening for OSA in commercial drivers and other-safety-sensitive employees

Recommendations~indications for evaluation by a sleep medicine physician

Primary Criteria Secondary Criteria
1. BMI =40 kg/m? or 1. Symptoms of OSA, which include but are not limited to:
2. BMI = 33 kg/m? and either » Loud, habitual snoring
a. Hypertension requiring = 2 medications for control or + Witnessed apneas
b. Type 2 diabetes * Sleepiness during the major wake period*
— 3. Sleepiness-related crash or accident, on-road deviation, or rear- 2. BMI 28-33 kg/m? with any of the following risk factors of OSA*™
ending another vehicle by report or observation v STIait OT TECESSEd Jaw +
4. Fatigue or sleepiness during the duty period » Small airway (modified Mallampati classification of 3 or 4) .
* Neck size = 17 inches (men), =2 15.5 inches (women) 2 2 of risk factors
» Hypertension (especially if resistant) mentioned below
» Type 2 diabetes, particularly if accompanied by obesity
» Cardiovascular disease
* Hypothyroidism (untreated)
* Age 42 years or older
* Family history of OSA
* Male, or postmenopausal female

* = see Section 7.0, absence of reported symptoms is less useful than the presence of symptoms. ** = combination of factors has greater risk than a single

They do not recommend reliance on subjective symptom reporting

KU LEUVEN

Gurubhagavatula. JCSM 2017; 745 (AASM Transportation Safety Awareness Task Force recommendations)



Belgian driving legislation: the role of the occupational physician

Key-players in the attestation of driving ability for commercial drivers

Report on effectiveness of treatment

start effective treatment with follow-up

Correct communication is mandatory

||| ey B



Driving legislation: a JOINED role for somnologist and occupational physician

Swedish Traffic Accident Registry data ESADA data base
iIn OSA versus general population ~ OSA (n=6984)

- An increased MVA risk ratio of 2.45 in OSA

Significant reduction in MVA's if CPAP-use = 4h/night OSA severity was associated with MVA risk, but only weakly

*

2 0s5-
- Independent predictors associated with MVA among OSA: § .
L4
"]
not OSA severity but: g 0.80-
5
Estimate (SE) OR  95%ClforOR P "i o
Age, y -0.019(0.010) 098 0962t01.000 0.05 3 g e
Hab. sleep time <5h 096(043) 266 11410601 002 c
ESS score 2 16 0.76 (0.27) 213 126t0361 0005 -
Hypnotic use 0.73(0.33) 207 1070398 003 E
Driving distance, 10,000 kmly 0085(0.04) 109  101t01.18 0.03 =
Sex (male) 0.33(0.30) 142 07810245 02 g o P <0.008
D.L type,.(C/D/E) -0.04 (0.39) 09205361202 09 No r03.0. MIIdIOSA Modoralte 0SA Savarle 0SA
Diagnosis y -0.13(0.09) 088 074t0105 098 N = 1557 N=1690 N =1487 N=2186
Constant 251.0 (179.0) 0.2 OSA severity

KU LEUVEN

Karimi. Sleep 2015; 341 Karimi. J Sleep Res 2014; 689







