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Summary

The Maintenance of Wakefulness Test is widely used to objectively assess sleepiness
and make safety-related decisions, but its interpretation is subjective and normative
values remain debated. Our work aimed to determine normative thresholds in non-
subjectively sleepy patients with well-treated obstructive sleep apnea, and to assess
intra- and inter-scorer variability. We included maintenance of wakefulness tests of
141 consecutive patients with treated obstructive sleep apnea (90% men, mean (SD)
age 47.5 (9.2) years, mean (SD) pre-treatment apnea-hypopnea index of 43.8 (20.3)
events/h). Sleep onset latencies were independently scored by two experts. Discor-
dant scorings were reviewed to reach a consensus and half of the cohort was double-
scored by each scorer. Intra- and inter-scorer variability was assessed using Cohen's
kappa for 40, 33, and 19 min mean sleep latency thresholds. Consensual mean sleep
latencies were compared between four groups according to subjective sleepiness
(Epworth Sleepiness Scale score < versus 211) and residual apnea-hypopnea index
(< versus 215 events/h). In well-treated non-sleepy patients (n = 76), the consensual
mean (SD) sleep latency was 38.4 (4.2) min (lower normal limit [mean - 2SD]
= 30 min), and 80% of them did not fall asleep. Intra-scorer agreement on mean sleep
latency was high but inter-scorer was only fair (Cohen's kappa 0.54 for 33-min thresh-
old, 0.27 for 19-min threshold), resulting in changes in latency category in 4%-12% of
patients. A higher sleepiness score but not the residual apnea-hypopnea index was
significantly associated with a lower mean sleep latency. Our findings suggest a higher
than usually accepted normative threshold (30 min) in this context and emphasise the

need for more reproducible scoring approaches.
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1 | INTRODUCTION

Excessive daytime sleepiness affects >5% of the general population,
and may contribute to up to 30% of fatal car accidents (Bioulac
et al., 2017; Dinges, 1995; Ohayon, 2008). Among causes of abnormal
sleepiness, obstructive sleep apnea (OSA) is frequently involved in
traffic and occupational accidents, as well as impaired productivity at
the workplace (Mulgrew et al., 2007; Ward et al., 2013). Given the
growing prevalence of OSA associated with the obesity epidemic, and
the persistent under diagnosis of OSA, it is even thought to be the
leading cause of accidents at work and on the road (Garbarino
et al., 2016; Peppard et al., 2013). Remarkably, OSA treatment, partic-
ularly continuous positive airway pressure (CPAP), significantly and
possibly rapidly reduces the risk of a car accident among drivers with
OSA (Tregear et al., 2010). This implies a major need not only for diag-
nosis and treatment of OSA, but also for reliable tools to assess sleepi-
ness objectively in patients with OSA, especially following CPAP or
oral appliance (OA) therapy. This assessment is particularly relevant
considering the recent entry into the marketplace of wake-promoting
medications targeting residual sleepiness in treated OSA (Pépin
et al., 2021; Strollo et al., 2019).

Since it was first described 40 years ago, the Maintenance of
Wakefulness Test (MWT) has become a ‘gold standard’ measure for
objective sleepiness (Mitler et al., 1982). It is mainly used for the eval-
uation of the efficacy of treatment for sleepiness and/or the assess-
ment of vigilance in professionals whose sleepiness may impact public
security (Littner et al., 2005; Wise, 2006). The MWT s included in
both French and European Legislation as part of sleepiness evaluation
for decisions related to occupational driving. However, no mention is
made of the critical thresholds associated with ‘normal’ or ‘expected’
vigilance, and the lack of data is clearly stated in the American Acad-
emy of Sleep Medicine 2021 recommendations for the MWT (Krahn
et al., 2021). Thus, the 8-min threshold is accepted as a lower normal
limit, but no sleep onset in any of the four tests is recommended for
maximum safety level jobs (Krahn et al, 2021; Sullivan &
Kushida, 2008). This paradox reflects both the lack of robust norma-
tive values for the MWT and the imperfect correlation between the
MWT and driving performance both on driving simulators and in real
life (Banks et al., 2005; Bijlenga et al., 2022; Littner et al., 2005; Pizza
et al., 2009; Schreier et al., 2018). This also explains a huge variability
in MWT interpretation. In France, the 19-min threshold is accepted in
most centres based on the normative values obtained in 64 healthy
individuals (Doghramiji et al., 1997). However, several centres use the
33-min threshold, which has been associated with normal driving per-
formance in patients with OSA (Philip et al., 2008).

In addition, MWT interpretation relies on human scoring, which
raises legitimate questions about intra- and inter-scorer reliability, as
well as inter-centre agreement in MWT results. The determination of
sleep onset latency in the MWT relies on the detection of any-stage
first epoch of sleep (Krahn et al., 2021). This first epoch is usually N1
stage, which is the very stage associated with the lowest inter-scorer
agreement (Lee et al., 2022). Even if, in the context of the MWT, the
shorter duration of scoring and an increased attention paid to the first

sleep epoch may influence this agreement, the reproducibility of the
MWT scoring remains questionable. These limitations are a major
issue in clinical practice, with potential crucial consequences for
patients in terms of work ability, but also safety for themselves and
for others. Finally, data are lacking about both reproducibility in MWT
scoring and normative values in wide clinical populations of interest,
i.e., treated patients with OSA.

In this study, leveraging a large database of MWTs performed in
treated patients with OSA and the contribution of two major sleep
centres, we aimed to: (i) assess intra- and inter-scorer scoring variabil-
ity in the MWT, and (ii) provide normative values based on a double
scoring in well-treated patients with OSA without subjective residual
sleepiness. We hypothesised that: (i) several patients might change
‘driving authorisation’ category according to the scorer, and
(if) normative values would be higher than the values usually used in

French sleep centres.

2 | METHODS

21 | Participants

In this retrospective study, we reviewed the files of all patients with
OSA hospitalised to undergo both polysomnography (PSG) and the
40-min MWT in the Center for Sleep Medicine and Respiratory
Disease, Lyon Academic Hospital from September 2017 to March
2020. No patient had undergone a MWT in the past. Exclusion criteria
were: age <18 years, refusal to participate in the study, diagnosis of
central disorder of hypersomnolence, and missing data on the MWT,

Epworth Sleepiness Scale (ESS) or apnea-hypopnea index (AHI).

2.2 | Recordings

Full-night PSG recordings were conducted in the Center for Sleep
Medicine and Respiratory Disease, Lyon University Hospital. Due to
French legislation, the vast majority of patients were on sick leave due
to excessive daytime sleepiness; MWTs were mandatory before
resuming work, as required by the occupational health physician. All
patients had therefore a normal and regular sleep-wake rhythm.
Patients arrived in the late afternoon and underwent instrumentation
for the electrodes and sensors required for PSG. The following signals
were recorded: electroencephalogram (Fp2, C4, 02, T4, Cz, Pz, Al,
A2), electro-oculogram, chin and tibialis electromyogram, electrocardi-
ography, nasal airflow (nasal pressure and thermistor), pulse oximetry,
and respiratory efforts (thoracic and abdominal belts). The PSGs were
performed under current treatment for sleep apnea (CPAP or OA).
Patients remained on their usual chronic medication, abstained from
sedating substances such as alcohol and marijuana on the day of the
test, and typical caffeine use was allowed according to recommenda-
tions (Krahn et al., 2021). Stimulating activities such as consuming nic-
otine and the use of electronic devices and cell phones should end at

least 30 min before each wake trial. Recordings were performed using
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a Deltamed® Natus Amplifier device. Bedtime was decided by
patients, but they were woken up at 7:00 a.m. to ensure sufficient
time before the first MWT. Four MWT trials were conducted accord-
ing to current international guidelines (Krahn et al., 2021; Littner
et al, 2005) the day following the PSG recording at 9:00 am.,
11:00 a.m., 1:00 p.m., and 3:00 p.m., with the first test beginning
1.5-3 h after the end of the PSG recording. Each MWT trial ended
‘once the patient has three consecutive epochs of stage N1 sleep or

one epoch of any other sleep stage or after 40 min’ (Krahn et al., 2021).

2.3 | Sleep recording analysis

o Night PSG sleep scoring was performed according to the American
Academy of Sleep Medicine (AASM) scoring rules (Berry
et al., 2017). The main sleep parameters were extracted: total time
of sleep, sleep onset latency, rapid eye movement (REM) sleep
latency, wake after sleep onset, sleep efficiency, percentage and
duration of sleep stages (N1, N2, N3, R), arousal index, AHlI, index
of >3% desaturation, and time spent with an arterial oxygen satu-
ration <90%.

e The MWT latencies were scored independently by two board-
certified experts in sleep medicine (LP-D and JT), both with
>15 years of daily scoring experience in two sleep regional ref-
erence centres and involved as teachers in the National Post-
graduate Diploma in Sleep Medicine. The sleep onset latency,
defined as ‘the time from lights out until the start of the first
epoch of any stage of sleep (an epoch of N1, N2, N3, or R)’ for
each of the four trials and the mean sleep latency (MSL) were
assessed (Krahn et al., 2021). In case of discordance, the MWT
latencies were reviewed by the two scorers to reach a consen-
sual scoring (consensual MSL [cMSL]) >6 months after the initial
assessment and without knowledge of the initial scores. More-
over, half of the MWT latencies were scored twice (with a
6-month interval) by each of the two scorers to assess intra-

scorer agreement.

24 | Data collection

Data collected included demographic and anthropomorphic data such
as age, sex, body mass index (BMI), smoking history, cardiovascular
comorbidities, depression history, medications, estimated time in bed,
working time, MWT context, and history of motor vehicle accident or
near miss due to sleepiness.

Several scales were also available including the ESS at OSA diag-
nosis and at the time of the MWT recording, Horne and Ostberg scale,
Pichot scale, Beck Depression Inventory (BDI), and the Observation
and Interview-based Diurnal Sleepiness Inventory (ODSI) (Beck
et al., 1961; Horne & Ostberg, 1976; Johns, 1991; Onen et al., 2016;
Pichot & Brun, 1984). The OSA treatment characteristics were col-
lected: OA or CPAP and its parameters (mode, pressure level, mask,

mean use, and leaks).

Research

2.5 | Statistical analysis

Four groups of patients were defined according to the presence of resid-
ual subjective sleepiness (as assessed by the ESS at the time of the MWT)
and the efficacy of CPAP treatment (as measured by the residual AHI on
pre-MWT PSG,). For residual AHI, we used the dichotomy <15 versus
215 events/h, with a residual AHI of 215 events/h defining a residual
moderate OSA according to current AASM rules, keeping in mind that
the acceptable residual AHI under CPAP treatment remains debated
(Kapur et al., 2017; Li et al.,, 2022). Thus, the groups of patients were
defined as follows: ENAN (ESS score <11, AHI <15 events/h); ENAX (ESS
score <11, AHI 215 events/h); EXAN (ESS score 211, AHI <15 events/h),
and EXAX (ESS score 211, AHI 215 events/h). With these four groups,
our aim was to define normative values in non-sleepy well-treated
patients with OSA, and then to compare them to the other groups.

Qualitative variables were described as percentages, and quanti-
tative variables as mean and standard deviation (SD), median and
interquartile range (IQR, i.e.,, the 25% and 75% quartiles). Patient
groups were compared for clinical characteristics as well as question-
naires and PSG results using chi-square, Fisher's, Student's tests,
Mann-Whitney, and Kruskal-Wallis rank sum, as appropriate. Normal
distribution was tested with a Shapiro-Wilk test. A p < 0.05 was con-
sidered significant. All tests were two-sided. Statistical analyses were
performed using R version 4.0.5 software, as well as R studio.

Inter- and intra-scorer agreements were measured with: (i) the
percentage agreement, defined as the percentage of tests for which
the first sleep epoch (sleep onset latency) was assigned at the same
recorded epoch, and (ii) the Cohen's kappa coefficient (Cohen's k) with
distinct MSL thresholds. These thresholds were: 40 min (i.e., no sleep),
33 min, or 19 min, which are commonly used thresholds in French
sleep reference centres based on the current available literature
(Doghramiji et al., 1997; Philip et al., 2008).

2.6 | Ethics approval

This study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013) and Guidelines of the International Con-
ference on Harmonization. It was approved by the institutional ethics
committee of our university Hospital - Hospices Civils de Lyon (HCL)
under approval N°20-04 issued on January 13, 2020, and registered
with the French data protection authority (Commission Nationale de
I'Informatique et des Libertés [CNIL]), HCL record 19-327. All patients

gave informed consent for the use of their data for research purposes.

3 | RESULTS

3.1 | Population characteristics and sleep
parameters

A total of 141 patients (90.1% male, mean [SD] age 47.5 [9.2] years)
were included. The mean (SD) BMI was 31.6 (5.9) kg/m? and 29.8%
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had a smoking history. The mean (SD) initial AHI was 43.8 (20.3)
events/h with 76.8% of patients having severe OSA (AHI >30 events/h),
20.4% moderate OSA (AHI = 15-29 events/h) and 1.8% mild OSA
(<15 events/h). In 91.4% of the population, the MWT was performed in
a context of work safety or driving authorisation (Table 1). When we
categorised the population according to the ESS and AHI, 76 patients
(53.9%) were in the ENAN group, 34 (24.1%) in the ENAX group,
21 (14.8%) in the EXAN group, and 10 (7.1%) in the EXAX group
(Table 1). There were no differences between the groups for age, sex,
BMI, smoking history, cardiovascular comorbidities, depression, reason
for the MWT, working time, time in bed, and CPAP parameters except
for CPAP mean duration of use, which was greater in the ENAN group
than in the other subgroups (mean [SD] 6.25 [1.9] versus 4.2 [1.9] h,
p = 0.002). Few (8.5%) of the patients were taking sedating medications,
none in the groups with an AHI of >15 events/h but 19% in the EXAN
group (post-hoc: ENAX versus EXAN, p = 0.0181). A non-significant
trend was observed for history of car accident/near miss, which was
higher in the EXAN (28.6%) and in the EXAX (30.0%) subgroups than
in the other subgroups (ENAN, 15.8%; and ENAX, 15.7%). The pre-
treatment ESS score was significantly lower in the ENAN and ENAX
subgroups i.e., with a residual ESS score of <11. Adherence to CPAP
treatment was higher in the ENAN and EXAN subgroups, i.e., with resid-
ual AHI of <15 events/h (respectively 98.7% and 90.5%) than in EXAN
and EXAX subgroups (76.5% and 54.5%, respectively) (Table 1).

Regarding the questionnaires, there was no difference between
groups for the Horne and Ostberg score (mean [SD] 16.2 [5]), but more
intermediate profiles were observed in patients with an AHI of
<15 events/h (Table 2). For depression evaluation, the mean (SD) BDI
score was 5.8 (6.9); 6.4% of patients had abnormal values, and there
were no differences among subgroups. The mean (SD) ESS score was
7.4 (4.5), with differences among subgroups due to their very definition.
The mean (SD) Pichot scale score was 7.6 (7.5), with significantly higher
values in individuals reporting greater sleepiness (p < 0.01) (Table 2).

Sleep parameters are presented in Table 3. The mean (SD) total
time of sleep on the pre-MWT PSG night was 399.0 (75.4) min, the
mean (SD) sleep latency was 19.9 (15.6) min, and the mean (SD) sleep
efficiency was 81.0% (12.0%). There were no significant differences
between subgroups. The mean (SD) N3 duration was 91.6 (34.1) min,
and the mean (SD) REM sleep duration was 82.0 (32.6) min. The mean
N3 duration was significantly higher and mean arousal index lower in
the subgroups with an AHI of <15 events/h.

There was no difference between men (N = 127) and women
(N = 14) for clinical and sleep characteristics, except for depression
history (64% in women versus 21% in men, p = 0.001) (Table S1).

3.2 | Inter- and intra-scorer agreement

The MSL differed between the two scorers in 14.8% (84/564) of indi-
vidual MWTs. This led to 32.6% of patients (46/141) having discor-
dant MSL between the two scorers. The mean (SD) difference
between MSL values was 5.4 (5.9) min (Table 4). Figure 1 shows the
difference between the two scores versus the corresponding mean.

For a MSL of 40 min, i.e., no sleep onset, the inter-scorer comparison
showed a difference in 15 patients (11%) with a Cohen's k of 0.74
(95% confidence interval [Cl] 0.62-0.87). For a MSL of <33 min, the
inter-scorer comparison showed a difference in 17 patients (12%)
with a Cohen k of 0.54 (95% Cl 0.35-0.73). For a MSL of <19 min, the
interscorer comparison showed a difference in five patients (4%) with
a Cohen's k of 0.27 (95% Cl 0.18-0.71) (Table 4). Intra-scorer agree-
ment, which was evaluated on half of the population (n = 72), was
higher than inter-scorer agreement. Nonetheless, there were differ-
ences in patient categorisation ranging from one in 72 (1.4%) to six in
72 (8.3%) with Cohen's k ranging from 0.49 to 0.94 depending on the
scorer and the thresholds considered (Table 5 and Table S2).

3.3 | The MWT latencies as assessed by
consensual rating

The mean (SD) cMSL in the whole population was 37.4 (5.4) min with
a median (IQR) of 40 (36.8-40) min. Overall, 69.5% of the population
did not have sleep onset, 16.3% had a cMSL between 33 and 40 min,
14.2% had a cMSL <33 min, and 2.1% <19 min. The minimum value
was 14.5 min, which was thus above the 8-min threshold (Littner
et al., 2005). The distribution of cMSL in the whole population is pre-
sented in the Figure S1.

The MWT results in the four groups are presented Table 6. In the
ENAN subgroup, the mean (SD) cMSL was 38.4 (4.2) min, leading to a
lower limit of mean - 2SD = 30 min, with a median (IQR) of 40 (40-
40) min, and 80.3% of the population had no sleep onset. Categories of
cMSL according to old (19 and 33 min) and new MWT thresholds
(30 and 38.4 min) in this group of well-treated OSA without subjective
sleepiness are presented in Figure 2. In the ENAX subgroup, the mean
(SD) cMSL was 37.7 (4.8) min, with a median (IQR) of 40 (39.1-40) min
and 70.6% of the population had no sleep onset. In the EXAN subgroup
the mean (SD) cMSL was 34.6 (7.1) min, with median (IQR) of 40 (32.8-
40) min. Only 38.1% of the population had no sleep onset. In the EXAX
subgroup, the mean (SD) cMSL was 34.5 (8.4) min, with median (IQR) of
39.1 (31.5-40) min. Only 50% of the population had no sleep onset.

The cMSL differed significantly between the four groups
(p = 0.0015): it was lower (p < 0.001) in patients with abnormal ESS
scores (EXAN + EXAX) than in non-sleepy patients (ENAN + ENAX),
but no significant difference was observed (p = 0.5) between groups
with and without residual sleep apnea, i.e., ENAX + EXAX versus
ENAN + EXAN. Interestingly, in the whole population, the prevalence
of a history of car accident/near miss was significantly lower in the
group with a MSL of 230 versus <30 min (16% versus 50%, p < 0.01).

No effect of gender was found for MSL and between group differ-

ences (for neither of the two scorers nor the cMSL, Tables S3 and S4).

4 | DISCUSSION

In this study, we demonstrated that: (i) despite high intra-scorer

agreement, inter-scorer agreement was weak, leading to changes in

85U8017 SUOWWIOD 3A1eR.D 3|qeoljdde 8Ly Aq peusenob aJe sajole O ‘88N 4O Sajni 10} Areid1T8UIUQ /8|1 UO (SUOI|PUOD-PUe-SWB}W0D A3 1M Ae.d |BUI|UO//SANY) SUORIPUOD PUe SWie | 81 88S *[£202/80/G2] U0 AriqTauljuo A8|Im ‘20Ul aueiyooD Ag T9ET SITTTT OT/I0p/wW00 A3 imAreiq | puljuo//Sdny LWoiy papeojumoq ‘0 ‘698239€T



13652869, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/jsr.13961 by Cochrane France, Wiley Online Library on [25/08/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

50f 14

ESRS\,M

Journal of

Sleep
Research

TANKERE €T AL.

(ssnunuo))

9¢

9¢

9¢

© O O o «

san|eA Suissiin

100°0>

80

80

€0

£L0°0

L0

S0

60

S0

90

€0

S0

90

(3593 30BXD S I9Yysld ‘)s9}
wns-)ueu sijlep-[eysnayy) d

(€T-TT)S'TT
V(€€ ¥TT

(r'8-0L) 6L
(ST L
(TL-09) 0L
(€1)59

174’44
7424
11

00T

00
00s
(010}

00¢
00
00
(0)0) %

(0)0) %
(9ve-92) T6C
(99) 60

00

(STS-8'68) S'SH
(8'9) 9'S¥

(T2)01
XvX3

(ST-STT) ¥T
4w (O€) V'ET

(96-0L) 6L
(Tozs
(0£-09) T0°L
(T0) 59

0SS
(0)0) %
0'se

4%
00
8V

018

8'€C
00
8Y
8'€¢

8'€C
(ee-T'sT) v'oe
(L9) 6t

€l

(0'cs-0'2h) 005
(824 Lty

(6¥T) T2
NvX3

(01-9)8
qakwﬁo.._wv mw

(c8-vL) 6L
1°0) 6

(0£-09)

(¥00) &

7'9€
€LC
7'9¢

6C
6'C
§'€C
9'0L

9LT
6C
6C
'ce

A
(Lve-T82) v'Te
(89)9ce

6'G

(0vS-0ch) 581
(€6) T8y

(Tv2) ve
XVN3

(€T-4) 11
{Sv) 86

(T'6-02) 6L
(o) T8
€©L-9)59
(£:0) 99

L'EY
6€C
'ce

L9
€1
L0T
€18

6'8¢
00
9'¢C
L'EC

€0¢
(0se-082) T'TE
(59)6T€

81T

(0vS-S'cy) 08t
(86) V'L

(6°€S) 9L
NVN3

(€T-8) 1T
(r'v) v'01

(T6-02) 6L
(€1) 6L
(02-9)59
(€1) 59

9'ev
Tve
€ce

TL
7'
L'ST
L'SL

§'se
L0
8'C

8v¢e

8'6C

(Lve-L12) 1€

(6:9)9T€

66

(0vS-0ch) 08t
(T°6) S’y

(00T) T¥T
[\

'saf3sIa3oeIEYD UOEINdOd

(401) uetpaN
(@s) vesy
y ‘SS3 Juswieas) alojeg
(401) uelpsN
(@s) uesw ‘yo Aeq
(4OI) velpsiN
(@s) uesw ‘sAep>IOAA
y ‘gL
(wrd 00:6<
10 "wre 00:9>) SHIYs Aeg
HIYs Y3IN
sinoy Je|n3ay
% ‘Wi BUBLIOM
EEle)
90Ud2]| SUIALIp 03 Jold
Anosg
J3ALP [BUOISS3401d
% PXU0D I MIN
9% ‘Ad03s1y uoissaidag
UoI32eIJUl [EIPIEDOA
ENTeNHTS
daH
% ‘A101s1y AD
9% ‘Ao3siy Sunjows
(4O1) uelpsiN
(@s) uesiy
/33 ‘IINg
Slewsay %
X35
(40I) uelpsiN

(@s) vesn
sieah 93y

(%) sauaned Jo JaquinN

T 37avl



13652869, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/jsr.13961 by Cochrane France, Wiley Online Library on [25/08/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

TANKERE ET AL

ESRS\,M

Journal of

Sleep
Research

T4
9¢

[4°]

8¢

san|eA Suissiin

‘pPaqg ul awi} ‘gl ‘uonelnsp piepuels ‘gs ‘AydesSouwosAjod ‘Hgd ‘Adessyy soueljdde [e1o ‘YO 1S9 SSaUINJINEBAA JO ddUBUSJUIBIA ‘] MIA “(S9]1enb %G/ pue %G¢) a3uel
3jienbualul ‘Y| ‘aunssaud pooiq ysiy ‘dgH ‘ajeas ssauidas|s yomd3 ‘SS3 Lejnoseaoipaed ‘AD 2anssaid Aemuie aA13ISod SNONUIRUOD ‘dydD Xapul ssew Apoq ‘|INg Xapu| eaudodAH-eaudy ‘|HY :suoljeinalqqy
'G0°0 > d 3e Juedyiusis Ajjedl3siiels sanjea pjog *,S0'0 > d ‘XVYN3 SNsIoA NYNT :9sn juawieady 3uiepas (€) &, . - T00°0 > d ‘XYN3I SnsioA
NVN3 :@sh juauiieasy dvdd (2) -yG0°0 > d ‘XVX3 SNSI9A XYNT %4, TO0'0 > d ‘NYXT SNSIaA X¥YNT ,60°0 > d ‘NYXT SNsIaA NYN3 :SST Juswieau3-aid (T) 404 (U01329.410d s,uung Ypm) suosiiedwiod soy jsod 210N

(00T-59) 08

900 €2)9
z0 001
10 oor
(56T-L72)56

[40] (Tenset
(€19-€€) LY

2000 T2 1Y
¥0'0 00
00

0007

100°0> 00S
z0 00g
(oom) T

(006) 6

(T Ly-9'5€) 0°TY

60 (oLT) Ley
(3593 30BXD S I9Yysld ‘)s9} XvX3

wns-)ueu sijlep-[eysnayy) d

(¢z1-001) 901

(02 ot
€yl
98T

(02T-0'6) 0¥T

(r'6) OV

09-0%) €

(ST ¥'S

4061

00

0007

506

98¢

(8€2) S

(r'12) st
(005-0'82) 0'TH
(06T) 6TF

NVvX3

(8'11-£8)00T

(€z)eor

8'8

90T
(§91-€7) 56
(€v1) 9Tt
T9-82) 1%

(0T G€

40
STT

5’88

S9L

LT

(g€T) 8

(5'92) 92
(T€9-£0g) T'8E
(r'T2) 0'SP

XVN3

(8'11-68) 00T

(¢ 8ot
LT

L8y
(0zT-L2)0L
(S9)z8
(0£-19)9

Anal0T) T9

90T
00

000T

L'86

8'ST

(L61)ST

(9°£2) 65
(0'65-0°0€) 0'8€
(6'02) 5°EP

NVN3

(0C1-06) 00T

co)eor
YT

08¢
(Ly1-82)8'L
(96)z01
(L9-€v) 96

(€2 ¢es

S8
¥'C

9'L6

L'88

¥8T

(¥'0z) 6T

(8'9£) 601
(T'95-0°0€) 0'6€
(€02) 8'er

1\

(4OI) velpsy
(39so1ne Ji Ggd Quersuod
11 ueaw) aunssaud dydD

% “isew [ePe) dvdD

% ,w_uo_.t }asoine 4dvvdD
(401) veipain

(@s) uesw ‘ulw/7 ‘sxes| dvdd
(4OI) velpain

(as) uesw
‘y ‘asn juawieasy dvdd

([9%5°98]
22T = N) juswieal} dvdd

uoiedipaw mc_umﬁwm
VO YHM
dVdD UM
% ‘ODSd JusWIea.3-13pun
% ‘SSIW Jesau/jusapidde ed
(%) U ‘4/s3uaAd Qg > pue GT= |HY
(%) U ‘U/saaAd Og< IHY
(40I) uepay
(as) uesy
U/SIUBAS ‘|HY [eru]

(penupuod) T 3714VL



TANKERE €T AL. Crull <l | 7of14
[FEEEEN
TABLE 2 Results of sleep and depression questionnaires.
Overall ENAN ENAX EXAN EXAX
Questionnaire N =141 n=76(53.9%) n = 34(24.1%) n =21 (14.9%) n=10(7.1%) p Missing values
Horne and Ostberg score
Mean (SD) 16.2 (5) 16 (4.9) 16.4 (5.9) 16.7 (5.6) 16.6 (5) 0.8 4
Median (IQR) 17 (13-20) 17 (13-19) 18 (12-20) 17 (14-20) 18 (16-19)
Horne and Ostberg 0.04 6
category, n/N (%)
1 30/74 (41) 18/32 (56) 10/20 (50) 5/10 (50)
2 37/74 (50) 7/32(22) 9/20 (45) 2/10 (20)
3 7/74(9.5) 7/32(22) 1/20 (5) 3/10 (30)
Pichot scale score
Mean (SD) 7.6(7.5) 6.4 (7.3 5.6 (4.9)%* 13.9 (8.8) 9.5(7.1) 001 2
Median (IQR) 5(2-12) 3(1-9) 5(1-9) 15 (9-19) 8(4.5-11)
Abnormal score 7.8 7.9 0.0 19.0 10.0 0.06 2
(threshold >222), %
BDI score
Mean (SD) 5.8(6.9) 5.9(7.9) 4.8 (4.4) 6.6 (6.1) 6.7 (7.6) 0.7 2
Median (IQR) 4(1-8) 3(0-8) 4(1-6.8) 6(2-8.3) 4(0.3-12.3)
Abnormal BDI score 6.4 7.9 0.0 9.5 10.0 0.5 2
(threshold >20), %
ESS
Mean (SD) 7.4 (4.5) 5.4(2.9) "¢ 5.6 (2.5)HHAM 146 (2.6)7 133 (2.1)244%** <001 0
Median (IQR) 7 (4-10) 6(3-8) 5.5(3.3-7) 15 (12-16) 13 (12-14.5)
Abnormal ESS score 77 0.0 0.0 100 100 <0.01 0
(threshold >10), %
ODSI
Mean (SD) 47 (5.3) 3.2 (4.2 43 @4.0)" 9 (6.8) 8.8 (6.6) <001 2
Median (IQR) 2(1-8) 2 (0-4) 2(1.3-7.5) 9 (4-14) 6(3.5-14)
Abnormal ODSI score 29.1 9.2 7.1 8.5 43 <0.01 2

(threshold >5), %

Note: post hoc comparisons (with Dunn's correction) for (1) ESS: ENAN versus EXAN, p < 0.001***; ENAN versus EXAX, p < 0.001***; ENAX versus
EXAN, p < 0.001%#* and ENAX versus EXAX, p < 0.001%4%; (2) Pichot scale: ENAN versus EXAN, p < 0.001*** and ENAX versus EXAN, p < 0.01%#; (3)
ODSI: ENAN versus EXAN, p < 0.01** and ENAX versus EXAN, p < 0.01*#. Bold values statistically significant at p < 0.05.

Abbreviations: BDI, Beck Depression Inventory; ESS, Epworth Sleepiness Scale; ODSI; Observation and Interview-based Diurnal Sleepiness Inventory.ESS,
Epworth Sleepiness Scale; BDI, Beck Depression Inventory, ODSI; Observation and Interview-based Diurnal Sleepiness Inventory.

MSL category (and thus potential medical decisions regarding driving
authorisation) in 4%-12% of patients depending on the threshold
considered; and (i) the vast majority of subjectively non-sleepy and
well-treated patients did not fall asleep and the mean (SD) cMSL in
this group was 38.4 (4.2) min.

41 | The challenge of defining normative values
for the MWT

The normative MWT latency values currently used in most French
Sleep centres are 33 min (normal >33 min) and 19 min (abnormal
<19 min), with unknown significance of MSL between 19 and 33 min.

These values stem from a population of 64 healthy individuals,

different standard of MWT and correspond to respectively MSL and
lower normal limit (LNL) calculated as the MSL - 2SDs. The American
literature tends to consider a LNL of 8 min but recommends no sleep
onset in any of the four tests for maximum safety level jobs, with
values between 8 and 40 min being of unknown significance (Krahn
et al., 2021; Sullivan & Kushida, 2008). The absence of a recognised
abnormal cut-off for the MSL obviously translates into heterogeneous
clinical practices, underscoring the urgent need to define reliable
thresholds. However, there are many challenges relative to the deter-
mination of normative values. First, the ceiling effect of the MWT
results in a non-normal distribution (Doghramiji et al., 1997; Littner
et al.,, 2005). Second, both MWT protocols (40 versus 20 min) and
sleep onset latency definitions (‘three continuous epochs of stage 1’

versus ‘one epoch of whatever sleep stage’ versus ‘10 s of sleep’)
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TABLE 3

EXAX

EXAN

ENAX

ENAN

Overall
N

Variable

n=10(7.1%) Missing values
10.3 (6.6-12.6)

n = 21 (14.9%)

n = 34 (24.1%)
16.8 (8.5-19)

21.7 (13.9-28.6)

n =76 (53.9%)
15(9.2-25)

=141

16 (10.5-25.5)

Median (IQR)
Time SpO, <90%, s

0.003

268.9 (420)**"

19.1 (43.8)

0(0-11)

539.9 (1308.2)
2.5(0-315.8)

358.7 (2183.8)**

0(0-1¢6)

345.4 (1730.7)
0 (0-30)

Mean (SD)

107 (46.5-336.1)

Median (IQR)

Note: post hoc comparisons (with Dunn's correction) for (1) N3: ENAN versus ENAX, p < 0.01%Y; ENAN versus EXAX, p < 0.05% ENAX versus EXAN, p < 0.001%##; (2) REM: ENAX versus EXAN, p < 0.01*# and
EXAN versus EXAX, p < 0.05; (3) Arousal index: ENAN versus ENAX, p < 0.001"""; ENAN versus EXAX, p < 0.001***; ENAX versus EXAN, p < 0.01%* and EXAN versus EXAX, p < 0.01""; (4) AHI: ENAN versus

ENAX, p < 0.001%%¥: ENAN versus EXAX, p < 0.001***; ENAX versus EXAN, p < 0.001%## and EXAN versus EXAX, p < 0.01""; (5) AHI + RERA: ENAN versus ENAX, p < 0.001%"¥: ENAN versus EXAX,

p < 0.001***; ENAX versus EXAN, p < 0.001%## and EXAN versus EXAX, p < 0.01""; (6) sleep onset latency: ENAX versus EXAX, p < 0.05* (7) time spent with SpO, < 90%: ENAN versus EXAX, p < 0.01**;

EXAN versus EXAX, p < 0.05". Bold values statistically significant at p < 0.05.

Abbreviations: AHI, apnea-hypopnea index; IQR, interquartile range (25% and 75% quartiles); REM, rapid eye movement; RERA, respiratory effort related arousal; SpO,, oxygen saturation of the blood; TST,

total sleep time.

Research

have evolved over time, leading to poor reproducibility of results
across studies (Doghramiji et al., 1997; Krahn et al., 2021). Third, the
population in which normative values should be determined is not
clear. Theoretically, this population should include healthy subjects
who do not complain of sleepiness, and in whom the main causes of
sleepiness (sleep deprivation, depression, obesity, sedative medica-
tions, sleep disorders including OSA) have been carefully ruled out,
which is rarely the case in studies (Berger et al, 2021; Jaussent
et al,, 2020; Li et al., 2022). Interestingly, another study in 31 healthy
individuals found a greater mean (SD) value of 36.9 (5.4) min, and sug-
gested that even the method of recruitment of subjects (advertise-
ment versus random selection) could influence the MWT results
(Banks et al., 2004b; Krahn et al., 2021). In practice, MWTs are usually
performed to evaluate OSA treatment efficacy on sleepiness. Thus,
several studies have evaluated the MWT in patients with OSA, with
heterogeneous results according to OSA severity and treatment sta-
tus. In 110 patients with mild-to-moderate untreated OSA, the mean
(SD) MWT MSL was 30.7 (10.2) min (Banks et al., 2004a). Another
study reported a mean (SD) MSL of 25.9 (11.8) min in 322 untreated
patients with OSA, with an increase from 18 (12) min to 31.9 (10.4)
min in the 24 patients treated with CPAP (Poceta et al., 1992). In our
work, with a pragmatic approach, we evaluated the MSL in a large
population of treated patients with OSA. This reflects clinical practice,
as, according to the French legislation, MWTs are required in OSA
associated with excessive daytime sleepiness following at least
1 month of treatment before resuming professional driving of safety
occupations. We focused on a clinical population with demonstrated
treatment efficacy on the AHI as assessed by PSG and without resid-
ual subjective sleepiness. In this group (ENAN), the mean (SD) cMSL
was 38.4 (4.2) min, leading to a LNL of 30 min, which is higher than
the threshold (based on normal individuals) used in many centres.

4.2 | Issues associated with subjective scoring

Interpretation of the MWT relies on visual human scoring, resulting in
an inter-rater variability in sleep stage assignment. The reported inter-
rater agreement in sleep stage is ~80% in healthy individuals, with
lower values in patients with sleep disorders (Norman et al., 2000;
Younes et al., 2016). It depends on sleep stage and is lower for N1,
which might translate to a high variability in sleep onset latency
between scorers. Our study is the first to provide valuable data
through the comparison of scores from two sleep experts from two
different sleep centres. Inter- and intra-scorer Cohen's k based on the
usual thresholds of 40, 33 and 19 min suggested fair to substantial
inter-scorer agreement and moderate to almost perfect intra-scorer
agreement. Although there were differences in scoring context, our
results for inter-scorer agreement are similar to those published in a
recent meta-analysis (Lee et al., 2022). However, scoring discrepan-
cies have much more impact in the context of the MWT than in the
context of assessment of sleep parameters. Using a 33-min threshold,
different classifications were attributed to 12% of individuals by the

two sleep centres, meaning that 17 patients would have obtained

85U8017 SUOWWIOD 3A1eR.D 3|qeoljdde 8Ly Aq peusenob aJe sajole O ‘88N 4O Sajni 10} Areid1T8UIUQ /8|1 UO (SUOI|PUOD-PUe-SWB}W0D A3 1M Ae.d |BUI|UO//SANY) SUORIPUOD PUe SWie | 81 88S *[£202/80/G2] U0 AriqTauljuo A8|Im ‘20Ul aueiyooD Ag T9ET SITTTT OT/I0p/wW00 A3 imAreiq | puljuo//Sdny LWoiy papeojumoq ‘0 ‘698239€T



13652869, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/jsr.13961 by Cochrane France, Wiley Online Library on [25/08/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

TANKERE ET AL

ESRS\,M

Journal of

Sleep
Research

"UOIIBIASP PJEPUE)S ‘(S ‘g 124005 ‘7S ‘T J2100S ‘TS 1S9 SSaUINJaNEAA JO dduBUSIUIBIA ‘I MIA ‘Adudle| daajs (ueaw) “TSIAl ‘(sa]1ienb %G/ pue %Ggz) d8ued 3ji3ienbiaiul ‘YO |eAISIUI SDUSPLUOD ‘|D) :SUOIIBIARIGAY

S200

€00

€000

100>

(wns yues uoxod|IA\
/slleM-1exsnay) d

(001 T

(oom 1

(S8) 2L

(oov) ¥

0'0s

(0r-TvE) T'6€
() 8'9¢
0'0s

(0V-6'T€) T'6€
(6'8) €

(%T'L)0T =U
XvX3

(061 v

€evn e

(82)SY

(Tz8) et

44

(ov-TCe) v'9¢
(L9)8ve
T'LS

(ov-€18) €€
(S'2)sve

(%6¥T) T =Uu
NVvX3

o es

(7'62) 0T

¥'6¢T

(T'9) €9€ #/€/2D
(ov-t°6€) OF
9 1LE

v'6c

(r'9) ¥'9€ ¥/€/2D
(ov-T'6€) OF

(v) T8

(%Tv2) v =u
XVN3

(811)6

(cen) ot

(€9)9's

(€'92) 0T

T'1¢e

(ov-ov) ov
(re)gLe
81

(ov-0v) ot
(9°€) L'8E

(%6'€S) 9L =u
NVN3

(T£0-81°0-) £LZ0

(se)s
(€£°0-5€°0) ¥S°0

(Ten st
(£8°0-29°0) ¥LO

(901) ST

(69) ¥'s

(9°2€) Tv1/9%

(ST) ¥95/¥8

8'6¢

(0-59¢) OF
(Ls)TLe
T6C

(ov-8¢) Ot
(¢'s)9'Le

W =N
1\

‘GO0 > d 1e JueduSIS Ajled13siiels sanjeA pjog :ajoN

(12 %56) » s,uayod

(%) syuaned u ‘ulw 4T >
PIOYSa.4y] ‘Seoualayp JO JaquinnN

(1D %56) » suayod

(%) syuspred U ‘uw gg>
Ploysa.y) ‘saduaiajjip Jo JaquinN

(12 %56) ™ s,uayod

(%) suaized u ‘uiw Ot
Ploysa4y3l »wwucw\_mt__u JO JIoquinN

(@s) ueaw ‘ujw ‘8ulI0ds Jo
22UBJ3J1P SN 4O BN|eA 3IN|osqy

(%) 1SN

SULISPISUOD SIUBIBHIP 4O JAqUINN

(%) ‘et LMIN Yyoea

SULISPISUOD S3DUBIBYIP JO JBaqUINN

Aouaje| 3osuo das|s Ul Sa0UBJRHIp SULI0DS

% 495U0 da3[S T YUM Sjualed-zS

(4DI) Uelpaw ‘Uil ‘zs
(@s) ueaw ‘uiw ‘zs
% 195U0 daa]s T Ynm sjusned-Ts

(¥01) uelpaw ‘ulw ‘1§
(@s) veaw ‘ulw ‘s

d|qeren

"SUI0DS 359 SSOU|NJONEAN JO SOUBUSIUIEIN JO SHNSSY  + 3714dV 1L



TANKERE €T AL. Lournal of AN 110f 14
[FEEEEN
O differing driving authorisation results depending on the sleep centre
= S they were referred to, even though the scorers were experienced.
E 207 This discrepancy raises the question of whether an automatic sleep
N
) o scoring approach would be a more appropriate way to ensure inter-
o L ]
% e T e e i i S centre reproducibility (Peter-Derex et al., 2021).
% L) ¥ . .g ¢ o ) ®
§ — Z ..'o SO I
8 S . < v = 4.3 | Application to the prediction of accidental
@0 TTTTTTITII T SSARAN RECEREES o S risk in real life?
o
20- . The aim of the MWT in a clinical context is to predict the risk of acci-
20 30 40

Average measurement (min)

FIGURE 1 Bland-Altman plot of inter-scorer difference. The
mean difference (0.52) is represented as a black line and the limits of
agreement (Lower, —8.40; Upper, +9.43) are represented as red
dotted lines.

TABLE 5 Intra- and inter-scorer agreement.

Intra-scorer (Scorer 1)

0 sleep onset

Intra-scorer (Scorer 2)

dents. However, despite its wide use around the world, the MWT pro-
tocol remains criticised for its artificial nature (Wise, 2006). Therefore,
several studies have attempted to investigate the relationship
between MWT findings, simulator driving performance, real driving
performance, and/or accident risk. The demonstration of impaired

driving performance in patients with OSA with MSL below thresholds

Inter-scorer on same subset Inter-scorer on overall population

% of difference 2.8 5.6 9.9 10.6

Cohen's k (95% Cl) 0.94 (0.86 to 1) 0.88(0.76 to 0.99) 0.79 (0.65 to 0.94) 0.74 (0.62 to 0.87)
Threshold <33 min

% of difference 85 7.0 12.7 121

Cohen's k (95% Cl) 0.75 (0.56 to 0.94) 0.77 (0.58 to 0.96) 0.61 (0.38 to 0.84) 0.54 (0.35 to 0.73)
Threshold <30 min

% of difference 2.8 7.0 12.7 9.9

Cohen's k (95% Cl) 0.87 (0.7 to 1) 0.67 (0.39 to 0.94) 0.4 (0.08 to 0.72) 0.41 (0.16 to 0.66)
Threshold <19 min

% of difference 14 28 4.2 3.5

Cohen's k (95% Cl) 0.79 (0.4-1) 0.49 (-0.13to 1) 0.38 (—0.17 to 0.93) 0.27 (-0.18 to 0.71)

TABLE 6 MWT results on consensual rating.
p (Kruskal-
All ENAN ENAX EXAN EXAX Wallis/Wilcoxon
N =141 n=76(53.9%) n = 34 (24.1%) n =21 (14.9%) n=10(7.1%) rank sum)
cMSL, min Mean (SD) 37.4(5.4) 38.4(4.2) 37.7 (4.8) 34.6(7.1) 34.5(8.4) <0.01
G2/3/436.2 (6.3) 0.003

Median (IQR) 40 (36.8-40) 40 (40-40) 40 (39.1-40) 36.4 (32.8-40) 39.1(31.5-40)

Patients with 1 sleep onset, % 30.5 19.7 29.4 61.9 50.0

cMSL <38.4 min, % 291 19.7 23.5 61.9 50.0

cMSL <33 min, % 14.2 6.6 17.6 28.6 30.0

cMSL <30 min, % 8.5 3.9 11.8 14.3 20.0

cMSL <19 min, % 2.1 1.3 0.0 4.8 10.0

cMSL <8 min, % 0.0 0.0 0.0 0.0 0.0

Note: Bold values statistically significant at p < 0.05.

Abbreviations: cMSL, consensual mean sleep latency; IQR, interquartile range (25% and 75% quartiles); SD, standard deviation.
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of 19 and 33 min was provided on 38 and 30 untreated patients with
OSA on a driving simulator (Philip et al., 2008; Sagaspe et al., 2007),
and then confirmed by the same Bordeaux team in other sleep disor-
ders treated or not (Philip et al., 2021). It was also shown that the
MWT was better correlated with performance on driving simulator
than the Multiple Sleep Latency Test (MSLT) (Pizza et al., 2009) and
that driving simulator performance had a good correlation with real
driving performance although not perfect (Philip et al., 2005). How-
ever, several questions remain unsolved, such as the prevalence, nor-
mative latencies, and meaning of microsleep episodes often recorded
during the MWT and the dynamics of sleepiness over time (and thus
the recommended periodicity of sleepiness assessment) (Boyle
et al, 2008; Des Champs de Boishebert et al., 2021; Hertig-
Godeschalk et al., 2020; Morrone et al., 2020). Interestingly, we
observed that an ESS score of 211 but not an AHI of 215 events/h
was associated with lower MSL, which is in line with previous finding
about association subjective sleepiness, impaired driving performance,
and history of car crash (Budhiraja et al., 2017; Pizza et al., 2009).

44 | Strengths and limitations

The strengths of our study are the large size of our population as com-
pared to most studies in the field (Banks et al., 2004a, 2004b;
Doghramiji et al., 1997; Mitler et al., 1982; Poceta et al., 1992), which
was representative of patients with OSA usually explored with the
MWT, the availability of subjective scales performed at the time of
the MWT, and a full-night PSG the night before the MWT, which
allowed us to assess residual AHI and sleep quality. The use of multi-
ple evaluations of each MWT trial for each patient, first independent
and then consensual, by two sleep experts is a novel approach. We
also acknowledge several limitations. First, there was no longitudinal
follow-up of MWT results before and after CPAP or OA initiation, so
we were unable to observe the influence of OSA treatment on objec-
tive sleepiness. Second, only two experienced scorers participated in
the study. However we believe that the assessment of both intra- and
inter-scorer agreement provides a good estimate of scoring variability.
Future work including more scorers with various level of expertise
would be interesting. Third, our work focused on the population of
patients with moderate-to-severe OSA in the context of professional
ability evaluation; the age, high BMI and gender imbalance reflects

the reality of clinical practice. To note, sub-analyses accounting for

FIGURE 2 Distribution of consensual
mean sleep latencies in the whole
population with usual thresholds (left) and
new suggested thresholds based on our
study for treated severe obstructive sleep
apnea (right).

Il 40 min

Il 38.4 to 40 min
[ 30to 38.4 min
[ 0to 30 min

gender, although of limited power, did not point toward a gender
effect. A high residual AHI on PSG in a patient supposed to be well
treated at the time of the MWT may reflect the discrepancy between
device automatic detection and PSG visual scoring of residual respira-
tory events (Fanfulla et al., 2021; Georges et al., 2015). In addition, no
control group (without OSA) was available, although this would have
provided valuable information about ‘normality’ of the MWT results
in well-treated non-sleepy patients with OSA. However, our findings
suggest that one should expect in well-treated non-sleepy (and proba-
bly motivated given professional issues) patients with OSA higher
MWT latencies than those commonly used in sleep centres, based on
healthy individuals.

In conclusion, our study, which provides the first normative
values and scorer variability for the MWT obtained with double multi-
centric scoring in treated mostly severe OSA, suggests the need for
higher values (LNL = 30 min) than those currently used. Further longi-
tudinal studies are warranted to evaluate the real-life risk of accidents

associated with such a threshold.
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