Skeapiness at the wheel is one of the recently uncovered reasons behind
3 large proportion of fatal car crashes around Europe. Although it is often
difficult to determine precisely how much responsibility can be attributed
0 sleapiness in certain traffic accident situations, it is estimated to underlie
about 20% of car crashes in Europe. In this regard, national statistics have
been put forward by a few European countries. In France, a preliminary
spart published in 2011 stated that from a total of 3970 fatal accidents that
ook place on French roads, m cases occurred on straight roads, 85% of

of drowsy driving [atound 4%) but this estimate is most certainly largely
underestimated, probably due to the mode of reporting. In Germany,
rowsiness is reportedly implicated in_25% of all fatal road accidents.
In_ltaly, although recent data are missing, sleepiness is estimated to be
rvolved in about 22% of road accidents. In Scandinavian countries, a recent
=dish pilot study found that drivers admified experiencing sleepiness in
15% of road crashes. In Finland, an analysis of the national database on road
accidents from 1991 to 2001 found that 15.3% of accidents were related to
atigue/sleapiness.




CHAPTER 1. THE FUNDAMENTALS 5
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TABLE 1.2 SF V9

Change in rank order of DALYs for the 10 leading causes of the global
burden of disease

1990 2020

Rank Disease or injury Rank Disease or injury

Lower respiratory infections 1 Ischaemic heart disease

Diarrhoeal diseases 2 Unipolar major depression

Perinatal conditions

Unipolar major depression Cerebrovascular disease
Chronic obstructive pulmonary disease
Lower respiratory infections

Cerebrovascular disease

1
2
3
4 4
5 Ischaemic heart disease 5
6 6
7 Tuberculosis 7 Tuberculosis
8 8
9

Measles War

9 Road traffic injuries Diarrhoeal diseases

10 Congenital abnormalities 10  HIvV

DALY: Disability-adjusted life year. A health-gap measure that combines information on
the number of years lost from premature death with the loss of health from disability.
Source: reference 2.
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Percent Reporting Their Experiences While Driving During the Past Year

Driven a vehicle
while feeling drowsy

Dozed off while at
the wheel of a vehicle

Had an accident
because they dozed off
or were oo tired

60% 80%



Percentage of crashes involving drowsy driving in the USA
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Figure 2—Tne density of accidents occurred on E3ian highways (1993-97) is plotted versus the sieep propensity curve for bot the sieep-aswibad accidents (SA,
empty symbols) and non sleep- ascrbed ones (NSA, full symdbais). The number of acogents has baen divided by the affic density and then normalzed so that the
data point sum 10 M2 toal number of acoidents in M2 five years consigered. The Sieep propensity has baen esimated from a bed rest protocol by evaluating, for
eyery hour, he time spent in sieep as percant of its mean vake durng the 24 hours.
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As part of the DRUID (DRiving Under the Influence of Drugs, alcohol and
medicines) project, a survey was conducted in 4 European countries to assess
knowledge and behaviour when driving under the influence of medicines.
Pharmacists handed out questionnaires to drivers aged 18-75 years and

using any psychotropic drug. Hereunder are the impressive percentages of
use of psychotropic drugs.

Use of medicines by respendents per country
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MINISTERO DELLE INFRASTRUTTURE E
DEI TRASPORTI

DECRETO 22 dicembre 2015

Recepimento della direttiva della Commissione 2014/85/UE recante
modifica della direttiva 2006/126/CE del Parlamento europeo e del
Consiglio concernente la patente di guida. (16A00299)

(GU n 9 del 13-1-2016)

IL MINRISTRO DELLE INFRASTRUTTURE
E DEI TRASPORTI

Visto il decreto legislative 30 aprile 1992, n. 285, e successive
modificazioni, recante «Nuovo codice della stradas, ed in particolare
lrarticolo 119, concernente i reguisiti fisici e psichici per il
conseguimento e la conferma di walidita' della patente di guida,
nonche' l'articolo 121 concernente l'esame di 1idoneita' per 1il
conseguimento della patente di guida;

Vista la direttiva 2006/126/CE del Parlamento europeoc e del
Consiglio del 20 dicembre 2006, concernente la patente di guida, ed
in particolare 1l'allegato II «Regquisiti minimi per l'esame di
idoneita' alla guidar @ 1l'allegatoc III «Norme minime concernenti




Art. 2

Mcdifiche all'allegato III
del decreto legislativo 18 aprile 2011, n. 59

1. All'allegato III del decreto legislativo 18 aprile 2011, n. 59,
sono apportate le seguenti modifiche:

a) al secondo capoverso, dopo le parole «- turbe psichiche,» e’
inserito i1l seguente alinea «- malattie neurologiche,n»;

b) il terzo capoverso e’ sostituito dal seguente:
«Conseguentemente, all'appendice II - Art. 320 del decreto del
Presidente della Repubblica 16 dicembre 19%2, n. 495, 1le vwvoci
relative alle seguenti patologie: affezioni cardiovasceclari, diabete,
epilessia, malattie del sistema nervosc, malattie psichiche, sostanze
psicoattive, sono soppresses.

c) dopo il paragrafo G, e' inserito il seguente:

wH. MALATTIE NEUROLOGICHE E SINDROME DELLE APNEE OSTRUTTIVE NEL
SONNO

E.l. Malattie neuroclogiche

La patente di guida non deve essere ne' rilasciata ne' rinnovata
a candidati o conducenti colpiti da gravi affezioni neurologiche di
grado tale da risultare incompatibili con la sicurezza della guida.

La commissione medica locale, anche avvalendosi dell'esito di
visita specialistica presso strutture pubbliche, puc' autorizzare la
guida in relazione alle stato evolutivo ed alle capacita® funzionali

http:/ fwww._gazzettaufficale it /atto/ stam pa /serle_generale/orginario




*** ATTO COMPLETO ***

possedute, previa wvalutazione della compatibilita’ della
sintomatologia sensitiva, sensoriale, motoria e del trofismo
muscolare, dovuta a malattie neuroclegiche od a postumi invalidanti di
interventi chirurgici o traumatici del sistema nervosc centrale o
periferico, con la sussistenza di condizioni che possano far
escludere pregiudizi per la sicurezza della circolazicne. In tali
casi, gli interessati devonc dimostrare di essere in grado di
azionare, in condizioni di sicurezza, 1 comandi del wveicclo della
categoria per la quale si richiede il rilascio o© 11 rinnovo di
validita' della patente. La wvalidita' della patente, in questi casi,

non _puo' essere suEriore a due anni.

E2. DISTUREI DEL SONNC DA APNEE OSTRUTTIVE NOTTURNE

La patente di guida non deve essere ne' rilasciata ne' rinnovata
a candidati o conducenti affetti da disturbi del sonno causati da
apnee ostruttive notturne che determinano una grave ed incoercibile
sonnolenza diurna, con accentuata riduzione delle  capacita’
dell'attenzione non adeguatamente contreollate con le cure prescritte.

Il medico, di cui all'articolo 119, comma 2, del codice della
strada, sottopone a particeolare wvalutazione i1 soggetti per 1 gqual:i
sussistono sintomi riconducibili alla sindrome da apnea ostruttiva
notturna. Nei casi in cul si possa concludere per l'assenza o lieve
entita’ di sonnolenza diurna, 11 medicoc di cui all'articolo 119,
comma 2, del codice della strada, certifica 1l'idoneita’ alla guida
del conducente. Nel caso sussistano dubbi circa 1l'idoneita' e 1la
sicurezza di guida, 1l'accertamento dei requisiti di idoneita’
psichici e fisici e' demandato alla commissione medica locale.




La commissione medica locale puo' autorizzare alla guida 1
soggetti affetti da sindrome da apnee ostruttive notturne moderate o
gravi che dimostrino un adeguatoc contrello della sintomatologia
presentata con relativo miglioramento della sonnolenza diurna, se del
caso confermato da parere specialistico di strutture pubbliche.

La wvalidita' della patente rilasciata o rinnovata, eventualmente
anche con prescrizioni da parte della Commissione Medica Locale, non
puo' superare i1 tre anni per i conducenti del gruppc 1 ed un anno per
1 conducenti del gruppo 2.».

Il presente decreto sara' 1inviato agli organi di contreollo e
pubblicatoc nella Gazzetta Ufficiale della Repubblica italiana.

Roma, 22 dicembre 2015

Il Ministro: Delrio

Registrato alla Corte dei conti il 7 gennaio 2016

Ufficio controllo atti Ministero delle infrastrutture e dei trasporti
e del Ministero dell'ambiente e della tutela del territorio e del
mare foglio n. 1, registro n. 21




A“e“to Il Che probabilita ha di appisolarsi o di addormentarsi nelle seguenti situazioni,
indipendentemente dalla sensazione di stanchezza?

Questionario “Sonnolenza diurna”

La domanda si riferisce alle usuali abitudini di vita nell'ultimo periodo.
Qualora non si sia trovato di recente in alcune delle situazioni elencate sotto,

sngIOOOOOOOOOCOOl.ll...ll........!. : ) ) . i
provi ad immaginare come si sentirebbe.

seguenti situazioni?
“P“‘ di a'ppll"l.o:""i f mmﬂ’cm’"e ndk en ‘ .z’ Usi la seguente scala per scegliere il punteggio piu adatto ad ogni situazione:
- {4 mne
' daVIlu 2 0 = non mi addormento mai
Si c Noc 1 = ho auslehe orobabilta di .
u. = ho qualche probabilita di addormentarmi
2 - h treno o in .“'.hu o ‘ll mﬂ“hhl se¢ non s. 2 = ho una discreta probabilita di addormentarmi
Si ¢ Noc 3 = ho un‘alta probabilita di addormentarmi
3 - leggendo il giornale
Si o NocC

Situazioni

Seduto mentre leggo
4 - al cinema o ad una conferenza

Si o No C Guardando la TV
5 — conversando con qualcuno o durante i pasti
Si c No C . . :
- seggero in automobile, per un’ora senza sosta
6 — alla guida, nelle brevi soste del traffico?

S‘ o N. C Sdraiato per riposare nel pomeriggio, quando ne ho I'occasione

Seduto, inattivo in un luogo pubblico (a teatro, ad una conferenza)

Seduto mentre parlo con qualcuno

Interpretazione dei risultati:
Riswe tutte nmﬁ\'e = sonnolenza assente Seduto tranquillamente dopo pranzo, senza avere bevuto alcoolici
Positive dan.lan.3 = presenza di lieve sonnolenza diurna

Risposta positiva da 4 a 6 = presenza di cccessiva sonnolenza diurna

In automobile, fermo per pochi minuti nel traffico

Soma

CLLLLLLLE



Your

Multiple Sleep
Latency Test (MSLT)

What to expect

AASM Guidelines for the
Multiple Sleep Latency Test (MSLT)

+ Standardized protocol
— Five naps at 2 hour intervals; 4 nap testonly if 2 SOREMPs are
recorded
— Always performed after a nocturnal polysomnogram ideally with
a minimum of 6 hours of sleep

Rooms should be dark, quiet and at a comfortable temperature
After appropriate withdrawal of any psychotropic drugs
« Stimulants withdrawn 2 weeks prior to test
No smoking 30 minutes prior to each nap
No vigorous physical activity on the day of the test
No caffeine or exposure to bright sunlight

From Littner et al 2005 50

© 2008 AMERICAN ACADEMY OF SLEEP MEDICINE SAEEEMRDICINE BREIESSINALED CERHI C )’6

Mean sleep latency

{min)
I Controls (n=12)
| Wi

],_[_ | _J Narcoleptics (n=128)

9AM  11AM  1PM
Fig. 2 Mukiple slep hieacy test i sarcalepaic pats
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Colpi di sonno in auto, ci
pensa Ford SafeCap a
svegliarti

Ford, in occasione del 60° anniversario dell'avvio della produzione dei propri camion in
Brasile, ha svelato un cappello in grado di rilevare eventuali colpi di sonno al volante. Si
chiama SafeCap, ed il funzionamento e basato su giroscopi e vari sensori.

di Saverio Alloggio @Save1990 - 15 Novembre 2017,17:30 - (Fonte International Business Times)

. . - »
O boné que avisa quando o caminhoneiro dorme ao volante,
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Effetti di 36 ore di deprivazione totale di
sonno SulEEG di veglia
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Associazione tra variazione EEG e self-report
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Relazione tra omeostasi notturna e sleepiness
diurna

ise rate of theta power
in waking [% / h]

Increase of SWA
from baseline to recove
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Slow Eye Movements
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Elevata correlazione intra-individuale tra
EOG e misure diverse di ESD
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Lane Crossings (all sections) Difficulty keeping to the middle of the road
54

—(O— Postsleep Drive
—g— Postnight-Shift Drive

H
1

more difficult

# of lane crossings / min

minutes since drive start minutes since drive start

Mean IED Struggling to keep eyes open
1

Mean IED / min
b

1 -

N

mean struggling .

T

¥~<}/
15 30 45 60 75
minutes since drive start minutes since drive start

Slow Eye Movements

T
1, AT
0

minutes since drive start minutes since drive start
Michael L. Lee et al. PNAS 2016;113:176-181

Jrowsiness progressively increased across driving se
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ow Eye Movements

Slow Eye Movements and Subjective Estimates of Sleepiness Predict EEG Power
Changes During Sleep Deprivation

ristina Marzano’; Fabiana Fratello, PhD'; Fabio Moroni'; Maria Concetta Pelicciar, PhD' Giuseppe Curcio, PhD' Michele Ferrara, PhD?; Fabio Ferlazzo, PD';

of Rome “La Sapienza,” Rome, S, Giovanni sp. Fatebenefratelli, Brescia, ltaly:
and Public Health, University of L'Aquila, Italy; *Universiti Europea di Roma, Rome, Italy



—O— PRE-DEPRIVATION —O—  PRE-DEPRIVATION
—&—  POST-DEPRIVATION —&—  POST-DEPRIVATION

Mean Saccadic Velocity (angular degrees/sec)
Mean Phase Delay (angular degrees)

T T T T

11° 12° 13° 0.2 0.3 0.4 0.5 0.6 0.7
SACCADE AMPLITUDE TARGET FREQUENCY (Hz)

Fig. 2. Mean peak velocity (and SEMs) of saccadic eye movements for each
considered amplitude during the 7 pre- and post-deprivation sessions.

Fig. 4. Mean phase delay in angular degrees (and SEMs) of smooth pursuit
eye movements at each target frequency during the 7 pre- and post-depriva-
tion sessions.

Clinical Neurophysiology 111 (2000) 17711778
www.elsevier.com/locate/clinph

Oculomotor impairment after 1 night of total sleep deprivation: a
dissociation between measures of speed and accuracy

Luigi De Gennaro™*, Michele Ferrara®, Luca Urbani®, Mario Bertini®

*Department of Psychology, University of Rome “La Sapienza”, Via dei Marsi, 78; 00185 Roma, Italy
bDepam»ml of Otolaryngology, Rieti General Hospital “S. Camillo de Lellis”, Italy

Accepted 28 June 2000




Blinking

pre-therapeutic post-therapeutic :

75 125 175 225 275 325 375 425 475 75 125 175 225 275 325 375 425 475
blink duration (ms) blink duration (ms)

pre-therapeutic post-therapeutic

Std. Dev=51.48
Mean=234.2
N=184.00

75 125 175 225 275 325 375 425 475 125 175 225 275 325 375 425 475
reopening time (ms) reopening time (ms)

ﬁ SLEEP
MEDICINE

FLSEVIER St 1550

[y

The spontancous eye-bli piness indicator in patients
with obstructive sleej syndrome-a pilot study

Philipp P. Caffier”, Udo Erdmann®, Peter Ullsperger™*
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PN AS AN INDICATOR OF DRIVER SLEEPINESS IN PROFESSIONAL BUS DRIVERS

Blink Duration as an Indicator of Driver Sleepiness in

Professional Bus Drivers

4 Jouni Silvo, MD®
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Blinks and saceades as indicators of fatigue in sleepiness
warnings: looking tired?
R. Schleicher**, N. Galley", S. Brie:




Pupillografia

Binocular Dynamic Pupillary Light Reflex
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Chiusura oculare
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Fig. 1. Average PERCLOS recorded during the simulated driving task in the Sleep

Deprivation and Sleep sessions. Errors bars represent standard deviations.

Normalized Measure
2 °
w 9

e

Session Number

Mean and standard deviations of five measured variables, i.e., standard deviation of lateral position in
lane (SDL), self-ratings on the Karolinska sleepiness scale (KSS), percentage of eye closures
(PERCLOS) of FMT devices A, B, C. The latter are abbreviated as P4, Py, P¢. All variables were average
session values for all subjects. Pearson’s correlation coefficients (n=208) between SDL and P, Py, Pc

as well as between KSS and Py, Pg, and P are listed (inset)
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Diversi metodi a confronto

Night-time manual — Daytime Auto

Night-time Auto
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Accident Analysis and Prevention
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Effects of partially automated driving on the development of
driver sleepiness

Christer Ahlstrém >, Raimondae Zemblye®, Herman Jansson®, Christian Forsberg®,
Johan Karlsson®, Anna Anund ***

Unkipig, Swaen
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 Rion Mo, Linkping Oirsty, Lkipig, Swede

Table 1

Coeffickent of determination (R%), mﬁ(@ﬂMAlﬂsUMhme-d&mdmmm- 1 lnlenq.dn
wcoording 1o the table. Significant differences at the 0.01 level (0.0005 aft wked in green (**), at the 0.05 level (0.0025

in green/yellow (*) and higher levels in shades from yellow/ormage to red. The factar Vehicle choded i the BEG analyses since EEG data were ooly available in
one of the vehicles.

daytime vs night time)
amaticn mode
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#link duration [ms)
PERCLOS (%)

Pupil Diamatar (ma)
Interbeat interval NN {ms)
RS (ms)

EEG Frontal Alpha (dB/HI)
EEG Central Alpha [dB/Hz)
EEG Parietal Alpha (M2}
EEG Frontal Theta (dfH2)
EEG Central Theta (dB/Hz)
EEG Parietal Theta (dB/Hz)

Table 2
mmh-wmwmhmm
marked in green (**), at the 0.05 yellow (*) and hi nge
analyses since FEG data were only avallable ln ane of the vehicles.
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(manual = automated)
Time on Task
(10km = 180 km)
Vehicle
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Gender
(Female = Male)

(daytime => night-time)
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EEG Central Alpha (dB/Hz)
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EEG Frontal Theta (dB/Hz)
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Psychomotor Vigilance Test

Tap the screen as quickly as you can when the
numbers appear inside the rectangle

Proceed




Nature and Science of Sleep
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Obstructive sleep apnea and psychomotor
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e e e vigilance task performance

Table 4 Psychomotor vigiance task performance by Epworth
sleepiness score categories

PYT vanables mo!or-s P-value
=9 =9
=15 =36
RT (ms)* 260 (27) 281 4 (48) 0.04
Fastest 0% RT (ms)* 198 (20) 204 (25) 027
Slowast 10% RT (ms)* 396 (100) 485 (181) 0.03
I'slowest 107X RT (ms)* 28 (0.42) 24(0.57) 0.01
VRT {ms)* 4.03 (0.41) 31£(055) oIl
Lapses (RT >500 ms)** 0.6 (0.73) 12(1.0) 0.03
False start (RT <2100 ms)** 0.86(1.1) 1{L]) 062

Notes: ‘Loz traraformed; *P1cuare roce transformed; PVT vartatles recresers
back traszformaticn sfter locsousre roct trassformation; Bo'd P-a'ues recresers
stariztical sienFicance. AN FVT vartable dass 2 srezentes 2z mean (5D,

Abbreviations: ESS, Ezwerth zlesones: scade; URT, recicrocal respomae time;
I'sloweat, recizrocal of sicweat reaponse time; ma, milaeccnss; FYT, carchomoter
vicfance tazk; RT, resction time; SD, standard deviation.
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Psychomotor Vigilance Task Demonstrates Impaired Vigilance

in Disorders with Excessive Daytime Sleepiness
Janine Thomann, M.Sc.", Chvistan R. Baumann, M.D.", mmm”m Wern, Ph.D.

Daparment of Newrology, University Hospitai Ziich, Zurich, Switceriand; *hetiute of Pharmacology and Toxicology, University
of Zuwich, Zurich, Switeriand: “Zurich Certre f hegrative Himan Physiologs, Uniersiy of Zwich, Zurich, Swizeriand

Table 3—Psychomotor vigilance task (PVT) variables and different sleep-wake disorders.

PVT measurs Narc (n=20) ISS (n=67) HS (n = 56) ANOVA

iIRT

1/RTS00

1/RT vaniabiity
Fastest 10%

Slowest 10%

False RT

Lapses

Average Lapses Time *

3412053 (70.0%)
3561 = 0.36 (50.0%)
2.12 = 0.63 (30.0%)
459 = 0.45 (45.0%)
1.75 = 0.75 (70.0%)
3.08 = 4,09 (0%)

4,88 = 2.97 (65.0%)
476 = 606 (£2.1%)

3702 0.85% (418%)

3.85 = 0.651° (£0.3%)
1.73 2 0.40° (11.9%)
£79 .2 0.82° (28.4%)

2.32.20.91%(313%)

246+ 392 (15%)
3.68 = 3.94%(29.2%)

324 = 599 (20.2%)

3.38 £ 0.74 (86.1%)
354 + 0.5 (86.1%)
181045 (19.6%)
451+ 058 (429%)
1.99.+0.79 (58.9%)
181276 (0%)

472+ 395 (50.0%)
368 + 868 (34.7%)

F=553p=0005
F=583p=000<
F=439,p=0014
p=0.017*
p=0.002*
p=0.046*
p=0.008*
F=171;p=0185

n=19 n=48 n=49
§.46 = 17.70 (65.0%) 7.82 £ 19.45 (31.3%) 7.39.+ 2424 (53.6%)
n=19 n=48 n=49

Dala are expressed as mean = SD. n, numbder of subjects; Narc, narcolepsy; 1SS, msuficent sleep syndrome; HS, hyparsomnia. 1/RT resrs o mean
reciprocal reacion tme (RT) in 1/secongs. 1/RTS00, mean reciprocal reaction Sme without RT of lapses in 1/seconds. 1/RT varabiity, range between the
10th and the 90t percentie in 1/seconds. Fastest 10%, mean of the reciprocal of the fasiest 10% RTS in 1/seconds. Slowest 10%, mean of the reciprocal
of h2 slowest 10% RT5 in 1/s2conds. Lapses, number of responses > 500 miliseconds (ransioemed by (SOR(X)+SOR(x+1)). False RT, number of faise
responses dwvidad by the number of vaid stmui in percentage. Average Lapses Time, mean of lapses tme (RT of iapses minus 500 ms). Total Lapses Time,
accumuiated lapses Smes in seconds. Statistic: sor comparnisan of three independant groups: one way ANOVA or when all ¥ansformation failed Kruska-walis
H-%2st* post hoc Bonferroni %25t p < 0.05: *sonficant difference between Narc andg 1SS, ®significant diference between 1SS and HS; y*<test for bmomnal
data. Percents in parentesis are percentage of patients outside range of controis (range of controls refers to mean = 2 SO when normal distribution was met
omenwise 2 5t percentile and 9750 percentile, respectively). *Only patiants with lapses were included in !he mean value. ns, not signiscant.

Total Lapses Tme*

F=155p=0210




Mean Reaction Time (ms)
Mean Reaction Time (ms)

3
£
§
§

Baseline Alcohol  Sleep Combined Basefine Alcohol  Sleep  Combined
Restrichon Rastriction

Figure 3—Mean and standard errore of the means for Psychomotor Vigilance Test performance under Baseline (BL), Alcohol (AL), Sleep Restriction (SR),
and Combined (C) conddions. These include (A) Mean Reaction Time (BL: 311.0 = 15.2ms; AL: 385.7 = 441 ms; SR: 3225+ 158 ms; C- 4983 = 131.4
ms); (B) Slowest 10% of reaction Smes (BL- 533.5 = 35.3 ms; AL: 11221 + 380.2ms; SR: 552.8 = 60.4 ms; C: 1429.3 = 510.1 ms); (C) Fastest 10% of
reaction times (BL- 225.2 = 5.5 ms; AL: 232.2 + 6.4ms; SR: 2239 = 6.4 ms; C: 242.4 + 9.3ms); and (D) Number of Lapses (BL: 3.5 = 1.0; AL: 6.9+ 2.1ms;
SR:4.6=1.6ms; C: 97 +3.2ms). *P,, <0.10; *P,4 < 0.05. Untranséormed data are piotied.
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SLEEP DURATION/SLEEP QUALITY

A 30-Minute, but Not a 10-Minute Nighttime Nap is Associated with Sleep
Inertia

Cassie J. Hiditch, BSc (Hons); Stephanie A. Centofanti, BPsych (Hons); Jilian Domrian, PhD; Siobhan Banks, PhD

Centre for Sleep Research, Univarsily of South Australe, Adelaide, South Ausiralie, Ausiraiie
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Figure 2—Afean (= standard emor of the mean) for cognitive performance 1asks. (A) Psychomotor Vigiance Tast-B Response Speed; (B) Digit-Symbol Figure 3—Mean (= Standard emor of the mean) for subjective scales. (A) Samn-Pereli Fatigue Scae; (B) Karolinska Sleepiness Scale; (C) Seif-Rated
Substitution Task Number of Correct Responses. Higher vales repeesent better parformance. Lef-side panels display ¢asa per condition across pre- and Performance Scale. Scales are revarsed for presentation, with better ratings nigher on the y-3xis. Lef-side panels display data per condffion across pre-
post-nap testng points. Marker shading in the left-sid2 panels matches column shading in the right-side panels for each condition. To assist he reader in and post-nap testng pamis. Marker shading in the lef-side panels matches column snadng in the right-side panels for 2ach condition. To assist the reader
clzary identifying the post-nap siopes for each group, the bars on the right simply regresent M siope of the mean points as displayed in the left panel. in cieary identifying the post-nap siopes for each group, the bars on the right simply represent the siope of the maan points as dispiayed in the keft panel.
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Divided Attention Test
tracking error and control losses

Divided Attention Test
reaction time and misses
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M:mm r:::im tinTc& Attention Network Test
conflict effect

05
HO0m  L0am  S00am 1100w 11:00am 100am 500wm 11:00am
normal sleep sleep deprivation normal sleep sleep deprivation

u.z.n 1:00am (16 hours awake), 5:00am (2 ¢)and 11:00 am (26 how )

1 night of sleep (at 1100 am) ofthe P Test, Critical
ummrsunmmrsnumwpam ***p< 0.001. EMMWO" standurd error of e mean.

Digit Symbol Substitution Test Concept Shifting Test

mean reaction time - part ¢

Determination Test Useful Field of View test
median reaction time total detection time

Postural Balance Test Postural Balance Test
eyes open - area 95 eyes closed - area 95

05
11:00am 1:00am S00am 11:00am 11:00am 1:00am S:00am 11:00am
nocmalsleep - sleep deprivation normalskeep  sleep deprivation
Fg3 1:00 am (16 hours awake), 500 am (20 h, 11:00 am (26 h ke)
whperformence st rormel ight of seep fa 1100 ) across deperdent varsblse of e Dight Syl Subetiilon Teet, Concept Shiting
Test, Determination Test, Useful Field of View Test, and Postural Balance Test. *p <0.05, **p < 001, ** *p <0.001. Error barsindicasie the standard
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Sleep Deprivation
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Validita: misura livelli diversi di sonnolenza

Attendibilita: fornisce misure stabili in
diverse occasioni

Ergonomia: e applicabile in contesti
applicativi con scarsa invasivita
Predittivita: e capace di anticipare i livelli
patologici di sonnolenza



