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Fatigue In Aviation

Multiple flight legs, long duty hours, limited time off, early
report times, less-than-optimal sleeping conditions,
rotating and non-standard work shifts, jet lag!.2:3

\/

Disturbs sleep, both quantity and quality
Accumulates sleep debt
Disrupts circadian clock?

1 Neville et al., 1994
2Samel et al., 1995
3 Rosekind et al., 1996
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Fatigue Is Complex

Fatigue is not a one-dimensional phenomenon
— Homeostatic sleep drive and circadian rhythms are major components

— Interact nonlinearly to produce changes in human alertness and
cognitive performance!

There are no biochemical markers for fatigue and no
breathalyzer for sleepiness

— The fact that fatigue is difficult to directly measure doesn’t mean it isn’t
a serious concern

Subjective estimates of sleepiness and fatigue levels
are unreliable

Individual differences exist in responses to sleep loss?

1van Dongen et al., 2007
2Van Dongen et al., 2005
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Homeostatic Sleep Drive

* Vital physiological need: required for survival

®* Responsive to time awake
— Biological pressure to sleep builds over waking hours

— >16 hrs of continuous wakefulness, the homeostatic sleep drive
begins to manifest itself in performance decrements and increased

sleepiness!

* Affected by sleep quality and sleep consolidation

— Inadequate sleep duration for one or more consecutive days

— Physiological disrupted sleep due to medical conditions or
environmental factors

1van Dongen et al., 2003




Circadian Rhythms \ IBR,
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= Modulates daily highs and lows in both physiological and
neurobehavioral functions

= Defines periods of alertness and sleepiness

1Czeisler et al., 1999




Despite its complex nature, the
operational causes and
consequences of aircrew fatigue are
strikingly consistent across diverse

types of aviation
operations12345.67.89

1 Belland et al., 1994

2 Bourgeois-Bougrine et al., 2003
3 Caldwell et al., 2001

4 Cornum et al., 1996

5 Melfi et al., 2006

6 Neville et al., 1994

7 Rosekind et al., 2000

8 Schultz et al., 2004

9 Schultz et al., 2004




Short Haul Operations

Not immune to extended duty days

Economic demands result in scheduling with short turn-
around times

— Increased take-offs and landings

— Increased workload resulting from additional time constraints
Early morning report times across multiple days and
extended duty days are most challenging!2

— Difficult to maintain a regular sleep/wake cycle

— Opportunities for recovery sleep are reduced

Most frequently blame their fatigue on sleep deprivation
and high workload

1 Bourgeois-Bougrine et al., 2003 7
2powell et a;l., 2007




Long Haul Operations

Microsleeps have been documented in cockpit 12

Jet lag from circadian misalignment and flying on
backside of clock

Frequently attribute their fatigue to sleep deprivation
and circadian disturbances associated with time-zone

transitions

Other operational factors include time pressure,
multiple flight legs, and consecutive duty periods
without sufficient recovery breaks

1Samel et al., 1997
2 Rosekind et al., 1994 8




Fatigue Affects Human
Performancel

Accuracy and timing degrade

Lower standards of performance become acceptable
Attentional resources are difficult to divide

The abillity to integrate information is lost

Social interactions decline

The abillity to logically reason is impaired

Attention wanes

Mood deteriorates

Involuntary lapses into sleep occur

1Cabon et al., 1993




Current Regulations, Practices,
& Alternative Approaches

» Crew Rest Guidelines
» Flight and Duty Time Guidelines

Fatigue Risk Management System (FRMS):
An Alternative Regulatory Approach

Ultra Long-Range Flights: A Non-Traditional
Approach




Crew Rest, Flight & Duty ®
Time Regulations

Developed in 1930’s to mitigate aircrew fatigue
Few changes since first introduced

Scientific understanding of fatigue, sleep, shift work, and
circadian physiology has advanced significantly over the
past several decades

Current regulations and industry practices have failed to
adequately incorporate the new knowledgel

Vary among different countries?

1 Dinges et al., 1996
2 Australian Government Civil Aviation Safety Authority, 2004
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Crew Rest Guidelines

Crew rest: Is any time that a crew member is free from

all duties and responsibilities, including flying and
administrative work

Includes local travel time to and from a place of rest

Do not account for the timing of sleep with respect to
circadian phase

Rest period durations are constant and independent of
time of day




IBR,
Flight and Duty Time Guidelines

* Flight time: time b/t “block-out” and “block-in”

* |Important to consider total duty time - not just
flight time and workload

* Duty time is longer - includes the time period
between when pilots report for a flight and when
they are released after a flight




Fatigue Risk o
Management System

Evidence-based system for the measurement,
mitigation and management of fatigue risk!

Multi-component approach that addresses both
physiological and operational factors; has a
scientific foundation

Offers an interactive way to safely schedule and
conduct flight operations on a case-by-case basis

Offers alternative approach to traditional prescriptive
duty and flight time limitations and rest time
regulations

1Signal et al., 2006




Ultra Long-Range Flights: A Non-
Traditional Approach

Ultra long-range (ULR) aircraft will extend the longest flight-
duty days from 14 to 16 hours to 20+ hours?

Current regulations do not address 4-to-6-hr increase In flight
duration

FAA is currently using a case-by-case approach to approve
ULR city pairs

— approving ops by issuing a non-standard operations specification
paragraph (OpSpec A332)

— contains requirements designed to optimize opportunities for
flight crew members to obtain adequate rest to safely perform
their operational duties during all phases of this ULR trip
sequence

1 Neri, 2005




Position Statement on Crew Rest, @&V
Flight, and Duty Time Regulations

®* Prescriptive approaches do not address inherent sleep
and circadian challenges nor do they provide operational
flexibility

* Addressing fatigue as part of a scientifically-based,
comprehensive safety management system can help to
minimize the risk associated with current and future
aviation operations

* An FRMS offers a way to more safely conduct flights
beyond existing regulatory limits and should be
considered an acceptable alternative to prescriptive flight

and duty time and rest period regulations
16




In-Flight Countermeasures
and Strategies

» Cockpit Napping
» Activity Breaks

» Bunk Sleep

» In-Flight Rostering

» Cockpit Lighting
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A 26-min nap resulted in significant
improvements in subsequent physiological
alertness and performance compared to no
nap, especially during descent and landing.

Rosekind et al., 1994




mmmm Control (n=14)
Treatment (n=13)

)
o
o
-
=
©
o
e
[
o
c
©
©
=

02:40:00 03:40:00 05:40:00 06:40:00
Post-Break Period

Hourly, brief (7-min) activity breaks reduced
physiological and subjective sleepiness for 15-25 min,
especially around the time of the circadian trough.

Neri et al., 1999




Bunk Sleep

Ensuring adequate bunk sleep is one of the most important in-
flight countermeasures that can be implemented-

Operationally feasible approach to address sleep loss
associated with extended hours of wakefulness, crossing
multiple time zones, and flying during nighttime hours

Need to be scheduled in consideration of operational demands
and of a duration that allows all crew members to receive
ample rest periods

Utilizing periods of increased physiological sleep propensity will
help to increase both the quantity and quality of bunk sleep?3-4

1 Flight Safety Foundation, 2005

2 Carskadon, 1989 20
3 Dijk, 2005

4 Dinges, 1986
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In-Flight Rostering

* Not commonly discussed as a fatigue countermeasure

® Scheduling of flight crew to assigned positions on the
flightdeck, freeing other flight crew to obtain in-flight rest
or bunk sleep

Allows for scheduling of bunk sleep in a way that
minimizes the hours of continuous wakefulness for the
landing pilots and utilizing crew members who are well
rested during other critical phases of flight




\ ®

Cockpit Lighting

* Light can have an acute, immediate, alerting effect on
mood and performance independent of its circadian
phase-shifting propertiest?

Potentially useful countermeasure at night where
conditions allow its use

Increasing the flightdeck light level at night to at least
100 lux (room light level) must not interfere with
flightcrew performance or visual requirements

1 Cajochen, 2007
2 Cajochen et al., 2000




Position Statement on the Use
of In-Flight Countermeasures

Application of in-flight countermeasure strategies should be
based on the currently available scientific knowledge and
should be implemented only after thoughtful consideration

Recommend the authorized use of in-seat cockpit napping
and in-flight activity breaks in commercial flight operations,
under appropriate circumstances, with appropriate
safeguards, and in accordance with clear guidelines to ensure
operational safety

Bunk sleep and in-flight rostering go hand-in-hand when used
as a fatigue mitigation strategy

Increasing the flightdeck light level, particularly at night, has
the potential to temporarily boost alertness and performance 23




Pre/Post-Flight Strategies & | 8}
Countermeasures

» Hypnotics

» Improving Sleep and Alertness
. Healthy Sleep Practices
. Napping
. Circadian Adjustment
. Exercise
. Nutrition

» Non-FDA-Regulated Substances




Hypnotics

* Temazepam (15-30 mg)1.2345
— Best choice for optimizing 8-hr sleep periods that are out-of-phase with the
body’s circadian cycle
— Useful when sleep is often easy to initiate, but difficult to maintain due to the
circadian rise in alertness

* Zolpidem (5-10 mQ)®:789.10
— Optimal choice for sleep periods less than 8 hours

— Especially useful for promoting short- to moderate-length sleep durations (of 4 to
7 hours) when these shorter sleep opportunities occur at times that are not
naturally conducive to sleep

e Zaleplon (5-10 mg)ii12.13
— Best choice for initiating very short naps (1 to 2 hours) during a period of
otherwise sustained wakefulness

— Helpful in initiating early sleep onsets in personnel who are trying to ensure
sufficient sleep prior to a very early start time the next morning

1 Caldwell et al., 2003 ®Lavie, 1986 11 Chagan et al., 1999
2 Mitler et al., 1979 " Nicholson, 1986 12 Elie et al., 1999
3 Muller et al., 1987 8 Stone et al., 1997 13 Fry et al., 2000 25

4 Nicholson et al., 1980  ° Suhner et al., 2001
5 Porcu et al., 1997 10 Waterhouse et al., 1997




Position Statement on
the Use of Hypnotics

It is recommended that Zolpidem be authorized for civilian
commercial pilots a maximum of 4 times per week In
situations where natural sleep is difficult or impossible due
to circadian or other reasons provided:

1) Pilot has checked for any unusual reactions to the medication
during an off-duty period

2) Dose does not exceed 10 mg in any given 24-hr period

3) There is a minimal interval of 12 hours between the ingestion of
the medication and the return to duty




Improving Sleep L
and Alertness

Healthy Sleep Practices
Napping

Circadian adjustment
Exercise

Nutrition




Healthy Sleep Practices

Getting a sufficient quantity of high quality sleep on a
daily basis is the number one focus in fighting fatigue

Keep a regular sleep/wake schedule; protect sleep time
Develop and practice a regular pre-sleep routine

Use bedroom only for sleep; avoid work, worry, exercise
Do not drink or eat heavily before bedtime

If you don't fall asleep in 30 minutes, get out of bed




Napping

* Nap timing or placement

— Nap taken during the day before an all-night work shift (a prophylactic
nap), with no sleep loss prior to the shift, will result in improved
performance over the night!2

— Naps taken later in the sleep-deprivation period also are beneficial,
should be longer than prophylactic naps

* Nap length
— Research has shown a dose-response relationship between the length
of the nap and performance?

* Placement of nap with regard to phase of body clock

— Take into account the impact of circadian phase on sleep propensity,
structure, and quality across the day as well as the effects on
performance both immediately after awakening and later in the work
period3

1Bonnet, 1991
2 Schweitzer et al., 1992
3 Gillberg, 1984




Circadian Adjustment

Circadian clock cannot adapt immediately to a change in the
duty/rest cycle or changes in environmental cues?

Adjustment depends on direction of travel, the number of time
zones crossed?3

Adjustment does not appear to be linear and those who are
evening types or “owls” tend to adjust to the new time zone
more quickly relative to morning types or “larks”

Natural sunlight exposure, appropriately-timed naps, and
proper exposure to zeitgebers (time cues) may faclilitate
circadian adjustment#>:6.

1Klein et al., 1980
2Boulos et al., 1995

3 Sack et al., 2007

4 Atkinson et al., 2007
5Burgess et al., 2002

6 Skene et al., 2006

7 Waterhouse et al., 2007




Exercise

Shown to be an effective fatigue countermeasure in
both the laboratory and aviation environments

Regular exercise can result in improved sleep guantity
and quality

Increases physiological arousal and can help promote
alertness short term

— Subjective effects seen up to 30 minutes post exercise?!

Can also induce phase shifts in the melatonin
circadian rhythm and the circadian clock?3.4>

1LeDuc et al., 2000
2 Barger et al., 2004
3 Buxton et al., 2003
4 Eastman et al., 1995
5 Horowitz et al., 2002




Nutrition

* When consuming food immediately before sleep - should
favor grains, breads, pastas, vegetables, and/or fruits

* Avoid large meals, high-fat meals, high-acid meals,
sweets, and significant hunger

* Purposeful manipulation of dietary CHO by aircrew to
help induce and sustain their sleep periods may be ill-
advised due to the unpredictability of effects (see 1.2.3.4.5)

1 Afaghi et al., 2007
2Landstrom et al., 2000
3 Spring et al., 1982-1983
4 Wells et al., 1997

5 Zammit et al., 1995




Position Statement on Improving \ |
Sleep and Alertness (1)

Healthy sleep practices ensure that crews will be able to
make the most of available sleep opportunities; provide
educational materials that outline natural sleep-
promoting behaviors:

— Include importance of naps for bridging the gap between
consolidated sleep episodes

— Naps should be as long as possible and whenever feasible
— Naps should occur at the circadian times most conducive to
natural sleep

— Allow for 30-min wake-up period prior to the performance of any
safety-sensitive tasks




Position Statement on Improving \ BR
Sleep and Alertness (2)

* Natural adjustment technigues such as controlling the
timing of light exposure, meals, and other activities
should be employed when moving to a new time zone

Crew members should engage in at least 30 minutes of
aerobic exercise every 24 hours

Balanced meals at regular intervals help to promote and
maintain general health; avoid consuming meals
(particularly large meals) immediately prior to bedtime




Non-FDA-Regulated | )
Substances (1)

Melatonin
« Efficacy as a hypnotic continues to be debated*+?

« Evidence of a soporific effect when taken outside the
normal sleep period, particularly when taken to phase-
advance the sleep period?®

« Appropriate administration can improve circadian
adjustment to new time schedules*>:

1van den Heuvel et al., 2005
2Zhdanova, 2005

3 Arendt, 2005

4 Arendt et al., 2005

5 Brzezinski et al., 2005

6 Touitou et al., 2007




Non-FDA-Regulated |
Substances (2)

Valerian

e Some studies have shown significant effects on sleep but
not the clinical efficacy needed to treat insomnia

« Can be helpful with mild insomnia when taken
continuously*234

Kava

« Data has shown it can decrease sleep latency and increase
sleep quality in people with insomnia

* More studies are needed to establish its efficacy and safety?

1 Hadley et al., 2003
2 Monti, 2004

3Taibi et al., 2007

4 Wing, 2001




Non-FDA-Regulated | 8
Substances (3)

Caffeinel

Numerous studies have shown it increases vigilance and
Improves performance in sleep-deprived individuals

Best for the short-term elevation of cortical arousal

Regular use may lead to tolerance and various undesirable side
effects, including elevated blood pressure, stomach problems,
and insomnia

Affects the nervous system within 15 to 20 min; effects last for ~
4-5hrs

Tyrosine?3
« May prove useful under high stress conditions, including those
associated with sleep loss

1 Nehlig, 1999
2Neri et al., 1995
3 Owasoyo et al., 1992




Position Statement on Non-FDA -
Regulated Substances

®* Consumed with the same caution as any prescription substance

— Substances are not under federal control, the manufacturing quality is left
to the individual companies

® Substances such as valerian and kava also should not be relied
upon to manipulate either sleep or performance

® (Caffeine is an effective alertness-enhancing compound and can
be used as an aviation fatigue countermeasure

— Avoid ingesting more than 1000 mg of caffeine in any 24-hr period
— Make an effort to use caffeine judiciously
— Avoid ingesting caffeine within 4 hours of bedtime
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New Technologies

» On-line, Real Time Assessment

» Off-line Fatigue Prediction Algorithms




On-line, Real
Time Assessment

Provide meaningful measures of alertness levels and performance
ability in real time

Aim to monitor some aspect of the individual’s physiology or
behavior that is sensitive to increasing fatigue and sleepiness levels

Examples include

— EEG changes that occur simultaneously in the delta, theta, alpha, and beta
bands?!?

— Eye and visual system, under central nervous system control3:4>
— Facial feature recognition technology is also currently being validated

Usefulness as real-time technologies is dependent on the
requirements and conditions of the operational environment ; some
may not even be practical for use in highly restrictive environments
such as the flightdeck®: 78 1 Cajochen et al., 1999 5 Tsai et al., 2007

2 Fabiani et al., 2000 6 Dinges et al., 1998 40
3 Lavine et al., 2002 7 Mallis et al., 1998
4 Lobb et al., 1986 8 Mallis et al., 2004




Off-line Fatigue Lo
Prediction Algorithms

®* Provide an estimate of an individuals’ alertness level or
performance effectiveness during a work period to be
performed in the futuret!

These predictions of physiological state are measured relative
to a standard such as the individual’s baseline and/or a group

norm

Biomathematical models of alertness for the prediction of
alertness and performance levels

— Useful in the prediction of performance or effectiveness levels when
comparing different operational schedules?:3

— Vary in their specific algorithms and differ in the number and type of
input variables, output variables and goals and capabilities

1 Gilliand et al., 1993
2 Mallis et al., 1998
3 Mallis et al., 2004




Position Statement on \ BE,
New Technologies

® Fatigue detection technologies (fitness for duty and real-time
assessment devices) and scheduling tools that incorporate
biomathematical models of alertness should not be solely
relied upon for the determination of safe or ‘fatigue-free’ flights

They are tools that can be effectively incorporated as part of
an overall safety management approach and should not be
used in place of regulatory limitations

Selection of the ‘best tool’ should be dependent on its
demonstrated validity for mitigating fatigue risk during aviation
operations




Conclusions

* While fatigue represents a significant risk in aviation when left
unaddressed, there are currently numerous countermeasures
and strategies that can be employed to increase safety

New technologies and countermeasures are being developed
that hold great promise for the future

It is our hope that the countermeasures and strategies
described in this paper, when employed appropriately, will
serve to reduce the risk of aviation accidents and incidents
attributable to the insidious effects of fatigue




Together we can address fatigue.
Together we can manage
fatigue Issues.

MR. NICHOLAS SABATINI
Associate Administrator for Aviation Safety (former)
Federal Aviation Administration
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FAA Publishes Proceedings from
Aviation Fatigue Symposium

The proceedings from the FA A-sponsored

Awiation Fatigue Symposium: Partnerships for
Soluttons conducted on June 17 to 19, 2008 are
now available onhne.

Please visit the followmge site to view the
proceedings online or download a pdf copy:

hitp-//fwww faa govinews/conferences_events/2008_aviation_fatipue/
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