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Abstract

Background: Patients frequently report sleep disruptions or insomnia during their hospital stay,
particularly after a traumatic brain injury (TBI). The consequences of these sleep disturbances on
everyday activities are not well documented and are therefore not considered in the evaluation of
independence in activities of daily living (ADLs). The goal of this narrative review is to explore
the consequences of poor sleep quality on cognition and ADLs in the acute and subacute stages
of a moderate and severe TBI, when patients are in acute care or in-patient rehabilitation.
Methods: We will present an overview of normal sleep and its role in cognitive functioning, and
then present the findings of studies that have investigated sleep characteristics in hospital settings
and the consequences of sleep disturbances on ADLs.

Results: During hospitalisation, TBI patients present severe sleep disturbances such as insomnia
and sleep fragmentation, which are probably influenced by both the medical condition and the
hospital or rehabilitation environment. Sleep disruption is associated with several cognitive
deficits, including attention, memory and executive function impairments. Poor quality and/or
insufficient quantity of sleep in acute TBI probably affect general functioning and ADLs calling
for these cognitive functions.

Conclusions and significance: The cognitive impairments present following TBI are probably
exacerbated by poor sleep quality and sleep deprivation during hospitalisation, which in turn
impact ADLs among this population. Healthcare personnel should further consider sleep
disturbances among people with TBI and a sleep protocol should be established.
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Introduction

Every year in the United States, at least 1.4 million individuals suffer a traumatic brain
injury (TBI), and the most high-risk individuals are young adults, particularly men, aged 15 to 24
(Langlois-Oman, Kraus, Zaloshnja & Miller, 2011). In 23 European countries, incidence of
hospital admissions for traumatic brain injury are estimated at 235 per 100,000 people

(Tagliaferri, Compagnone, Korsic, Servadei & Kraus, 2006), while incidence rates reach 350 and

325 per 100,000 in Brazil and South Africa, respectively (Roozenbeek, Maas & Menon, 2013).
In Australia, a rate of 107 TBI-related hospital stays per 100,000 people was reported in 2004-
2005, peaking at 300 per 100,000 among 15- to 24-year-olds (Australian Institute of Health and
Welfare, 2007). Occupational therapy interventions in acute care consist of evaluating the
repercussions of physical, cognitive and behavioural deficits on independence in everyday
activities, and their link with decisions about discharge destination as well as the patient’s
potential for rehabilitation. Severe sleep-wake cycle disturbances documented in acute and
subacute TBI (Duclos et al., 2013; Makley et al., 2009; Nakase-Richardson et al., 2013) probably
influence cognitive functioning, particularly learning ability, which by extension impact the
patient’s ability to demonstrate optimal levels of functioning in everyday activities. Surprisingly,
few studies have examined sleep difficulties and their impact on activities of daily living (ADL)
among patients with acute TBI. Consequently, the influence of sleep on general functioning is
often not considered when making clinical recommendations on the basis of ADL evaluation
results. The aim of this narrative review is to explore the impact of poor sleep quality and sleep

deprivation on cognition and ADLs among individuals with moderate and severe TBI, primarily
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during acute hospitalisation and early inpatient rehabilitation following TBI. We will first
present an overview of normal sleep architecture and its role in cognitive functioning. We will
then present the findings of studies that have investigated sleep characteristics in hospital settings
and the consequences of sleep disturbances on ADLs. Finally, we will describe protocols aimed
at improving sleep-wake cycles and the specific role of occupational therapists in their

implementation.

Introduction to normal sleep

Sleep is composed of slow-wave sleep stages and of the paradoxical sleep stage (see
Figure 1 for a schematic representation of a normal night of sleep). Slow-wave sleep is divided
into three stages, namely stages N1 and N2, which are light sleep, and N3, also known as stages
3 and 4, or deep sleep (Carskadon & Dement, 2011; Iber, Ancoli-Israel, & Quan, 2007; Roehrs,
2005). These three stages are also referred to as non-rapid eye movement (NREM) sleep.
Paradoxical sleep, also known as rapid eye movement (REM) sleep, has a similar
electroencephalographic (EEG) activity as wakefulness and is characterised by muscle atonia
and marked eye movements. Paradoxical sleep is the primary stage during which dreaming
occurs. In the course of one night, the sleeper alternates between the various sleep stages in
cycles of 90 to 100 minutes. There are on average four to six cycles per night. At the beginning
of the night, stage N3 is the most present of all sleep stages, while stage N2 and REM sleep are
the most prevalent stages towards the end of the night.

Whereas adolescents (ages 13-17) generally require 9 hours of sleep, adults sleep an

average of 7-8 hours per night (Foley, Ancoli-Israel, Britz, & Walsh, 2004; Mindell, Owens &
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Carskadon, 1999). Total sleep time decreases with age, whereas the quantity of light sleep
increases progressively (Carrier, Monk, Buysse, & Kupfer, 1997; Ohayon, Carskadon,
Guilleminault, & Vitiello, 2004). It has also been shown that the decline of deep sleep begins
around ages 36-50 (Van Cauter, Leproult, & Plat, 2000). Sleep can be objectively and
quantitatively measured by polysomnography (PSG), which minimally includes
electroencephalography, electrooculography and electromyography in order to identify each
sleep stage. Aside from PSG, other methods are used to evaluate sleep quality, such as
actigraphy, an accelerometer that measures movement and is used to monitor the rest-activity
cycle, supervision by the nursing staff (when studies occur in hospital settings), and

questionnaires.

Role of sleep in cognition

It is well established that sleep deprivation affects cognitive performance and this is not
only true for acute total sleep deprivation, but also for chronic and partial sleep loss (Goel, Rao,
Durmer, & Dinges, 2009). Among the cognitive domains that are simultaneously most affected
by poor sleep or sleep loss and most important for ADLs, we find attention, memory, and
executive functions (Chee & Choo, 2004; Choo, Lee, Venkatraman, Sheu, & Chee, 2005;
Diekelman & Born, 2010; Dinges, 1992; Goel, Rao, Durmer, & Dinges, 2009; Harrison &
Horne, 2000; Jones & Harrison, 2001; Mu et al., 2005; Tomasi et al, 2009; Walker & Stickgold,
2006). In this section, we will briefly describe the influence of poor sleep or sleep loss on these

specific cognitive domains, within a healthy population.



Attention

Attention is generally defined by its different components, which include vigilance,
sustained attention, selective attention, alternating attention, and divided attention (Sohlberg &
Mateer, 1987). Most studies have documented the influence of sleep deprivation on vigilance
and sustained attention. It has been observed that sleep deprivation leads to behavioural changes
characterised by a general slowing of reaction times, an increased number of errors (omission
and commission) on tasks requiring detection of randomly occurring stimuli, and an increased
time-on-task effect, which means that performance worsens across the course of a cognitive task
(see Lim & Dinges, 2008 for a review). These behavioural effects of sleep deprivation are not
only observed for acute and complete sleep deprivation, but are also observed following partial
sleep deprivation. For example, in a study where sleep was restricted to three hours per night for
seven days, performance on the vigilance task was affected, with subjects presenting a high rate
of omissions when compared to a non-sleep deprived group (Fafrowicz et al., 2010).
Memory

Two types of memory were found to be very sensitive to poor sleep, namely episodic
memory, which refers to the capacity to store and retrieve memories that are associated to a
specific time and place, and procedural memory, which enables retention of learned connections
between stimuli and responses (Tulving, 1983).

Episodic memory is affected by poor sleep in two ways. Firstly, poor sleep impedes
learning of verbal and non-verbal material if learning is preceded by a night of poor sleep (i.e.

learning after the night of poor sleep). This has been observed among students, since the



consequences of sleep deprivation among this chronically sleep deprived population include
learning deficits and inferior academic performances (Curcio, Ferrara, & De Gennaro, 2006).
Among healthy subjects and individuals presenting insomnia, a link between total sleep
deprivation preceding learning and the presence of memory encoding deficits has also been
observed (Fortier-Brochu, Beaulieu-Bonneau, Ivers, & Morin, 2012; Yoo, Hu, Gujar, Jolesz, &
Walker, 2007). Secondly, poor sleep also impedes learning if learning is followed by a night of
poor sleep (i.e. learning prior to a night of poor sleep). In fact, several studies showed the crucial
role of sleep in memory consolidation and cerebral plasticity (Atienza, Cantero, & Stickgold,
2004; Smith, 1996; Walker, 2004; Walker & Stickgold, 2006; Walker, Stickgold, Gaab, &
Schlaug, 2005; Wilson, 2002). As an example, one study showed that performance on a visual
discrimination task was maximally improved 48-96 hours after initial training, even without
practice, but only if subjects could sleep within 30 hours of training (Stickgold, James, &
Hobson, 2000). Another study, using learning of synthetic speech, showed that word
identification accuracy on the post-test, which took place 12 hours after pre-test, improved by
18.7 £ 1.6 percentage points if the 12-hour interval included sleep, whereas it improved by only
10.1 + 2.0 percentage points when no sleep was present between pre-test and post-test. Overall,
this study showed that speech recognition performance immediately following training was
significantly improved, that it subsequently degraded over the span of a day's retention interval,
but completely recovered following sleep (Fenn, Nusbaum, & Margolish, 2003).

As for procedural memory, several studies have shown that performance is improved

when a post-learning sleep period is present (Albouy et al., 2013; Barakat et al., 2012; Fischer,



Hallschmid, Elsner, & Born, 2002; Walker, Brakefield, Morgan, Hobson, & Stickgold, 2002).
Indeed, studies have demonstrated that a sleep episode following a period of practice of given
motor sequences increases the speed of performance by 20% and 33.5%, and reduces the error
by 30.1% on the specific motor sequence learned (Fischer, Hallschmid, Elsner, & Born, 2002).
Executive functions

Executive functions represent an ensemble of cognitive processes involved in goal-
oriented behaviour, including abilities related to planning, organisation, problem-solving,
inhibition, working memory, judgment, flexibility of thought, and verbal fluency (Alvarez &
Emory, 2006). They enable one to plan, to coordinate a complete series of actions while
considering alternatives, to control and update actions when necessary, and to eliminate elements
of distraction while paying attention to the task at hand (inhibition) (Welsh & Pennington, 1988;
Welsh, Pennington, & Groisser, 1991).

Numerous studies have investigated the impact of poor sleep on executive functions,
particularly with regards to judgment, perseveration, impulsivity of behaviour, inhibition of
distracting elements, planning of tasks, and word generation (for reviews, see Goel, Rao,
Durmer, & Dinges, 2009; Harrison & Horne, 2000; Jones & Harrison, 2001; Killgore, 2010;
Reynolds & Banks, 2010). These studies have shown that sleep deprivation does not increase
impulsivity among healthy subjects (Acheson, Richards, & de Wit, 2007; Sagaspe, Charles,
Taillard, Bioulac, & Philip, 2003). However, according to studies carried out among people
suffering from sleep apnea, partial sleep deprivation leads to perseveration and to a decline in

mental flexibility during tasks. This affects both the ability to adequately use cognitive functions



in order to have good judgement, and the performance on tasks of verbal fluency and planning
(Bedard, Montplaisir, Malo, Richer, & Rouleau, 1993; Bedard, Montplaisir, Richer, Rouleau, &
Malo, 1991; Olsen, Lawrence, Bottarini, & Pises, 1977). Though no studies have specifically
examined this in TBI, we can hypothesise that individuals with neurological vulnerability, such
as those with moderate and severe TBI, would be more sensitive to the impact of sleep loss on

executive functions.

Sleep in hospital settings

Sleep deprivation is one of the most frequent complaints among hospitalised individuals,
particularly in the intensive care unit (ICU), where 61% of people mention suffering from sleep
deprivation (Simini, 1999). According to studies performed with non-TBI ICU patients, sleep
disturbance is the second most stressful aspect of hospitalisation (Freedman, Gazendam, Levan,
Pack, & Schwab, 2001; Nelson et al., 2001; Richards & Bairnsfather, 1988). PSG studies showed
that sleep is lighter and more fragmented in critically ill patients than among the general
population (Broughton & Baron, 1978; Beecroft et al., 2008; Cooper et al., 2000; Friese et al.,
2007; Gabor et al., 2003; Gehlbach et al., 2012; Kavey & Ahshuler, 1979). In fact, stage NI,
which usually represents less than 5% of the night, accounts for approximately 60% of the sleep
of ICU patients. As for stage N2, contradictory results are reported: certain studies report normal
or higher proportions, while others report a decreased proportion. (Friese et al., 2007; Gabor et
al., 2003) However, a significant reduction is clearly present for stage N3, while paradoxical
sleep is often significantly reduced or absent (Friese et al. 2007; Gabor et al., 2003; Gehlbach et

al., 2012; Kavey & Ahshuler, 2003).



More recently, sleep in hospital and inpatient rehabilitation settings was specifically
investigated among patients with TBI (Duclos et al., 2013; Makley et al., 2009; Makley et al.,
2008; Nakase-Richardson et al., 2013). A recent study using actigraphy in a hospital setting has
shown that in the acute phase of TBI, patients experience rest-activity cycle disturbances, which
globally improve over time (Duclos et al., 2013). In fact, among the 16 patients studied, only 3

(18.8%) had a consolidated rest-activity cycle while in ICU. This is defined as sustained periods

of activity during the day and sustained periods of rest during the night. Overall, this study

showed that of all days of actigraphy recording in the ICU, only 28.6% days showed a
consolidated rest-activity cycle, whereas this proportion increased to 61.1% on the regular units.
In the subacute phase of TBI, a study carried out using actigraphy in a rehabilitation unit showed
that sleep-wake cycle was altered in 68% of patients (Makley et al., 2009). These patients with
sleep-wake cycle disturbances had longer stays in both acute and rehabilitation settings, implying
that sleep-wake disturbances may be associated with more severe injury (Makley et al., 2008).
Another study showed that, based on item 1 of the Delirium Rating Scale-revised-98 (Trzepacz
et al., 2001), mild to severe sleep disturbances were present among 84% of TBI patients (mainly
severe) upon admission to a rehabilitation hospital, and persisted for 66% of patients one month
post-injury. Results also showed that the presence of such sleep disturbances at one month post-
injury was a significant predictor of' the duration of post-traumatic amnesia (Nakase-Richardson
etal., 2013).

Many factors may account for the poor sleep of hospitalised patients, particularly in the

ICU environment. Indeed, several sources of noise are present, including alarms and
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conversations among employees, preventing patients from sleeping well (Freedman, Gazendam,
Levan, Pack, & Schwab, 2001; Freedman, Kotzer, & Schwab, 1999; Friese et al., 2007; Gabor et
al., 2003; Hilton, 1976; Persson Waye, Elmenhorst, Croy, & Pedersen, 2013; Richardson,
Allsop, Coghill, & Turncock, 2007) In fact, Cohen et al. (1992) found that difficulty initiating
and maintaining sleep was highly reported (81.2%) in hospitalised TBI patients, and that 36% of
patients reporting these sleep disturbances identified the hospital environment as an important
causal factor. Receiving 24-hour care also makes sleep more difficult (Freedman, Kotzer, &
Schwab, 1999; Tamburri, DiBrienza, Zozula, & Redeker, 2004). Furthermore, the loss of
light/dark circadian cues due to constant lighting, as well as being bedridden and in a constant
horizontal posture, are all factors that promote daytime sleep (Gabor et al., 2003). In fact, an
abnormal distribution of sleep over a 24-hour period, marked by a proportion of daytime sleep
around 50%, was observed in non-TBI critically ill patients (Freedman, Gazendam, Levan, Pack,
& Schwab, 2001). Moreover, several drugs used as sedatives or analgesics, such as
benzodiazepines, opiates, anticonvulsants and antipsychotics, influence sleep characteristics
(Borbely, Mattmann, Loepfe, Strauch, & Lehmann, 1985; Bourne & Mills, 2004; Cronin, Keifer,
King, & Bixler, 2001; Gimenez et al., 2007; Wilson & Argyropoulos, 2005).

Overall, 80% of patients presenting sleep problems report feeling fatigued, which may
have a significant impact on ADLs (Ouellet, Beaulien-Bonneau, & Morin, 2006). Other factors
specific to patients with TBI may also contribute to sleep disturbances in hospital and in-patient
rehabilitation settings. Recent studies indicate that 95% of people in the acute phase of moderate

to severe TBI have an abnormally low rate of hypocretin-1, a neuropeptide involved in the
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waking state (Baumann et al., 2005; Baumann, Werth, Stocker, Ludwig, & Bassetti, 2007). This
abnormal rate is associated with fatigue and daytime sleepiness, and could reflect hypothalamic
damage. Others have suggested that patients who have suffered TBI and present metabolic,
endocrine and neurological dysfunctions (i.e. cerebral lesions) run a higher risk of presenting a
poorer sleep quality (Breed, Flanagan, & Watson, 2004). One study carried out at least one year
post-injury found an association between neuroendocrine abnormalities and fatigue after TBI,
showing that at least one pituitary axis was abnormal among 90% of TBI patients. More
specifically, an association between higher growth hormone levels and greater fatigue was found
(Bushnik, Engaldner, & Katznelson, 2007).

Other variables that might be associated with increased sleep disturbances are pre and post-
TBI psychiatric and psychological factors. Sleep disturbances can be related to the presence of
depression and anxiety, which are both highly prevalent after TBI (Ouellet, Beaulieu-Bonneau,
& Morin, 2006; Parcell, Ponsford, Rajaratnem, & Redman, 2006). Rao and colleagues (2008)
found that insomnia in the acute period following TBI (within 3 months) was closely tied to the
appearance of an anxiety disorder. Furthermore, people with TBI can suffer from acute post-
traumatic stress disorder, a mental disorder that can manifest itself following a psychologically
traumatising event, and can lead to an alteration of sleep and a decrease of slow-wave sleep
(American Psychiatric Association, 2013; Bryant, Marosszeky, Crooks, & Gurka, 2000;
Germain, 2013; Yetkin, Aydin, & Ozgen, 2010).

Changes in life habits and routines may also play a role in the development of sleep

disturbance, although still little research has addressed these factors. For example, due to severe,
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persistent and debilitating fatigue, TBI survivors are prone to sleep or stay in bed for large
amounts of time either because they feel an increased need for sleep, or rest, or because they lack
activities (e.g. routine of getting up for work) (Ouellet, Beaulieu-Bonneau, & Morin, 2006). This
may be particularly true in the acute phase after the accident, when rest is intuitively thought to
promote recovery. Unfortunately though, excessive time spent in bed, sleeping or resting, may
actually contribute to creating problems in nocturnal sleep by affecting the macrostructure of

night-time sleep (Morin, 1993).

Impact of poor sleep on functional outcome

Poor sleep or sleep loss can affect ADLs and other functional measures evaluated by
occupational therapists. Associations between sleep-wake disturbances and general functioning
or daily activities have been investigated among TBI patients (Duclos et al., 2013; Worthington
& Melia, 2006). In the study by Duclos and colleagues (2013), absence of a 24-hour sleep-wake
cycle during the hospital stay (mean delay of actigraphy start after TBI: 18.0 £ 13.3 days) was
associated with lower functioning, as measured with the Disability Rating Scale (Rappaport,
Hall, Hopkins, Belleza, & Cope, 1982) and persistent post-traumatic amnesia at hospital
discharge in patients with moderate to severe TBI. In rehabilitation centers, Worthington and
Melia found that aggressions (related to staff trying to get the person up in the morning), missing
out on opportunities for orientation and hygiene programmes in the morning, failing to attend
medical appointments and an inability to stay awake during activities were associated with sleep
and arousal disturbances (Worthington & Melia, 2006). Considering the role of sleep in

cognition, poor sleep can also affect a patient’s results on tests of cognitive screening that are
13



often performed in the context of the occupational therapist’s evaluation, such as the "Mini-
mental state examination”(MMSE), the Cognitive Assessment Scale for the Elderly (CASE), as
well as results on tests used to evaluate driving capacities (e.g.: "Trail making” A et B, "Motor-
free visual perception test"(MVPT)) (Colarusso & Hammill, 2003; Folstein, Folstein, &
McHugh, 1975; Geneau, 1996; Lezak, Howieson, & Loring, 2004). According to what has been
previously reported regarding the impact of sleep on cognition, deficits presented by patients
hospitalised secondary to a TBI on these tests could possibly be, at least in part, attenuated if
they had better sleep.

Other studies have been carried out among healthy subjects, as well as among subjects
suffering from sleep disorders, and poor sleep quality and/or sleep deprivation have consistently
been shown to be significantly associated with general functioning and ADL. More specifically,
according to Weaver et al. (1997), the activities most thought to be influenced by disrupted sleep
and excessive daytime sleepiness are activities that provide minimal external stimulation and that
unmask or possibly increase sleepiness such as driving or passive vigilance. Activities that are
considered in the Functional Outcome Sleep Questionnaire (FOSQ) they developed to examine
the repercussions of excessive daytime sleepiness include: taking care of financial affairs and
paperwork, finishing a meal, maintaining a phone conversation, watching television, working on
a hobby, remembering things and concentrating on things. Several studies among various
populations (e.g. sleep apnea, narcolepsy, non-restorative sleep, pulmonary fibrosis, heart
failure) have used the questionnaire developed by Weaver and found that links between

disrupted sleep, excessive daytime sleepiness and poorer performance in these activities
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(Banhiran et al., 2012; Carmona-Bernal et al., 2008; Chasens, Sereika, Houze, & Strollon, 2011;
Mermigkis et al., 2013; Riegel et al., 2012; Su, Liu, Panjapornpon, Andrews, & Foldvary-
Schaefer, 2012; Teixeira, Faccenda, & Douglas, 2004; Weaver 2001; Zhang et al., 2013).

In studies carried out using the SF-36 questionnaire, which assesses functional health and
well-being through the evaluation of several health domains, physical and social functioning, as
well as mental health, functional health and well-being were more affected in individuals with
sleep disorders than in individuals who slept normally (Lee et al., 2009; Ware, Snow, Kosinski,
& Gandek, 1993). Accordingly, it has been shown that subjects suffering from insomnia had a
poor quality of life, both physically and mentally, and presented a reduced productivity at work
as well as alterations of their ADLs (Bolge, Doan, Kannan, & Baran, 2009). More recently,
studies performed among elderly subjects have shown that poor sleep and daytime sleepiness
predict poorer functional recovery rates during inpatient rehabilitation, as well as greater
functional decline (Frohnhofen, Popp, Frohnhofen, & Fulda, 2013; Spira et al., 2012).

The importance of ADL evaluations in acute TBI patients cannot be underestimated as
they are generally used to recommend discharge needs or rehabilitation potential. When
significant sleep deprivation is present, results obtained with ADL measures could reflect the
negative effects of sleep deprivation and therefore inadequately influence clinical decisions.
Hence, occupational therapy evaluations of ADL ability would need to nuance test results when

sleep deprivation is known to have occurred during the night prior to these evaluations.
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Protocols to improve sleep in hospital and rehabilitation centers

Modifying the environment to improve sleep

Considering that some factors impeding good sleep quality and duration can be modified,
the following section will present protocols aimed at improving sleep-wake cycles, as well as the
specific role of occupational therapists in their implementation. Environment is a major cause of
sleep disturbances in hospital settings. Fortunately, some environmental factors can be modified.
It has been shown that noise is among the factors that interfere the most with sleep in the hospital
(Cohen, Oksenberg, Snir, Stern, & Grosswasser, 1992; Freedman, Gazendam, Levan, Pack, &
Schwab, 2001). Having patients use ear plugs and minimizing staff interventions during periods
of napping or during the night would enable patients to have more restorative sleep (Richardson,
Allsop, Coghill, & Turncock, 2007; Topf, 1992; Topf & Davis, 1993). These methods have been
tested among ICU patients and improved sleep was observed (Le Guen, Nicolas-Robin, Lebard,
Arnulf, & Langeron, 2014; Richardson,Allstop, Coghill, & Turncock, 2007;Wallace, Robins,
Alvord, & Walker, 1999).

Sleep and wake states can also greatly benefit from light during the day and darkness
during the night. In fact, the main circadian biological clock, located in the hypothalamus, is
normally synchronized to the environmental 24-hour day, mainly by exposure to the light-dark
cycle (Czeisler & Gooley, 2007; Dumont & Beaulieu, 2007; Takahashi & Zatz, 1982; Moore,
1997). The sleep-wake cycle is dependent on this circadian biological clock. Light therapy has
been shown to be beneficial in synchronizing the circadian clock, improving sleep quality, mood

and cognitive performance, (see Munch & Bromundt, 2012 for a review) and has also been
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found effective in improving sleep and cognitive function among the institutionalised elderly,
with or without dementia (Riemersma-van der Lek et al., 2008; Sloane et al., 2007; Van
Someren, Kessler, Mirmiran, & Swaab, 1997). More recently, blue light therapy was show to
significantly improve fatigue and drowsiness among chronic TBI patients who reported sleep and
wake disturbances (Sinclair, Ponsford, Taffe, Lockley, & Rajaratnam, 2013). Based on these
findings, we could hypothesize that light therapy during acute and post-acute TBI could favor

more robust sleep-wake rhythms, though this has not been formally investigated.

Naps to improve cognitive functioning

It has been shown that a nap of 20 to 30 minutes can reduce fatigue and increase
cognitive performances for several hours among healthy subjects (Lovato & Lack, 2010). The
early afternoon is the time of day during which a nap is most beneficial. A protocol comprising
the addition of a daily rest period of approximately 30 minutes following lunch could be
established in order to further preserve the cognitive functions of TBI patients. To date, no study
investigating the effects of naps in a neurological population has been performed and the
potential benefits of naps on cognitive functioning and ADL is not known. It is thus
recommended that a case-by-case approach, with constant monitoring on the efficacy and
negative consequences of various durations and timings of daytime naps, be used. However,
considering the important sleep loss that most patients experience during their hospital stay,
professionals such as occupational therapists, may be encouraged to interchange, when possible,
treatment sessions between patients when a scheduled patient is taking a nap. It could also be

important to ensure that patients are allowed to have rest periods between various interventions.
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Most behavioural sleep medicine experts agree that late naps (i.e. taken later than 3:00 PM) may
interfere with nighttime sleep (Morin, 2004). Although patients feeling either fatigued or sleepy
may want to take a nap after the evening meal, occupational therapists, in collaboration with
specialists in recreational activities and/or nurses may contribute to finding alternative activities

in order for patients to maintain alertness before bed.

Interventions to improve insomnia

For patients suffering from insomnia, the implementation of behavioural
recommendations such as Stimulus Control or Sleep Restriction (or restriction of time in bed)
may be useful (Ouellet & Morin, 2004; Ouellet & Morin, 2007). These procedures have a very
large evidence-base in the general population for primary insomnia, and are increasingly
disseminated in populations with diverse health conditions by non-sleep specialists (Manber et
al., 2012). The goal of Sleep Restriction is to consolidate sleep and promote deeper and more
continuous sleep through the night by limiting the time spent in bed to the actual sleep time. A
sleep window is prescribed and kept consistent for at least 1-2 weeks at first, then is adjusted
(increased or decreased) depending on sleep efficiency. Stimulus Control consists of a set of
instructions (e.g. keep 1 hour before bed to relax, reserve bed and bedroom for sleep only, go to
bed only when sleepy, limit daytime napping, get out of bed if unable to sleep after 15-20
minutes). Largely based on self-management principles, these techniques could nonetheless be
used with hospitalised patients if healthcare professionals supply a minimum of structure and
guidance. In an acute care or rehabilitation setting, occupational therapists could be instrumental

to the implementation of such behavioural interventions for sleep. For example, occupational
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therapists could assist patients in finding appropriate activities in order to maintain a prescribed
sleep window and follow Stimulus Control instructions. The following could be implemented by
occupational therapists: activities in the evening to counteract sleepiness or the habit of going to
bed too early (in line with Sleep Restriction); activities to promote a smooth transition between
waking activities and sleep and activities in the morning to avoid staying in bed too long and to
increase the motivation for getting out of bed and starting the day (in line with Stimulus Control
recommendations); activities during the night to distract from worrying, rumination or intrusive
thoughts (in line with cognitive and relaxation-based techniques); activities to avoid smoking
before bedtime or during nocturnal awakenings (in line with Sleep Hygiene education); and
activities to promote rest during the day without necessarily sleeping (napping), especially late
during the day (in line with Stimulus Control recommendations).

The support of nurse colleagues and other professionals (e.g. educators, recreational
activities specialists) would be critical to the application of, and adherence to, the various
protocols to improve sleep. As such, occupational therapists could have an influential role in
raising awareness among the clinical personnel about the impacts of poor sleep and its
consequences on the ADLs of people with TBI. The applicability and efficacy of these
abovementioned interventions nevertheless need to be investigated among this clinical
population and setting. In the meantime, caution and close follow-ups are warranted when any

type of intervention is initiated.
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Limits
Though the focus of this review was to discuss the impact of sleep on cognition and
activities of daily living, we did not discuss the effects of medications, particularly sedatives and

analgesics, on sleep. Such medications are often administered to TBI patients in acute care and

could be responsible, at least in part, for modifications in sleep and wake.

Conclusions

This literature review has shown that TBI causes changes in sleep that have repercussions on
everyday activities. Lack or loss of sleep has a direct impact on cognition, which in turn has a
direct impact on independence in ADL. Loss of sleep or poor sleep can directly limit ADL
independence and also amplify other deficits. In acute and post-acute care, this must be
considered in two ways. First, the timing of functional assessments should ideally attempt to be
scheduled at times of optimal wakefulness. Moreover, interventions should be put into place to

limit, to the extent deemed possible, poor sleep and its repercussions on everyday activities.
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Figure 1. Sleep architecture of a healthy adult subject

Figure 1 depicts the sleep architecture of a healthy adult subject. Sleep occurs in
consecutive cycles of approximately 90 minutes, characterised by varying proportions of N1, N2,
N3, and rapid eye movement (REM) sleep. Stage N3, or deep sleep, occurs mainly in the first
sleep cycles, diminishing in proportion as the sleep period advances. Conversely, the proportion

of REM sleep increases throughout the night, and is mainly present during later sleep cycles.
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