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Abstract

Background: Sleep disorders are common following traumatic brain injury (TBI).

Methods: We review the literature regarding sleep disturbances in the acute and chronic phase following TBI in
both the adult and pediatric population.

Results: Acute and chronic disruption of sleep commonly follows TBI and contributes to morbidity commonly seen
post-injury in both adults and children. This includes the direct effect of TBI leading to sleep disruption, as well as
sleep disorders resulting from TBI itself. Pre-TBI neurocognitive testing is important to determine a baseline prior to
injury, while disrupted sleep can also prolong recovery after TBI. Early recognition of sleep disturbances post-injury
can lead to earlier treatment and limit the sequelae of TBI, as well as assist in recovery.

Conclusion: We suggest that evaluation for sleep disturbances following TBI is a critical component of post-TBI
assessment and management.

Keywords: Traumatic brain injury, Sleep disturbances, Insomnia, Hypersomnia, Obstructive sleep apnea, Circadian
rhythm sleep disorder

Background
Subjective sleep disturbances and objective sleep disor-
ders following traumatic brain injury (TBI) are common
issues encountered in clinical practice. TBI is defined as
an injury that includes transient amnesia, alteration or
loss of consciousness that results from a force involving
the head or body (Wickwire et al. 2016; Mathias and
Alvaro 2012). TBI can be classified as mild, moderate or
severe based on the presence and severity of the above
symptoms, as well as neuroimaging characteristics.
Reportedly, up to 1.7 million Americans suffers TBI yearly,
with 70% of those deemed mild (Wickwire et al. 2016;
Mathias and Alvaro 2012). Of those who sustain TBI,
recent estimates suggest that 30–66% of patients experi-
ence some type of sleep disturbance (Wickwire et al. 2016;
Mathias and Alvaro 2012; Nakase-Richardson et al. 2013;
Chan and Feinstein 2015). Sleep disturbances in post-TBI
patients can present acutely or can emerge as a chronic
issue during the recovery phase, occasionally lasting years

from the initial injury (Wickwire et al. 2016). Sleep distur-
bances and resultant sleep disorders can also impair the
recovery process from TBI. Sleep disorders reported in
post TBI patients include insomnia and hypersomnia
syndromes, circadian rhythm disorders, and sleep related
breathing disorders.
Recently, Mollayeva, et al. discussed the possible

mechanisms of sleep disturbances following TBI (Mollayeva
et al. 2016). These mechanisms are beyond the scope of this
review, but may include disruption of neuronal networks
involved in wakefulness and sleep directly related to
acceleration-deceleration injuries to these axons, as well as
direct injury to structures responsible for regulation of the
circadian rhythm (Wickwire et al. 2016; Mollayeva et al.
2016). Genetic susceptibility to circadian rhythm disorders,
changes in sleep duration, and changes in sleep architecture
also appears to play a role in the individual risk of
development of sleep disruption following TBI. Craniofacial
anatomy prior to TBI also appears to predispose the
individual to development of sleep-disordered breathing
(Mollayeva et al. 2016).* Correspondence: rafzuzu@bu.edu
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As a result, patients may experience a variety of sleep
disturbances following TBI that emerge at different post-
injury intervals (Table 1).
Previous studies have delineated TBI into the following

time frames: acute phase occurring from 0 to 7 days,
subacute phase occurring between 7 and 90 days, and
chronic phase occurring greater than 90 days (Wickwire
et al. 2016; Mollayeva et al. 2016). However, there is no
current consensus on what constitutes these time frames
as it relates to the emergence of sleep disturbances
following TBI. The acute phase for sleep disruption has
been described as occurring anywhere from 1 week up
to one year post-injury, while the chronic phase has
been felt to begin six months to a year following TBI
(Wickwire et al. 2016; Nakase-Richardson et al. 2013;
Chan and Feinstein 2015; Mollayeva et al. 2016; Pillar et
al. 2003; Baumann et al. 2007; Sommerauer et al. 2013;
Raikes and Schaefer 2016; Watson et al. 2007; Imbach et
al. 2015). In this review, we designate the acute phase up
to six months post-injury, with the chronic phase six
months or greater.
Those who sustain TBI may suffer from hypersomnia

and insomnia in the acute period post-injury (Wickwire
et al. 2016; Baumann et al. 2007; Sommerauer et al.
2013; Raikes and Schaefer 2016; Watson et al. 2007;
Imbach et al. 2015). Furthermore, central nervous system
symptoms occurring as a result of TBI also may cause
disruption of sleep (Pillar et al. 2003; Lavigne et al. 2015;
Chaput et al. 2009; Minen et al. 2016; Hou et al. 2013;
Jaramillo et al. 2016; Farrell-Carnahan et al. 2015; Bryan
2013; Holster et al. 2017). These include headache,
tinnitus and/or vertigo. Mood disorders such as anxiety or
depression that result from TBI are also common and
may have a negative impact on sleep (Pillar et al. 2003;
Chaput et al. 2009; Minen et al. 2016; Farrell-Carnahan et
al. 2015; Bryan 2013; Holster et al. 2017). Sleep
disturbances in the chronic phase are varied and include
insomnia as well as circadian rhythm disruption (Wickwire
et al. 2016; Mathias and Alvaro 2012; Nakase-Richardson

et al. 2013; Chan and Feinstein 2015; Mollayeva et al. 2016;
Pillar et al. 2003). In addition, the development of
obstructive sleep apnea (OSA) and narcolepsy has also
been described following TBI (Wickwire et al. 2016;
Mathias and Alvaro 2012; Nakase-Richardson et al.
2013; Chan and Feinstein 2015; Mollayeva et al. 2016;
Pillar et al. 2003). Here, we review commonly encoun-
tered sleep disturbances following TBI.

Methods
Two authors (JZ and KB) independently searched the
international literature through February 2, 2017 for
articles evaluating sleep disturbances following TBI, as
well as the impact of sleep on cognition. Databases
searched included PubMED/Medline and The Cochrane
Library. The inclusion criteria: studies evaluating sleep
disturbances in both adults and pediatric populations
following TBI itself or direct sequelae resulting from
TBI, as well as the impact of sleep on cognition. This
includes the impact of sleep on neurocognitive testing
in groups at high risk for TBI. An example of a search
performed in PubMED/Medline is: (“sleep”[MeSH
Terms] OR “sleep”[All Fields]) AND (“brain injuries,
traumatic”[MeSH Terms] OR (“brain”[All Fields] AND
“injuries”[All Fields] AND “traumatic”[All Fields]) OR
“traumatic brain injuries”[All Fields] OR (“traumatic”[All
Fields] AND “brain”[All Fields] AND “injury”[All Fields])
OR “traumatic brain injury”[All Fields]). There was no
language restriction.

Sleep disturbances in the acute period following TBI
Hypersomnia
Increased sleep need is a significant issue in the acute
period following TBI (Baumann et al. 2007; Sommerauer
et al. 2013; Raikes and Schaefer 2016). A prospective
study of 96 patients with TBI demonstrated that 22%
experienced hypersomnia following TBI, defined as a sleep
need of equal to or greater than 2 h when compared to
pre-TBI sleep need (Baumann et al. 2007). Although no
correlations were noted with regards to cerebrospinal fluid
(CSF) hypocretin levels, polysomnography (PSG) or
multiple sleep latency tests (MSLT), post-TBI patients
reporting hypersomnia suffered more severe TBI than
those without (Baumann et al. 2007). A retrospective
case-control study (n = 36) showed that patients with
hypersomnia based initially on actigraphy testing
demonstrated increased stage 3 sleep on subsequent
PSG testing when compared to controls (Sommerauer
et al. 2013).
While it is clear that hypersomnia affects a significant

number of patients following TBI, the length of time
that this persists is variable. A recent prospective study
(n = 17) used actigraphy to demonstrate that an increased
sleep need might be seen in the acute period following

Table 1 Sleep Disturbances Following TBI in the Acute and
Chronic Phase

Time period Diagnosis

Acute Hypersomnia

Insomnia related to post-traumatic headache

Insomnia related to post-traumatic mood disturbance

Insomnia

Chronic Insomnia

Circadian rhythm disorders

Obstructive sleep apnea

Narcolepsy

Chronic Traumatic Encephalopathy
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TBI, resolving one month post-injury (Raikes and Schaefer
2016). A larger prospective study (n = 748) showed that
these changes persist up to one month, but may resolve
by one year following TBI; however, increased sleep need
was assessed via survey rather than actigraphy (Watson et
al. 2007). Finally, a case-control study evaluating 42 pa-
tients with first-time TBI showed that sleep need was
still significantly increased at 6 months when compared
to controls (Imbach et al. 2015). The development of
hypersomnia following TBI is a significant predictor of
negative social outcomes, including subjective difficulties
for patients at work, in relationships and various social
settings (Chan and Feinstein 2015). This highlights the
need for early assessment and treatment of hypersomnia.

Insomnia due to post-traumatic headache
Headache following TBI is a common symptom seen in
20–46.8% of patients with TBI (n = 443) (Lavigne et al.
2015; Chaput et al. 2009). This symptom can have a
significant impact on quality of life both during wakefulness
and sleep and can be seen irrespective of the severity of the
injury. Multiple studies have been performed to evaluate
the impact of post-traumatic headache (PTH) on sleep,
with insomnia the most common symptom experienced
(Minen et al. 2016; Hou et al. 2013). A retrospective cohort
study (n = 98) showed that headache and insomnia are
frequently comorbid conditions in the mild TBI popula-
tion, with up to half of patients with PTH also suffering
from insomnia (Hou et al. 2013). This study also showed
that PTH portended a higher risk of development of in-
somnia when compared to severity of TBI, with estimates
from 12.5 to 27% (Hou et al. 2013; Jaramillo et al. 2016).
Finally, multiple studies have shown that insomnia
appears to predict the persistence of PTH in TBI
patients, leading to a vicious cycle where each symptom
promotes the presence of the other. (Chaput et al. 2009;
Hou et al. 2013).

Insomnia due to post-traumatic mood disturbances
Mood disturbances following TBI are also common, with
estimates of prevalence of depression from 20 to 46%
and anxiety from 24 to 61% (n = 443) (Chaput et al.
2009; Minen et al. 2016; Jaramillo et al. 2016). Depres-
sion and anxiety are often comorbid with PTH following
TBI, with up to 33% of patients with TBI suffering from
a mood disturbance and PTH (Minen et al. 2016). In
addition, one study of 150 subjects and another of 168
subjects demonstrated that patients with TBI previously
who suffered a repeat TBI were at higher risk for devel-
opment of depression than those without previous TBI
(Bryan 2013; Holster et al. 2017). Frequently, these
patients often have poor sleep due to insomnia, with
multiple studies demonstrating an increased association
with depression and anxiety (Chaput et al. 2009; Minen

et al. 2016; Farrell-Carnahan et al. 2015; Bryan 2013;
Holster et al. 2017). One review showed that the presence
of insomnia in patients with TBI has a risk of depression
six times higher than those who have suffered TBI without
insomnia (Minen et al. 2016).

Insomnia
Insomnia has been demonstrated in the acute phase
following TBI, with patients reporting difficulty in both
initiation and maintenance of sleep (Chan and Feinstein
2015; Pillar et al. 2003; Lavigne et al. 2015; Chaput et al.
2009; Minen et al. 2016; Jaramillo et al. 2016). As noted
above, this insomnia is typically seen comorbid with
post-traumatic headache and mood disturbances (Lavigne
et al. 2015; Chaput et al. 2009; Minen et al. 2016; Jaramillo
et al. 2016). Some studies have suggested that insomnia is
not independent of these issues following TBI, given the
significant interaction between pain, depression and
anxiety on sleep disturbance (Chan and Feinstein 2015;
Lavigne et al. 2015; Chaput et al. 2009; Minen et al.
2016; Jaramillo et al. 2016). Further studies need to be
performed to separate this interaction and define the
true prevalence of acute insomnia development in the
absence of post-traumatic symptoms.

Sleep disturbances in the chronic period following
TBI
Insomnia
Insomnia is also a chronic issue following TBI. The
prevalence of insomnia following TBI is varied, with
anywhere from 10 to 84% of patients reporting insomnia
symptoms up to three years following injury (Chan and
Feinstein 2015; Mollayeva et al. 2016; Pillar et al. 2003;
Hou et al. 2013; Ouellet et al. 2006; Viola-Saltzman and
Musleh 2016; Zeitzer et al. 2009; Kempf et al. 2010).
One small prospective study, however, found insomnia
occurring in only three of 65 patients using actigraphy
and PSG (Baumann et al. 2007).
The true prevalence of insomnia has been called into

question as some studies have shown an overestimation
of insomnia reported by patients with TBI when evalu-
ated with subjective questionnaires and PSG (Ouellet
and Morin 2006; Lu et al. 2015). While this may be an
important consideration, other studies have used PSG to
demonstrate increased sleep latency in patients with TBI,
in addition to reduced sleep efficiency and increased sleep
fragmentation (Ouellet and Morin 2006; Lu et al. 2015;
Parcell et al. 2008; Williams et al. 2008).
Insomnia also appears to be an issue that may also

worsen comorbid conditions related to TBI. As noted
above, patient with insomnia following TBI are not only
are at risk for development of PTH and post-traumatic
mood disturbances, but the presence of these co-morbid
problems can disrupt sleep and worsen insomnia symptoms
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(Lavigne et al. 2015; Chaput et al. 2009; Minen et al. 2016;
Hou et al. 2013; Jaramillo et al. 2016; Farrell-Carnahan
et al. 2015).

Circadian rhythm disorders
Circadian rhythm disorders following TBI have not been
well described in humans, with most early reports being
case studies (Nagtegaal et al. 1997; Smits et al. 2000;
Quinto et al. 2000). One study evaluated patients with in-
somnia following TBI with the use of actigraphy, saliva
melatonin measurements, and body temperature meas-
urement for the presence of a circadian rhythm sleep dis-
order (Ayalon et al. 2007). Of 42 patients in this study,
36% demonstrated evidence of either a delayed or ad-
vanced circadian rhythm. A recent study (n = 18) demon-
strated that patients with TBI produced 42% less
melatonin overnight when compared to controls, in
addition to a delay in dim light melatonin onset by ap-
proximately 1.5 h (Grima et al. 2016). Another study
(n = 46) showed that evening melatonin production is
significantly lower in patients with TBI at least one year
following injury when compared to controls (Shekleton
et al. 2010). Although these studies clearly show a
variability in the timing of melatonin production, it is
unclear whether this finding is related to damage of intrin-
sic melatonin production or simply a change in circadian
rhythm from TBI. In addition, these studies are unable to
determine if circadian rhythm changes occurred after
TBI as they did not evaluate patients prior to TBI.

Obstructive sleep apnea
The role of TBI in the development of obstructive sleep
apnea (OSA) has been the subject of some debate. Some
studies have shown that OSA appears to increase the
risk of TBI, while other studies suggest that OSA is diag-
nosed more frequently post-injury. The etiology behind
this finding is unclear, but may be related to craniofacial
anatomy that places the patient at risk for subsequent
development of OSA after TBI (Mollayeva et al. 2016).
In one study (n = 87) that evaluated the prevalence of
sleep disorders following TBI, PSG performed at three
months post-injury demonstrated 23% of those with TBI
had comorbid OSA (Castriotta et al. 2007). However, no
baseline data was performed for comparison of OSA
rates prior to TBI. A study by Guilleminault, et al.
showed that 32% of patients (n = 184) with TBI were
diagnosed with OSA post-injury (Guilleminault et al.
2000). However, the authors acknowledged that OSA
may have been present in several patients prior to TBI.
Several other studies evaluating the presence of OSA
following TBI, found prevalence rates ranging from 11
to 61% (Wickwire et al. 2016; Mathias and Alvaro 2012;
Baumann et al. 2007; Castriotta et al. 2007; Masel et al.
2001; Collen et al. 2012). In most cases, pre-TBI testing

with PSG was not available to confirm or rule out the
presence of OSA prior to injury.
Nevertheless, recognition of OSA in patients with TBI

is important due to the negative impact that it may have
on cognition, which may be negatively impacted due to
TBI itself.

Narcolepsy
Narcolepsy following TBI has been the subject of debate
for many years, with the overall prevalence of narcolepsy
following TBI estimated from 3 to 6% (Castriotta et al.
2007; Masel et al. 2001). While a CSF hypocretin defi-
ciency has been noted in the acute post-injury period,
normalization of these levels has also been found in a
number of patients over time. One study demonstrated
recovery of hypocretin levels to normal levels six months
post-injury in 17 of 21 patients with EDS, while another
study (n = 27) demonstrated that 19% of patients with
narcolepsy without cataplexy developed symptoms within
two years of suffering TBI (Baumann et al. 2007;
Poryazova et al. 2011). Furthermore, pathologic exam-
ination of patients with severe TBI (n = 44) showed
only mild damage to specific hypocretin neurons, while
more widespread damage was seen in hypothalamic
neurons involved in sleep-wake regulation (Baumann
et al. 2005; 2009). Subsequently, the development of
hypocretin deficient narcolepsy is questionable given
the lack of specificity in damage to hypocretin neurons,
as well as inconsistent presentation with regards to
CSF hypocretin levels in hypersomnolence post TBI
patients (Baumann et al. 2005). This is further reinforced
by the demonstration of one such patient with narcolepsy
following TBI in whom diffuse tensor imaging demon-
strated injury to the ascending reticular activating system
between the pons and hypothalamus, rather than the hypo-
thalamus itself (Jang et al. 2016). The pathophysiology
behind development of narcolepsy in post-TBI patients is
likely of heterogeneous etiologies, and appears to differ
from narcolepsy type I.
Despite the potential differences in pathophysiology,

many post TBI patients appear to develop hypersomno-
lence consistent with that seen in type II narcolepsy. In
contrast, very few patients appear to experience cataplexy
as part of their symptomatology (Baumann et al. 2007).
One study (n = 37) evaluated a group of patients with TBI
who were HLA DQB1*0602 positive and found that seven
patients (19%) developed narcolepsy with cataplexy after
TBI (Poryazova et al. 2011). The authors suggested that
these patients were genetically predisposed to the develop-
ment of narcolepsy with cataplexy prior to TBI rather than
cataplexy developing from TBI itself. Diagnostic testing
with PSG and MSLT is often positive in patients with
narcolepsy following TBI, with most studies using criteria
of mean sleep latency < 5 min and ≥ 2 sleep onset rapid
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eye movement periods (Baumann et al. 2007; Castriotta et
al. 2007; Poryazova et al. 2011; Jang et al. 2016). In light of
these contrasting findings, it would seem that the use of
PSG and MSLT for diagnosis for narcolepsy would be a
more consistent diagnostic tool than use of CSF hypocretin
levels.

Chronic traumatic encephalopathy
The recent discovery of chronic traumatic encephalopathy
(CTE) has led to significant interest in research regarding
this disease over the past fifteen years. CTE refers to a
unique set of pathologic changes in the central nervous
system that develop following traumatic brain injury,
including a perivascular distribution of tau-positive neuro-
fibrillary tangles in the neocortex (McKee et al. 2009).
While CTE can have a significant impact on the neuro-
cognitive profile of patients, as well as lead to neurodegen-
eration, literature regarding the impact of CTE on sleep is
sparse (McKee et al. 2009). Although there has been some
suggestion that OSA and insomnia may be risk factors for
development of CTE, it is clear that poor sleep can nega-
tively impact symptoms commonly seen in CTE, such as
aggression, impulsivity and poor cognition (Quan 2014;
Asken et al. 2016). At this time, research efforts have been
sparse and have yet to elucidate the potential impact of
sleep on the development of CTE.

Special considerations in the pediatric population
Even fewer investigations into sleep disturbances following
TBI have been performed in the pediatric population,
though interest has increased recently. Recent reviews of
sleep disturbances in pediatric patients following TBI
demonstrated that most studies focused on adolescents
and used subjective measures to evaluate symptoms
(Gagner et al. 2015; Hung et al. 2014; Beebe et al. 2007).
However, sleep disturbances were common post-injury
and included excessive daytime sleepiness, increased sleep
latency and circadian rhythm disruption, though the latter
was not as common (Gagner et al. 2015). One such
prospective study of 15 patients demonstrated that
sleep onset and maintenance difficulties were signifi-
cantly increased in the TBI group when compared to
their siblings (Sumpter et al. 2013). A similar recent
prospective study evaluated 100 adolescent patients
three to twelve months following TBI for sleep distur-
bances using questionnaires and actigraphy (Tham et al.
2015). Following TBI, patients not only reported poor sleep
quality, but were also shown to have a shorter sleep
duration and poorer sleep efficiency when compared to
controls (Tham et al. 2015). This finding is in contrast to a
previous study from the same authors (n = 926) that
showed sleep disturbances were not significantly persistent
three months post-injury (Tham et al. 2012). Despite
recent interest, the dearth of information regarding sleep

in pediatric TBI highlights the need for further research in
this population.

Sleep and Neurocognition
Neurocognitive deficits are a well-known and disabling
feature of TBI. As a result, neuropsychological testing
has become a mainstay of post-injury evaluation. Various
studies have revealed deficits in multiple neurocognitive
domains following TBI, such as attention, visuospatial
ability, memory and executive function (Carlsson et al. 1987;
Konrad et al. 2011; Ponsford et al. 2008; De Beaumont et al.
2009; Himanen et al. 2006; Isoniemi et al. 2006; Monti et al.
2013). Others have demonstrated the utility of post-injury
neuropsychological testing in predicting which patients
develop chronic neurocognitive impairments (Carlsson
et al. 1987; Konrad et al. 2011; Ponsford et al. 2008; De
Beaumont et al. 2009; Himanen et al. 2006; Isoniemi et
al. 2006; Monti et al. 2013). One such study (n = 105)
showed that cognitive flexibility and reaction times testing
in the emergency department predicted symptoms one
month following TBI in the pediatric population (Brooks
et al. 2016). Another study (n = 61) demonstrated that
older age and male sex portended a higher risk of
developing chronic deficits in visuospatial ability and
visual memory (Himanen et al. 2006). Others have shown
that repeated TBI, rather than age, was the major risk
factor for permanent deficits (Carlsson et al. 1987).
While factors such as age, severity of trauma, number

of prior traumatic brain injuries and timing of prior TBI
have been shown to impact the outcome of neurocogni-
tive testing, few studies have evaluated the impact of
sleep on recovery (Albrecht et al. 2016; Gaudet and
Weyandt 2017; Martindale et al. 2017; Lau et al. 2011;
Sufrinko et al. 2015; Singh et al. 2016). Of these, one
study (n = 348) demonstrated that patients with insomnia
and reduced sleep times prior to TBI have a prolonged
recovery post-injury as measured by the Immediate
Post-concussion Assessment and Cognitive Test and
Post-concussion Symptom Scale when compared to
controls (Sufrinko et al. 2015). Another study demon-
strated that poor sleep quality independently predicted
cognitive dysfunction in post-TBI combat veterans when
controlling for other variables such as PTSD, while others
have corroborated that poor sleep prolonged cognitive
recovery from TBI in non-combat patients (Martindale et
al. 2017; Singh et al. 2016). Furthermore, sleep
disturbances prior to TBI also increase the risk of post-
concussive symptoms, which negatively impacts sleep
and further contributes to prolonged recovery (Chan
and Feinstein 2015; Lavigne et al. 2015; Chaput et al.
2009; Minen et al. 2016; Jaramillo et al. 2016; Singh et
al. 2016).
Recently, a small group of studies have demonstrated

the impact of various sleep metrics in the assessment of
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neurocognitive testing in TBI at baseline. One such
study (n = 144) showed that athletes with low self-
reported sleep quantity (68% of the subject’s normal
sleep quantity) performed worse on baseline neurocogni-
tive testing than those with moderate (90%) or high sleep
quantity (110%) (Mihalik et al. 2013). A subsequent study
(n = 3686) showed that athletes without previous history
of TBI with less than 7 h of sleep time prior to baseline
neurocognitive testing had lower scores than those with
more than 7 h of sleep (McClure et al. 2014).
Given the impact of poor sleep on baseline testing, sleep

patterns prior to TBI should be considered by physicians
when ordering or interpreting baseline neurocognitive
testing. Postponement of neurocognitive testing should be
considered if patients report a poor prior night of sleep.
Finally, the development of sleep disturbances following
TBI should be evaluated for and addressed in a timely
fashion to improve recovery post-injury.

Treatment
Recovery from TBI can be negatively impacted by the
aforementioned sleep disorders, highlighting the need
for treatment of these conditions as they arise. Investiga-
tion into treatment of specific sleep disorders resulting
from TBI, however, has been limited and largely based on
current standard of care (Wickwire et al. 2016; Castriotta
et al. 2009; Menn et al. 2014; Al-Adawi et al. 2006; Mignot
2012; Rao et al. 2015). For hypersomnia resulting from
TBI, one randomized controlled trial (n = 117) showed
that armodafinil 250 mg significantly reduced daytime
sleepiness on Epworth Sleepiness scale and longer sleep
latency on PSG (Menn et al. 2014). Methylphenidate did
not show a significant impact on number of hours of
sleep in TBI patients when compared to placebo (n = 30)
(Al-Adawi et al. 2006). We recommend use of armodafinil
and modafinil, but more potent stimulants may need to
be used (Castriotta et al. 2009; Mignot 2012). Treatment
of insomnia in TBI can be particularly challenging due to
the comorbid conditions that arise from TBI itself and
their respective impact sleep quality. Use of antidepres-
sants for post-TBI mood disturbances is common, but the
impact of these medications on cognitive recovery is not
well studied (Rao et al. 2015). Agents with anticholinergic
or heavy sedative qualities can worsen cognition and
should be avoided if possible (Rao et al. 2015). Cognitive
behavioral therapy is first line therapy for treatment of
insomnia, but has not been well-evaluated in patients with
insomnia resulting from TBI (Wickwire et al. 2016).
Nevertheless, we recommend this therapy as first-line,
which may also be a useful adjunct therapy for treatment
of mood disorders resulting from TBI (Wickwire et al.
2016). Benzodiazepine-like agonists, such as zolpidem,
are commonly used for the treatment of insomnia in
the TBI population (Wickwire et al. 2016; Management

of Concussion/mTBI Working Group 2009). No random-
ized trials have evaluated the efficacy of these medications
for insomnia following TBI. However, one study found
that these medications may increase the risk of dementia
in the TBI population, after controlling for the cognitive
impact of insomnia (Chiu et al. 2015). If used at all, they
should likely be limited to short term use. There are no
trials that have explored melatonin in the treatment of
circadian rhythm disorders due to TBI. One study showed
that melatonin did not improve sleep latency, duration, or
quality in this group (Kemp et al. 2004). In post-injury
patients with OSA, we strongly recommend a trial of
continuous positive airway pressure therapy to reduce the
impact on sleep disordered breathing on cognition, which
may already be impaired following TBI (Wickwire et al.
2016; Castriotta et al. 2009). Finally, treatment of
narcolepsy resulting from TBI has not been well-
studied and has focused on hypersomnia in this group.
Similar to the recommendations above, modafinil and
armodafinil should be tried first (Castriotta et al. 2009;
Mignot 2012).

Conclusion
The impact of sleep disturbances on quality of life is well
documented, with a particularly negative impact in patients
with TBI in terms of cognitive and functional recovery from
TBI (Wickwire et al. 2016; Mathias and Alvaro 2012; Chan
and Feinstein 2015; Duclos et al. 2015; Mollayeva et al.
2016). This can occur directly from the sleep disturbances
resulting from TBI or from a secondary exacerbation of
common symptoms seen post-injury, such as headache,
pain, mood disturbances or cognitive decline (Wickwire et
al. 2016; Lavigne et al. 2015; Chaput et al. 2009; Minen
et al. 2016; Hou et al. 2013; Jaramillo et al. 2016;
Farrell-Carnahan et al. 2015; Duclos et al. 2015;
Mollayeva et al. 2016; Ouellet et al. 2015; Theadom et
al. 2016). A notable decrease of independence in
performing activities of daily living in the recovery from
TBI has been shown in patients with sleep disturbances
post-injury, portending functional difficulties in the recovery
period (Wickwire et al. 2016; Duclos et al. 2015). In addition
to this, sleep disturbances also appear to prolong recovery
from TBI (Mollayeva et al. 2016; Ouellet et al. 2015;
Theadom et al. 2016). For these reasons, assessment
and treatment for sleep disturbances following TBI is
paramount to assist in improving quality of life and
recovery from TBI itself.
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