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Abstract: Sleep disturbances are frequently identified following traumatic brain injury, affecting 

30%–70% of persons, and often occur after mild head injury. Insomnia, fatigue, and sleepiness 

are the most frequent sleep complaints after traumatic brain injury. Sleep apnea, narcolepsy, 

periodic limb movement disorder, and parasomnias may also occur after a head injury. In addi-

tion, depression, anxiety, and pain are common brain injury comorbidities with significant influ-

ence on sleep quality. Two types of traumatic brain injury that may negatively impact sleep are 

acceleration/deceleration injuries causing generalized brain damage and contact injuries causing 

focal brain damage. Polysomnography, multiple sleep latency testing, and/or actigraphy may 

be utilized to diagnose sleep disorders after a head injury. Depending on the disorder, treatment 

may include the use of medications, positive airway pressure, and/or behavioral modifications. 

Unfortunately, the treatment of sleep disorders associated with traumatic brain injury may not 

improve neuropsychological function or sleepiness.

Keywords: traumatic brain injury, insomnia, hypersomnia, sleep apnea, periodic limb movement 

disorder, fatigue

Introduction
Sleep disturbances are frequently identified following traumatic brain injury, affecting 

30%–70% of persons, and often occur after mild head injury.1–3 Traumatic brain  

injury is a significant cause of disability and death worldwide. The Glasgow Coma 

Scale scores traumatic brain injury as mild, moderate, or severe (mild =13–15, 

moderate =9–12, severe = #8 out of 15).4 Brain injury can result in significant sensory, 

motor, cognitive, and emotional impairments. Even mild traumatic brain injury can be 

associated with dizziness, headache, nausea/vomiting, impaired balance and coordina-

tion, vision changes, tinnitus, mood and memory changes, difficulty with memory and 

attention, fatigue, and/or sleep disturbances. The relationship between head injuries and 

altered consciousness and cognitive changes has been well described, but the association 

between head trauma and sleep disturbance has not been extensively researched.5

Epidemiology and risk factors
Traumatic brain injuries are most commonly caused by falls (28%), motor vehicle 

accidents (20%), impact from an object (19%), and assaults (11%).6 These injuries 

often are related to athletic injuries, construction or industrial accidents, and domestic 

(and child) abuse. There is increasing awareness of traumatic brain injury in deployed 

military. Among the US military serving abroad, 11%–23% have suffered mild trau-

matic brain injury, often from improvised explosive device blasts.7

The exact prevalence of specific posttraumatic sleep disorders is not well defined. 

Baumann et al discovered that three out of four patients who were initially hospitalized 

for traumatic brain injury developed sleep–wake disturbances by 6 months postinjury. 
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The majority of these patients had symptoms of hypersomnia 

or fatigue, while insomnia was present in only 5%.8 However, 

other authors have identified a higher prevalence of insomnia 

after head injury. In a study that examined 60 patients with 

sleep-related complaints 3–24 months after traumatic brain 

injury (severity of traumatic brain injury was 40% mild, 

20% moderate, and 40% severe), 25% of the participants 

complained of insomnia.9

Children also report sleep issues after suffering traumatic 

brain injury. One hundred and sixteen children hospitalized 

for mild traumatic brain injury were immediately evaluated, 

and 39%–67% of the population reported fatigue, trouble 

with sleep onset, drowsiness, and/or sleeping more or less 

than usual. At follow-up visit (2–3 weeks after injury), 

the sleep-related symptoms improved but persisted in  

22%–38%.10 In a large study of 681 children who suffered 

from mild-to-severe traumatic brain injury, 14.7% reported 

sleep problems at 1-month follow-up. This percentage 

reduced to 10.7% at 4-month follow-up and no patients 

reported sleep issues at 10-month follow-up.11 Finally, in 

another large study of 729 children with mild-to-severe trau-

matic brain injury compared to 197 patients with orthopedic 

injury, the traumatic brain injury group experienced a more 

prolonged duration and higher severity of sleep disturbances 

at 3, 12, and 24 months.12

Hou et al studied 98 posttraumatic brain injury patients to 

investigate the risk factors associated with the development 

of sleep disturbances. Risk factors for sleep disturbances after 

traumatic brain injury included severity of the head injury (as 

measured by the Glasgow Coma Scale), lower years of edu-

cation, and the presence of residual symptoms (ie, headache 

and/or dizziness). Neither loss of consciousness or cause of 

injury was correlated with the development of sleep distur-

bances. The presence of residual headache, dizziness, anxiety, 

and/or depression was independently associated with the 

development of insomnia. The Glascow Coma Scale score 

was independently associated with hypersomnia.13

Pathophysiology
Traumatic brain injuries are characterized as primary or 

secondary brain injuries. A primary brain injury refers to 

the structural damage created during the time of impact from 

contact, acceleration–deceleration, and/or rotational forces. 

A secondary brain injury refers to the damage sustained from 

the subsequent cellular processes that occur from the primary 

injury (ie, hypoxia and/or raised intracranial pressure).14

The collision forces that act on the site of injury may 

lead to focal or diffuse injury. Focal injuries may include 

contact contusions, subdurals, epidurals, and/or intraparen-

chymal hemorrhages. Diffuse injuries are often caused by 

acceleration–deceleration forces that can cause shearing 

forces and widespread axonal injury in the brain.14 The loca-

tion of injury within sleep-regulating brain regions leads 

to a specific sleep symptom. There is a paucity of clinico-

pathological correlative studies; however, those that do exist 

indicate several correlations. For instance, hypersomnia can 

result when areas involving the maintenance of wakefulness 

are injured. These regions include the rostral pons, caudal 

midbrain, and thalamus.15 In fact, closed head injury is known 

to lead to “shearing” forces along the direction of main 

fiber pathways causing microhemorrhages in these areas.16 

Sleepiness and sleep attacks have also been linked to high 

cervical cord lesions, possibly by disruption of breathing 

during sleep.17 Interestingly, in a study that examined head 

trauma patients with hypersomnia, sleep-disordered breath-

ing was found in all whiplash patients and thought to have 

occurred postinjury.18

In head injury, a coup injury exists at the brain’s site of 

impact and a contrecoup injury involves the area of the brain 

opposite to the initial site of injury. A contrecoup injury usu-

ally occurs at the base of the skull.19,20 This type of injury 

occurs in areas of bony irregularities (especially the sphenoid 

ridges), with subsequent damage to the anterior temporal and 

inferior frontal regions,19,20 including the basal forebrain, 

which is involved in sleep initiation. Therefore, an injury in 

this area can lead to symptoms of insomnia.21 Sleep–wake 

disturbances after mild traumatic brain injury are associated 

with a longer tentorial length and flatter tentorial angle (the 

angle formed between the tentorium and a line through the 

foramen magnum) compared to patients with mild traumatic 

brain injury without sleep–wake disturbances. The length 

of time to recovery was directly correlated with tentorial 

length and indirectly correlated with tentorial angle. The 

authors postulated that in mild traumatic brain injury, direct 

impact involving the tentorium and pineal gland may result 

in the disruption of melatonin homeostasis and sleep–wake 

disturbances.22

Traumatic brain injury may compromise the nucleus 

suprachiasmatica and/or its output. This may cause distur-

bances in the circadian rhythm and, subsequently, a combina-

tion of hypersomnia and insomnia. A complete reversal of 

the circadian rhythmicity has been reported.23 In one case, 

a 20-year-old man suffered mild-to-moderate traumatic 

brain injury and penetrating eye injuries after an improvised 

explosive device blast. He was found to have a free-running 

type of circadian rhythm and was successfully treated with 
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evening melatonin.24 Another study of 23 traumatic brain 

injury patients found lower levels of evening melatonin 

production compared to age- and sex-matched controls.25 

Traumatic head injury has also been shown to be associated 

with alterations in the hypothalamic–pituitary–adrenal axis 

circadian rhythm.26

Low levels of cerebral spinal fluid hypocretin-1 are 

associated with narcolepsy with cataplexy but not with other 

types of central hypersomnias.27 For example, hypocretin-1 

levels are usually normal in idiopathic hypersomnia. Low 

(,110 pg/mL) or intermediate (110–200 pg/mL) levels of 

hypocretin-1 have been found in a number of persons with 

neurologic lesions or diseases affecting the hypothalamus; 

some of these patients exhibit both sleepiness and cataplexy.28 

Moderate-to-severe traumatic brain injury patients are usu-

ally found to have low or intermediate levels of hypocretin-1 

in the acute phase of injury, but these levels tend to normalize 

(become .200 pg/mL) by 6 months after the insult.8

Rodrigues and Silva published a case of a patient who 

suffered from aggressive body movements during rapid eye 

movement sleep and periodic limb movements following 

a traumatic brain injury. Short sleep latencies were seen 

on multiple sleep latency test. The authors postulated that 

this patient’s head injury was associated with alterations 

in the dopaminergic pathways and suggested the pos-

sibility of hypothalamic hypocretin involvement in its 

pathophysiology.29

Clinical features and diagnosis
Head trauma may result in significant sleep disturbance, 

more frequently in those suffering from mild head injury 

compared to those from more severe head injury. Mahmood 

et al examined 87 patients with mild-to-severe traumatic 

brain injuries and found that people with mild injury met 

the criteria for sleep disturbance more often than those with 

moderate or severe injury. One reason for this may be that 

patients with more severe forms of traumatic brain injury 

possibly reported less sleep disturbance because they were 

less aware of their sleep problems. Furthermore, patients 

with mild traumatic brain injuries were likely to complete the 

rehabilitation process quicker than those suffering from more 

severe traumatic brain injuries and thus face more imminent 

pressures to reintegrate into society. These psychosocial fac-

tors may lead to increased reporting of sleep disturbances in 

this population. Finally, organic differences in the neurologi-

cal insults seen in mild and severe traumatic brain injuries 

may lead to different sleep disturbances.30,31 Moreover, it is 

common for posttraumatic patients to complain of initial 

headaches that may lead to persistent and widespread pain or 

centralized pain that can have effects on sleep quality.32 Beta 

and gamma electroencephalogram (EEG) activity were found 

to be dominant in all sleep stages over the frontal, central, and 

occipital regions in posttraumatic patients with pain.33

insomnia
One of the more common patterns following head injury 

involves trouble initiating and maintaining sleep, with 

or without subjective daytime sleepiness. In a study of 

452 patients with traumatic brain injury, 50% endorsed 

insomnia symptoms.34 In some patients, insomnia was a 

manifestation of a circadian rhythm sleep disorder, typically 

delayed sleep–wake phase disorder or irregular sleep–wake 

rhythm disorder.35 Among male military personnel, multiple 

brain injuries were found to lead to an increased risk for 

insomnia.36 Veterans with posttraumatic stress disorder and 

mild traumatic brain injury may be troubled by nightmares.37 

Former US forces involved in Operation Enduring Freedom 

(Afghanistan) and Operation Iraqi Freedom (Iraq), who 

complained of insomnia associated with mild traumatic brain 

injury and posttraumatic stress disorder, were subjectively 

found to be sleepier compared to veterans with insomnia due 

to posttraumatic stress disorder alone.38 However, resolution 

of headaches and other neurologic deficits in veterans cor-

related with improvement of posttraumatic stress disorder 

symptoms and daytime sleepiness.39

Hypersomnia
Hypersomnia may develop after a head injury. If hypersomnia 

is present for at least 3 months, multiple sleep latency testing 

proves a mean sleep latency of 8 minutes or less, and there 

is no other obvious cause (ie, another sleep disorder, psy-

chiatric disorder, and/or medication), then the International 

Classification of Sleep Disorders (third edition) published 

by the American Academy of Sleep Medicine classifies this 

condition as “hypersomnia due to a medical disorder”.40 If 

posttraumatic hypersomnia is associated with two or more 

sleep onset rapid eye movement periods on multiple sleep 

latency testing, the diagnosis is “narcolepsy type 1 or type 2 

due to a medical condition”.

Other sleep disorders are also seen in patients who 

have suffered a head injury and complain of hypersomnia. 

Masel et al reviewed a total of 71 head injury patients in a 

residential treatment program, all without a prior history of 

sleep disturbances or hypersomnia.41 Among the 33 (46.5%) 

hypersomnolent patients, four had obstructive sleep apnea, 

seven had periodic limb movement disorder, and one had 
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narcolepsy (in addition to periodic limb movement disorder). 

The remaining patients were given a diagnosis of “post-

traumatic hypersomnia”. Guilleminault et al studied 184 

traumatic brain injury patients and found that the majority of 

patients had objective sleepiness and only 17% of the patients 

had a normal mean sleep latency (greater than 10 minutes) 

on the multiple sleep latency test. Sleep-disordered breathing 

(primarily obstructive sleep apnea) was present in 32% of the 

patients and all 16 whiplash patients were diagnosed with 

sleep-disordered breathing. In addition, pain was a significant 

cause of nocturnal sleep disruption and daytime impairment.18 

Castriotta et al prospectively followed 87 adults for at least 

3 months after traumatic brain injury. All subjects underwent 

polysomnography and multiple sleep latency testing. Forty-

six percent of the patients had abnormal studies. Obstructive 

sleep apnea was diagnosed in 23% of the patients, 11% were 

found to suffer from posttraumatic hypersomnia, 7% had 

periodic limb movements in sleep, and 6% met the criteria 

for narcolepsy.42

Although rare in occurrence, traumatic brain injury has 

also been reported to trigger cases of Kleine–Levin syndrome, 

a disorder involving recurrent episodes of hypersomnia and 

often accompanied by cognitive or behavioral disturbances, 

hypersexuality, and/or compulsive eating.43

Parasomnias, fatigue, and mood disorders
Traumatic brain injury occasionally precipitates parasomnias, 

including sleepwalking, sleep terrors, and rapid eye move-

ment sleep behavior disorder.44 At times, a combination of 

rapid eye movement and non–rapid eye movement para-

somnias produces a “parasomnia overlap disorder”. Fatigue 

is also associated with traumatic brain injury with adverse 

effects on quality of life. Among the 119 patients studied 

at least 1 year after suffering a traumatic brain injury, up to 

53% reported fatigue. This was more frequently reported in 

women or those with symptoms of depression, pain, or sleep 

disturbance.45 In another study of patients who had suffered 

a moderate-to-severe traumatic brain injury, 16%–32% and 

21%–34% (at 1 and 2 years, respectively) reported significant 

levels of fatigue.46

Mood disorders may also occur after traumatic brain 

injury. Patients with mild traumatic brain injury and sleep 

complaints were more likely to report feeling depressed at 

10 days and 6 weeks after their injury.47 In a large study of 

military personnel, a positive screening for traumatic brain 

injury and sleep problems was found to be an early indicator 

of risk for developing posttraumatic stress disorder and/or 

depression.48 New-onset anxiety after a traumatic brain injury 

was a significant predictor of sleep disturbance, though the 

cause–effect relationship is unclear.49

Diagnosis
The patient’s history is a crucial aspect of the workup to  

1) document the association of the trauma with the sleep 

disorder, 2) rule out a preexisting sleep disorder, and 3) assess 

the progression of symptoms after the head injury. Physical 

examination is also important (Figure 1). Polysomnography 

should be considered if hypersomnia and/or other symptoms 

of sleep apnea are present. Cases of posttraumatic hyper-

somnia have shown an increase in sleep duration with or 

without changes in other sleep measures.50 Patients with a 

posttraumatic insomnia have shown long sleep latencies, low 

sleep efficiency, a decrease in nightly sleep duration, and 

an increase in stage-1 sleep.34,51 Patients with moderate-to-

severe traumatic brain injury showed increased slow-wave 

sleep, reduced rapid eye movement sleep, and more frequent 

nocturnal awakenings compared to controls.52 Continuous 

polysomnography has confirmed an increase in total sleep per 

24 hours in some patients with posttraumatic hypersomnia.50 

From a historical perspective, it is of interest to note that 

polysomnography during the comatose period has prognostic 

value for the development of full recovery without posttrau-

matic sleep disturbance. Normal amounts of sleep spindles, 

K-complexes, and normal cycling between non –rapid eye 

movement and rapid eye movement sleep are favorable 

prognostic signs.5,53,54 More recently, Valente et al also 

demonstrated that organized sleep patterns, but not Glasgow 

Coma Scale scores, were predictive of better prognosis during 

the subacute stages of posttraumatic coma.55

If daytime sleepiness is a major complaint, a multiple 

sleep latency test following polysomnogram may aid in deter-

mining if a central hypersomnia is present. In posttraumatic 

hypersomnia with daytime sleepiness, sleep latency may 

be markedly shortened.50 On the other hand, patients with 

posttraumatic insomnia exhibit prolonged sleep latencies 

on multiple sleep latency testing, as well as during the over-

night sleep studies.51 As already mentioned, the presence of 

sleep-disordered breathing and sleep-onset rapid eye move-

ment periods does not eliminate the possibility that the head 

trauma was the precipitating factor in the development of 

the sleep disorder. Since a driving accident may also occur 

due to prior existing sleepiness, a thorough inquiry is needed 

to appropriately compensate victims of secondary sleep 

disorders, even in the presence of preexisting risk factors. 

The medical workup should include assessment of the activ-

ity of the individual prior to the accident. This assessment 
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should include 1) interviews of bed partners and coworkers;  

2) investigation of employer records and prior health and 

driving records; and 3) employment history, including 

missed work days. Head trauma is obviously a trigger of the 

syndrome in an individual with daytime sleepiness associ-

ated with sleep-disordered breathing who previously had 

an exemplary work record, full employment, and adequate 

driving records prior to the accident.

Obesity and craniofacial anatomical features can some-

times predispose a person to posttraumatic sleep disturbance 

and these should be noted on exam.18 Sleep diaries, in which 

a patient documents on a chart the times they attempted to 

sleep and how much sleep was attained, is a very useful tool. 

Finally, actigraphy, a device worn on the wrist to record 

movement, has been found to be a helpful adjunct to a sleep 

diary in those who have suffered a brain injury.56

Treatment
Posttraumatic insomnia may be challenging to treat 

(Figure 2). Benzodiazepines should be avoided secondary to 

their cognitive side effects, which may be compounded in a 

patient with traumatic brain injury.57 Furthermore, clinicians 

are often hesitant to prescribe benzodiazepines due to their 

risk of dependency and/or abuse. The non-benzodiazepine 

receptor agonists are extensively used, including zolpidem, 

the longer-acting eszopiclone, and the shorter-acting 

zaleplon. Although these medications are often helpful with 

initiating and/or maintaining sleep, they are associated with 

some concerning side effects, including complex sleep-

related behaviors (ie, sleepwalking and sleep-related eating 

disorder). A randomized, double-blinded, crossover trial 

involving traumatic brain injury and stroke patients treated 

with lorazepam (0.5–1 mg) and zopiclone (3.75–7.5 mg, 

another non-benzodiazepine receptor agonist available 

outside of the US) at bedtime found that these agents were 

equally effective. There were no major differences in sleep 

characteristics or cognitive performance on the Mini Mental 

Status Exam.58 In addition, many sedating antidepressants 

are used for insomnia, especially when comorbid depression 

exists. These medications include trazodone, mirtazapine, 

and doxepin. Suvorexant (Belsomra®; Merck & Co Inc, 

Kenilworth, NJ, USA) was recently approved for the treat-

ment of insomnia in the US and has a unique mechanism of 

action, which involves blocking the binding of wake-promot-

ing neuropeptides (orexin A and B) to receptors (OX1R and 

OX2R). This medication should be used with care as it can 

lead to impaired motor coordination, complex sleep-related 

behaviors, mood/behavioral/cognitive changes, sleep paraly-

sis, and/or cataplexy-like symptoms. Furthermore, patients 

are frequently treated with medications such as gabapentin, 

quetiapine, or olanzapine due to a well-known side effect of 

sleepiness, but there is no evidence of efficacy for their use 

in posttraumatic insomnia. Over-the-counter medications, 

such as diphenhydramine, doxylamine, and hydroxyzine (all 

first-generation antihistamines), are often used to aid sleep. 

Melatonin and various herbal supplements are also frequently 

utilized, including valerian, gamma-aminobutyric, 5-l-5-

hydroxytryptophan, kava, and many others. Overall, there 

are few studies comparing the effectiveness of these various 

agents. In a randomized, double-blind, controlled crossover 

trial comparing amitriptyline (25 mg) and melatonin (5 mg) in 

a small group of traumatic brain injury patients with chronic 

sleep disturbances, no difference was found in sleep duration/

latency/quality or daytime alertness.59 When using any of 

these medications/supplements, the prescriber should caution 

the patient not to drive (or do any other activity that could 

be of danger to self or others) after taking the medication. 

The patient should not use these medications with alcohol 

and use restraint when taking these with other sedating 

medications. It is also important to guide the patient to first 

Figure 1 Diagnosis of sleep disturbances.
Abbreviations: PSG, polysomnogram; MSLT, multiple sleep latency test.

 
N

eu
ro

ps
yc

hi
at

ric
 D

is
ea

se
 a

nd
 T

re
at

m
en

t d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ b

y 
54

.1
91

.4
0.

80
 o

n 
01

-A
ug

-2
01

7
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

www.dovepress.com
www.dovepress.com
www.dovepress.com


Neuropsychiatric Disease and Treatment 2016:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

344

viola-Saltzman and Musleh

Figure 2 Treatment options for traumatic brain injury sleep disorders.
Notes: Adapted from Neurologic Clinics; 30(4); viola-Saltzman M, watson NF; Traumatic Brain injury and Sleep Disorders; 1299–1312; Copyright 2012, with permission 
from elsevier.75

Abbreviation: CPAP, continuous positive airway pressure.

try the medication on an evening when they do not need to 

be somewhere early the next day so that they can monitor 

for any residual sleepiness the following day.

In addition to pharmaceutical treatment, nonpharmaceu-

tical techniques should be discussed and attempted for all 

insomnia patients. Psychological and behavioral therapies 

include, but are not limited to, stimulus control therapy, 

relaxation training, mindfulness meditation, and cognitive 

behavioral therapy. One study that examined 54 patients 

with chronic insomnia showed that a mindfulness meditation 

intervention significantly reduced total wake time as well as 

the insomnia severity index from baseline when compared to 

a self-monitoring control.60 Other modalities likely used with 

these are sleep restriction therapy, biofeedback, paradoxical 

intention, and sleep hygiene education.61 These therapies lead 

to improved nocturnal sleep quality and a reduction in day-

time fatigue in those with insomnia related to traumatic brain 

injury.62 In addition, acupuncture is also a good treatment for 

improving sleep quality following traumatic brain injury.63

Patients with narcolepsy or hypersomnia due to a traumatic 

brain injury may benefit from the use of a stimulant medica-

tion. Modafinil may be the medication of first intention since 

it has fewer side effects than the other stimulants. Modafinil 

activates hypothalamic regions and is given in two divided 

doses (in the morning and around lunchtime). A prospective, 

double-blind, randomized, placebo-controlled trial found that 

modafinil (100–200 mg dose each morning) significantly 

improved sleepiness as measured by the Epworth Sleepiness 

Scale and the Maintenance of Wakefulness Test, although 

modafinil did not prove to be effective for fatigue.64 However, 

another study showed that modafinil had limited effective-

ness for sleepiness associated with traumatic brain injury.65 

Armodafinil (Nuvigil®; Teva Pharmaceuticals, Petha Tikva, 

Israel), the R-enantiomer of modafinil, is dosed only once 

per day. Methylphenidate and amphetamines are also used 

in those with narcolepsy (or hypersomnia) related to a head 

injury. Patients with severe head trauma who complain of 

intellectual slowness may benefit more from amphetamine-

based medications since these have a general “activating” 

effect that is not solely devoted to sleepiness. When cataplexy 

is present in narcolepsy, sodium oxybate may be prescribed 

since it is not only effective in the treatment of sleepiness, 

but it also consolidates sleep and may reduce the frequency 

of cataplexy/hypnagogic hallucinations/sleep paralysis. 
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If this is not used, then a tricyclic antidepressant, selective 

serotonin reuptake inhibitor, or venlafaxine is prescribed to 

reduce cataplexy, if present.66 Undoubtedly, patients should 

be educated regarding strategic napping and caffeine use 

and not to drive if drowsy. Another non-pharmaceutical 

therapy may include daily blue-light therapy that was found 

to improve posttraumatic fatigue.67

Sleep apneas resulting from a traumatic brain injury are 

treated in the usual manner, usually with continuous positive 

airway pressure therapy. Sometimes the spontaneous/timed 

mode of bilevel positive airway pressure therapy or adaptive 

servoventilation is necessary for central sleep apnea or when 

both obstructive and central sleep apneas are present. Other 

treatments for obstructive sleep apnea may include mandibu-

lar advancement device (or oral appliance). These are used 

when mild or moderate obstructive sleep apnea is present 

and have a success rate of ~50%. They are less effective for 

severe obstructive sleep apnea and in those who are obese. 

Nasal expiratory positive airway pressure, a device applied 

to the nostrils during sleep, has also been proven effective to 

treat obstructive sleep apnea. Surgical procedures are con-

sidered at times, especially in those with severe obstructive 

sleep apnea or in those who have difficulty tolerating positive 

airway pressure. Surgical procedures include tonsillectomy, 

septoplasty, turbinate reduction, uvulopalatopharyngoplasty, 

genioglossus advancement and hyoid myotomy, and/or 

maxillomanibular advancement. Tracheostomy is rarely 

used for obstructive sleep apnea, and is usually reserved 

for life-threatening cases. Weight reduction surgeries are 

another surgical consideration in morbidly obese patients 

with obstructive sleep apnea. In addition, a newly approved 

device Inspire® (Inspire Medical Systems Inc, Minneapolis, 

MN, USA), an upper airway stimulation system, is used to 

treat obstructive sleep apnea. Finally, conservative treatments 

for obstructive sleep apnea include weight loss, avoiding 

supine position during sleep, and maintaining nasal patency 

with the use of saline spray or prescribed nasal steroid spray, 

if needed. One should also avoid alcohol and medications that 

may reduce muscle tone or influence the respiratory drive (eg, 

narcotics and benzodiazepines) prior to bedtime.68

Periodic limb movement disorder has been associated with 

traumatic brain injury and is treated in the same manner as 

restless legs syndrome. The dopamine agonists (ie, ropinirole 

or pramipexole) are commonly used to treat this disorder. 

Gabapentin, pregabalin (Lyrica®; Pfizer Inc, New York City, 

NY, USA), and gabapentin encarbil (Horizant®; XenoPort 

Inc, Santa Clara, CA, USA) are also often used and may 

have a more tolerable side effect profile. Levodopa has been 

proven effective but due to the risk of augmentation, it is 

utilized less frequently. Narcotics and benzodiazepines are 

also effective, but are reserved for more significant cases that 

do not respond to other medications. Notably, iron storage 

levels should be checked in these patients to ensure a ferritin 

level of 50 ng/mL or greater. Iron supplementation is the 

treatment of choice if ferritin is less than desired.69

When treating a patient with a traumatic brain injury 

sleep disorder, the clinician must also address underlying 

pain, depression, and anxiety as these issues also impact 

sleep (Figure 3). Avoidance (or minimization) of narcotics 

and benzodiazepines is important as these medications can 

worsen traumatic brain injury–related sleep apnea. “Self-

medicating” with alcohol may lead to sleep disruption, 

nightmares, reduction in rapid eye movement sleep, and 

worsening sleep apnea. Selective serotonin reuptake inhibi-

tors prescribed for depression or anxiety should be taken in 

the morning since they can induce insomnia when taken at 

bedtime. Finally, tricyclic antidepressants are often given 

to treat chronic pain issues and may also be helpful with 

insomnia due to their sedating effects.

Prognosis
There are few careful follow-up studies of patients with post-

traumatic sleep disorders. The general clinical impression is 

that once stabilized, sleep disturbance related to organic brain 

damage shows little further change, other than a reversible 

response to treatment. A prospective cohort study examined 

sleepiness in 514 traumatic brain injury patients 1 month 

after the injury and then at 1 year. Sleepiness questions were 

extracted from sickness impact profile (SIP), a health-related 

quality-of-life questionnaire, which included the following: 

1) I am sleeping or dozing most of the time – day or night; 

2) I sit around half-asleep; 3) I sleep or nap more during the 

Figure 3 Relationship among sleep-related issues.
Notes: Adapted from Neurologic Clinics; 30(4); viola-Saltzman M, watson NF; 
Traumatic Brain injury and Sleep Disorders; 1299–1312; Copyright 2012, with 
permission from elsevier.75

Abbreviation: TBi, traumatic brain injury.
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day; and 4) I sleep longer during the night. At 1 month, 55% 

admitted to at least one item on this four-item sleepiness 

questionnaire. At 1 year, only 27% endorsed one or more 

of these sleepiness items.2 Another prospective study of 51 

patients with traumatic brain injury demonstrated that at 

3-years postinjury, 67% of the patients continued to com-

plain of sleep–wake disturbances, especially hypersomnia 

and fatigue.70 Disturbed nocturnal sleep may be a marker 

of more severe injury in patients with closed head injury.71 

Improved sleep efficiency correlated with resolution of post-

traumatic amnesia.72

In those with traumatic brain injury, the presence of 

obstructive sleep apnea was associated with more impairment 

of sustained attention and memory compared to patients with 

similar severity traumatic brain injury without obstructive 

sleep apnea.73 Traumatic brain injury patients with daytime 

hypersomnia had slower reaction times and poorer perfor-

mance on the Psychomotor Vigilance Test than nonsleepy 

patients.42

Unfortunately, treatment of sleep disorders associated 

with traumatic brain injury usually does not improve sleepi-

ness or neuropsychological function. In an unselected group 

of 57 patients with traumatic brain injury, Castriotta et al 

documented sleep disorders in 22 subjects (39%) using poly-

somnogram. Treatment did not lead to significant changes in 

quality of life, mood, or cognitive performance. Treatment 

of obstructive sleep apnea (13 subjects, 23%) with continu-

ous positive airway pressure did not lead to improvement 

in sleepiness, as measured by the Epworth Sleepiness Scale 

and multiple sleep latency test.74

Conclusion
Sleep disorders are prevalent in patients following traumatic 

brain injury. These symptoms and disorders include hyper-

somnia, insomnia, circadian rhythm disruption, parasomnias, 

fatigue, and mood alterations, which can also affect sleep.  

A careful history delineating head trauma prior to onset of 

sleep disruption as well as diagnostic tests such as polysom-

nogram, Multiple Sleep Latency Test, and/or actigraphy 

are important elements of making a diagnosis. Treatment 

is disorder specific; however, treatment of a sleep disorder 

such as obstructive sleep apnea may not lead to improvement 

in sleepiness or neurological dysfunction. This can make 

treatment of posttraumatic sleep disruption and its symp-

toms difficult and complex. Further studies are needed to 

help establish guidelines for the treatment of sleep disorders 

secondary to traumatic brain injuries.
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