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Abstract

Sleep plays an integral role in several physiologic functions such as cognition and functional ability of an individual. Sleep-wake
disturbances are frequent after traumatic brain injury(TBI).More than 50% of TBI patients suffer from sleep wake disorders. The
pathophysiology remains unclear; however, it can interfere with rehabilitation and recovery leading to poor neurobehavioral outcome.
Nonpharmacological and pharmacological treatment exists with variable outcomes. This review will focus on sleep wake disorders,
pathophysiology, treatment options, prognosis and outcome in terms of cognition and quality of life in this subset population who

had TBI in the past or recovering from it.
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EEG: Electroencephalogram; EDS: Excessive Daytime Sleepiness; PAP: Positive Airway Pressure; CPAP: Continuous Positive Airway Pres-
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Introduction

A traumatic brain injury (TBI) is defined as a blow to the head or a penetrating head injury that causes an alteration of the normal
function of the brain. It can be mild, moderate or severe, depending on the extent of damage to the brain. About 1.7 million cases of TBI
occur in the U.S. every year and approximately 5.3 million people live with a disability caused by TBI in the U.S. alone. Over 50 million TBIs
occur internationally each year [1]. Recent data suggest, TBI represents 30 to 40% of all-injury related deaths, and neurological injury
is expected to remain the most important cause of disability from neurological disease till 2030.TBI costs the international economy ap-

proximately US $400 billion annually.

TBI is a public health issue, with a huge economic and societal burden of unrecognized proportions. The epidemiology of TBI is chang-
ing, in high income countries, falls is the most common cause in elderly population whereas in middle- and low-income countries road
traffic accident is the main culprit. Treatment guidelines are not individualized and are based on “one size fits all” approach which are

insufficiently targeted to the needs of individual patients when severity of injury is considered.

Sleep is considered as a major cause of physical and mental health well-being and understanding sleep-health relations is of prime
necessity. Sleep wake disorders(SWDs) on the other hand may comprise of many entities like difficulties in falling or staying asleep, ex-

cessive daytime sleepiness, an increased need for sleep or changes in sleep-wake circadian rhythms and the causes can be numerous like
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trauma, degenerative diseases, cerebrovascular disease, metabolic disturbances and other medical conditions [11,12]. Sleep and wake
patterns are governed by multiple factors like responsiveness to external stimulus [2], endocrine and autonomic nervous system status

[3,4], neurotransmitter release [5] and neuronal firing patterns.

Sleep wake disturbances (SWDs) are quite common after traumatic brain injury (TBI) in any age group. Commonest disturbances in-
clude hypersomnolence, excessive day time sleepiness, insomnia etc., which can be due to TBI itself or sleep disorders caused by TBI like
pleiosomnia, sleep related breathing disorders and even hypersomnia. SWDs can have a negative outcome on the quality of life as well as
brain recovery after injury. Both can influence each other thereby leading to neurobehavioral impairment. Psychological problems like

depression and anxiety, fatigue, pain, cognitive dysfunction can be exacerbated post TBI if SWDs are not properly controlled and treated.

SWDs post TBI can be due to interaction among social conditions, psychological factors, environmental factors and pathophysiological
processes happening at cell level which includes brain as well as other organs responsible for sleep wake cycle [6,7]. SWDs can be present
in any type of TBI severity [8,9] and can arise early right after injury or late during the inpatient hospitalization or rehabilitation process
in home [10]. SWDs can persist for many years after injury [13-15]. Impact of traumatic brain injury on sleep structure, electrocortico-

graphic activity and transcriptome in mice was studied [87].
Pathophysiology of post-traumatic SWDs

Many independent factors that can cause post TBI SWDs are psychiatric sequelae (anxiety, depression, post-traumatic stress disorder)
from the primary injury, neuroendocrine disturbances, pain, medications, psychosocial integrity, genetic background, body and brain
temperature [16], motor behavior [17]. Loss of histaminergic neurons in tuberomammillary nucleus post TBI can be the reason behind
sleep-wake regulatory problem [18]. Impaired melatonin synthesis might contribute to circadian rhythm SWDs [19]. Hypothalamic injury
was found to be associated with SWDs [20,21]. Shortened latency to rapid eye movement (REM) sleep has been seen in narcoleptic like
occurrence [22]. Hypo excitability of the cerebral cortex and dysregulation in the excitatory hypocretin-neurotransmitter system is seen
in people with excessive daytime sleepiness after TBI than in healthy controls [23]. White matter abnormalities in the para hippocampal
region may be associated with SWDs [24,25]. Other neuroanatomical structural dysintegrity is also shown by researchers related to sleep
problems [26]. Increased proportion of non-rapid eye movement (NREM) stage N1 and N2 sleep, decrease in REM sleep seen in the first
6 months post injury. Increase in slow waves also seen in EEG [27]. Several frequency bands in both NREM (lower delta, higher alpha, and

beta power) and REM (lower beta and higher delta power) is also seen in sleep study [27,28].
Diagnosis of post-traumatic sleep-wake disorders

Non validated questionnaire can be used in diagnosis keeping TBI in mind [29]. Large epidemiological study showed that up to half of
those suffering TBI endorsed insomnia symptoms of some type [30]. Objective testing with polysomnography (PSG) and multiple sleep
latency testing (MSLT) can be helpful in the workup of these patients [31,32].

Post traumatic pleiosomnia

After TBI, patients sleep significantly more than carefully matched controls [33,34]. Increased sleep need of 2 hours or more per 24
hours compared with pre-TBI conditions slightly different from hypersomnia. Six months post trauma, pleiosomnia is present in about
20 - 25% of TBI patients. Excessive daytime sleepiness (EDS) is not universally present in all pleiosomnia patients but increased slow-
wave sleep (SWS) appears to be common in this condition. The severity of TBI, as assessed by the presence of intracranial hemorrhage, is
a predictor for the development of post-traumatic pleiosomnia [35]. Noain D and colleagues found out in a rat model that closed diffuse

traumatic brain injury caused increased sleep need one month after trauma and sleep was more consolidated. They also found a reduced
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number of histamines immunoreactive cells in the tuberomammillary nucleus, potentially related to increased neuroinflammation [36].

No treatment option exists for posttraumatic pleiosomnia at this moment.
Post-traumatic excessive daytime sleepiness

Post-traumatic excessive daytime sleepiness can be diagnosed in patients who suffer from daily episodes of irrepressible need to sleep
[37]. It may occur in about 25% to 60% of TBI patients, irrespective of trauma severity [40-42]. Pain is considered as an important factor
in nocturnal sleep disruption and consecutive sleepiness [38,39]. Sleep apnea and periodic limb movements can also be an issue related
to this issue [38,39]. Multiple sleep latency tests revealed EDS in 57% of patients post TBI. Psychiatric symptoms in patients admitted to
Icu following trauma may exacerbate these symptoms [43]. Botchway, et al. found sustaining TBI in childhood can increase risk of SWDs
in young adulthood, particularly following moderate TBI [44]. Severe and protracted sleep disruptions in mouse model of post-traumatic
stress disorder post TBI was found [45]. Aggravation of EDS concurrent with aggravation of an injured ARAS (ascending reticular activat-
ing system) was demonstrated in a patient with mild TBI using DTT (diffusion tensor tractographies) [46]. Moderate TBI in mice reduces
wakefulness and increases NREM sleep during the dark period, effects that may be mediated by hypocretin-producing neurons and/or

downstream cholinergic effectors in the basal forebrain [47].

In proportion of TBI patients, EDS is linked to underlying sleep-wake comorbidities such as obstructive sleep apnea (0OSA) syndrome
and periodic limb movements during sleep (PLMS),however on contrary to pleiosomnia, severity of TBI is not associated with the de-
velopment of EDS. Modafinil significantly improved subjective EDS, as assessed with the ESS, and increased mean sleep latencies on the
maintenance of wakefulness test [48,50]. Jha,, et al. did not observe such an effect of modafinil in patients with TBI [49]. Positive effects of

blue light therapy on sleepiness after TBI is described too [51].
Post-traumatic insomnia

These problems occur at least 3 times per week, have been present for at least 3 months, and cannot be attributed to inadequate
sleep opportunities or circumstances [37]. Prevalence of insomnia of about 30 - 70% in TBI patients is showed in many studies but some
showed lower frequencies too [52]. Lot of disparity among researchers is believed to be caused by insomnia symptoms which prevail
shortly after TBI, but over time fade and unmask enhanced sleep pressure [53]. Evidence suggest that TBI might overestimate insomnia
symptoms, when comparing objective with subjective assessments [31]. Post-traumatic insomnia is most likely of multifactorial origin
[54]. Questionnaires such as the Pittsburgh Sleep Quality Index (PSQI) or the Insomnia Severity Index (ISI) are helpful. Psychological dis-
tress and its associated factors among informal care givers of disabled young adults with traumatic brain injuries have a bad outcome on
patients [55]. Somatic symptoms are associated with insomnia disorder traumatic brain injury [56]. Individuals with persistent post-TBI
insomnia had poorer psychosocial outcomes [58]. Orexin signaling as a potential therapeutic target in insomniac disorders caused by TBI
[57]- Recently Moore., et al. manualized cognitive behavioral program to modify the CBT-I treatment program for treatment of insomnia
in children of age group 6 - 10 years who sustained traumatic brain injury [59]. Nonpharmacological treatment and good sleep hygiene
have been recently studied by Ford., et al [60]. Benzodiazepine receptor agonists are effective to treat disrupted sleep, but these drugs
should be used only during short periods (i.e., up to 2 weeks) [61]. It has been observed that 1 out of 5 patients use hypnotics on average
9 years after TBI [62].

Post-traumatic circadian rhythm sleep-wake disorders

Delayed sleep phase syndrome and irregular sleep-wake pattern is common after TBI and these disorders might be misdiagnosed
as insomnia by inexperienced clinicians in this field [63]. Decreased evening melatonin production may lead to disruption of circadian
regulation of melatonin synthesis in TBI patients [19,68]. Post-traumatic circadian rhythm disorders such as delayed sleep-wake phase

disorder or non-hour sleep-wake rhythm disorder also reported post TBI [64,65]. Abnormal expression levels of circadian clock genes like
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Per2, Clock and Bmal1l were detected in patients with TBI-related sleep disorders [66]. Wickwire EM., et al. has studied about interplay
between sleep disorders, and circadian health following mTBI in Adults [67]. PERIOD3 polymorphism is associated with sleep quality
recovery after a mild traumatic brain injury [69]. No specific studies for the treatment of post-traumatic circadian sleep-wake disorders.

Evening melatonin replacement and bright light exposure in the morning might be tried in future.
Post-traumatic sleep-related breathing disorders

Obstructive sleep apnea (OSA) do emerge in a large proportion of TBI survivors as a de novo post-traumatic feature. The prevalence of
OSA after TBI ranges from 11% to 36%. Nakase-Richardson R,, et al. used American Academy of Sleep Medicine (AASM) and Centers for
Medicare and Medicare (CMS) scoring rules in moderate to severe TBI undergoing inpatient neurorehabilitation. OSA was prevalent using
the AASM (66%) and CMS (41.5%) criteria, chronic morbidity after moderate to severe TBI, the impact of CMS policy for OSA diagnosis
for persons with chronic disability and young age are considerable to AASM [70]. Sleep disturbances among older adults following trau-
matic brain injury was studied [71]. A retrospective cohort study was performed to find the association of insomnia and sleep apnea with
deployment and combat exposure in the entire population of US army soldiers from 1997 to 2011, extraordinary increases in incidence of
insomnia (652%) and OSA (600%) was seen [72]. Perceived sleep quality was markedly disrupted in mTBI military personnel and sleep-
wake disturbances were prevalent [73,74]. Webster,, et al. reported central sleep apnea in adults in one of his study [75]. The negative
consequences of sleep apnea across health, functioning, disability, and economic outcomes are well documented and may contribute to
chronic health outcomes following TBI [76,77]. Presence of sleep apnea is underexplored as a mediator of TBI outcome. A dose-response
relationship has been demonstrated between treatment and outcomes in non-TBI sleep apnea [78]. Sustained use of PAP has been shown
to slow deterioration of cognition, preserve sleep quality, and enhance mood in older dementia patients with sleep apnea [79]. More stud-

ies are required in Post TBI patients who develops OSA as a complication.
Post-traumatic sleep-related movement disorders

In a study of adolescents with a history of chronic mild head injury, parasomnias were reported by 42% of head injured patients
(compared to 19% of controls).Adolescents reported increased rates of sleep enuresis (involuntary urination; 21% versus 0%) and sleep
bruxism (teeth grinding; 42% versus 6%) in head-injured subjects compared to non-injured control subjects [79]. In 60 adult patients
with chronic TBI (3 months - 2 years from injury), 25% presented with parasomnia as their primary sleep complaint, the most frequent
of which was REM sleep behavior disorder (RBD) [42]. There is also emerging evidence that trauma exposure e.g., TBI is associated with
risk of disruptive nocturnal behaviors along with increased electromyographic (EMG) tone during both REM and NREM sleep, among the
military population [80].

Treatment

Cognitive behavioural therapy (CBT) has shown good efficacy in SWDs in different subset of population in long term [82]. Acupuncture
[83], CPAP [84], blue light therapy etc. has shown benefit in different settings as non-pharmacological treatment [89]. Benzodiazepine
receptor agonists has been used to treat SWDs to be used in short periods only [90]. Amitryptiline and melatonin has been studied with
mixed benefits [85]. Combination of prazosin with behavioural sleep counselling showed some success in reducing sleep disturbances
[86]. Methylphenidate has also shown to be efficacious in some studies [87]. Recent pharmacological treatment also discussed. Associa-
tion with an autoimmune inflammatory process, corticosteroids may serve to stabilize the blood brain barrier leading to the successful

and sustained resolution of TBI induced sleepiness [88].

Discussion

Disrupted sleep is common after TBI. Sleep hygiene is a feasible, nonpharmacologic intervention to treat disrupted sleep in a TBI in-

patient rehabilitation setting [91]. Piantino., et al. reported about the role of the glymphatic system as a potential link between TBI, sleep,
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and headaches [92]. Cognitive impairment is associated with worse health-related quality of life after TBI and partially mediates the effect
of depressive symptoms on emotional role functioning [93]. Set interval scoring is the most efficient method to determine the rest interval
in TBI patients [94]. A complex interaction exists between post TBI fatigue, sleep disturbance, and other correlates, which needs more
evidence in evaluating the potential benefits of interventions at what stage according to severity of brain injury [95]. Hormonal alterations

in relation to sleep impact cognitive and functional outcome after TBI [96].
Conclusion

Regulation of sleep wake and hormonal balance dysfunction is responsible for sleep issues post TBI. Proper diagnosis and apt manage-
ment is responsible for brain recovery post insult stage and failure to do so can cause cognitive problems and impaired activities of daily
living. Nonpharmacological treatment like CBT and sleep hygiene followed by drugs can be the treatment. However, at this moment there
is no single set of guidelines which can address all the SWDs in a post TBI patient. Future research should continue to find neuroimaging

or protein markers related to brain injury. Management of pain, fatigue and its pathophysiological role in SWDs need further research.
Acknowledgment

The author has no relevant affiliations or financial involvement with any organization or entity with a financial interest in or financial
conflict with the subject matter or materials discussed in the manuscript. Special thanks to my supervisor Professor Dr. Huifang Shang
who gave initial ideas and supported me through this research study. I would also like to thank Dr.Swatilekha Roy Sarkar for her valuable

feedback on the manuscript and literature screening from PubMed.
Bibliography

1. Feigin VLV, et al. “Incidence of traumatic brain injury in New Zealand: a population-based study”. The Lancet Neurology 12 (2013):
53-64.

2.  Ermis U, et al. “Arousal thresholds during human tonic and phasic REM sleep”. Journal of Sleep Research 19.3 (2010): 400-406.

3. Fink AM, et al. “Autonomic regulation during sleep and wakefulness: a review with implications for defining the pathophysiology of
neurological disorders”. Clinical Autonomic Research 28.6 (2018): 509-518.

4. Morris (], et al. “Circadian system, sleep and endocrinology”. Molecular and Cellular Endocrinology 349.1 (2012): 91-104.

5. Zant]C, etal. “Cholinergic neurons in the basal forebrain promote wakefulness by actions on neighboring non-cholinergic neurons:an
opto-dialysis study”. Journal of Neuroscience 36.6 (2016): 2057-2067.

6. Ouellet MC,, et al. “Insomnia following traumatic brain injury: a review”. Neurorehabilitation and Neural Repair 18 (2004): 187-198.

7. Duclos C,, et al. “Rest-activity cycle disturbances in the acute phase of moderate to severe traumatic brain injury”. Neurorehabilitation
and Neural Repair 28 (2013): 472-482.

8. Wiseman-Hakes C,, et al. “Sleep and wake disorders following traumatic brain injury: a systematic review of the literature”. Critical
Reviews in Physical Rehabilitation Medicine 21 (2009): 317-374.

9. GilbertKS,, et al. “Sleep disturbances, TBI and PTSD: Implications for treatment and recovery”. Clinical Psychology Review 40 (2015):
195-212.

10. Duclos C,, et al. “Evolution of severe sleep-wake cycle disturbances following traumatic brain injury: a case study in both acute and
subacute phases post-injury”. BMC Neurology 16.1 (2016): 186.

Citation: Rajib Dutta. “Sleep Wake Disorder after Traumatic Brain Injury-A Comprehensive Update”. EC Neurology 12.4 (2020): 59-68.


https://www.ncbi.nlm.nih.gov/pubmed/23177532
https://www.ncbi.nlm.nih.gov/pubmed/23177532
https://www.ncbi.nlm.nih.gov/pubmed/20477954
https://www.ncbi.nlm.nih.gov/pubmed/30155794
https://www.ncbi.nlm.nih.gov/pubmed/30155794
https://www.ncbi.nlm.nih.gov/pubmed/21939733
https://www.ncbi.nlm.nih.gov/pubmed/26865627
https://www.ncbi.nlm.nih.gov/pubmed/26865627
https://www.ncbi.nlm.nih.gov/pubmed/15669131
https://www.researchgate.net/publication/259499391_Rest-Activity_Cycle_Disturbances_in_the_Acute_Phase_of_Moderate_to_Severe_Traumatic_Brain_Injury
https://www.researchgate.net/publication/259499391_Rest-Activity_Cycle_Disturbances_in_the_Acute_Phase_of_Moderate_to_Severe_Traumatic_Brain_Injury
https://www.researchgate.net/publication/236272435_Sleep_and_Wake_Disorders_Following_Traumatic_Brain_Injury_A_Systematic_Review_of_the_Literature
https://www.researchgate.net/publication/236272435_Sleep_and_Wake_Disorders_Following_Traumatic_Brain_Injury_A_Systematic_Review_of_the_Literature
https://www.ncbi.nlm.nih.gov/pubmed/26164549
https://www.ncbi.nlm.nih.gov/pubmed/26164549
https://www.ncbi.nlm.nih.gov/pubmed/27677675
https://www.ncbi.nlm.nih.gov/pubmed/27677675

Sleep Wake Disorder after Traumatic Brain Injury-A Comprehensive Update

64

11. Young ]S, et al. “Sleep in hospitalized medical patients, part 1: factors affecting sleep”. The Journal of Hospital Medicine 3.6 (2008):
473-482.

12. Lamond N,, et al. “Factors predicting sleep disruption in Type Il diabetes”. Sleep 23.3 (2000): 415-416.

13. Sandsmark DK, et al. “Sleep-Wake Disturbances After Traumatic Brain Injury: Synthesis of Human and Animal Studies”. Sleep 40.5
(2017).

14. Miranda M Lim,, et al. “Sleep-wake disorders in patients with traumatic brain injury” (2019).

15. Christian R Baumann,, et al. “Sleep-wake disturbances 6 months after traumatic brain injury: a prospective study”. Brain 130 (2007):
1873-1883.

16. Harding EC,, et al. “The Temperature Dependence of Sleep”. Frontiers in Neuroscience 13 (2019): 336.
17. Horner RL and Peever JH. “Brain circuitry controlling sleep and wakefulness”. Continuum 23.4 (2017): 955-972.

18. Valko PO, et al. “Damage to histaminergic tuberomammillary neurons and other hypothalamic neurons with traumatic brain injury”.
Annals of Neurology 77 (2015): 177-182.

19. Shekleton JA,, et al. “Sleep disturbance and melatonin levels following traumatic brain injury”. Neurology 74 (2010): 1732-1738.
20. Raissa Aoun,, et al. “Impact of traumatic brain injury on sleep: an overview”. Nature and Science of Sleep 11 (2019): 131-140.
21. Baumann CR, et al. “Hypocretin-1 (orexin A) deficiency in acute traumatic brain injury”. Neurology 65 (2005): 147-149.

22. Roman A, et al. “The inappropriate occurrence of rapid eye movement sleep in narcolepsy is not due to a defect in homeostatic regu-
lation of rapid eye movement sleep”. Sleep 41.6 (2018):10.

23. Nardone R, et al. “Cortical excitability changes in patients with sleep-wake disturbances after traumatic brain injury”. The Journal of
Neurotrauma 28 (2011): 1165-1171.

24. Gool JK,, et al. “Widespread white matter connectivity abnormalities in narcolepsy type 1: A diffusion tensor imaging study”. Neuro-
Image: Clinical 24 (2019):101963.

25. Kang]MK, et al. “Low white-matter integrity between the left thalamus and inferior frontal gyrus in patients with insomnia disorder”.
The Journal of Psychiatry and Neuroscience 43.6 (2018): 366-374.

26. Yaeger K, et al. “Evaluation of tentorial length and angle in sleep-wake disturbances after mild traumatic brain injury”. American
Journal of Roentgenology 202 (2014): 614-618.

27. Verma A, et al. “Sleep disorders in chronic traumatic brain injury”. The Journal of Clinical Sleep Medicine 3 (2007): 357-362.

28. Modarres MH,, et al. “EEG slow waves in traumatic brain injury: Convergent findings in mouse and man”. Neurobiology of Sleep and
Circadian Rhythms 2 (2016): 59-70.

29. Rao V, et al. “Sleep disturbance after mild traumatic brain injury: Indicator of injury?” The Journal of Neuropsychiatry and Clinical
Neurosciences 23 (2011): 201-205.

30. Mollayeva T, et al. “Self- report instruments for assessing sleep dysfunction in an adult traumatic brain injury population: a system-
atic review”. Sleep Medicine Reviews 17 (2013): 411-423.

Citation: Rajib Dutta. “Sleep Wake Disorder after Traumatic Brain Injury-A Comprehensive Update”. EC Neurology 12.4 (2020): 59-68.


https://www.ncbi.nlm.nih.gov/pubmed/19084897
https://www.ncbi.nlm.nih.gov/pubmed/19084897
https://www.ncbi.nlm.nih.gov/pubmed/10811386
https://www.ncbi.nlm.nih.gov/pubmed/28329120
https://www.ncbi.nlm.nih.gov/pubmed/28329120
https://www.uptodate.com/contents/sleep-wake-disorders-in-patients-with-traumatic-brain-injury/print
https://www.ncbi.nlm.nih.gov/pubmed/17584779
https://www.ncbi.nlm.nih.gov/pubmed/17584779
https://www.ncbi.nlm.nih.gov/pubmed/31105512
https://www.ncbi.nlm.nih.gov/pubmed/28777170
https://www.ncbi.nlm.nih.gov/pubmed/25363332
https://www.ncbi.nlm.nih.gov/pubmed/25363332
https://www.ncbi.nlm.nih.gov/pubmed/20498441
https://www.dovepress.com/impact-of-traumatic-brain-injury-on-sleep-an-overview-peer-reviewed-article-NSS
https://www.ncbi.nlm.nih.gov/pubmed/16009905
https://www.ncbi.nlm.nih.gov/pubmed/29522212
https://www.ncbi.nlm.nih.gov/pubmed/29522212
https://www.ncbi.nlm.nih.gov/pubmed/21446790
https://www.ncbi.nlm.nih.gov/pubmed/21446790
https://www.ncbi.nlm.nih.gov/pubmed/31382241
https://www.ncbi.nlm.nih.gov/pubmed/31382241
https://www.ncbi.nlm.nih.gov/pubmed/29894286
https://www.ncbi.nlm.nih.gov/pubmed/29894286
https://www.ncbi.nlm.nih.gov/pubmed/24555599
https://www.ncbi.nlm.nih.gov/pubmed/24555599
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1978305/
https://www.researchgate.net/publication/304746611_EEG_slow_waves_in_traumatic_brain_injury_Convergent_findings_in_mouse_and_man
https://www.researchgate.net/publication/304746611_EEG_slow_waves_in_traumatic_brain_injury_Convergent_findings_in_mouse_and_man
https://www.ncbi.nlm.nih.gov/pubmed/21677251
https://www.ncbi.nlm.nih.gov/pubmed/21677251
https://www.ncbi.nlm.nih.gov/pubmed/23706309
https://www.ncbi.nlm.nih.gov/pubmed/23706309

Sleep Wake Disorder after Traumatic Brain Injury-A Comprehensive Update

65

31. Ouellet MC and Morin CM. “Subjective and objective measures of insomnia in the context of traumatic brain injury: a preliminary
study”. Sleep Medicine 7.6 (2006): 486-497.

32. Williams BR,, et al. “Polysomnographic and quantitative EEG analysis of subjects with long-term insomnia complaints associated with
mild traumatic brain injury”. Clinical Neurophysiology 119.2 (2008): 429-438.

33. Imbach LL, et al. “Increased sleep need and daytime sleepiness 6 months after traumatic brain injury: a prospective controlled clini-
cal trial”. Brain 138 (2015): 726-735.

34. Baumann CR, et al. “Sleep-wake disturbances 6 months after traumatic brain injury: a prospective study”. Brain 130 (2007): 1873-
1883.

35. Sommerauer M, et al. “Excessive sleep need following traumatic brain injury: a case- control study of 36 patients”. Journal of Sleep
Research 22 (2013): 634-639.

36. Noain D, et al. “Increased Sleep Need and Reduction of Tuberomammillary Histamine Neurons after Rodent Traumatic Brain Injury”.
Journal of Neurotrauma 35.1 (2018): 85-93.

37. American Academy of Sleep Medicine (AASM). The international classification of sleep disorders. 3™ edition. Darien (IL): American
Academy of Sleep Medicine (2014).

38. Masel BE,, et al. “Excessive daytime sleepiness in adults with brain injuries”. The Archives of Physical Medicine and Rehabilitation 82
(2001): 1526-1532.

39. Guilleminault C,, et al. “Hypersomnia after head-neck trauma: a medicolegal dilemma”. Neurology 54 (2000): 653-659.

40. Imbach LL., et al. “Sleep-wake disorders persist 18 months after traumatic brain injury but remain underrecognized”. Neurology
86.21 (2016): 1945-1949.

41. Watson NF, et al. “Hypersomnia following traumatic brain injury”. The Journal of Clinical Sleep Medicine 3 (2007): 363-368.
42. Castriotta R] and Murthy JN. “Sleep disorders in patients with traumatic brain injury: a review”. CNS Drugs 25 (2011):175-185.

43. WangS$S,, et al. “Psychiatric symptoms and their association with sleep disturbances in intensive care unit survivors”. The International
Journal of General Medicine 12 (2019): 125-130.

44. Botchway EN,, et al. “Outcomes of Subjective Sleep-Wake Disturbances Twenty Years after Traumatic Brain Injury in Childhood”. The
Journal of Neurotrauma 36.5 (2019): 669-678.

45. Sharma R, et al. “Severe and protracted sleep disruptions in mouse model of post-traumatic stress disorder”. Sleep 41.3 (2018):10.

46. Jang SH and Kwon HG. “Aggravation of excessive daytime sleepiness concurrent with aggravation of an injured ascending reticular
activating system in a patient with mild traumatic brain injury: A case report”. Medicine 96.4 (2017): e5958.

47. Thomasy HE,, et al. “Hypocretinergic and cholinergic contributions to sleep-wake disturbances in a mouse model of traumatic brain
injury”. Neurobiology of Sleep and Circadian Rhythms 2 (2016): 71-84.

48. Kaiser PR, et al. “Modafinil ameliorates excessive daytime sleepiness after traumatic brain injury”. Neurology 75 (2010):1780-1785.

49. Jha A, et al. “A randomized trial of modafinil for the treatment of fatigue and excessive daytime sleepiness in individuals withchronic
traumatic brain injury”. The Journal of Head Trauma Rehabilitation 23(2008): 52-63.

Citation: Rajib Dutta. “Sleep Wake Disorder after Traumatic Brain Injury-A Comprehensive Update”. EC Neurology 12.4 (2020): 59-68.


https://www.sciencedirect.com/science/article/abs/pii/S1389945706001080
https://www.sciencedirect.com/science/article/abs/pii/S1389945706001080
https://www.ncbi.nlm.nih.gov/pubmed/18083618
https://www.ncbi.nlm.nih.gov/pubmed/18083618
https://www.ncbi.nlm.nih.gov/pubmed/25595147
https://www.ncbi.nlm.nih.gov/pubmed/25595147
https://www.ncbi.nlm.nih.gov/pubmed/17584779
https://www.ncbi.nlm.nih.gov/pubmed/17584779
https://www.ncbi.nlm.nih.gov/pubmed/23837871
https://www.ncbi.nlm.nih.gov/pubmed/23837871
https://www.ncbi.nlm.nih.gov/pubmed/28762870
https://www.ncbi.nlm.nih.gov/pubmed/28762870
https://www.ncbi.nlm.nih.gov/pubmed/11689971
https://www.ncbi.nlm.nih.gov/pubmed/11689971
https://www.ncbi.nlm.nih.gov/pubmed/10680799
https://www.ncbi.nlm.nih.gov/pubmed/27164676
https://www.ncbi.nlm.nih.gov/pubmed/27164676
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1978314/
https://www.ncbi.nlm.nih.gov/pubmed/21062105
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6434907/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6434907/
https://www.ncbi.nlm.nih.gov/pubmed/30180783
https://www.ncbi.nlm.nih.gov/pubmed/30180783
https://www.ncbi.nlm.nih.gov/pubmed/29346627
https://www.ncbi.nlm.nih.gov/pubmed/28121943
https://www.ncbi.nlm.nih.gov/pubmed/28121943
https://www.ncbi.nlm.nih.gov/pubmed/31236496
https://www.ncbi.nlm.nih.gov/pubmed/31236496
https://www.ncbi.nlm.nih.gov/pubmed/21079179
https://www.ncbi.nlm.nih.gov/pubmed/18219235
https://www.ncbi.nlm.nih.gov/pubmed/18219235

Sleep Wake Disorder after Traumatic Brain Injury-A Comprehensive Update

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

66

Menn S]., et al. “Armodafinil for the treatment of excessive sleepiness associated with mild or moderate closed traumatic brain injury:
a 12-week, randomized, double-blind study followed by a 12-month open-label extension”. The Journal of Clinical Sleep Medicine 10
(2014): 1181-1191.

Sinclair KL., et al. “Randomized controlled trial of light therapy for fatigue following traumatic brain injury”. Neurorehabilitation and
Neural Repair 28 (2014): 303-313.

Zeitzer ]M.,, et al. “Insomnia in the context of traumatic brain injury”. Journal of Rehabilitation Research and Development 46 (2009):
827-836.

Hou L., et al. “Risk Factors Associated with Sleep Disturbance following Traumatic Brain Injury: Clinical Findings and Questionnaire
Based Study”. PLoS ONE 8.10 (2013): e76087.

Valko PO and Baumann CR. Sleep disorders after traumatic brain injury””. In: Kryger MH, Roth T, Dement WC, editors. Principles and
practice in sleep medicine. 6" edition. Philadelphia: Elsevier (2016): 959-968.

Punjwani S,, et al. “Psychological distress and its associated factors among informal care givers of disabled young adults with trau-
matic brain injuries”. The Journal of Pakistan Medical Association 70.1-2 (2020): S15-S19.

Johnson KA, et al. “Somatic symptoms are associated with Insomnia disorder but not Obstructive Sleep Apnoea or Hypersomnolence
in traumatic brain injury”. NeuroRehabilitation 45.3 (2019): 409-418.

Tang H., et al. “Neurophysiology and Treatment of Disorders of Consciousness Induced by Traumatic Brain Injury: Orexin Signaling
as a Potential Therapeutic Target”. Current Pharmaceutical Design 25.39 (2019): 4208-4220.

Lequerica AH,, et al. “Factors associated with the remission of insomnia after traumatic brain injury: a traumatic brain injury model
systems study”. Brain Injury 34.2 (2020): 187-194.

Moore T, et al. “Acceptability, feasibility, and usability of a manualized cognitive behavioural programme for treatment of insomnia
in children who sustained traumatic brain injury: A service providers’ perspective”. Neuropsychological Rehabilitation (2020): 1-18.

Ford ME,, et al. “Non-pharmacological treatment for insomnia following acquired brain injury: A systematic review”. Sleep Medicine
Reviews 50 (2019): 101255.

National Institutes of Health. “National Institutes of Health state of the science conference statement on manifestations and manage-
ment of chronic insomnia in adults”. Sleep 28 (2005): 1049-1057.

Worthington AD and Melia Y. “Rehabilitation is compromised by arousal and sleep disorders: results of a survey of rehabilitation
centres”. Brain Injury 20 (2006): 327-332.

Ayalon L., et al. “Circadian rhythm sleep disorders following mild traumatic brain injury”. Neurology 68 (2007): 1136-1140.
Quinto C,, et al. “Posttraumatic delayed sleep phase syndrome”. Neurology 54 (2000): 250-252.
Boivin DB, et al. “Non 24- hour sleep- wake syndrome following a car accident”. Neurology 60 (2003): 1841-1843.

Zhanfeng N,, et al. “The Regulation of Circadian Clock Genes on Sleep Disorders in Traumatic Brain Injury Patients”. World Neurosur-
gery (2019).

Wickwire EM., et al. “Sleep, Sleep Disorders, and Circadian Health following Mild Traumatic Brain Injury in Adults: Review and Re-
search Agenda”. The Journal of Neurotrauma 35.22 (2018): 2615-2631.

Citation: Rajib Dutta. “Sleep Wake Disorder after Traumatic Brain Injury-A Comprehensive Update”. EC Neurology 12.4 (2020): 59-68.


https://www.ncbi.nlm.nih.gov/pubmed/25325609
https://www.ncbi.nlm.nih.gov/pubmed/25325609
https://www.ncbi.nlm.nih.gov/pubmed/25325609
https://www.ncbi.nlm.nih.gov/pubmed/24213962
https://www.ncbi.nlm.nih.gov/pubmed/24213962
https://www.ncbi.nlm.nih.gov/pubmed/20104406
https://www.ncbi.nlm.nih.gov/pubmed/20104406
https://www.ncbi.nlm.nih.gov/pubmed/24098425
https://www.ncbi.nlm.nih.gov/pubmed/24098425
https://www.ncbi.nlm.nih.gov/pubmed/31981329
https://www.ncbi.nlm.nih.gov/pubmed/31981329
https://www.ncbi.nlm.nih.gov/pubmed/31796704
https://www.ncbi.nlm.nih.gov/pubmed/31796704
https://www.researchgate.net/publication/336893609_Neurophysiology_and_Treatment_of_Disorders_of_Consciousness_Induced_by_Traumatic_Brain_Injury_Orexin_Signaling_as_a_Potential_Therapeutic_Target
https://www.researchgate.net/publication/336893609_Neurophysiology_and_Treatment_of_Disorders_of_Consciousness_Induced_by_Traumatic_Brain_Injury_Orexin_Signaling_as_a_Potential_Therapeutic_Target
https://www.ncbi.nlm.nih.gov/pubmed/31640430
https://www.ncbi.nlm.nih.gov/pubmed/31640430
https://www.ncbi.nlm.nih.gov/pubmed/32011212
https://www.ncbi.nlm.nih.gov/pubmed/32011212
https://www.sciencedirect.com/science/article/abs/pii/S1087079219302230
https://www.sciencedirect.com/science/article/abs/pii/S1087079219302230
https://www.ncbi.nlm.nih.gov/pubmed/17308547
https://www.ncbi.nlm.nih.gov/pubmed/17308547
https://www.ncbi.nlm.nih.gov/pubmed/16537274
https://www.ncbi.nlm.nih.gov/pubmed/16537274
https://www.ncbi.nlm.nih.gov/pubmed/17404196
https://www.ncbi.nlm.nih.gov/pubmed/10636163
https://www.ncbi.nlm.nih.gov/pubmed/12796546
https://www.ncbi.nlm.nih.gov/pubmed/31252075
https://www.ncbi.nlm.nih.gov/pubmed/31252075
https://www.ncbi.nlm.nih.gov/pubmed/29877132
https://www.ncbi.nlm.nih.gov/pubmed/29877132

Sleep Wake Disorder after Traumatic Brain Injury-A Comprehensive Update

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

67

Grima NA, et al. “Circadian Melatonin Rhythm Following Traumatic Brain Injury”. Neurorehabilitation and Neural Repair 30.10
(2016): 972-977.

Hong CT, et al. “PERIOD3 polymorphism is associated with sleep quality recovery after a mild traumatic brain injury”. Journal of the
Neurological Sciences 358.1-2 (2015): 385-389.

Nakase-Richardson R, et al. “Concordance Between Current AASM and CMS Scoring Criteria for Obstructive Sleep Apnea in Hospital-
ized Persons With TBI: A VA TBI Model System Study”. The Journal of Clinical Sleep Medicine (2020).

Jennifer S., et al. “Sleep Disturbances among Older Adults Following Traumatic Brain Injury”. The International Review of Psychiatry
32.1(2020): 31-38.

Caldwell JA., et al. “The association of insomnia and sleep apnea with deployment and combat exposure in the entire population of US
army soldiers from 1997 to 2011: a retrospective cohort investigation”. Sleep 42.8 (2019).

Walker JM,, et al. “Sleep assessment in a randomized trial of hyperbaric oxygen in U.S. service members with post concussive mild
traumatic brain injury compared to normal controls”. Sleep Medicine 51 (2018): 66-79.

Walker JM,, et al. “Sleep assessments for a mild traumatic brain injury trial in a military population”. The Undersea and Hyperbaric
Medical Society 43.5 (2016): 549-566.

Webster ]B,, et al. “Sleep apnea in adults with traumatic brain injury: a preliminary investigation”. The Archives of Physical Medicine
and Rehabilitation 82 (2001): 316-321.

Hillman D., et al. “The economic cost of inadequate sleep”. Sleep 41.8 (2018):10.

Wilde MC,, et al. “Cognitive impairment in patients with traumatic brain injury and obstructive sleep apnea”. Archives of Physical
Medicine and Rehabilitation 88.10 (2007): 1284-1288.

Weaver TE,, et al. “Relationship between hours of CPAP use and achieving normal levels of sleepiness and daily functioning”. Sleep
30.6 (2007): 711-719.

Raj R and Hirshkowitz M. “Effect of the new Medicare guideline on patient qualification for positive airway pressure therapy”. Sleep
medicine 4.1 (2003): 29-33.

Kaufman Y, et al. “Long-term sleep disturbances in adolescents after minor head injury”. Pediatric Neurology 24.2 (2001): 129-134.

Mysliwiec V., et al. “Trauma associated sleep disorder: a proposed parasomnia encompassing disruptive nocturnal behaviors, night-
mares, and REM without atonia in trauma survivors”. The Journal of Clinical Sleep Medicine 10.10 (2014): 1143-1148.

Morin CM,, et al. “Psychological and behavioral treatment of insomnia: update of the recent evidence (1998-2004)". Sleep 29 (2006):
1398-1414.

Zollman FS,, et al. “Acupuncture for treatment of insomnia in patients with traumatic brain injury: a pilot intervention study”. The
Journal of Head Trauma Rehabilitation 27 (2012): 135-142.

Castriotta R]., et al. “Treatment of sleep disorders after traumatic brain injury”. The Journal of Clinical Sleep Medicine 5 (2009): 137-
144.

Kemp S,, et al. “The value of melatonin for sleep disorders occurring post-head injury: a pilot RCT”. Brain Injury 18 (2004): 911-919.

Ruff RL., et al. “For veterans with mild traumatic brain injury, improved posttraumatic stress disorder severity and sleep correlated
with symptomatic improvement”. The Journal of Rehabilitation Research and Development 49 (2012): 1305-1320.

Citation: Rajib Dutta. “Sleep Wake Disorder after Traumatic Brain Injury-A Comprehensive Update”. EC Neurology 12.4 (2020): 59-68.


https://www.ncbi.nlm.nih.gov/pubmed/27221043
https://www.ncbi.nlm.nih.gov/pubmed/27221043
https://www.ncbi.nlm.nih.gov/pubmed/26440425
https://www.ncbi.nlm.nih.gov/pubmed/26440425
https://www.ncbi.nlm.nih.gov/pubmed/32043962
https://www.ncbi.nlm.nih.gov/pubmed/32043962
https://www.ncbi.nlm.nih.gov/pubmed/31547739
https://www.ncbi.nlm.nih.gov/pubmed/31547739
https://www.ncbi.nlm.nih.gov/pubmed/31106808
https://www.ncbi.nlm.nih.gov/pubmed/31106808
https://www.ncbi.nlm.nih.gov/pubmed/30099354
https://www.ncbi.nlm.nih.gov/pubmed/30099354
https://www.ncbi.nlm.nih.gov/pubmed/28768073
https://www.ncbi.nlm.nih.gov/pubmed/28768073
https://www.ncbi.nlm.nih.gov/pubmed/11245752
https://www.ncbi.nlm.nih.gov/pubmed/11245752
https://www.ncbi.nlm.nih.gov/pubmed/29868785
https://www.ncbi.nlm.nih.gov/pubmed/17908570
https://www.ncbi.nlm.nih.gov/pubmed/17908570
https://www.ncbi.nlm.nih.gov/pubmed/17580592
https://www.ncbi.nlm.nih.gov/pubmed/17580592
https://www.ncbi.nlm.nih.gov/pubmed/14592357
https://www.ncbi.nlm.nih.gov/pubmed/14592357
https://www.ncbi.nlm.nih.gov/pubmed/11275462
https://www.ncbi.nlm.nih.gov/pubmed/25317096
https://www.ncbi.nlm.nih.gov/pubmed/25317096
https://www.ncbi.nlm.nih.gov/pubmed/17162986
https://www.ncbi.nlm.nih.gov/pubmed/17162986
https://www.ncbi.nlm.nih.gov/pubmed/21386714
https://www.ncbi.nlm.nih.gov/pubmed/21386714
https://www.ncbi.nlm.nih.gov/pubmed/15223743
https://www.ncbi.nlm.nih.gov/pubmed/23408213
https://www.ncbi.nlm.nih.gov/pubmed/23408213

Sleep Wake Disorder after Traumatic Brain Injury-A Comprehensive Update

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

68

Lee H,, et al. “Comparing effects of methylphenidate, sertraline and placebo on neuropsychiatric sequelae in patients with traumatic
brain injury”. Human Psychopharmacology 20 (2005): 97-104.

Margarita Oks and Sanjeev V Kothare. “Steroids: A Wake-Up Call in TBI Induced Hypersomnolence”. The Journal of Clinical Sleep
Medicine 15.7 (2019): 1063-1065.

Alphonsa Thomas and Brian D Greenwald. “Nonpharmacological management of sleep disturbances after traumatic brain injury”.
NeuroRehabilitation 43 (2018): 355-360.

Driver S and Stork R. “Pharmacological management of sleep after traumatic brain injury”. NeuroRehabilitation 43.3 (2018): 347-353.

Makley M],, et al. “Optimized Sleep After Brain Injury (OSABI): A Pilot Study of a Sleep Hygiene Intervention for Individuals with
Moderate to Severe Traumatic Brain Injury”. Neurorehabilitation and Neural Repair 34.2 (2020): 111-121.

Piantino J., et al. “Linking Traumatic Brain Injury, Sleep Disruption and Post-Traumatic Headache: a Potential Role for Glymphatic
Pathway Dysfunction”. Current Pain and Headache Reports 23.9 (2019): 62.

Gorgoraptis N., et al. “Cognitive impairment and health-related quality of life following traumatic brain injury”. NeuroRehabilitation
44.3(2019): 321-331.

Makley M]., et al. “Objective measures of sleep and wakefulness in patients with moderate to severe brain injury on an inpatient
rehabilitation unit. Pearls and pitfalls of actigraph monitoring”. NeuroRehabilitation 43.3 (2018): 277-285.

Cronin H and O’Loughlin E. “Sleep and fatigue after TBI". NeuroRehabilitation 43.3 (2018): 307-317.

Howell S and Griesbach GS. “The interplay between neuroendocrine and sleep alterations following traumatic brain injury”. Neuro-
Rehabilitation 43.3 (2018): 327-345.

Volume 12 Issue 4 April 2020
©All rights reserved by Rajib Dutta.

Citation: Rajib Dutta. “Sleep Wake Disorder after Traumatic Brain Injury-A Comprehensive Update”. EC Neurology 12.4 (2020): 59-68.


https://www.ncbi.nlm.nih.gov/pubmed/15641125
https://www.ncbi.nlm.nih.gov/pubmed/15641125
https://www.ncbi.nlm.nih.gov/pubmed/31383244
https://www.ncbi.nlm.nih.gov/pubmed/31383244
https://www.ncbi.nlm.nih.gov/pubmed/30347629
https://www.ncbi.nlm.nih.gov/pubmed/30347629
https://www.ncbi.nlm.nih.gov/pubmed/30347630
https://www.ncbi.nlm.nih.gov/pubmed/31884895
https://www.ncbi.nlm.nih.gov/pubmed/31884895
https://www.ncbi.nlm.nih.gov/pubmed/31359173
https://www.ncbi.nlm.nih.gov/pubmed/31359173
https://www.ncbi.nlm.nih.gov/pubmed/31177238
https://www.ncbi.nlm.nih.gov/pubmed/31177238
https://www.ncbi.nlm.nih.gov/pubmed/30373965
https://www.ncbi.nlm.nih.gov/pubmed/30373965
https://www.ncbi.nlm.nih.gov/pubmed/30347625
https://www.ncbi.nlm.nih.gov/pubmed/30347624
https://www.ncbi.nlm.nih.gov/pubmed/30347624

	_GoBack
	_Hlk34303092

