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a b s t r a c t

Background: Sleep disturbance and agitation are frequent conditions during the subacute period of re-
covery in moderate to severe traumatic brain injury (TBI). Clarity is needed regarding the association
between the two conditions to improve fundamental nursing care.
Aim: The aim of our scoping review was to identify the evidence for potential associations between sleep
disturbance and agitation during subacute inpatient rehabilitation of adult patients with moderate to
severe TBI.
Design: We conducted a five-step scoping review.
Methods: Sources of evidence were PubMed, CINAHL, PsycINFO, Cochrane, andWeb of Science databases.
Eligibility criteria were as follows: English or Scandinavian language articles describing sleep and/or
agitation during inpatient rehabilitation of adult patients with moderate to severe TBI and published in
the period 2000e2019.
Results: We identified 152 articles of which we included six. The included articles were all affiliated with
the USA using quantitative methodology. The association between sleep disturbance and agitation is
highly complex, with disturbed sleep affecting cognitive and emotional functions. Sleep disturbance was
associated with posttraumatic amnesia (PTA)/posttraumatic confusional state, cognitive function, and
agitation. Our review suggested a bidirectional association between these symptoms during early TBI
rehabilitation. We inferred that improved sleep might be a contributing factor to the resolution of PTA,
cognitive impairment, and agitation.
Conclusion: The association between sleep disturbance and agitation is still undetermined, but we as-
sume that improved sleep may protect against neuropsychiatric problems in patients with moderate to
severe TBI. Larger controlled interventional studies are needed to provide the evidence of modifiable
factors for improving sleep during inpatient TBI rehabilitation. Owing to the current lack of publications,
it is probably too early to perform a systematic review on the topic.
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Relevance to clinical practice: We recommend systematic implementation of sleep hygiene during
inpatient rehabilitation of patients with TBI to reduce PTA, agitation, and long-term neuropsychiatric
problems.
© 2020 Australian College of Critical Care Nurses Ltd. Published by Elsevier Ltd. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Traumatic brain injury (TBI) is one of the most prevalent dis-
orders affecting the brain. It occurs when an external force impacts
the head and traumatically injures the brain.1 Patients surviving
severe brain injury are likely to progress through the consciousness
states of coma, the vegetative state/unresponsive wakefulness
syndrome, and the minimally conscious state (MCS). These states
and the time until patients regain day-to-day memory are
described as posttraumatic amnesia (PTA), which is used as the best
predictor of TBI outcome.2 Some studies use the term post-
traumatic confusional state (PTCS) rather than PTA to emphasise
symptoms of confusion rather than affected memory.3 PTA covers
the entire trajectory from injury to recovery of day-to-day memory,
whereas PTCS is only present when the patient is confused. PTA
usually resolves during the early stage of the illness trajectory,
within days or weeks after injury.4 The severity of TBI is defined
using the Glasgow Coma Scale. Mild, moderate, and severe TBI are
defined as Glasgow Coma Scale score of 13e15, 9e12, and 3e8,
respectively, at the time of injury.5

Sleep disorders after TBI are prevalent, ranging from30 to 70% in
different studies.6 A meta-analysis reported the most common
sleep disorders in after TBI as insomnia (29%), hypersomnia (28%),
obstructive sleep apnea (25%), periodic limb movements during
sleep (9%), and narcolepsy (4%).6 In the literature, the terms “sleep
disorder” and “sleep disturbance” are sometimes used inter-
changeably. To overcome the disparity of criteria for the diagnosis
of sleep disorders, we adhere to sleep disturbance as the broader
term, unless we are citing an article.

Sleep disorders and agitation are both common in subacute TBI,
and they are known to delay inpatient rehabilitation.7 Sleep
disturbance is associated with PTA, cognitive impairment, affective
disorders (e.g., agitation), fatigue, pain, functional ability, and
reduced quality of life.8 A recent review found that sleep distur-
bance might be associated with changes in consciousness and
prolonged PTA.9 Another review identified a common phenotype of
excessive daytime sleepiness, fragmented nighttime sleep,
insomnia, and spectralelectroencephalography (EEG) changes after
TBI.10 More research is needed on quality of sleep and its impact on
TBI recovery.

Effective sleep is essential for cognitive and behavioural func-
tion.11 A small-sample study suggested that female gender, old age,
and low physical and cognitive function might be predisposing
factors for sleep disturbance in patients with brain injury.12 Studies
show that insomnia occurs in 30e70% of patients with TBI. The
patients have difficulty falling asleep (sleep initiation) or staying
asleep (sleep maintenance), affecting functional outcomes and re-
covery.13 These patients require more sleep and risk daytime
sleepiness, sleep-related breathing disorder, or posttraumatic
hypersomnia. Some patients experience posttraumatic circadian
sleepewake disorders, defined as sleep problems unrelated to
causes other than TBI.1 Pharmacological interventions to improve
sleepmight increase the risk of cognitive impairment caused by the
medications or their side effects.7 Therefore, nonpharmacological
strategies are encouraged to improve sleep during inpatient
rehabilitation.
Agitation is a common symptom during MCS and PTA.14 Agita-
tion involves varying levels of behavioural disturbance, charac-
terised by inattention, disinhibition, emotional lability, impulsivity,
motor restlessness, and aggression, all of which impede rehabili-
tation participation, particularly during PTA and reduced cognitive
function.15,16 Agitation has been described in 35e90% of the pa-
tients during the acute phase and 36e70% during the subacute
phase of rehabilitation.16 More knowledge is needed on the asso-
ciation between sleep disturbance and agitation.

Sleep, rest, and emotional wellbeing are fundamental patient
needs.17 By tradition, nurses have a recognised responsibility to
systematically address these needs based on the best available
evidence.18 As disrupted sleep contributes to disturbances of
cognition and memory, the nurse's systematic assessment and
management of sleep disturbances might be pivotal in terms of
preventing or reducing the duration and intensity of agitated
behaviour to support the emotional wellbeing. To this end, more
knowledge is needed to understand these symptoms. The aim of
our scoping review was to identify the evidence for potential as-
sociations between sleep disturbance and agitation during sub-
acute inpatient rehabilitation of adult patients with moderate to
severe TBI.

2. Methods

We performed a scoping review as described by Arksey and
O'Malley,19 using the first five steps in the framework modified by
Levac et al.20 Reasons for conducting a scoping review are as fol-
lows: to examine the extent, range, and nature of available research
on a topic/question; to determine the value of undertaking a full
systematic review; to summarise and disseminate research find-
ings across a body of research evidence; and to identify research
gaps to aid planning and commissioning of future research.19,20

We applied the following five steps in our review:

2.1. Step 1: Identifying the research question

The research question should be broad in scope and serve as a
roadmap for the review.20 All authors collaborated on formulating
the research question by reviewing the literature describing sleep
disturbance and agitation as separate or simultaneous symptoms
during early TBI rehabilitation (up to 6 months). Our research
question was What is the association between sleep disturbance
and agitation during subacute inpatient TBI rehabilitation?

2.2. Step 2: Identifying relevant studies

We formulated a strategy including the keywords that best
answered our research question. Keywords (truncated text words)
were systematised according to PICO elements (population, inter-
vention, context, and outcome) to identify relevant studies, please
see Appendix 1. We used “context” rather than “comparison” in the
PICO format because this was more relevant to our review.21

Sources of evidence that were most likely to produce the results
we neededwere PubMed, Cummulative Index of Nursing and Allied
Health Literature (CINAHL), Psychological Information Database

http://creativecommons.org/licenses/by-nc-nd/4.0/
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(PsycINFO), Cochrane, andWeb of Science. These databases include
medical and nursing literature using all methodologies. All data-
bases were searched by an experienced librarian. We also per-
formed a hand search of references of the selected literature.
Eligibility criteria were as follows:

� Language: English, Danish, Swedish, or Norwegian
� Publication year: 2000e2019
� Inpatient rehabilitation (up to 6 months after injury)
� Adult patients aged 18 y or older
� Moderate to severe TBI
� No methodological restrictions other than reviews
2.3. Step 3: Selecting the studies

Our literature search yielded 152 abstracts after removing 15
duplicates. We reviewed all abstracts and excluded 136 articles that
did notmeet our requirements. The remaining 16 articles were read
in full. Ten of these were excluded. Finally, six articles were selected
for our scoping review (Fig. 1). The included articles were described
in the summary table (Table 1). In accordance with the Joanna
Briggs Institute, we described publication year, first author, country,
aim, method, population (number, age, diagnosis), rehabilitation
type, time after injury, and results/outcome.21
PubMed
2009-2019
64 Cita�on(s)

Cinahl
2009-2019
53 Cita�on(s)

PsycINFO
2009-2019
37 Cita�on(s)

C
2
5

152 Non-Duplicate
Cita�ons screened

16 Ar�cles Retrieved

6 Ar�cles Included
in review

Inclusion/Exclusion Criteria 
Applied

Inclusion/Exclusion Criteria 
Applied

Fig. 1. PRISMA (preferred reporting items for systematic reviews and meta-an
2.4. Step 4: Charting the data

We designed a data-charting form to be used when systemati-
cally extracting the data. The results are reported narratively ac-
cording to the main themes identified in the included articles. To
increase trustworthiness, we used investigator triangulation to
discuss data extraction and findings.22

2.5. Step 5: Collating, summarising, and reporting the results

We constructed a thematic framework for analysis and pre-
sentation. All authors participated in analysis of the selected arti-
cles, summarising the results, and writing an article. We used the
PRISMA Extension for Scoping reviews (PRISMA-ScR) Checklist for
quality control of scoping reviews.23

3. Findings

3.1. General characteristics of the included articles

We identified 167 articles and included six focussing on sleep
and agitation, including related issues of cognitive function, PTA/
PTCS, and long-term neuropsychological symptoms (anxiety,
depression, apathy, and cognitive impairment). All included articles
were affiliated with the USA, and all used quantitative methodol-
ogy. Five studies were published articles, and one was the second
manuscript in a doctoral thesis (gray literature). One article used
ochrane
009-2019
 Cita�on(s)

Web of Science
2009-2019
4 Cita�on(s)

Hand search
2009-2019
4 Cita�on(s)

136 Ar�cles Excluded
A�er Title/Abstract Screen

10 Ar�cles Excluded
A�er Full Text Screen

Reasons for exclusion:
Medical trials (n=3) 
Prevalence of sleep 
disturbances (n=4) 
Sleep disturbances but not 
agita�on (n=3)

alyses) flow diagram showing literature search and selection of articles.



Table 1
Summary table of included articles in scoping review.

Year
First
author
Country

Aim/method Population
Number, n
Age, years
Diagnosis

Rehabilitation
Time after injury

Results/outcome

2009
Makley
USA

To investigate correlation of improved sleep and duration
of PTA/observational study using actigraphy

(n ¼ 9)
Age ¼ 24
e45
(range)
TBI
Moderate/
severe

Inpatient rehabilitation
at 15 d (mean)

Most patients (78%) had poor sleep efficiency. Patients who
cleared PTA vs patients with ongoing amnesia had
significantly better sleep efficiency in the first week of
admission (p ¼ 0.032).

2009
Sherer
USA

To investigate patterns of resolution of PTA after TBI/
prospective, descriptive, cohort

(n ¼ 107)
Age ¼ 29
(median)
TBI

Inpatient rehabilitation
at 20 d (median)

First symptoms to resolve were psychotic-type symptoms,
decreased daytime arousal, and nighttime sleep
disturbance. Fluctuation and cognitive impairment were
the most persistent ones. Seventy-three percent improved
�1 symptom(s) from the first to third evaluation.

2014
Rao
USA

To determine whether sleep disturbance in acute TBI
predicts neuropsychiatric symptoms after 6 and 12
months/preinjury and postinjury sleep disturbance
measured by the Medical Outcome Scale for Sleep

(n ¼ 101)
Age ¼ 43
(mean)
TBI
Moderate/
severe

Rehabilitation at less
than 3 months

Sleep disturbance �3 months after trauma predicted
neuropsychiatric symptoms (depression (P <0.001),
anxiety (P <0.001), or apathy (p ¼ 0.054) at 1 y after injury.

2014
Sherer
USA

To determine factors associated with psychotic-type
symptoms in TBI during early recovery and investigate the
prognostic significance of symptoms/prospective, inception
cohort study

(n ¼ 168)
Age ¼ 35
(mean)
TBI
Moderate/
severe

Inpatient rehabilitation
at resolution of
posttraumatic confusion

The findings suggest that improved sleep in early TBI
recovery may decrease the occurrence of psychotic-type
symptoms (e.g., agitation [no of psychotic symptoms
p ¼ 0.02, severity of psychotic symptoms p ¼ 0.07]).

2010
Zollman
USA

To demonstrate appropriateness of actigraphy for
measuring sleep in TBI and to define usage/case series and
review of the literature

(n ¼ 6)
Age ¼ 63
(mean)
TBI
Moderate/
severe

Inpatient rehabilitation
at 1e4 months

Actigraphy is an appropriate means for measuring sleep
and awake in early TBI, but caution should be taken when
measuring patients with motor impairment and patients
with impulsivity including agitated behaviour.

2017
Williams
USA

(Thesis)

To assess feasibility of actigraphy related to sleep quality in
patients with TBI who are hospitalised/prospective
actigraphy study

(n ¼ 17)
Age ¼ 63
(mean)
TBI
Moderate/
severe

Intermediate care
neuroscience unit
months after injury

The level of cognitive functioning can predict quality of
sleep with more nighttime wake bouts in patients with
higher cognitive functioning (p ¼ 0.04).

PTA, post-traumatic amnesia; TBI, traumatic brain injury.

I. Poulsen et al. / Australian Critical Care 34 (2021) 76e82 79
the term PTA in relation to sleep,24 and two articles preferred PTCS
to emphasise the phenomenological similarity to delirium.25,26

Three articles used neither term but described neuropsychiatric-
or psychotic-type symptoms in relation to sleep.27e29

Sleep disturbance and agitation are both key symptoms of
confusion in early TBI.25 Objective measures of sleep (e.g., sleep
efficiency, wakefulness after sleep onset, rapid eye movement
(REM) sleep) can be performed by polysomnography (PSG) or
actigraphy. PSG is the gold standard, but restlessness and agitation
often prevent patient cooperation in this method.29 In restless
patients, actigraphy can be an alternative to assess sleep, rest, and
activity in early moderate to severe TBI.24,29 In agitated patients,
however, even actigraphy can be particularly challenging.27 In the
study by Zollman at al.,27 actigraphy was programmed to assess
sleep between 8 pm and 8 am. Owing to the challenges of PSG and
actigraphy in restless and agitated patients, we have included ar-
ticles including subjective sleep assessment as reported by patients,
relatives, and staff. In the following, we present our main findings
regarding sleep disturbance and agitation during early inpatient TBI
rehabilitation.
3.2. Sleep improvement correlates with PTA/PTCS resolution

When emerging from coma, the vegetative state or the MCS,
recovery might be prolonged by a misperception of the external
world, paired with symptoms of sleep disturbance and agitation.25
Poor sleep, as evidenced by nighttime sleep disturbance and
decreased daytime arousal, delays recovery from confusion, and the
symptoms persist during prolonged PTCS. Sleep disturbance was
assessed through review of nursing notes, examination of sleeping
charts, and interview with family members staying in patient
room.25 By using actigraphy to assess sleep efficiency between 11
pm and 7 am for at least 7 d, it was found that disturbed sleep
correlated with PTA and that improved sleep was positively asso-
ciatedwith return of continuousmemory.24 Thus, in can be inferred
that improved sleep correlates with resolution of PTA.
3.3. Sleep improvement resolves psychotic-type symptoms

The effect of psychotic-type symptoms on patient outcome was
explored in a prospective observational cohort study of 168 pa-
tients and 640 observations.26 The Confusion Assessment Protocol
(CAP)30 was used to assess sleep disturbance together with clini-
cian ratings using Delirium Rating Scale Revised-98.31 It was found
that both cognitive impairment and sleep disturbance were asso-
ciated with psychotic-type symptoms and that sleep disturbance
quadrupled the risk.26 A one-way association was assumed, as the
study demonstrated that improved sleep during early TBI recovery
might decrease psychotic-type symptoms.26 Thus, an association
can be assumed between sleep improvement and resolution of
psychotic-type symptoms, e.g., hallucinations and delusions.
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3.4. Sleep disturbance predicts neuropsychiatric symptoms

In an observational study investigating sleep disturbance using
theMedical Outcome Scale32 in early TBI (n¼ 101) (before and after
injury) in relation to symptoms of depression, anxiety, or apathy
after 6 and 12 months, it was found that sleep disturbance in the
acute period (within 3 months) after injury was associated with
increased symptoms of depression, anxiety, and apathy 12 months
after injury.28 In multivariable models, sleep predicted neuropsy-
chiatric symptoms 12 months after injury.28 In the other study of
patients with moderate to severe TBI and psychotic symptoms
(n ¼ 107), it was found that sleep disturbance (measured by the
CAP30) was predictive of, e.g., delusions and hallucinations.26 The
odds of recognising psychotic symptoms were four times greater
when sleep disturbance was present.26 Thus, an association was
found between sleep disturbance and neuropsychiatric symptoms,
e.g., cognitive impairment, delusions, depression, anxiety, or
apathy.

3.5. Sleep disturbance resolves before disorientation and agitation

In a cohort study (n ¼ 168) with 107 confused patients with TBI,
the aimwas to describe patterns of symptom resolution in patients
with acute confusion.25 PTCS symptoms including sleep distur-
bance were measured by the CAP, and it was shown that the
symptoms resolving earliest were psychotic-type symptoms (e.g.,
hallucinations and delusions), decreased daytime arousal, and
nighttime sleep disturbance followed by disorientation and agita-
tion. In some patients, cognitive function improved and fluctua-
tions of consciousness decreased, although these were the most
persistent symptoms for all confused patients. As such, cognitive
impairment generally resolves after the patient recovers from
disorientation and agitation.25 Thus, the temporal association be-
tween resolution of confusion and agitation is associated with
attention deficit, suggesting that symptoms dissipate in a particular
order.

3.6. Cognitive function is associated with quality of sleep

In a study examining the feasibility measuring nighttime sleep
disturbance, using actigraphy to assess wake bouts, total sleep, and
sleep efficiency in patients with moderate to severe TBI (n ¼ 17), it
was assumed that patients with a higher level of cognitive func-
tioning had greater sensitivity to awakening.29 These patients
appear to have a lower threshold when being awakened from their
sleep.29 Thus, there is an association between sleep disturbance
and level of cognitive functioning.

In summary, we found that the association between sleep
disturbance and agitationwas highly complex with disturbed sleep
affecting cognitive and emotional functions such as memory and
behavioural changes. Although there appeared to be a bidirectional
association between sleep disturbance and agitation, we inferred
that improved sleep could be a contributing factor to the resolution
of agitation in inpatient TBI rehabilitation.

4. Discussion

This scoping review was conducted to investigate potential as-
sociations between sleep disturbance and agitation in early TBI
rehabilitation. We also explored contributing factors to agitated
behaviour and found that sleep disorders may prolong the duration
of PTA/PTCS and that agitation is primarily present during this time.
Furthermore, the literature shows that sleep disorders influence
memory, orientation, and inhibition negatively and are associated
with psychiatric signs and symptoms including aggressive
behaviour, which could be a sign of severe agitation. The psychiatric
signs and symptoms are all included in the definition of agitated
behaviour.33

Our scoping review did not find a unidirectional association
between sleep disturbance and agitation in TBI during inpatient
rehabilitation. Our review suggested a bidirectional association
among PTA/PTCS, sleep quality, cognitive impairment, and agita-
tion. The symptoms appeared to reinforce each other or resolve
simultaneously; if one was alleviated, the others would follow.34

Although all symptoms were experienced by the patient, it was
not possible for the patient to self-report the experience in early
TBI. Symptoms are usually described as a self-reported perception
of an individual's experience of disease or physical disturbance, but
critically ill patients such as patients in the subacute state after TBI
are often unable to self-report symptoms. The existing literature
describes multiple consequences of sleep disturbance influencing
cognitive function, emotion, and behaviour. Taken into consider-
ation that these aspects are the fulcrum for the identification of
agitation using the Agitated Behavior Scale,35 there is a possible
causality among cognitive function, emotion, and behaviour. In our
review, we found potential bidirectional association between sleep
disturbance and agitation. Disrupted sleep and agitation are
described independently as common disturbances after a TBI.36

Agitated behaviour is characterised not only by inattention, disin-
hibition, emotional lability, impulsivity, motor restlessness, and
aggression but also by disturbances in sleep and circadian rhythm.
Studies are needed to investigate if systematic interventions to
improve sleep during early rehabilitation reduce PTA/PTCS and
thereby also agitated behaviour.

Pain, agitation, and delirium are common symptoms in the
intensive care unit (ICU). Among strategies for managing pain,
agitation, and delirium are sleep promotion with environmental
optimisation, e.g., control of light, sounds, care interventions, etc.37

Delirium is commonly detected by the Confusion Assessment
Method for the ICU or the Intensive Care Delirium Screening
Checklist. ICU delirium is described in hypoactive and hyperactive
phenotypes, where agitation is a type of hyperactive delirium.
When describing agitation in patients with TBI, we are, perhaps,
referring to hyperactive delirium.38

Sleep disturbance in the subacute stage after TBI should be a
modifiable factor. Although the consequences of disturbed sleep
are severe, only few studies focus on improving sleep in patients
with TBI. There is limited evidence to support guidelines for early
rehabilitation of patients in PTA.39 A systematic orientation pro-
gram, however, has shownpromise in relation to early recovery and
outcome (reduced PTA time) in patients with TBI.40 A preliminary
study indicated that sleep hygiene was beneficial to improving
sleep in patients with TBI.41 Environmental modifications of the
hospital and rehabilitation facilities are recommended to improve
sleep and normalise the circadian rhythm. Simple interventions
such as ear plugs and eye masks are beneficial for sleep, as are
reduction of nightly interventions and encouragement of daytime
naps. Sleep hygiene programs have shown significant improve-
ments on sleep, agitation, and cognitive functions in the ICU,42

including noise reduction and dynamic light.43

Different attempts have been made to improve sleep in patents
with TBI. A protocol for quiet time in neurointensive care has been
shown to have a positive effect on sleep,44 and a nurse-driven sleep
hygiene protocol with fewer interruptions has also been benefi-
cial.45 Implementation of sleep protocols and sleep-promoting in-
terventions has increased the sleep quality in patients with TBI.46,47

Thus, studies have shown that nurses can modify many of the
factors that facilitate improved sleep and recovery. This demon-
strates the effect of nonpharmacological interventions as the first-
line therapy for sleep improvement.47
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Pharmacological interventions to induce sleep in general should
be considered with caution in patients with TBI because it may
counteract the attempt to the wakening process.48 It has been
demonstrated that management of sleep disturbance 12 months
after TBI was likely to facilitate substantial improvements in
cognitiveecommunication function, language processing verbal
memory, and mood, which was positively related to sleep quality.49

Studies are confirming that light therapy helps to align the
circadian rhythm to the environment and is becoming standard in
ICUs.41,50 Light therapy, or dynamic lighting, has previously been
used in non-TBI patients in the ICU and during rehabilitation and
has been shown to improve the circadian rhythm and promote
recovery.51 According to stroke patients, the naturalistic light has
shown to improve mental health in rehabilitation patients,52 but
the benefits of dynamic light in patients with acute and subacute
TBI still needs to be explored.

4.1. Limitations

This review was limited by the dearth of studies describing the
association between sleep disturbance and agitation and the small-
sample studies reviewed. The credibility of our review was
improved by using an established method to conduct our scoping
review.20 Trustworthiness was increased by investigator triangu-
lation, giving us a chance to discuss the best interpretation of our
results. We performed a comprehensive literature search by using
the most relevant databases and an experienced librarian. Only few
studies, however, directly address the association between sleep
and agitation, leaving our results to rely mostly on inferences. The
identification of 15 duplicates indicates adequate density of the
search strategy.

5. Conclusion

The association between disturbed sleep and agitation is still
unresolved, but we assume that improved sleep may protect
against neuropsychiatric problems after moderate to severe TBI.
The findings indicate a high complexity describing multiple con-
sequences of sleep disturbance influencing cognitive and emotional
functions, including memory and behavioural changes. These re-
sponses are pivotal for identification of agitation and might have a
causal relationship. In addition, a bidirectional association might
exist between sleep disturbance and agitation. More interventional
studies with larger sample size and controls are needed to provide
evidence of modifiable factors for improving sleep during inpatient
TBI rehabilitation.
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