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Abstract: Background: Sleep disturbances in intensive 
care unit (ICU) patients have been studied worldwide for 
over 30 years. Factors contributing to sleep disturbances 
are still being identified, and therapeutic procedures 
aimed at the mitigation of such ailments are consequently 
being developed.

Objectives: The aim of this study was to review the litera-
ture on sleep disturbances in intensive care unit patients.

Material and Methods: MEDLINE PubMed, OVID, Web of 
Science, and EBSCO databases have been searched using 
adequate keywords. 

Results: Sleep disorders in ICUs were common among all 
of the analysed articles. Noise plays a significant role in 
sleep interruption (11.5 - 17% of awakenings). It was noted 
that the introduction of "white noise" into the ICU envi-
ronment proved unsuccessful in reducing the magnitude 
of changing noise levels. Nursing care activities signifi-
cantly disturb nocturnal rest, and 42.7 such procedures 
per every 12-hour night shift were registered. Aggregat-
ing nursing care interventions was suggested in order to 
reduce the number of stimuli experienced by the patient. 

Conclusion: Changes in sleep structure developing 
during an ICU stay may significantly contribute to sleep 
disorders once the hospitalisation is over.  

Keywords: Sleep; Intensive care; Sleep disorders; Sleep 
assessment

1  Introduction
Sleep is indispensable for the regeneration of both body 
and mind. Nocturnal rest leads to the tuning down of 
the nervous system and the regeneration of muscles, 
and results in physiological rest [1]. Such regeneration is 
not observed in patients suffering from sleep disorders, 
which results in patients experiencing cognitive deficits 
and physical fatigue. Sleep disturbances in intensive care 
unit (ICU) patients have been studied worldwide for over 
30 years. Factors contributing to sleep disturbances are 
still being identified, and therapeutic procedures aimed 
at the mitigation of such ailments are consequently being 
developed [2]. The nocturnal rest of ICU patients is influ-
enced by noise, pain experienced, discomfort, medication 
administered in the intensive care setting and the mode of 
mechanical ventilation. Sleep assessment is subjective in 
its nature, therefore it is hard to perform in the ICU setting. 
As communication with a patient is hampered, they are 
not able to provide clear information on their perceived 
rest and the most disturbing factors. Therefore, noctur-
nal rest is an issue commonly forgotten and frequently 
ignored by medical personnel [1,2].

2  Physiological sleep and circadian 
rhythm
The average duration of nocturnal rest in a healthy adult is 
7-8 hours. The biological requirement for sleep is, however, 
hard to estimate. It varies individually and depends on 
genetic factors, age and gender. Entire nocturnal sleep 
can be divided into cycles. Each cycle lasts for 90-110 min 
[3]. Sleep structure is defined by criteria developed by the 
American Academy of Sleep Medicine. Each night cycle 
consists of two phases, namely REM (rapid eye movement) 
and NREM (non-rapid eye movement). The REM phase is 
characterised by rapid eyeball movement, muscle atonia 
and dreams. The NREM phase is divided into three addi-
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tional stages: N1 – the lightest sleep, the transition from 
wakefulness to sleep; N2 - the moment of falling asleep, 
characterised by light sleep; N3 - deep sleep, the hardest 
to interrupt [4]. An additional factor, which normalises 
nocturnal rest, is the circadian rhythm. This is mainly 
influenced by light, which indicates the time for rest. 
Light stimuli that fall on the retina influence the function-
ing of anterior subthalamus, i.e. suprachiasmatic nuclei. 
This structure is responsible for synchronising all circa-
dian systems of the body [5].

3  Literature on sleep assessment in 
intensive care units
The assessment of sleep structure in unconscious patients 
hospitalised in ICUs is possible due to advanced systems 
monitoring brain electrical activity and sleep parameters. 
Once the patient regains consciousness and he is able to 
communicate with the outside world, the ready-to-use 
assessment scores are available. There are two types of 
scores, i.e. objective and subjective [Table 1].

4  Polysomnography
Polysomnography is the gold standard test for sleep 
assessment. Such an examination includes electroen-
cephalography (EEG), electrooculography (EOG), subcu-
taneous electromyography (EMG), electrocardiography 
(ECG), monitoring of thorax movements and pulse oxi-
metry. It is therefore possible to characterise particular 
sleep stages, as well as determining their duration. In the 
ICU setting, the course of polysomnographic examination 
is additionally hampered by the presence of a number 
of sensors monitoring basic vital functions, which are 
attached to the patient’s body. Such a procedure is expen-
sive, and requires precision and the secure placement of 
the sensors. Its course is supervised by a technician, who 
registers each measurement. The results may be tracked 
and interpreted using dedicated software [6]. In order to 
assess the impact of particular stimuli in the intensive care 
setting, it is necessary to document the time and duration 
of medical interventions. This enables research staff to 
precisely evaluate the sleep disorders at a given moment.

5  BIS 
The Bispectral Index (BIS) is used to minimise the amount 
of equipment required to perform EEG. BIS is calculated 
by the multiple analysis of the native EEG waveform, 
including power spectroscopy analysis, bispectral anal-
ysis and timing analysis of the suppression to stimulus 
index. A BIS value ranges from 0 (no EEG signal) to 100, 
which indicates a clinically fully awake patient. BIS may 
potentially assess the depth of sleep, yet it is not a stand-
ard method for assessing sleep in the ICU setting [7].

6  Actigraphy
Actigraphy is one of the methods for sleep assessment 
commonly referred to in the literature. It is a continu-
ous method for registering a patient’s activity during the 
day and night using a special device called an actigraph 
(usually lasting several days). Technically, the device 
comes in the form of a watch. It is placed on the patient’s 
wrist, which enables researchers to evaluate the patient’s 
wakefulness on the basis of their movements. Once the 
subject is asleep the device detects no movement at all 
[8]. Actigraphy allows the calculation of total and average 
sleep duration, sleep onset latency (the length of time that 
it takes to fall asleep), the number of awakenings during 
sleep, the number of naps during the day, and the amount 
of active and non-active time during the day. However, 
ICU patients commonly show neuromuscular fatigue and 
require continuous sedation, which makes it impossible 
to obtain precise results [6].

7  Sleep assessment by the patient
Subjective methods make it possible to assess sleep in 
more ICU patients. One such method is the RCSQ (Rich-
ards-Campbell Sleep Questionnaire). This five-item scale 
evaluates the patient’s perception of their depth of sleep, 
sleep onset latency, sleep duration, sleep onset latency 
after awakening, and overall sleep quality. Patients who 
are able to maintain logical communication mark their 
score on a scale of 0-10. Studies correlating the BIS tech-
nique with the RCSQ questionnaire, which were per-
formed in 2007, revealed that patients overestimated 
the quality of nocturnal sleep [6]. Critically ill patients 
may have memory problems due to the administration 
of sedatives, as well as experiencing hallucinations [9]. 
Additional circadian rhythm disturbances and lack of 
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conscious awareness, about which time of day it actually 
is, may negatively impact the outcome. Thus, the use of 
subjective tools is limited by cognitive dysfunctions and 
limited perception experienced by ICU patients.

8  Sleep assessment by nurses
Nurses may assess a patient’s sleep by direct observation, 
as well as by using scales and questionnaires. Studies per-
formed in the 1980s, where nurses observed patients every 
15 minutes, revealed discrepancies in the total sleep time 
(TST) measured by means of polysomnography and by 
nurses [10]. Recent studies proved that direct observation 
by nurses may be insufficiently accurate for an evaluation 
of the amount of sleep and for identifying sleep disorders 
[6]. Results of a study published in 2012, which compared 
a patient’s self-assessed sleep and an assessment per-
formed by the nurse taking care of the patient during a 
particular shift using the RCSQ questionnaire, showed 
that nurses tend to overestimate the score. The depth of 
sleep and number of awakenings during nocturnal rest 
assessed by the nurses and patients were 67(21) vs. 48(35), 
(p=0.001), and 68(21) vs. 60(33) (p=0.03) [11], respectively. 
Due to the continuous nature of care that nurses provide 
to patients, they should take sleep and rest into consid-
eration in the process of taking care of the patient [12-17].

9  Sleep disorders in ICU patients
The sleep of ICU patients is light and intermittent in 
nature. An increased number of awakenings may have 
similar consequences as sleep deprivation. They include: 
weakening of the immunological system leading to an 
increased risk of infections, reduced respiratory param-
eters, increased perception of pain, reduced glucose tol-
erance, increased sympathetic activity and increased 
protein catabolism. The above-mentioned factors were 
identified during studies performed in healthy people. 
Fatigue observed in intensive care unit patients leads 
therefore to more pronounced consequences of sleep dep-
rivation, which in turn can hamper the recovery process. 
Low quality sleep may also contribute to the occurrence of 
psychotic states, i.e. delirium in ICU patients [17-19].

Over 60% of patients who were discharged from an ICU 
reported sleep disorders or sleep deprivation [15,19]. Other 
studies revealed that patients could remember frequent 
interruptions, pain, anxiety and fear, which all reduced 
their ability to sleep [19,20]. One study, which included 

464 patients, demonstrated that 51% of them experienced 
dreams and nightmares, whereas 14% of these subjects 
reported nightmares negatively influencing their quality 
of life even 6 months after their ICU stay [21]. The first pol-
ysomnography examinations in ICU patients revealed the 
presence of sleep disorders, reduced TST and changes in 
sleep structure, i.e. prolonged N1 and N2 stages, whereas 
the duration of N3 and REM stages was shortened. The 
examinations were performed during 8-hour nocturnal 
sleep only, and mechanically ventilated and sedated 
patients were excluded from the study [22,23]. 24-hour pol-
ysomnography was performed to determine the circadian 
rhythm in ICU patients. The obtained results varied signif-
icantly in terms of TST (3.2-19.4 hours), and such extreme 
results as 1 hour of total sleep time were also observed. 
Over 14% of sleep took place during day-hours. Disturbed 
sleep structures with no physiological sleep stages were 
observed as well. Most disturbances take place in N1 
and N2 stages, while the duration of N3 and REM stages 
is shortened [24]. A major breakthrough, however, were 
studies which included sedated subjects receiving inten-
sive hemodynamic support. A 24-hour polysomnography 
examination was performed in each of these 20 patients. 
Three patient groups were distinguished based on pre-
dominant EEG patterns: disturbed sleep (each sleep stage 
was present, but their proportion was disturbed), atypical 
sleep (with no N2 stage) and coma (SWS-Slow Wave Sleep 
and N3 accounted for 50% of sleep).

10  Sleep disturbing factors
Many factors disturb the sleep of patients in ICUs with 
specific environment and invasive therapeutic interven-
tions contributing to the development of such sleep disor-
ders. The inability to obtain physiological sleep depends 
on the patient’s illness, previous sleep experience, and 
varying severity of the illness. The following factors have 
been identified as disrupting sleep: pain and discomfort, 
nursing care and medical interventions, mechanical ven-
tilation, the ICU environment (including noise), pharma-
cological agents, and disease severity (Table 2) [25].

11  Aim
The aim of this study was to systematically review the 
available literature on sleep disorders in intensive care 
unit patients.
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12  Methods
This systematic review was performed using the most 
recent standards for systematic reviews published by the 
Medical Institute.

12.1  Search strategy

The following literature and abstract databases were 
searched: PubMed/MEDLINE,  Web of Science, EBSCO. 
The following key words were used: sleep disorders in 
intensive care, intensive care, sleep disturbing factors. 
The search was limited to studies published in English. 
No adequate literature in Polish was found. Articles pub-
lished between 2000 and 2017 were included in the study. 
Single key words as well as their combination using AND 
and/or OR operators were used. The citation number 
in each search was scanned and reduced according to 
the inclusion criteria. Only studies performed in inten-
sive care settings that evaluated the quality of sleep and 
sleep disturbing factors were selected. The initial analy-
sis allowed the inclusion of 8 articles, for which full texts 
were obtained.

12.2  Inclusion criteria

Articles included in the analysis:
 – evaluation of sleep in ICU settings using known and 

validated tools;
 – description of sleep disturbing factors characteristic 

for ICUs;
 – inclusion of an objective or a patient’s subjective 

sleep assessment. 

 – The following articles were excluded:
 – opinions, case studies on animals, as well as articles 

published neither in English nor in Polish;
 – studies where sleep was evaluated by nurses;
 – articles where sleep was evaluated in non-ICU 

patients;
 – studies evaluating the impact pharmacological agents 

have on particular sleep stages in non-ICU patients.
Each article that was found was independently assessed 
by two reviewers using the above-mentioned selection cri-
teria in terms of their suitability for the study. In the event 
of divergent opinions, the opinion of a third reviewer was 
requested.

12.3  Data acquisition

Both reviewers independently assessed the articles 
selected using normalised data acquisition charts to reg-
ister the required data. These data included: name of the 
first author, publication year, type and aim of the study, 
method of sleep assessment, results and study limitations.

The quality of each study was assessed based on the 
following criteria: 

 – reliability of the sleep assessment method;
 – factors that were considered to disturb sleep in the 

ICU setting;
 – description of inclusion and exclusion criteria.

A literature analysis scheme for a systematic review is 
shown in Fig.1.

Table 2: Sleep disturbing factors in ICU patients [25].

Environmental factors Pharmacological agents Medical interventions

Noise Steroids Presence of tracheal tube

Light Beta-blockers Postoperative period

Nursing interventions Chronic intake of hypnotic drugs Dialysis

Diagnostic tests Diuretics Non-invasive ventilation

Vital parameters measurement Benzodiazepines

Blood collection Regular administration of opioids

Administration of medication Magnesium
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13  Results
The assessment of patients’ sleep in the ICU setting is a 
complex task. Studies prove that polysomnography is the 
gold standard. Many studies have identified sleep dis-
turbing factors for ICU patients. They have been divided 
into three groups: environmental, pharmacological, and 
factors related to mechanical ventilation [1,2,25,26,27]. 
In the second part of the article, a systematic review 
of studies identifying sleep disorders in ICUs and their 
impact on sleep structure is presented. A total of eight arti-
cles were included in the review. Sleep disorders in ICUs 
were common among all of the analysed articles. Noise 
plays a significant role in sleep interruption (11.5 - 17% of 
awakenings). It was noted that the introduction of “white 
noise” into the ICU environment proved unsuccessful in 
reducing the magnitude of changing noise levels. Nursing 
care activities significantly disturb nocturnal rest, and 
42.7 such procedures per every 12-hour night shift were 
registered. Aggregating nursing care interventions was 
suggested in order to reduce the number of stimuli experi-

enced by the patient [15,26,33,34]. A systematic review of 
research on factors that disrupt patient sleep is detailed 
in Table 3.

14  Discussion
Intensive care unit patients assess the quality of their 
sleep as low. This is commonly associated with fear, 
anxiety and nightmares, which reduce their quality of life. 
Quantitative and qualitative sleep disorders negatively 
influence physiological body mechanisms, the immuno-
logical system and mental well-being [24].

Due to the specific ICU environment and the fact that 
patients remain unconscious, it is the duty of a therapeu-
tic team to assess a patient’s sleep. Such a task requires 
adequate study tools. Polysomnography remains the gold 
standard procedure for qualitative and quantitative sleep 
assessment in the ICU setting. The specific ICU environ-
ment has forced researchers to use alternative methods 
of sleep assessment. Every technique has its own limita-
tions, which should be considered while planning each 
research. One alternative objective method is BIS, which 
demonstrates significantly more advantages in compari-
son to actigraphy in the ICU setting. Further development 
of the BIS algorithm, as a measure for sleep quantity may 
facilitate the conduction of large scientific studies in the 
ICU setting (lasting for many days). On the other hand, 
the simplicity of subjective methods, i.e. self-assessment, 
seems very attractive. One should be especially careful 
and precede each examination with a determination of the 
patient’s state of consciousness [6]. It is the nurses who 
will contribute most to sleep assessment in ICU patients 
in the future.

In 2003, Nordstrom used the Richards-Campbell Sleep 
Questionnaire scale to acquire data on how patients per-
ceive their sleep, as well as the ability of nurses to assess 
it. No significant difference in the perception of sleep was 
observed between 31 patients and 31 nurses. Although 
the above-mentioned questionnaire was designed for 
ICU patients, the reduction of cognitive abilities makes 
it repeatedly impossible for the patient to fulfil the ques-
tionnaire unaided. Therefore, the role of nurses is very 
important, as they are at the patient’s bedside 24 hours 
a day [28].

In 2008, Beecroft et al. conducted an observational 
study which compared the accuracy of sleep assessment 
performed by nurses and 24-hour polysomnography. This 
study demonstrated that nurses lack the tools, knowledge 
and abilities to precisely assess the sleep of ICU patients. 

Figure 1: Scheme for articles qualified for a systematic review.
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It should be noted, however, that polysomnography itself 
has its own limitations as well. Electrodes and a register-
ing device may introduce potential disturbances into the 
examination environment [28,29].

In 2009, another study was performed in the United 
Kingdom, which included 120 nursing students during 
their vocational training. This study revealed that nurses 
lack the comprehensive knowledge and understanding 
of sleep physiology [29]. It is therefore important to raise 
nurses’ awareness of sleep issues. ICU patients are com-
monly mistakenly considered as sleeping. However, the 
structure of sleep in ICUs differs completely from physi-
ological sleep.

Noise is a dominating sleep disturbing factor for 
ICU patients. Freedman et al. studied its impact on sleep 
structure in 2001 and observed changes of total sleep time 
(8.8±5.0 hours) and increased sleep fragmentation. Envi-
ronmental noise appeared to be responsible for 11.5-17% 
of awakenings [30]. The noise arousal index was 1.9±2.1/
hours of sleep. In 1999, the World Health Organisation 
recommended noise levels remain under 35 dB in patient 
rooms. Johansson et al. placed a sound registering device 
in a 13-bed ICU room and showed that the noise exceeded 
55 dB 70-90% of the time [31].

Stachina et al. studied the impact of adding “white 
noise” as an additional noise element in an ICU. They 
observed 1178 awakening episodes, yet the reduction of 
the magnitude of changing noise levels did not reduce 
the number of awakenings during “white noise”. Among 
factors other than environmental ones, self-assessed 
sleep quality before an ICU stay presents a strong corre-
lation with sleep quality during hospitalisation. Multi-
ple nursing care interventions contribute to increased 
sleep fragmentation [32]. Tamburri et al. considered 
such interventions as moments of sleep interruption [33]. 
The studies of Bilhari et al. demonstrated that patients 
assessed the inconvenience of nursing care interventions 
at 3.5 in a 10-point scale [25]. It should also be noted that 
the presence of nurses nearby increases a patient’s sense 
of security [1,34].

Another issue, widely discussed in the literature, is 
the impact of pharmacological agents on particular sleep 
stages. Previous results and observations, conducted 
mainly in postoperative departments, prove their signif-
icance. From the clinical point of view, it is highly prob-
lematic to limit or discontinue therapy due to the potential 
risk of quantitative and qualitative sleep disorders [25].

It has been proven that increasing awareness of the 
issue and interaction within the therapeutic team may 
minimise sleep disorders. The main measures should 
aim at increasing the comfort of patients, reducing light 

and noise intensity at night, and the good organisation 
and aggregation of nursing care interventions to prevent 
sleep interruptions. Noise reduction may be obtained by 
adjusting monitor and medical ventilator alarms, mini-
mising staff talking and paying attention to keeping the 
doors to patients’ rooms closed [36]. Light intensity may 
be reduced by keeping dimmed light in the rooms and 
providing patients with blindfolds. An adequate mode of 
mechanical ventilation is also important for the comfort of 
patients [26].  Regular assessments of pain intensity and 
appropriate methods of pain control play a key role as well 
[1,2,34].

15  Conclusions
Modern studies suggest that the quality of sleep experi-
enced by ICU patients is low. Sleep in critically-ill patients 
is characterised by frequent disturbances to its structure, 
changes in circadian rhythm, disturbances in sleep depth 
and no regeneration stage. It is the patient’s critical con-
dition and not the consequences of sleep disorders that 
are given priority. Nurses do not attach much importance 
to a patient’s quality of sleep as they have many other 
duties and need to provide the patient with holistic care. It 
seems, however, that they play a crucial role in assessing 
the patient’s sleep. Nurses’ awareness of sleep disturbing 
factors in the ICU setting and techniques of their preven-
tion may significantly improve the quality of sleep that 
patients experience. Changes in sleep structure devel-
oping during an ICU stay may significantly contribute to 
sleep disorders once the hospitalisation is over. 
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