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Abstract
Introduction: Lack of restorative sleep and altered sleep‑wake cycle is a frequent problem among patients admitted to the Intensive Care
Unit (ICU). This study was conducted to estimate the prevalence of poor sleep and patient’s perspective of factors governing poor sleep in
the ICU. Materials and Methods: A cross‑sectional study was performed in medical ICU of a tertiary care hospital. A total of 32 patients
admitted to the ICU for at least 24 h were recruited. A 72‑h actigraphy was done followed by a subjective assessment of sleep quality by the
Richards‑Campbell Sleep Questionnaire (RCSQ). Patient’s perspective of sleep quality and quantity and possible risk factors for poor sleep were
recorded. Results: Poor sleep (defined as RCSQ <50, sensitivity 88% and specificity 87%) was found in 15 out of the 32 patients (47%). The
prevalence of poor sleep was higher among patients on mechanical ventilation (n = 15) (66.7% vs. 33.3%, P < 0.05). Patients with poor sleep
had higher age (median age [in years] 42.8 vs. 31.4, P = 0.008), acute physiology, and chronic health evaluation II score (mean 14 ± 5.15 vs.
9.3 ± 5.64, P = 0.02), SAPS 3 score (62.7 ± 8.9 vs. 45.6 ± 10.5, P ≤ 0.0001), and worse actigraphy parameters. Only 55.63% of total sleep
time was in the night (2200–0600). All patients had discomfort from indwelling catheters and suctioning of endotracheal tubes. All patients
suggested that there be a minimum interruption in the sleep for interventions or medications. Conclusion: There is a high prevalence of poor
sleep among patients admitted to the ICU. There is a dire need to minimize untimely interventions and design nonpharmacological techniques
to allow patients to sleep comfortably.
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Introduction
Sleep is a naturally occurring periodic, reversible state of
reduced consciousness, and response to external stimuli.
Normal human sleep consists four to six 90–100 min
blocks, during which nonrapid eye movement and rapid
eye movement (REM) sleep alternate in a cyclical fashion
accounting for a total sleep duration of 7–8 h/night.[1]
Sleep is an indispensable physiological need often
underestimated and disregarded especially in critically ill
patients.[2‑4] Sleep in them is highly fragmented; therefore,
they lack deep restorative REM sleep. Around 38.5% of the
patients who survived critical illness and were on mechanical
ventilation (MV) for at least 48 h reported not being able to sleep
well, 40% of the study group remembered frequent awakenings
in the night, and 35% recalled having had difficulty falling
asleep during their Intensive Care Unit (ICU) admission.[5]
Sleep deprivation has been associated with the release of
inflammatory cytokines, worse cardiovascular outcomes,
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Polysomnography (PSG) is the gold standard for measuring
sleep; but in the ICU setting, it is cumbersome and
impractical.[13,16] Actigraphy, which is a validated substitute
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Various factors implicated to cause sleep deprivation in ICU
setting, such as delirium because of organic causes, underlying
disease state, noise, and change in environment, MV and
sedatives, unavailability of familial faces, etc.[3,10,14,15]
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poorer immunological response, etc. [6] Sleep disruption
induces a catabolic state, impairs cellular and humoral immune
response,[7] and causes respiratory dysfunction due to muscle
fatigue and central respiratory.[8] Sleep disturbances are known
to impair consolidation of memory and cognitive function.[9‑13]
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for PSG,[17] has been widely used in the ICU due to its low
cost and minimally invasive nature.[18‑20]
The primary objective of our study was to assess the quantity and
quality of sleep in patients admitted to the ICU using actigraphy
and Richards‑Campbell Sleep Questionnaire (RCSQ)
respectively. Our secondary objective was to know patient’s
perspective of factors related to poor sleep.

Materials and Methods
A cross‑sectional study was conducted in an eight‑bed adult
medical ICU of a tertiary care hospital in North India. The
ICU caters to patients with sepsis, poisoning, multisystem
dysfunction, and acute respiratory distress syndrome; there
is a separate ICU for cardiology, gastroenterology, neurology,
postoperative, and trauma patients which were not included
as part of this study. There are eight nursing officers on duty
at a time, with the patient: nurse ratio varying from 2:1 to 3:1
depending on the workload. There are two house physicians on
duty at a time, with rounds being conducted once daily by the
consultant physician, usually between 0930 and 1130. There is
no barrier to compartmentalize each patient bed. There were
only two beds by the window and no nonpharmacological
aid‑like earplugs and soothing mask available. Entry of one
family relative was allowed every day between 1700 and
1800. Patients in the age group of 18–60 years who were able
to give informed written consent and admitted for at least
24 h in ICU before actigraphy were included in the study. If
intubated at the time of admission, s/he was recruited 24 h after
extubation. Patients were screened by confusion assessment
method‑ICU questionnaire[21] for delirium, Modified Berlin
Questionnaire[22] for premorbid sleep illness(s) and Epworth
Sleepiness Score[23] for obstructive sleep apnea; those tested
positive or found to be at an elevated risk were excluded. In
addition, those with kidney disease and past or current history
of the cerebrovascular accident were excluded as they are
some of the known risk factors that alter sleep‑wake cycle.[24,25]
Ethical clearance was obtained from the Institutional ethics
committee. Data were collected from January 2014 to
June 2014.

Evaluation of the patients at the baseline

After admission to the ICU, data were collected regarding
clinical and laboratory parameters at the time of admission;
acute physiology and chronic health evaluation II (APACHE II)
score,[26] and simplified acute physiology score 3 (SAPS 3)[27]
scores were calculated (higher score associated with higher
chances of mortality). After 24 h of ICU admission, patients
were re‑assessed on a routine basis and if inclusion criteria
were met, 72‑h actigraphy was done. After actigraphy study,
assessment of sleep quality was done using RCSQ.[28] The
researcher was not aware of the actigraphy results of the
patient. Information regarding factors causing discomfort
during ICU stay was collected with a preformed questionnaire.
Individual suggestions to improve sleep quality in the ICU
were also taken from the participants.

Actigraphy

The actigraph SOMNOwatch™ was worn on the nondominant
arm by the participant. The activity was measured in epochs
of 15 s and plotted as an actigraphy profile. The watch has
seven channels including six internal channels (body position,
three activity sensors, ambient light and patient marker, and
one external signal input (AUX). It has a 12 analog to digital
converter, with an adjustable sampling rate of 256/s to 1/s and
adjustable storage rates of 1/120s to 256/s. It has internal data
storage of 8 MB, has a size of 45 mm × 16 mm and weighs
30 g (including battery). DOMINOlight 1.3.0 version was
used for analysis.

Scoring and sleep determination

Automatic scoring using the event marker points (lights off
and lights on) was checked by the same scorer to determine
the participants’ time in bed (TIB). Usually, through the
integrated light sensor, the relevant measurement period (TIB)
is determined. However, this method cannot be applied in
ICU because the intensity of light is different from time to
time and does not correlate with the sleeping periods of the
patient. Therefore, patients were asked to press the marker
button just before going to sleep and immediately after waking
up from sleep. This was marked as lights off and lights on,
respectively. The time between lights off and lights on was
taken as total TIB. Based on this, actigraph gives us other
sleep parameters [Listed in Table 1]. Usually, the circadian
rhythm will be automatically calculated by actigraph by the
light input sensor. But since, this was irrelevant in the ICU,
we calculated circadian rhythm by dividing 24 h into three
8 h periods, (2200–0600, 0600–1400, and 1400–2200). The
total sleep time during each phase was calculated and thus the
distribution of sleep epochs was determined.
The overall perception of the sleep was collected by asking
the question “How was your sleep during the ICU stay?”
with a dichotomous response collected, i.e. either good or
poor. Since judgment by the patient is the best way to assess
sleep, we considered the overall self‑perception of sleep as the
Table 1: Definition of various actigraphy parameters
Actigraphy Parameter

Definition

Lights off
End (lights on)
TIB

Time at which subject went to bed
The time the subject wakes up
Time in minutes, between light off and sleep
end (lights on)
SOL
Interval in minutes, between light off and
sleep start
TST
Sum, in minutes, of all sleep epochs between
sleep onset and sleep end (lights off)
WASO
Sum, in minutes, of all wake epochs between
sleep onset and sleep end
Sleep efficiency (%)
The ratio of the total sleep time to time in
bed multiplied by 100
Number of awakenings
The number of wake episodes >5 min
TIB: Time in bed; SOL: Sleep onset latency; TST: Total sleep time;
WASO: Wake after sleep onset
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standard. Richards Campbell sleep questionnaire (RCSQ) was
then applied to objectively evaluate sleep quality. It consists of
a 5‑item questionnaire evaluating sleep depth, latency, number
of awakenings, efficiency, and quality (with a sixth parameter,
noise added in modified RCSQ). The technique is the same as
described by Kamdar et al.[29]
Based on these qualitative and quantitative answers, we
generated a cut in value for RCSQ score. Based on this new
standard of RCSQ score, we defined the poor sleep as RCSQ
score below the derived cut off value.

Sleep disturbance definition

A total RCSQ score of ≥50 was used to define good sleep
(sensitivity 88.24%, specificity 86.67%) (receiver operating
characteristic [ROC] area‑ 0.92, 95% confidence interval [CI]).
Patients with total RCSQ score <50 were considered to have
poor sleep.

Statistical analysis

Statistical analysis was performed using STATA version 12.0
(STATA Corporation, College Station Road, Houston,
Texas, USA). The data analyzer was aware of the patient
group. A sample size of convenience was taken. Two‑tailed
P < 0.05 was considered statistically significant. The statistical
tests used are the same as listed by the author(s) previously.[30]

There were 18 males and 14 females in the study population.
The mean APACHE II score of the study group was 11.5 ± 5.8.

Actigraphy

The actigraphy parameters among those with good sleep
(RCSQ score ≥50 mm) and with poor sleep (RCSQ
score <50 mm) are shown in Table 3. Although TIB and
TST did not differ in the two groups, there was a significant
difference in sleep efficiency, WASO, and a total number of
awakenings.

Richards‑Campbell Sleep Questionnaire

The mean RCSQ score of our study population was
51.6 ± 13.5 mm. An RCSQ score of ≥50 mm had a
sensitivity of 88.2% and specificity of 86.7% in determining
patients with good sleep as assessed by patient perception
(ROC area 0.91, CI 95%) [Figure 2]. Patients with RCSQ
Total ICU admissions screened for inclusion n = 70

Inclusion criteria
met n = 40

Results
A total of seventy patients were screened, out of whom
forty fulfilled the criteria of the study. Of the patients who
fulfilled the inclusion criteria, 35 gave informed consent. Of
the 35 patients, three could not complete the study, because
of early transfer out from ICU to the ward [Figure 1]. The
characteristics of the enrolled patients are given in Table 2.
The mean age of the study population was 36.8 ± 12.7 years.

30 patients were excluded
12 were >60 years
4 had high-risk for OSA
7 had CKD
1 had past h/o of CVA
3 had both CKD and past h/o CVA
3 were in delirium

Consent given n = 35

Completed study n = 32

Did not complete study n = 3
Two patients died before
actigraphy could be completed
1 patient was shifted out

Figure: 1: Study flow diagram

Table 2: Baseline characteristics of the population
Variable

Mean±SD* or median (IQR)# (n=32)

Good sleep (n=17)

Poor sleep (n=15)

P

Age (years)
36.8±12.7
31.4±12.3
42.8±10.6
0.008
Male gender (%)
18 (56.3)
9 (53)
9 (60)
0.69
MV (%)
15 (47)
5 (29.4)
10 (66.7)
0.04
APACHE II score
11.5±5.8
9.3±5.6
14±5.2
0.02
SAPS 3 score
53.7±13
45.6±10.5
62.7±8.9
<0.001
BMI (kg/m2)
23.3±3.6
23.6±3.5
22.9±3.8
0.63
pH
7.35±0.08
7.38±0.85
7.32±0.08
0.03
pO2 (mmHg)
95.6±32.4
90.3±20.9
101.5±42
0.33
pCO2 (mmHg)
40.4±14.1
39.1±11.4
41.9±16.9
0.58
MAP (mmHg)
78.1±22.2
80.2±15.2
75.8±28.6
0.49
Serum lactate (mmol/l)
1.9 (1.2‑3.3)
1.8 (1‑2.5)
2.8 (1.4‑3.4)
0.35
Urea (mg/dl)
48.5 (29.5‑72.5)
41 (25‑55)
59 (31‑75)
0.17
Creatinine (mg/dl)
1.2 (0.8‑2.2)
0.9 (0.8‑1.5)
1.3 (0.9‑2.5)
0.26
Total bilirubin (g/dl)
1 (0.6‑2.1)
0.8 (0.6‑1.1)
1.6 (0.6‑3.5)
0.03
SGOT (IU/l)
41 (33‑72)
36 (33‑56)
53 (35‑133)
0.13
SGPT (IU/l)
36 (17.5‑65)
34 (18‑41)
42 (15‑93
0.32
*For data following normal distribution, #For data following nonnormal distribution. MV: Mechanical ventilation; MAP: Mean arterial pressure;
SGOT: Serum glutamate ornithine transferase; SGPT: Serum glutamate pyruvate transferase; APACHE II: Acute physiology and chronic health evaluation;
SAPS 3: Simplified acute physiology score; IQR: Interquartile range; SD: Standard deviation; BMI: Body mass index
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score ≤50 mm were considered to have poor sleep. According
to this definition, the prevalence of poor sleep among studied
patients in medical ICU (MICU) 46.8% (15/32) [Table 4].

P < 0.0001). Body Mass Index (BMI, in kg/m2) in patients
with good sleep was higher than patients with poor sleep;
however, it was statistically insignificant (23.62 ± 3.5 vs.
22.9 ± 3.8, P > 0.05). Except for total bilirubin and pH, the
hematological and biochemical parameters were comparable
at the time of admission in patients with poor sleep and good
sleep.

A sixth parameter used in previous studies along with the
five parameters of RCSQ was noise. The mean modified
RCSQ score was 51.2 ± 12.7 mm. A cutoff score of ≥48 mm
of modified RCSQ had a sensitivity 88.2% and specificity of
73.3% (ROC area 0.88, CI: 95%) in defining patients with
good sleep. The prevalence of poor sleep by modified RCSQ
score was 40.6% (13/32).

There was no significant difference in the median duration of
hospital stay before actigraphy between those with poor and
good sleep (8.4 days [interquartile range (IQR): 2.5–9.2] vs.
11 days [IQR: 5.8–19.8], P > 0.05).

The patients with good sleep were younger than those with
poor sleep (mean age 31.4 ± 12.3 vs. 42.8 ± 10.6 years,
P = 0.008). There was no significant difference in perception
of poor sleep with regards to gender distribution (47.1%
vs. 40.0%, P = 0.69). A total of 15 patients (46.9%) were
mechanically ventilated during the ICU stay and had
received sedative medication. The percentage of poor sleep
was higher in patients who were mechanically ventilated,
in comparison to those who were not (66.7 % vs. 33.3%,
P = 0.035). Patients with poor sleep had a significantly higher
APACHE II score when compared to patients with good sleep
(14 ± 5.2 vs. 9.4 ± 5.6, P = 0.02). Similarly, patients with poor
sleep had significantly higher SAPS 3 score when compared
to patients with good sleep (62.7 ± 8.9 vs. 45.6 ± 10.5,

Circadian rhythm and sleep disturbances

Mean TST over three days was 11.4 ± 4.1 h; divided into the
three periods of 2200–0600, 0600–1400 and 1400–2200 as
6.3 ± 1.7 h, 2.7 ± 1.1 h and 2.4 ± 1.3 h respectively; showing
that only 55.63% of TST was in the night (2200‑0600).
This pattern of altered sleep‑wake cycle was found in both
mechanically ventilated and other patients.

Patient‑perceived risk factors for poor sleep and
suggestions

Factors causing discomfort during the ICU stay were assessed
and have been listed in Table 5. Indwelling catheters (central
line, Foleys catheter, and nasogastric tube) and endotracheal
tube suctioning were the most common factors causing
maximum discomfort. Rounds conducted by the medical
team were the least discomforting factor. The suggestions
given by the study population to improve the ICU care are
listed in Table 6.

Table 3: Actigraphy parameters
Parameter/day

Mean±SD Poor sleep Good sleep
(n=15)
(n=17)

P

TIB (min)
669.4±114.8 680±127.5 660±105.1
0.63
TST (min)
522.6±122.4 515.2±141 552.8±104.4 0.39
Wake duration (min)
128.6±62.2 156.2±69.1 104.1±44.2 0.02
Sleep latency (min)
14.4±10.6 14.8±14.1
14±6.7
0.82
Sleep efficiency (%)
80.6±7.8
76.4±8.4
84.4±4.9
0.002
WASO (min)
113.3±60.0 147.9±54.8 82.9±47.2 0.001
Number of awakenings
5.0±3.1
6.9±2.8
3.3±2.1
<0.001
SD: Standard deviation; TIB: Time in bed; TST: Total sleep time;
WASO: Wake after sleep onset

Discussion

1.00
0.75
0.50
0.00

0.00

0.25

Sensitivity
0.50
0.25

Sensitivity

0.75

1.00

This study characterizes sleep quality and quantity using
both qualitative and quantitative techniques in ICU patients.
There was a high prevalence of poor sleep which was
fragmented with altered sleep‑wake cycle; more so among
patients who were on mechanical ventilation. Despite recent

0.00
0.25
0.50
1 - Specificity
Area under ROC curve = 0.9118 Total RCSQ Score

0.75

1.00

0.00

0.25

Area under ROC curve = 0.8804

0.50
0.75
1 - Specificity
Modified RCSQ Score

1.00

Figure 2: Receiver operating characteristic curve of total Richards‑Campbell Sleep Questionnaire score and modified Richards‑Campbell Sleep
Questionnaire score
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Table 4: Richards‑Campbell Sleep Questionnaire
parameters
RCSQ parameter

Mean±SD (mm)

Sleep depth
50±15.2
Sleep latency
54.1±17.6
Number of awakenings
46.1±16.2
Returning to sleep
53.4±15.2
Sleep quality
54.2±15.0
Total RCSQ score (average of above 5 parameters)
51.6±13.5
Noise
51.3±13.4
Total modified RCSQ score (average of total
51.2±12.7
RCSQ plus noise)
RCSQ: Richards‑Campbell Sleep Questionnaire; SD: Standard deviation

Table 5: Factors associated with sleep disturbance
Factors causing discomfort to the patients
Indwelling catheters (Foleys catheter, NG tube)
Suctioning of endotracheal tube*
Diagnostic tests (X‑ray, blood test)
Nursing care (bedding, bathing)
Invasive procedures
Lights on during the night time
Medication injection
Other patients in ICU
Time disorientation
Loud talking of the ICU team
Doctor rounds
*n=15. ICU: Intensive Care Unit; NG: Nasogastric

Percentage of
patients (n=32)
100
100
93.75
93.75
93.75
87.5
87.5
78.1
78.1
62.5
6.25

Table 6: Suggestions from participants to improve sleep
(n=32)
Suggestion (yes)
No unnecessary interruption
Pain medication during ICU stay
Lights off in the night time
Clock in the ICU
Television in the ICU
Window bed
Music therapy during ICU stay
Sleeping pill wanted
More blankets
Low sound in ICU
Eye mask during sleep
Earplugs during sleep
ICU: Intensive Care Unit

n (%)
32 (100)
30 (93.8)
30 (93.8)
30 (93.8)
30 (93.8)
28 (87.5)
25 (78.1)
25 (78.1)
20 (62.5)
17 (53.1)
15 (46.8)
15 (46.8)

advances in critical care medicine and a lot of research
showing adverse events related to sleep deprivation, this
area has been tough to tackle with minimal improvement
over the years.
While there is a high level of agreement between actigraphy
and PSG in healthy participants,[17] a study done by Beecroft
et al.[31] in 14 MV patients showed poor agreement between
412

the two because of the high level of inactivity in patients who
are critically ill. The accuracy using automatic threshold in
the same study was only 51%.[31] Total sleep time correlation
between actigraphy and PSG varies from 0.72 to 0.98.[32] Mean
TIB and TST were 11 ± 2 and 8.7 ± 2, respectively, reflecting
that the patients were asleep one‑third of the time. Although
the duration of sleep was within normal range, it was fragment
with frequent awakenings and alteration in circadian rhythm.
Only 55.6% of TST was in the night (2200–0600). This altered
sleep‑wake cycle has been well‑documented previously in ICU
patients.[4,3,33] This is reflective of the poor RCSQ score which
is a subjective way of sleep assessment.
The mean score (51.6 ± 13.5 mm) obtained was lower
than the mean score obtained (60 ± 27 mm) in Richard’s
original validation study in 70 male ICU patients.[28] This
is probably due to less sick patients included by Richard in
the study group (none of the patients were on MV), who,
therefore, required fewer procedures, indwelling catheters,
and medication that are the major risk factors affecting sleep
quality. In a study done in Sweden among 31 surgical patients
admitted in the emergency ICU, mean RCSQ and modified
RCSQ were 45.5 mm and 66.5 mm, respectively.[34] This
study had a large number of patients >75 years of age (8/31),
and it is a well‑known fact that perception of sleep quality
decreased with advancing age.[35] In another study among
104 postsurgical patients admitted in the ICU, mean RCSQ
on the first postoperative night was 51.42 mm.[36] Our study,
was, however, conducted in a medical ICU, and therefore, the
risk factors and the patient profile was different; the results,
therefore, cannot be compared. Our results are similar to
that reported by Kamdar et al.,[29] where mean RCSQ among
33 patients (92 paired responses over 137 patient‑days)
admitted in medicine ICU was 57 (±30) mm. while RCSQ
is a standardized and easy way to subjectively assess sleep
quality, application, and interpretation of RCSQ should be
taken with a pinch of salt. In an interventional study done
by Bourne et al.,[37] 20% patients were not able to complete
RCSQ, primarily because of delirium. In another study[36]
among ICU patients, the failure rate of around 50% was
observed.
Our results of worse sleep quality in higher APACHE II score
was similar to the study done by Gabor et al.-[38] a shortened
sleep time, reduced SWS and increased awakening index was
seen in patients with higher APACHE II score compared to
healthy participants. Fanfulla et al.[39] found high SAPS score
and alkalosis to be important causes of sleep disturbance
in critically ill patients. Patients with higher APACHE II
score at admission require more medications, catheters,
and interventions which are important factors related to
comfortable sleep.
Robust data collection, making cutoff for RCSQ and gathering
information on patient’s perception of sleep and related factors
are the merits of our study. There are, however, important
limitations to our study. A sample size of convenience was
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taken. The patients were not followed up by repeat actigraphy
in ward or discharge, and therefore, the contribution of
ICU admission to the sleep disturbance cannot be judged
independently. We did not measure noise and light levels,
dose, and duration of sedatives used, number of catheters
and procedures carried out per patient per day; which would
have helped us objectively assess risk factors and compare
with other studies in the field. We assessed sleep quality as a
dichotomous variable, although it occurs in continuum. Sleep
staging was not possible through actigraphy, and therefore, it
is unknown what the sleep distribution was. Other limitations
for the use of actigraphy in ICU population include lack
of validated criteria to define poor sleep. We need further
studies with a larger sample size to validate actigraphy in
ICU population and to determine the cutoff values of various
actigraphy parameters.

Conclusion
There is a high prevalence of sleep disturbance among patients
admitted to the ICU, especially those on MV. Knowledge about
the factors related and designing methods to minimize these
factors can help in improving quality of medical care and stay
in ICU. Further studies are required to see whether poor sleep
is associated with increased mortality and can effectively sleep
avert such adverse outcomes.
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