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Abstract

Objective: Sleep disruption is common in patients admitted in the
intensive care unit (ICU), and it is associated with various negative
effects. This study aimed to investigate whether the implementation of
a multicomponent sleep protocol improved the quality of sleep, both
subjectively (assessed with a questionnaire) and objectively (measured
using actigraphy).

Materials and Methods: A prospective interventional non-randomized
controlled study compared two groups (PRE and POST groups) of 20
spontaneously conscious ICU patients.

Results: Subjectively evaluated sleep quality was poor in the entire
sample (n=40) [Richards-Campbell Sleep Questionnaire (RCSQ) total
49.2+25.1]. The mean total sleep time was 389.0+78.8 min, the Sleep
Efficiency index (SEI) was 81.1+16.4%, and the number of awakenings
per night was 18.419.79. The quality of sleep (both subjective and
objective) was not significantly improved following the application of
the sleep protocol (POST group), as inferred from most of the studied
parameters. Subjective assessment yielded better results (RCSQ total:
45.1 PRE vs 51.1 POST); however, they were not statistically significant.
Paradoxically, statistically significantly better results were observed for
SEl (86.6% PRE vs 75.9% POST, p=0.044), total sleep time (416 min
PRE vs 364 min POST, p=0.044), and noise (T=2.11, p=0.046) in the
control group.

Conclusion: Although the results failed to confirm that the
multicomponent protocol exerted a significant effect, its implementation
in clinical practice may be valuable. In a selected group of ICU patients,
the proposed interventions may aid in achieving good sleep and in
improving their overall comfort.

Keywords: Sleep, Actigraphy, Multicomponent sleep protocol, Richards-
Campbell Sleep Questionnaire, Intensive care unit

Oz

Giris: Yogun bakim (nitesine (YBU) kabul edilen hastalarda uyku
bozuklugu yaygindir ve cesitli olumsuz etkilerle iliskilidir. Bu calismada,
cok bilesenli bir uyku protokolliniin uygulanmasinin hem stibjektif (bir
anket ile degerlendirilen) hem de objektif olarak (aktigrafi kullanilarak
Olclilen) uyku kalitesini iyilestirip iyilestirmediginin arastiriimasi
amaclandi.

Gereg ve Yéntem: ileri doniik girisimsel, randomize olmayan kontrollii
bir calismada, 20 spontan bilinci acik YBU hastasindan olusan iki grup
(PRE ve POST gruplar) karsilastirildi.

Bulgular:  Subjektif olarak degerlendirilen uyku kalitesi tim
orneklemde zayifti (n=40) [Richards-Campbell Uyku Anketi (RCSQ)
toplam 49,2+25,1]. Ortalama toplam uyku siresi 389,0+78,8
dk, Uyku Etkinlik indeksi (SEI) %81,1+16,4 ve gece uyanma sayisi
18,419,79 idi. Uyku kalitesi (hem siibjektif hem de objektif), incelenen
parametrelerin ¢cogundan anlasildigi gibi, uyku protokolinin (POST
grubu) uygulanmasinin ardindan 6nemli 6l¢iide diizelmedi. Subjektif
degerlendirme daha iyi sonuclar verdi (RCSQ toplami: PRE‘de 45,1'ye
karsiik POST’de 51,1); ancak istatistiksel olarak anlamli degillerdi.
Paradoksal olarak, kontrol grubunda SEI (PRE’'de %86,6'ya karsilik
POST'de %75,9, p=0,044), toplam uyku stiresi (PRE'de 416 dk’ya karsilik
POST'de 364 dk, p=0,044) ve gurilti (T=2,11, p=0,046) icin istatistiksel
olarak anlamli derecede daha iyi sonuclar g6zlendi.

Sonug: Sonuglar ¢ok bilesenli protokoliin 6nemli bir etki ortaya
koymadigini dogrulamakta basarisiz olsa da, klinik pratikte uygulanmasi
degerli olabilir. Secilmis bir YBU hastasi grubunda, énerilen miidahaleler
iyi bir uykuya ulasmaya ve genel konforlarini iyilestirmeye yardimci
olabilir.

Anahtar Kelimeler: Uyku, Aktigrafi, Cok bilesenli uyku protokold,
Richards-Campbell Uyku anketi, Yogun bakim Gnitesi
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Introduction

The importance of sleep and sleep impairment in intensive
care unit (ICU) patients is an increasingly discussed issue.
This may be evidenced by the fact that the US-based Society
of Critical Care Medicine updated and extended its 2013
globally accepted recommendations, entitled Clinical Practice
Guidelines for the Management of Pain, Agitation, and Delirium
in Adults Patients in the ICU, to include two new topics,
namely immobility and sleep disruption (1). Impaired sleep is a
frequent and significant stressor in ICU patients (2,3). Multiple
studies have confirmed that in intensive care patients, sleep
architecture is impaired (2,4), with as much as 57% of their
sleep being during the day (5). Sleep disruption is associated
with many adverse effects on the organism such as anxiety,
a higher pain threshold, impaired immune function, a higher
incidence of delirium or prolonged mechanical ventilation
(1,6,7). Recently, studies have also shown an association
between sleep architecture, prolonged hospital stays and
increased mortality (8,9). The etiology of sleep disorders in ICU
patients is multifactorial. Factors affecting sleep may be classified
as (a) non-environmental (pain, other physical discomfort,
underlying disease, stress, etc) and (b) environmental (noise,
light, nursing interventions, etc) (10). Despite an increasing
number studies demonstrating the benefit of complementary
and alternative interventions in healthy individuals (11), studies
evaluating the effect of these interventions in ICUs have yielded
inconsistent results (1,6). When assessing sleep in ICU patients,
a major pitfall is the selection of a suitable assessment tool (12).
According to recommendations (1), routine monitoring using
polysomnography (PSG), actigraphy (ACT) or the bispectral
index is not recommended; at the same time, however, an effort
should be made to use validated self-assessment questionnaires
and scales to evaluate sleep quality as this is often omitted
(13). For its verified psychometric properties, the Richards-
Campbell Sleep Questionnaire (RCSQ) is widely recommended
(14,15). Even though pharmacological interventions rapidly
improving the quality of sleep are readily available, they
may have numerous adverse effects (intolerance, withdrawal
syndrome, hemodynamic instability) (16). Therefore, the trend
is to develop a multimodal approach built on implementation
of a multicomponent protocol for sleep care based on non-
pharmacological procedures. These procedures are inexpensive
and easy to apply and yet are rarely utilized (17,18) with
inconsistent results (19,20) and little support from evidence (1).
The study aimed to investigate the effect of a multicomponent
sleep protocol on the quality of sleep in ICU patients assessed
both subjectively (with the RCSQ) and objectively (with ACT)
and supplemented with a single noise measurement.

Materials and Methods

A single-center prospective interventional non-randomized
non-controlled study.

The study sample comprised 40 patients (20 in the PRE Group
and 20 in the POST Group) admitted to a general ICU of the
Novy Ji¢in Hospital between September 2018 and January

2019 (12 beds, unselected admission of patients). The inclusion
criteria were as follows: full consciousness (Glasgow Coma scale
score 15; orientation to place, time and person), an ICU stay of
more than 24 hours, age over 18 years and voluntary consent to
participate in the research). The exclusion criteria were previous
sleep disorder treatment, neurocognitive dysfunction (cognitive
deficit/dementia, organic brain dysfunction), structural brain
damage (trauma, stroke), ICU readmission for worsening of
the condition, delirium of various etiologies or withdrawal
syndrome, administration of sedatives in the previous 24 hours
and patient refusal to participate.

Sleep quality and quantity was assessed (using the RCSQ and
ACT) in two different patient groups and in two different
time periods. The control group (PRE, n=20, September
2018-December 2018) consisted of patients with no specific
sleep-promoting interventions and treated in accordance with
local standards. In the intervention group (POST, n=20, March-
June 2019), sleep quality was assessed following implementation
of a multicomponent sleep protocol that took place in January
and February 2019. Patient enrollment, ACT measurements and
questionnaire data collection were performed by two trained
nurses.

The questionnaires were filled in by patients helped by the
nurse once during their hospital stay, after previous nighttime
sleep monitoring (between 7 a.m. and 9 a.m.). On average, the
questionnaires took 2-5 minutes to complete.

The actigraph wGT3X-BT (ActiGraph, USA) was placed on the
non-dominant wrist. The epoch length was set at 60 seconds.
The obtained data were processed using software (ActiLife
6.13.3, ActiGraph) and the Cole-Kripke algorithm (21). The
monitoring was carried out from 9 p.m. to 5 a.m. The analyzed
ACT parameters are shown in Table 1.

Additionally, a single 12-hour noise measurement with a sound
level meter (NI T8820, 4-in-1 Environment Meter, Netherlands)
was performed during a night shift (6 p.m. to 6 a.m.). Nurses
working the night shift were not informed about the noise
measurement to eliminate bias (the Hawthorne effect) (22).

A protocol was developed according to Young et al. (23)
and Elliott and McKinley (20). The algorithm included
multicomponent measures aimed to identify and eliminate
risk associated with sleep disruption (Figure 1). A detailed
sleep history was divided into five components so that this
need could be assessed in comprehensive manner (Table 2).
Sleep-promoting strategies (Table 3) in the protocol comprised
reduction of negative environmental stimuli (noise and light
reduction, temperature optimization) and temporary solutions
for inhibition of external stimuli (earplugs and eye masks).
Concurrently there was an effort to apply sleep interventions
of nursing procedures (education, clustering activities). The
protocol algorithm was also supplemented with monitoring of
pain and delirium and interventions to reduce them. During the
break, the staff was educated on the importance of sleep and
adverse effects of sleep disorders through training and posters
permanently available in their wards. Two trained nurses
received extra education on individual components of the
sleep protocol and acted as mentors for the other nursing staff
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members. Patients in the POST Group were offered earplugs

(E-A-RTM UItraFitTM,‘ 3M/ Maplewood, Minnesota, USA) and eye Primary Sleep Disorders Present? Exclude/treat Problems with sleep
s ) ] Yes | primarysleep [T [ persist?
masks (Daydream Basic Silk, China). Implementation of the NO l s
sleep protocol applied to all nursing staff members. :
5 . . Lo Problems started during
The study complied with the Declaration of Helsinki and was this hospitalisation? YES
T . . . Problems with sleep
approved by the Novy Jicin Hospital ethics committee (protocol 0 Focus o the detallecsleepanamness | __[ . oo
no: INT2017007, date: 31.12.2019). Respondents participated YEs (tab. 2), reassessthe presence of
voluntarily and their anonymity was ensured. Permission to L
translate the questionnaire into Czech was obtained directly Disturbed sleep hygiene / Yes
from its author, Prof. K. C. Richards. mpact of the hospita
environment?
Apply sleep promoting strategy: care .
. .. . . Probl th sl
Table 1. Definition of various actigraphy parameters bundiesto mprove skeep qualty | p:s isetr:sm sleep
Actigraphy parameter Definition i~ \% (tab. 3)
Time in bed (min) The time between the start and YEs
the end of the recording YES
X Present pain,
Total sleep time (min) The total number of minutes discomfort? Monitor the degree of pain / deep -
scored as “asleep” of sedation at regular intervals Problems with sleep
R - i i | persist?
Number of sleep minutes divided YES acc‘”fj'”g il ‘f'a" °fa"?|ges'aa"d P
by the total number Of minutes NO sedatlon, ensure intervention
Sleep efficiency (%) . . L
the subject was in bed multiplied VES
by 100 Presence of delirium or
The total number of minutes the psychiatric illness?
Wake after sleep onset (min) subject was awake after sleep el AT
onset occurred. YES intervals, implement basic care Problems with sleep
procedures and apply prescribed  |— persist?
Number of awakenings (-) Number of awakenings per night " medications
. . The average length, in minutes,
Average awakening length (min) £ all I? . 9 isod
Of all awakening episodes Inform the attending YES
Expressed as a percentage and physician
calculated as the sum of the
Sleep Fragmentation index (-) proportion of all epochs from ALWAS
sleep onset Effort to achieve sleep retention is an integral
to sleep offset that were mobile* part of a complex approach in all patients
*: Actigraph software programs used and was calculated per nighttime
(21:00 to 05.00) Figure 1. Multicomponent sleep protocol

Table 2. Detailed sleep anamnesis

Domain of sleep

Examples of questions

Sleeping hygiene

Do you have difficulty falling asleep? Do you have an increased need for sleep during the day?
What does your sleep / being awake cycle look like? How many hours at night do you sleep unin-
terruptedly? How long does it take before you fall asleep? How many times do you wake up during
a (typical) night? How long will it take you to fall asleep then? Do you snore at night? Do you have
breathing pauses? Do you have to move your feet or have unpleasant feelings in them before you
fall asleep? Do you move your legs even in your sleep?

Behavioural and environmental factors

When did your problems begin? Is it bound to a change of the environment (hospital)? What are
the differences in sleep hygiene at home and in the hospital? Is the level of noise and lighting a
trigger factor of your sleep disorders? Do you always wake up when your nurse carries out any
intervention?

Patient comfort

Is there any intervention to help you sleep? Is your pain adequately assessed and treated? Do you
have other troubles that prevent you from sleeping?

Sleeping agents

Do you regularly take any medication to induce sleep? Do you use alternative methods to induce
sleep? (balm, thermophore). Are you used to having alcohol/cigarette in the evening to induce
sleep?

Psychosocial factors

Has your mood changed since you were admitted to hospital? Do you have any previous negative
experience with your hospital stay? Do you suffer from distress from the hospital stay (confrontation
with the impacts of illness)?
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Table 3. Sleep promoting strategy: Care bundles to support to increase sleep quality

Region Sleep barrier

Examples of nursing interventions to optimise sleep

Environment optimisation | Noise

Temperature

o offer earplugs

e expand the range of alarms

e behavioural activities to reduce staff noise

e education of visits regarding behaviour and observance of principles at the department
e close the door (if possible)

e cleaning only from 6.00 - 18.00

Light e offer an eye mask
e turn down/turn off light at 22.00

e ensure the optimum room temperature

Sleep interventions Disturbed sleep

hygiene

Nursing activities

Discomfort and pain

¢ education on regime measures (restrain of caffeine and cigarettes and other stimu-
lants at bedtime, not to create a working environment in bed, not to overeat before
going to bed)

e restriction of daily sleep (short rest period allowed in the afternoon)

e reduce sleep disturbing medications

e clustering night care activities

® ban on routine bathing of patients at night (22.00-6.00)

e critically assess the importance of nighttime collections and the scope of monitoring
e set the appropriate ventilation mode

e cognitive activation during the day

e regular pain assessment and ensuring good analgesia

e regular assessment of delirium and its development

e positioning (use of pillows, positioning aids)

e early mobilisation of the patient on bed (involvement of physiotherapists in care:
early mobility protocol)

Statistical Analysis

The changes of noise level between 6 p.m. and 6 a.m. for
untreated (empty circles) and treated (full circles) patients
were evaluated by polynomic dependence of the 2" degree
including the treatment effect. The dependent variable was
transformed by a box-cox transformation to attain a symmetric
distribution and homoscedasticity in residuals. The optimum
degree of polynomial, data homogeneity and data symmetry
in the transformed data were tested as described elsewhere
(24,25). The between-group differences were evaluated
by unpaired t-test for equal group variance for continuous
variables with Gaussian distribution and constant variance. The
remaining continuous variables were evaluated using a robust
unpaired Mann-Whitney test. The between-group differences
for dichotomous variables were tested by a Fisher’s Exact
test. Statistical software Statgraphics Centurion v. 18.1.06
(Statgraphics Technologies, Inc., The Plains, Maryland, USA)
was used for the data evaluation.

Results

The sample comprised a total of 40 patients, of which 20 were
in the PRE Group and 20 in the POST Group. Both sexes were
equally represented, with 11 females and 9 males in both
groups. (Dependence of sex on the effect from interventions
in the two groups, PRE and POST, was determined by Fisher’s

Exact test which showed no significant difference.) The mean
age of the participants was 65.9+14.5 years, 65.7+14.8 years
in the PRE Group and 66.2+14.1 years in the POST Group. The
mean body weight was 81.0+16.2 kg for the entire sample,
80.4£17.1 and 80.6+16.0 kg, respectively. With a mean BMI of
28.715.25, overweight was typical for the entire sample. The
mean BMI was higher in the PRE Group (29.2+6.18) than in
the POST Group (27.9+4.24). Statistical tests were performed
to assess the dependence of selected variables (age, body
weight BMI) in the groups. None of the variables was shown
to be statistically significant in the groups: age (p=0.865), body
weight (p=0.759), BMI (p=0.715).

In the entire sample, the mean RCSQ total was 49.2+25.1 and
the calculated Sleep Efficiency index (SEI) was 66.1+£9.8. This
suggests a relatively poor quality of sleep of the participants.
The best rated questionnaire item was returning to sleep
(54.2+£30.8). In contrast, the lowest rated item was sleep
latency (43.1+30.6). The other items were rated as follows
(in descending order): subjectively perceived sleep quality
(52.0+31.6), awakenings (49.7+27.6) and sleep depth
(47.2+25.8). The subjectively perceived noise level, an optional
item, was assessed separately (60.1+£27.7). Relevant statistical
tests were performed to study differences in the effects of the
interventions on subjectively perceived quality of sleep between
the groups (PRE vs POST). The subjectively perceived noise
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level was the only item for which the POST Group showed
statistically significantly better results: 52.3+25.6 (PRE) vs
65.6£29.3 (POST) (p=0.047). This was supported by results
of measurements with a sound level meter and estimation of
the dependence of sound levels on time in both groups (PRE
vs POST) by regression analysis. The noise profile followed
a U-shaped curve, with different minimum values between
midnight and 1 a.m. and identical maximum values of 64 dB.
Noise was found to be strongly dependent on time (r’=64.7%,
p<0.001); there was a consistent borderline shift towards higher
values in the POST Group (T=2.11, p=0.046) (Figure 2).

When differences in individual items between the groups (PRE
vs POST) were analyzed, two items were rated worse (not
statistically significantly) in the POST Group, namely sleep
depth (PRE 48.6+24.7 vs POST 46.0£26.9, p=0.720) and
sleep latency (PRE 44.4+£32.0 vs POST 41.7+£29.1, p=0.842).
The remaining three items were rated better (not statistically
significantly) in the POST group: awakenings (PRE 47.1+£27.2 vs.
POST 52.2+27.7, p=0.564), returning to sleep (PRE 47.8+27.9
vs POST 61.0+£32.1, p=0.217) and sleep quality (PRE 50.2+30.2
vs POST 54.7£33.0, p=0.782). Both the RCSQ total and the
calculated SEI were higher in the POST Group, once again
without statistical significance: PRE (RCSQ total) 47.6 £ 25.0 vs.
POST 51.14£25.2 (p=0.693) and PRE (SEI) 65.4£9.76 vs POST
66.849.82 (p=0.686) (results summarized in Table 4).

0 T+
y = BoxCox(Noise)=1 + ((Noise-30.0)°-189-1)/(0.189-14.2-0-811)
y = BoxCox(Noise)=94.5 + 4.20-Intervention - 11.6-Time + 0.460-Time2
Daytime =Time - 12
R2=64.7%, p<0.001
80
Standard T
Parameter Estimate Error Statistic p-Value
. CONSTANT 94.5 10.9 8.68 <0.001
70 + Intervention 4.2 199 211 0.046
Py Time -11.6 1.93 -5.98 <0.001
Time? 0.46 0.0795 5.78 <0.001
— [ J { ]
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S
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Figure 2. Changes of noise level between 6 p.m. and 6 a.m.
for untreated (empty circles) and treated (full circles) patients
as fitted by polynomic dependence of the 2" degree including
the treatment effect
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In the entire sample, sleep efficiency (SE) assessed by ACT
reached 81.1+16.4%, also suggesting poor sleep quality (the
cut-off is 85%). For all cases, the time in bed was identical (8
hours, from 9 p.m. to 5 a.m.) and the mean total sleep time
(TST) was 389.0+78.8 min. The mean wake after sleep onset
(WASO) was 90.4+78.4 min and the number of awakenings per
night was 18.449.79, with a mean duration of 4.65+2.89 min.
The sleep fragmentation index (SFI) reached 44.9+20.6. When
comparing ACT parameters between the groups (PRE vs POST),
the POST group showed poorer sleep quality as evidenced by
all parameters, with three being statistically significant. The
POST Group subjects had lower (SE PRE 86.6+9.39 vs. SE POST
75.9£19.6, p=0.044), shorter (TST PRE 416.0+45.1 vs. TST POST
364.0£94.0 min, p=0.044) and longer duration of awakenings
(PRE 3.56%1.3 vs POST 5.69£3.52 min, p=0.016). In the
case of WASO, the statistical significance was borderline (PRE
64.5£45.1 vs POST 115.0+£93.5 (p=0.066). Although the two
remaining parameters did not reach statistical significance, they
were also worse in the POST Group: the number of awakenings
(PRE 17.148.77 vs POST 19.6£10.5 min, p=0.485) and SFI
(PRE 40.4£16.2 vs POST 49.9+23.2, p=0.140). Additionally,
the comfort of the two selected interventions (earplugs and
eye masks) was assessed using the Comfort Scale in the POST
Group. The subjects rated their subjective feelings on a scale
from 1 (very comfortable) to 5 (very uncomfortable). Both aids
showed good results (2.800+0.894 for earplugs and 2.75+1.02
for eye masks) (Table 4).

Discussion

Implementation of standards and protocols is part of efforts
to improve the quality of care provided in ICUs. Nursing
procedures, including sleep quality interventions, are no
exception. However, these sleep-improving interventions are
seldom used, as seen from two multinational studies. In a
US-based international study (24 countries, 1223 critical care
providers), only 32% of respondents reported implementation
of a sleep protocol (18). Even lower implementation rates
were found in a recent Dutch study (10 countries, 522 ICUs),
with sleep protocols being used in only 9% of ICUs and sleep
being routinely assessed (with questionnaires) in only 1% of
ICUs (17). A major pitfall is difficult interpretation of obtained
data due to considerable bias and confounding. The factors to
be considered include, among others, the number of nights
assessed, considerable variations in the design of available
studies, sample size, underlying disease, types of interventions
assessed, assessment methods themselves and record length
(1,19). Heterogeneity of obtained data results in poor quality
evidence and possibly explains the weak adoption of the
investigated interventions by experts and their subsequent
implementation in clinical practice. The present study results
may be interpreted with regard to the methods used, that
is, the RCSQ vs. noise meter vs ACT. Following protocol
implementation, subjectively assessed sleep quality was slightly
better, albeit insignificantly. We found five studies assessing
the effect of original multicomponent sleep protocols. Of
those, two US studies (26,27) also failed to found a significant
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Table 4. Summary statistics and statistical testing PRE/POST
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SEl: Sleep Efficiency index, RCSQ: Richards-Campbell Sleep questionnaire, FET: Fisher’s Exact test, TT, EV: unpaired t-test for equal variance, MWt: Mann-Whitney U unpaired robust test, significant differences

are in bold, SD: Standard deviation

effect. In contrast, there was a
statistically significant positive effect
in three studies (28-30). Similarly, the
present study failed to show a positive
effect of interventions even with
objectively measurable parameters
(noise meter, ACT). Despite the staff’s
increased awareness, noise levels were
significantly higher in the POST Group
(p<0.001). The most likely explanation
is the fact that extended clinical
knowledge do not lead to changes
in the staff’s behavior. Interventions
aimed at environment optimization,
with an emphasis on noise reduction,
are most widespread and their effect
is most studied (31). The role of noise
and other environmental factors with
regard to sleep disorders have been
widely discussed but the outcomes
are inconsistent. We found three
experimental studies (32-34) and one
observational study (35) showing an
association between exposure to noise
and changes in sleep architecture
as measured by PSG. These findings
were refuted by three studies (36-38)
stating that environmental factors are
overestimated with regard to sleep
disorders. Also, a recent Danish study
(36) did not confirm the association
between noise levels and sleep quality
measured by PSG (p=0.3). In a study
by Gabor et al. (38), 10 dB sound
elevations occurred 36.5+20.1 times
an hour, causing 20.9+11.3% of
total awakenings. For the remaining
awakenings (68.1+£9.7%), the causes
were not identified. Similar results
were found in an American descriptive
study (37) stating that noise was
partly responsible for altered sleep
architecture but was not the main
cause of sleep fragmentation
(11.5£11.8% of arousals and 17.0%
of awakenings). The present study also
showed a strong association between
time and noise levels, with minimum
values between midnight and 1 a.m.
Noise levels consistently exceeded the
recommended standards, with the
highest level being 64.3 dB. According
to the US Environmental Protection
Agency, daytime and nighttime
noise levels in healthcare facilities
should not exceed 45 dB and 35 dB,
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respectively. Our measurements are consistent with those
by Darbyshire and Young (39) who compared noise levels
suggested by the WHO with actual noise levels in ICUs and
found these to be high above the recommended standards.
In an effort to ensure a good sleep, our patients were offered
earplugs and eye masks. Both interventions were considered
comfortable. A meta-analysis by Litton et al. (40) included
six studies (n=681) assessing compliance with the method
and found a mean per-patient noncompliance of 13.1%. The
study also confirmed that earplug placement was associated
with reduced delirium (RR 0.59, 95% Cl, 0.44-0.78) which is
a potentially important conclusion. In the present study, ACT
measurements confirmed expected sleep disruption in ICU
patients. Similar results were shown in a systematic review
by American authors (41) concerned with the use of ACT
in ICUs (13 studies, 277 patients). The mean TST was 4.4-
7.8 hours, SEl was 61-75% and number of awakenings 1.4-
49.0 per night. In the present study, statistically significantly
worse ACT results for the POST Group suggest that sleep
interventions may not have a beneficial effect on objective
sleep quality. This is also evidenced by a French study (42)
that failed to confirm objective changes to sleep quality and
quantity as measured by ACT even though patients reported
subjective improvement following interventions. Frequent
studies on ACT (compared to those on PSG) prove that the
technique receives increasing attention. While in 1991, the
proportion of studies (ACT:PSG) was 1:10, it rose to 1:4 in
2009. The position of ACT monitoring and interpretation of
its results in clinical practice remains quite unclear (43). In
the ICU setting, ACT measurements are negatively influenced
by numerous factors. A considerable limitation is the absence
of algorithms for assessing the population of ICU patients
in whom ACT signals may not accurately correspond with
the motor activity itself and thus the level of wakefulness
(44). In ICU patients, reduced motor activity is common
and conditioned by multiple factors: acute critical illness,
pain, administration of analgesics or sedatives, etc. This
pitfall of using ACT in ICUs has been confirmed by validation
studies (45-47) showing that ACT is much less accurate
than other methods (PSG, EEG) and tends to overstate the
results (sleep quality and quantity). Another controversial
point is placement of the ACT device. An American study
(48) comparing measurement data (ankle vs. wrist) showed
poor agreement between measurements and recommended
that the two placement sites were not used interchangeably.
However, this was refuted by another US study (49) showing
a favorable correlation (r=0.69, p<0.001). In an effort to use
a uniform approach, most authors use the non-dominant
wrist for ACT monitoring. Yet another important pitfall is
the length of ACT records (daily vs nocturnal). Once again,
there is considerable heterogeneity between studies. Some
authors, namely those investigating primarily sleep quality,
limited their study to nighttime only (46,50,51). Other
authors recorded longer periods of time and sleep assessment
was a secondary outcome of their studies (48,49,52). The
clear benefits of ACT are availability, feasibility and minimal
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burden to patients. Its accuracy, however, remains debatable.
There is a consensus (6,41) that the method may be used in
conscious ICU patients (a minority of the ICU population) as
an additional tool for sleep quality assessment combined with
another approach (questionnaires) or as a supportive tool for
evaluating sleep-promoting strategies. Currently, the method
is not recommended for routine sleep assessment in the ICU
setting (1). At the same time, there are other possible uses
of ACT in ICU patients: evaluating depth of sedation based
on motor activity, diagnosing and quantifying ICU-acquired
weakness (41) or objective assessment of post-ICU sleep
disturbance (53,54).

Study Limitations

The first limitation of the study is its design (single-center
setting, small patient sample). Another limitation considerably
reducing the applicability of results to the usual population of
critically ill patients is that the subjects were conscious (most
ICU patients are sedated or with structural damage). The third,
absolutely essential, limitation is the short ACT record. For valid
and comprehensive assessment of sleep quality, a high-quality
multicenter randomized study is needed.

Recommendations for practice

e There is evidence that sleep is disrupted in ICU patients.

e Promoting sleep (and its quality) should be an integral part of
comprehensive care for ICU patients.

e A multicomponent sleep protocol may have a positive effect
on subjectively perceived sleep quality; there is no evidence that
it positively influences objectively measured sleep quality.

e Assessment of the quality of sleep and effectiveness of the
investigated sleep-promoting interventions in ICU patients is
difficult and has many limitations.

Conclusion

The study failed to confirm that implementation of a
multicomponent sleep protocol improves both subjective and
objective sleep quality. Although some of the investigated
parameters assessing sleep quality were slightly improved
(without statistical significance), sleep-promoting interventions
resulted in worse results for the objectively measured parameters.
Despite the inconsistent outcomes, there are assumptions and
signals that the sleep care protocol may be beneficial for ICU
patients. To confirm this hypothesis, more research is needed.
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