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Abstract

Aim: To examine the effects of mechanical ventilation on the quality of sleep in patients in the intensive

care unit (ICU) using recent and relevant literature.

Methods: To verify the examined objective, the results of the analysis of available original scientific
works have been used including defined inclusion/exclusion criteria and search strategy. Appropriate works
found were analysed further. The applied methodology was in line with the general principles of Evidence-
Based Medicine. The following literary databases were used: CINAHL, Medline and gray literature: Google

Scholar.

Results: A total of 91 trials were found. Eleven of these relevant to the follow-up analysis were
selected: all trials were carried out under real ICU conditions and the total of 192 patients were included in
the review. There is an agreement within all trials that sleep in patients requiring mechanical ventilation is
disturbed. Most reviewed trials have shown that mechanical ventilation is probably not the main factor
causing sleep disturbances, but an appropriate ventilation strategy can significantly help to improve its
quality by reducing the frequency of the patient-ventilator asynchrony.

Conclusion: Based on the analysis, it appears that an appropriate ventilation mode setting can have a
beneficial effect on the quality of sleep in ICU patients.
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Introduction

Sleep is one of the basic physiological needs. A
greater number of trials that focused on sleep disorders
of patients at intensive care units (ICU) has been
elaborated in the last decade. There is increasingly
more evidence that sleep deprivation is connected with
a general alteration of the condition with negative
biological effects on the organism. Sleep disorder in
critically ill patients is connected with a higher incidence
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of delirium [ 1], a higher risk of non-invasive ventilation
failure [2], has an effect on the neuropsychological
effects of survivors as part of the post-intensive care
syndrome (e.g. cognitive deficiencies, anxiety, post-
traumatic stress disorder) [3]. Other epidemiological
trials show that sleep disorders in critically ill patients
have serious consequences at the level of individual
cardio-respiratory systems [4], affect metabolic,
endocrine and immune responses [5, 6], participate in
prolonged wound healing [7] and increase the
frequency of falls [8]. These consequences lead to
prolonged hospitalisation [1], increased mortality [9-
11] and deterioration in quality of life [12].

Sleep disorders are very common in patients in an
ICU [13]. The gold standard for assessing sleep archi-
tecture is the polysomnography method [14]. They
confirm the existence of changes not only in terms of
quantity but also in terms of quality. The sleep of ICU
patients with altered consciousness is fragmented and
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its architecture is disrupted [ 10, 13, 15, 16]. Thereis a
growing number of trials that indicate that the standard
brain electrical activity monitoring evaluation, which is
currently valid and recommended [17], is not reliable
in critically ill patients [15, 18, 19]. The reliability of
standard evaluation in the general population is relatively
high, the kappa coefficient (k) is in the range of 0.68-
0.82, while in the group of critically ill patients this
coefficient is significantly lower 0.19 [20]. According
to Drouot et al. [21] the cause of this significant varia-
bility are neurobiological changes that are involved in
the sleep pattern abnormalities in critical conditions.
The first trial that provided relevant evidence of these
changes was the trial by Cooper et al. [15]. In line
with this finding, the authors further developed additional
criteria to increase the sensitivity of sleep architecture
evaluations in critical conditions [18, 19].

The ICU environment is very inhospitable and there
are many factors that negatively effect the quality of
sleep in critical ill patients. The most cited factors
include noise, light, nursing interventions, underlying
disease and physical condition of the patient, pain and
discomfort, psychosocial factors, medication and
mechanical ventilation [10, 22, 23]. In order to achieve
and maintain a maximum level of sleep quality, it is
necessary to implement organisational interventions —
sleep promoting strategies [24-27]. At present, some
attention is directed to the effects and importance of
mechanical ventilation on the quality of sleep [28, 29].
A trial by Estebana et al. [30] indicates that 40% of
patients hospitalised at ICU require mechanical ven-
tilation, although its exact effect on sleep architecture
is uncertain. Based on available recent and relevant
literary sources, we examine the effects of mechanical
ventilation on the quality of sleep in patients in intensive
care units. We assume that sleep in ventilated patients
is significantly impaired and a mode of ventilation effect
on sleep quality will be confirmed.

Material and methods

To verify the aim (the effects of mechanical venti-
lation on the quality of sleep in patients in ICU) the
results of the analysis of available original scientific
works were used. Defined inclusion/exclusion criteria
and search strategy were used. Appropriate works
were analysed further. The applied methodology was
in line with the general principles of Evidence-Based
Medicine [31].

The inclusion and exclusion criteria

Based on the research aim, the following inclusion
and exclusion criteria were established: time range of
2000-2017 (older trials were found to be outdated),
the availability of the fu// text of the article in English,
original trials in peer-reviewed journals. Exclusion cri-

teria: availability of abstracts only, articles published
outside the specified time period and survey studies.

Sources and search strategy

When searching for relevant sources, these elec-
tronic databases were used: CINAHL, Medline and
gray literature: Google Scholar. The following keywords
were used for search: intensive care unit, mechanical
ventilation, quality of sleep. In the initial phase of the
search, the primary key words were extended by
synonyms and analogical terms connected by Boolean
operators, AND and OR. The same search criteria
were used for each database.

Results

A total of 91 trials were found in selected databases.
Based on the primary analysis, works not relevant for
the specified area of interest and works which did not
meet the inclusion criteria (or met the exclusion criteria)
were excluded. A total of 11 works were included in
the analysis and in the review — all of them were
conducted in real ICU conditions. The process of
selection of the trials is shown in Figure 1, as re-
commended by PRISMA (Figure 1). The analysed
trials, methods and results are summarised in Table 1.

In the case of the analysed trials where all research
investigated the influence of mechanical ventilation on
the quality and quantity of sleep, there was a significant
variability and focus in the design of the trials. The
groups included small numbers of patients (11-24)
hospitalised in ICUs (either general or specialised) in
tertiary (university) hospitals. A total of 192 patients
were included in the review. The results obtained allow
a rough and merely indicative comparison of the
influence of artificial ventilation on the quality of sleep
across the individual works. Due to their different
characteristics, methodological inconsistencies, the
examined works were not systematically analysed
according to the recommended and accepted metho-
dology [32]. Significant differences in the design of
the evaluation of the sleep quality in individual trials do
not allow for a full comparative systematic statistical
meta-analysis.

Despite the significant variability of the evaluated
trials, it can be inferred from the comparison of the
results obtained that there is an agreement among the
trials that the disrupted sleep architecture of patients
with mechanical ventilation is confirmed. Finding the
right mode and setting can affect the quality of sleep
through various mechanisms. Although the trials
demonstrate that mechanical ventilation is apparently
not the main factor causing sleep disruptions, an
appropriate ventilation strategy in a specific group of
patients can significantly help to improve the quality of
sleep.
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Fig. 1. The process of study selection (a PRISMA flow diagram)

Parthasarathy and Tobin [33] evaluated 11 ventilated
patients with three modes: ACV (assist control ven-
tilation), PSV (pressure support ventilation), PSV +
dead space and its effects on sleep architecture. They
confirmed that the ventilation mode and its setting affect
quality of sleep. PSV mode is significantly connected
with the increase in sleep fragmentation (arousal +
awakening / h): [PSV: 79 £ 7 ¢f. ACV 54+ 7, p =
0.02], central apnea (6 patients), and apnea in PSV is
connected with higher frequency of awakenings [r =
0.66; p=0.01], which may impair the quality of sleep.
The authors confirmed that adding dead space in this
group of patients (6) resulted in a significant reduction
in sleep fragmentation [83 £ 12 cf. 44 + 6, p < 0.01].
French randomised crossover trial by Toublanc et al.
[34] carried out a comparative evaluation of the impact
of ACV and low PSV (6 cm H,0) on the quality of
sleep in 20 ventilated patients with acute respiratory
failure. The results of the trial confirm that ACV is
significantly connected (p < 0.05) with better quality

of sleep than low PSV. The trial presents the con-
clusions that the ACV mode during the first part of the
night (22:00 - 02:00) is connected with a significant
decrease in the number of awakenings [30.8 = 28.2%
cf. 69.0 £ 26.2, p < 0.05] connected with an increase
in N1 [34.8 £ 18.6% cf. 17.1 cf. 15%, p < 0.05] and
N2 [33.0 +24.6% cf. 11.4 £ 15.9%, p <0.05) and a
significant increase in N3 [6.3 + 7.7% cf. 0.3 = 1.0%,
p <0.01] and N4 [5.4 £ 13.2% cf. 0.0 £ 0.0%, p <
0.01] during the second part of the night (02:00-06.00).
A French prospective trial by Cabello et al. [35]
compared ACV mode with cPSV (clinically adjusted
pressure support ventilation) mode and aPSV (auto-
matically adjusted pressure support ventilation) in 15
ventilated patients. They based their research on the
hypothesis that adjusting the level of support in
accordance with the patient’s need and effort will affect
the sleep fragmentation. The results of this trial de-
monstrated that no statistically significant changes in
sleep architecture were confirmed among the ACV,
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cPSV and aPSV ventilation modes: N1 [8% cf. 7%
cf. 5%, p = 0.62], N2 [54% cf. 67% cf. 39%, p =
0.32], SWS [37 min cf. 26 min cf. 24 min, p = 0.79],
REM [7% cf. 4% cf. 1%, p = 0.54], sleep efficiency
(SE) [58% cf. 44% cf. 63%, p = 0.15], sleep frag-
mentation [30 cf. 28 cf. 23, p = 0.62]. Andréjak et al.
[36] evaluated in a crossover trial the effect of PCV
(pressure-controlled ventilation) and low PSV (6 cm
H,0) on the quality of sleep in 26 patients with severe
COPD (chronic obstructive pulmonary disease). His
primary goal was to achieve a night rest for breathing
muscles, thus reducing respiratory effort and improving
sleep architecture. The trial demonstrates that PCV
patients have a significantly improved sleep efficiency
(SE) [63% cf. 37%, p = 0.0002], an increased
proportion of N2 [33% cf. 13%, p = 0.0005], SWS
[9% cf. 3.5%, p =0.003], and REM [6.5% cf. 0% p =
0.003]. In order to approximate the physiological
respiratory patterns as much as possible and minimise
the effects of artificial ventilation, new ventilation
modes (PAV — proportional assist ventilation, NAVA
— neutrally adjusted ventilatory assist) adapted to the
patient’s respiratory effort while preserving its
variability have been implemented in recent years. Their
goal is to achieve maximum patient-ventilator synchro-
nisation. A number of research works demonstrate [37,
38] that asynchrony between patient and ventilator is
common and is connected with increased mortality and
extended ventilation period, and increases the likelihood
of respiratory muscles injury. These trials aimed to
provide relevant evidence of whether these new
ventilation modes (NAVA, PAV) may affect the quality
of sleep by achieving maximum synchronisation or not.
A randomised Italian trial by Bosma et al. [39]
compared in 13 patients PSV (1 night) and PAV (1
night). The trial confirms a significant improvement in
the quality of sleep in PAV mode in several parameters:
a significant decrease in the number of arousals [9 (1-
41) cf. 16 (2-74), p = 0.02], decrease in the number of
awakenings [3.5 (0-24) cf. 5.5 (1-24), p < 0.05],
increase of REM [9% (0-31) cf. 4% (0-23), p < 0.05]
and increase of SWS [3% (0-16) cf. 1% (0-10), p <
0.05]. An important output of this work is the confir-
mation that the patient-ventilator asynchrony was
significantly lower in PAV [24 + 15 ¢f. PSV 53+ 59, p
=0.02], which correlates significantly with the number
of arousals / h [R2=0.65, p=0.0001], which can lead
to sleep fragmentation and its poor quality. This is in
contradiction with the prospective Greek trial by
Alexopoulo et al. [40], which compared the effect of
patient-ventilator synchronisation on the quality of sleep
in PSV / PAV + (= PAV with load adjustable gain
factor) modes on 14 patients. Although a statistically
significant decrease in asynchrony was confirmed
[PAV+ 5.1 (1.1-17.1 / h) cf. PSV 43.0 (3.8-442.5 / h),

p = 0.019], it was without a statistically significant
impact on the change in sleep architecture N1 [PAV+
59.7% (16.9 £96.2) cf. PSV 63.7% (12.4+ 97.6),p =
0.754], N2 [PAV+ 31.1% (0.7 = 73.2) cf. PSV 5.0%
(0.0£65.8),p=0.182], SWS [PAV+0.0% (0.0 £2.5)
cf. PSV 0.0 (0.0-1.9), p = 0.600], REM [PAV+ 0.0%
(0.0+8.4) cf. PSV 5.8% (0.0 +21.9), p=0.021]. The
primary aim of another Greek trial [41] was to compare
the specific setting of ventilation parameters: To verify
the effects of the PAV ..+ / PSV i and
PAV + modes on the quality of sleep in 17 patients
(who were showing good synchronisation with PSV
mode). The trial confirms that no significant differences
in the quality of sleep and sleep architecture was
demonstrated in patients with good primary PSV
synchronisation. Delisle et al. [42] evaluated the effects
of the NAVA / PSV ventilation modes on the quality
of sleep in 14 patients. NAVA showed statistically more
significant differences in the evaluated sleep
parameters than PSV: SWS [NAVA 20.5% (16-25)
cf. PSV 16.5% (17-20), p=10.001], REM [NAVA 16.5
% (13-29) cf. PSV 4.5 % (3-11), p= 0.001], sleep
fragmentation [NAVA 17.5 (8-21.5) ¢f. PSV 33.5 (25-
54), p = 0.001], sleep efficiency (SE) [NAVA 73.5 %
(52.5-77) cf. PSV 44 % (29-73.5), p = 0.001]. Also,
this intelligent mode is associated with a significant
reduction in apnea occurrence [NAVA O / h cf. PSV
10.5+11/h, p=0.005] and decrease of the ineffective
patient effort [NAVA O / h cf. PSV24 £23 /h,p =
0.001). Two trials were found, which compare the
effects of non-invasive ventilation and spontaneous
ventilation on the quality of sleep. A French trial by
Roche-Campo et al. [43] confirmed the changes on
16 weaning patients with tracheotomy only in the
selected parameters: TST (total sleep time) [NIV (non-
invasive ventilation) 183 min (133-211) cf. SB
(spontaneous breathing) 132 (28-192), p=10.04], sleep
efficiency (SE) [NIV 44% (9-63) cf. SB 61% (38-
74), p = 0.04]. Other parameters without significant
difference: N1 and N2 [NIVS 67% cf. SB 68%, p =
0.36], SWS [NIVS 27% cf. SB 16%, p = 0.57], sleep
fragmentation [NIV 25 cf. SB 23, p = 0.65]. On the
contrary, the Italian trial by Fanfulla et al. [44] in 22
patients did not confirm significant changes in the sleep
architecture among patients with spontaneous
ventilation and NIV. It states that although there was
a higher number of ineffective efforts on the NIV (45.3
+ 66), they caused only a low number of arousals (3.4
+4.9), which was not statistically significant. A French
trial by Cordoba-Izquierdo et al. [45] carried out in 24
patients with respiratory failure examined whether the
ventilator type (ventilator conventionally used in ICU
in NIV mode cf. dedicated ventilator for NIV mode)
has an effect on the quality of sleep. A significant
decrease in the patient-ventilator asynchrony while the
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conventional ventilator was used was confirmed [conv.
34 (15-76) cf. dedicated 174 (43-279), p=0.02] and a
lower occurrence of ineffective effort [conv. 2 (0-13 /
h) cf. dedicated 34 (15-125), p = 0.04], which has a
positive effect on the decrease of sleep fragmentation
[conv. 14% (7.0-22) cf. dedicated 28% (17-44), p =
0.02], no significant effect on other parameters was
observed: N1 [conv. 8.3 % cf. dedicated 4.4%, p =
0.30], N2 [conv. 36% cf. dedicated 34%, p = 0.82],
SWS (slow wave sleep) [conv. 33% cf. dedicated 38%,
p = 0.69], REM [conv. 10% cf. dedicated 15%, p =
0.91].

Discussion

A very important factor in the evaluation of trials is
the limitation connected with the variability in the design
of trials, which can be misleading in comparison for
many reasons: 1) different patient groups with basic
severity of underlying disease (= different approaches
within the ventilation strategy and support) 2) differen-
tiation of used ventilation modes and absence of more
detailed parameters of mechanical ventilation 3) the
method of ensuring the airway itself (endotracheal tube,
tracheotomy, mask) 4) effects of sedation, its type and
approaches (almost no patient requiring mechanical
ventilation is not completely sedated) 5) other factors
associated with the ICU environment (noise, light,
nursing interventions).

Regardless of methodological difficulties, the data
analysed suggest that ventilation mode and its setting
can affect the quality of sleep through various mecha-
nisms [33, 34, 36, 39, 42]. Parthasarathy and Tobin
[33] suggest that PSV is connected with a higher
occurrence of apnea, which leads to hypoxia and hyper-
capnia connected with increased respiratory effort.
These three factors may lead to greater sleep fragmen-
tation and poor quality of sleep. Andréjak et al. [36]
state that choosing a suitable ventilation mode can sig-
nificantly reduce the work of breathing muscles and
thus improve the quality of sleep. Many of the works
studied were focused on patient-ventilator asynchrony
as a source of sleep fragmentation (arousal +
awakening). The occurrence of arousal, awakening
(= sleep fragmentation) that has arisen in causal con-
nection with mechanical ventilation according to the
American Association of Sleep Medicine (AASM) [46]
were considered secondary to apnoea when occurring
within three cycles and / or 15 s after a respiratory
event. Two trials [33, 39] show that asynchrony is
significantly bound to ventilation mode and correlates
with the number of arousals (r> = 0.65, p = 0.0001)
and awakenings (r =0.66, p=0.01). A trial by Fanfula
et al. [44] and a trial by Cabello et al. [35] state that
patient-ventilator asynchrony causes < 10% of sleep

fragmentation. A trial by Cordoba-Izquierdo et al. [45]
states, that asynchrony causes 19% of sleep
fragmentation. Two trials [39, 42] demonstrate that
advanced ventilation modes PAV, NAVA lead to
improved quality of sleep compared to the conventional
mode by improving synchronisation between patient
and ventilator. In contrast, two Greek trials [40, 41]
refute this hypothesis and suggest that although the
PAV (+) mode is connected with a significant decrease
in asynchrony, it has no effect on sleep fragmentation,
and the specific mode setting did not reflect the
improvement in sleep architecture. One of the main
determinants influencing patient-ventilator synchroni-
sation is sedation. In current clinical practice, the effort
to minimise its depth is predominant, which may be
very closely related to the patient-ventilator interfe-
rence. There are trials that significantly confirm its
effect on sleep architecture [47, 48]. There is also a
growing number of trials that focus not only on the
method and type of sedation but also on the different
types of approaches (protocol-based sedation, sponta-
neous awakening trial / spontaneous breathing trial)
that can significantly affect the length of artificial
ventilation [49, 50]. It is uncertain, how these different
approaches affect sleep architecture. A Japanese trial
[51] suggests that diurnal interruption of sedation has
a positive influence on sleep architecture (causing an
increase in SWS and REM). To assess the effects of
individual approaches on the quality of sleep, further
research is needed. Two trials [43, 44] compare the
effect of non-invasive ventilation and spontaneous
breathing. Fanfulla et al. [44] demonstrates that me-
chanical ventilation is not the primary source of sleep
disorders and, in his trial, lists the association in relation
to the severity of the disease (assessed by SAPS score)
[daytime sleep r = 0.51, p < 0.05, sleep efficiency r =
0.5, p < 0.05] and increased pH, which significantly
affects sleep architecture. Roche-Campo et al. [43]
adds that the method of ensuring the airway alone can
be a significant precipitating factor causing sleep dis-
turbances. This is in line with other examined works;
where ensuring and managing the airway can be a
significant stress factor, which can lead to neuropsy-
chological damage in the patient [52, 53]. Although
the findings show that the patient’s connection to non-
invasive ventilation does not have a key impact on sleep
architecture, the authors agree that they can reduce
patient effort, improve gas exchange and thus improve
their quality of sleep in a selected group of patients
(especially during the first few days of discontinuation).
Some of the examined works (5 trials) set the noise
impact on sleep fragmentation as a partial aim [35, 39,
42,44, 45]. Noise-related sleep fragmentation (arousal,
awakening) is thus evaluated if it is occurred within 3 s
after the noise increase > 10 dB [16, 54]. Bosma et al.
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[39] states that although noise may contribute to sleep
disorders, it does not have a significant effect and is
not dependent on the type of ventilation mode. Delisle
et al. [42] demonstrates that in PSV mode, noise
caused 18% of sleep fragmentation, and in NAVA,
these changes were recorded at 21%. Cabello et al.
[35] suggests that sleep fragmentation associated with
an increase in noise was reported in 14%, and that
suction used on patient causes only 1% of
fragmentation. Fanfulla et al. [44] provides evidence
that there is no significant difference between
spontaneous breathing and mechanical ventilation
regarding the occurrence of noise-related sleep frag-
mentation and the occurrence is around 3 events per
hour. Cordoba-Izquierdo et al. [45] states that the
occurrence of sleep fragmentation was statistically
significantly higher with a conventional ventilator due
to higher noise levels. These findings are in line with
the results of 2 trials [16, 54], which indicate that
environmental factors are overestimated in relation to
sleep disorders. Gabor et al. [54] identified that the
increase of noise level by 10 dBA was recorded at
36.5+20.1/hand caused 20.9 + 11.3% awakenings.
The cause of most of the remaining awakenings (68.1
+ 9.7%) was not identified. An American descriptive
trial [16] arrives at similar results, when it states that
noise is partly responsible for changes in sleep
architecture; however, it is not the principal cause of
sleep fragmentation (11.5 = 11.8% of arousals and
17.0% awakenings).

Limitations of the study and recommendations.
This study only includes findings published in the English
language and in databases available to us. The quality
of the present literary evidence is limited by a lower
number of works. Critically assessing the level of the
evidence quality, it can be stated that the variability in
the design of the trials is a serious limitation of the
review. Differences in quality sleep assessment
methodology in individual trials do not allow for a full
comparative systematic statistical meta-analysis.

Contribution to practice

o Sleep disorders are very frequent among all
intensive care unit patients (compared to the
general ward patient population)

o Sleep deprivation and disturbed sleep quality
have clear and straightforward consequences
for patients’ level of distress

o Interventions improving the quality of sleep
could affect the global critical care outcome
of intensive care unit survivors and should be
a part of good quality clinical practice in the
future

« New ventilation modes can reduce the
occurrence of patient-ventilator asynchrony,
thereby improving the quality of sleep

o  Connecting the patient to the ventilator for the
night during prolonged weaning may positively
affect the quality of sleep in the selected group
of patients

o Adequate setting of ventilation parameters
based on patient needs can help sustain sleep

Conclusion

Lack of sleep of adequate quality and length in an
ICU is a significant negative factor affecting the quality
of provided care. The influence of mechanical venti-
lation on the quality of sleep is not entirely unambiguous.
There is a consensus in the literature that mechanical
ventilation is probably not the main factor causing sleep
disruptions, but an appropriate ventilation strategy can
help to improve its quality. Minimising patient-ventilator
asynchrony minimises harmful effects and one of the
ways to address the problem of this interaction is to
use new ventilation modes that are adapted to patient
effort while preserving its variability. In addition, the
trials have also confirmed that noise is overestimated
in relation to sleep fragmentation. Many other quality
trials would be necessary to confirm this fact.
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