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AB S T RAC T

Introduction: Sleep deprivation is a relevant problem among patients hospitalized in ICUs. Further, noise is the
most critical disruptive factor according to patients.

Objective: To implement scientific evidence-based best practices for noise control in an adult ICU.

Methods: This was an evidence-based implementation project of best practices in noise control, conducted in a
high-complexity hospital's adult ICU. The intervention consisted of three steps: baseline audit and identification of
barriers, implementation of best practices, and a follow-up audit.

Results: No compliance with best practices was detected in the baseline audit. After the implementation phase, the
unit reached compliance levels of 78–88% for most of these criteria; only one criterion related to noise level did not
match the expected compliance.

Conclusion: Adherence to best practices regarding noise control was satisfactory, achieving more than 70%
compliance in the six audit criteria. Only the noise level did not reach the threshold recommended by the WHO - a
difficulty reported in other studies.

Relevance to clinical practice: Best practices related to noise control are essential for managing sleep
deprivation in ICUs and include changes in the behaviour of involved professionals.
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What is known about the topic?
� From patients’ perspectives, noise is the most significant

contributing factor for poor sleep quality in ICUs.
� Sleep deprivation in ICUs is associated with difficulties in

rehabilitation, impaired immune function, delayed weaning
from ventilation, a higher incidence of delirium, and longer
lasting neurocognitive changes.

� Noise and light reduction strategies in ICUs are recommended,
with repercussions on reducing the incidence of delirium and
environmental noise.
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Wh
at does this article add?
� Controlling noise in the ICU, as recommended by the WHO, is

challenging for professionals working in these places.
� Implementing best practices for noise control in ICUs should

include strategies to engage people in behavioural change.
� Staff training concerning best practice compliance for sleep
ea
hygiene should be continuous.
Introduction

T ranslating knowledge into practice often occurs
over years or decades, promoting a gap that results

in the high or incorrect use, or underuse, of evidence,
which negatively impacts health safety, quality, and
costs.1 The nursing field is essential in reducing the
gap between research and practice, especially in build-
ing knowledge about successful processes for adopting
evidence and sustainably implementing evidence in
lth, Inc. on behalf of the University of Adelaide, JBI. 385
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routine clinical practice1 – a process known as imple-
mentation science. Implementation science can be
defined as ‘the scientific study of methods to promote
the systematic uptake of research findings and other
evidence-based practices into routine practice, and,
hence, to improve the quality and effectiveness of health
services’.2 Implementing best practices in healthcare set-
tings is vital for healthcare institutions to provide care
based on the best available evidence, given their impor-
tance. Further, an implementation model increases the
probability of successfully translating knowledge and its
sustainability over time.1

In the ICU, clinical conditions and environmental
factors are associated with sleep deprivation in
patients,3 with a lack of restorative sleep3,4 and a high
prevalence.5 Moreover, approximately 50% of ICU
patients’ sleep time commonly occurs during the day-
time, with more sleep time in the light stages of sleep;
this is related to the environment and ICU care routines.6

Patients discharged from the ICU exhibited poor sleep
quality, with slight improvement after 6months.7

Sleep deprivation in these environments is associated
with difficulties in rehabilitation, impaired immune
function, delayed weaning from ventilation, higher
incidence of delirium, and longer lasting neurocogni-
tive changes.8

Sleep deprivation is related to physiological factors,
such as underlying disease, physical and psychological
stress, age-related changes, pain, and worry, and envi-
ronmental factors, such as discomfort from care inter-
ventions, noise related to the tone of voice of the
healthcare providers, excessive lighting, and monitoring
alarms.8,9 Among these, noise, according to patients, is
themost critical disruptive factor in sleep.10,11 According
to the recommendation of the WHO, the average noise
level in hospitals should not exceed 40dB during both
day and night time.12 However, generally, noise levels in
ICUs are beyond what is recommended.13,14

Sleep deprivation is a relevant problem among
patients hospitalized in ICUs with a high prevalence
and significant repercussions. One way to manage this
is by introducing evidence-based interventions to mini-
mize noise. Implementing protocols for promoting sleep
hygiene, which contitutes a set of behaviours recom-
mended that people should do to promote good quality
sleep,15 is necessary. This includes offering earplugs and
eyeshades to patients, using relaxing music and noise,
and reducing light in night shift as strategies recom-
mended in the ICUs,8 with repercussions in reducing the
incidence of delirium. However, there is low adherence
to these measures, and they need to be adequately
incorporated into routine team practices.14,16
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Nonpharmacological interventions are often utilized
to reduce environmental noise in ICUs and improve
sleep quality. These include modifying environmental
factors, training teams, raising awareness of the problem
among professionals, and providing protective devices
to patients.17 Among the proposed care practices, those
involving changes in behaviour, such as educational
programs for noise reduction among ICU professionals
and using standardized alert indicators for staff and
family members if their original indicators are beyond
the acceptable rates for the location, and those related
to the environment, such as the reduction of noise from
doors and other sound-producing agents, are essen-
tial.18 These interventions should be considered in pro-
moting sleep to favour a change in the team's behaviour
to reduce noise and enable a shorter patient recovery
time in the ICUs.13

Objectives
This evidence implementation project aimed to improve
compliance with best practices recommended for noise
control in the ICU of a private hospital.

Specific objectives
by
(1)
Wol
To provide the ICU nursing teamwith tools regard-
ing sleep disorders, their repercussions, and sleep
hygiene interventions for critically ill patients.
(2)
 To identify barriers and facilitators in implement-
ing practices recommended following the guide-
lines for reducing noise and promoting sleep
hygiene in critically ill patients.
(3)
 To assess the current practice of healthcare work-
ers concerning best practice recommendations.
Methods
The current evidence-based implementation project
was developed according to the evidence implementa-
tion model proposed by JBI. It constitutes applying the
Practical Application of Clinical Evidence System (also
known as JBI PACES) and Getting Research into Practice
(GRiP) audit and feedback tools.19 The model advocates
three steps: the baseline audit and identification of
barriers to non-compliance, implementation of best
recommended practices, and a follow-up audit after
implementation.

Location
The project was presented to a general ICU of a high-
complexity private hospital in the city of Sao Paulo. It
constitutes 11 beds distributed in individual rooms, each
with access to a television, telephone, bedside comput-
er, separate sink and toilet, and an extended visit model
ters Kluwer Health, Inc. on behalf of the University of Adelaide, JBI.
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in which companions could stay for a continuous 24 h.
The number of professionals in the nursing team during
the study period was 51, 12 of whom were registered
nurses, and the other were nursing technicians. Unfor-
tunately, the unit did not have any guidelines or pro-
tocols for noise control.

Data collection procedure
Phase 1: baseline audit and identification of
barriers to noncompliance
Baseline audit and identification of barriers to noncom-
pliance involved identifying the compliance of the ICU
staff with the best practices of noise control implemen-
tation as per the JBI recommendations.20

The study team was established as follows:
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Team leader: drafting the protocol, conducting
the baseline and postimplementation audits,
implementing evidence, analysing data, and writ-
ing reports.
e 1. Audit criteria and measures of best practices

dit criteria Sample

terion 1 - noise levels are based on the
levels less than 40dB recommended by
the WHO or decreased by approximately
30% from the last measurement before
the implementation of best practices

120 consecutive days before a
180 consecutive days after
implementation of best
practices

terion 2 - the patient's sleep pattern in
the ICU is adequately documented in
their medical record

172 medical records after the
implementation of best
practices

terion 3 - the nursing staff of the ICU
receives training on sleep disorders and
their implications for patients, interven-
tions that reduce noise in ICUs, multiface-
ted interventions that reduce noise in
ICUs, behavioural changes regarding the
sleep hygiene of patients hospitalized in
ICUs, and how to moderate the tone of
voice in ICUs

45 nursing staff professionals

terion 4 - the nursing staff of the ICU
receives training on interventions that
reduce noise in ICUs

45 nursing staff professionals

terion 5 - the nursing staff of the ICU
receives training on multifaceted inter-
ventions that reduce noise in ICUs

45 nursing staff professionals

terion 6 - the nursing staff of the ICU
receives training on behavioural changes
regarding the sleep hygiene of patients
admitted to ICUs

45 nursing staff professionals

terion 7 - the nursing staff of the ICU
receives training on how to moderate
their tone of voice in ICUs

45 nursing staff professionals
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(2)
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Teammember 1: helping the team leader carry out
all activities throughout the study.
(3)
 Teammember 2: helping the team leader carry out
all the activities throughout the study.
(4)
 Team member 3: unit coordinator responsible for
helping to address the administrative and existing
barriers of the study and ensuring all technical
aspects of the study.
The team leader presented the baseline audit results
to the unit's leaders and the implementation project
team. During this meeting were discussed the potential
barriers to implementing best practices with their re-
spective coping strategies.

The seven criteria audited during the entire month of
April 2019 were inspired by the criteria proposed by the
evidence summary Sleep Disturbances (ICUs): Noise
Reduction and Behaviour Modification (Table 1),20 which
includes noise level control in the ICU; documentation of
the ICU patient's sleep pattern in medical records;
training of the ICU nursing staff on sleep disorders
noise reduction. São Paulo, 2020

Method of measuring compliance with best practices

Continuous measurement of the noise level, considering
whether the noise level was as per the levels recom-
mended by the WHO (40 dB) or decreased by 30%
concerning the levels measured before the implemen-
tation of best practices

Evaluation of the record on the patient's self-evaluation
of their sleep, considering whether this information
was recorded in the medical record

Number of professionals from the unit's nursing team
who underwent training on the topic in the last 6
months; professionals who answered that they
attended the training were included

Number of professionals from the unit's nursing team
who underwent training on the topic in the last 6
months; professionals who attended the training were
included

Number of professionals from the unit's nursing team
who underwent training on the topic in the last 6
months; professionals who attended the training were
included

Number of professionals from the unit's nursing team
who underwent training on the topic in the last 6
months; professionals who attended the training were
included

Number of professionals from the unit's nursing team
who underwent training on the topic in the last 6
months; professionals who attended the training were
included

h, Inc. on behalf of the University of Adelaide, JBI. 387
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and their implications for patients; training regarding
intervention implementations to reduce noise in the
ICUs; and training concerning staff behaviour change
programs related to the sleep hygiene of ICU patients
and training of strategies to moderate the tone of voice
in the ICU.16,18,21-25

Data collection
Criterion 1 was measured between April and June, and
the others were audited in May (before implementation)
and August (after implementation) 2019. Data collection
was carried out by the clinical leader of the project and
two members of the research team. It was measured
using the SoundEar noise sensor (SoundEar A/S, Søborg,
Denmark) positioned at the unit's centre, close to the
beds and the nursing station. The sensor continuously
measured the noise level in dB, with values visible on the
equipment screen and electronic recordings every hour
in the software on the equipment. Criterion 2 was
audited in the medical records (documentation of
patients’ sleep patterns). Further, there was a field in
the daily control of vital signs where the patient's self-
assessment of their sleep pattern referring to the previ-
ous night, classified as good or bad, was recorded.
Criteria 3, 4, 5, 6, and 7 were audited by asking pro-
fessionals about their training regarding the topic.

On the basis of the analysis of data from the baseline
audit, a discussion between the project team and key
stakeholders was initiated on the strategies to be used in
implementing the best practices and promoting adher-
ence to the audited criteria, including the strategy to
Table 2. Barriers and strategies according to the Get

Expected barriers Strategies

Lack of knowledge of nursing professionals
on sleep disorders and their impact on
patient rehabilitation and prevention
strategies and noise reduction in the
environment

Training on evidence-based
practices in promoting sl
giene for ICU patients

Resistance of the nursing team in adopting
recommended practices

Raising awareness of the te
through an institutional
nication campaign on th
and training

Supervision and feedback

Financial difficulties in acquiring communi-
cation materials to raise the team's
awareness about the importance of noise
control

Meetings with the ICU leade
and with the communica
to make the budget feasi

Difficulties in including the sleep diary in
the electronic medical record

Meetings with the leadersh
the ICU and with the tec
area to update the electr
medical record
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addressbarrierswith thesupportof theGRiP tool (Table2).
The barriers identified were: the nursing team's insuffi-
cient knowledge about the main aspects of sleep depri-
vation and its impact on patients’ rehabilitation, the
nursing team's resistance to adhering to recommended
practices, financial difficulties in acquiring communica-
tion materials to raise the team's awareness about the
importance of noise control, and difficulties in including a
sleep diary in the electronic medical record.

The clinical leader selected teaching strategy as a
resource to resolve the barriers identified by the team.
The hospital where the project was developed offers
support for developing improvements related to the care
process, such as infrastructure related to communication,
electronic medical records, and financial support.

Phase 2: implementation of best practices and
strategies to improve practice (implementing
research into practice)
Professional training on best practices related to the
topic was conducted using the team-based learning
(TBL) strategy and included nursing staff from all shifts.
TBL uses principles that maximize student preparation
and participation and includes pre-classroom activities,
classroom activities to promote active learning, team-
work skills, professional skill development, and elements
to generate student interaction and engagement.26

Therefore, TBL consists of three sequential phases:
phase 1, in which students perform pre-learning (before
class) activities; phase 2, wherein students are subjected
to a multiple-choice test of central concepts of the topic,
ting Research into Practice tool, São Paulo, 2020

Resources Outcomes

best
eep hy-

Team-based learning
Multimedia
resources

Improvement of the nursing
team's knowledge training
of approximately 90% of the
nursing team

am
commu-
e topic

Information leaflets
Support from the

institutional commu-
nication area and
the ICU leadership

Team-based learning
strategy

Nursing team development, and
engagement sense and re-
sponsibility in noise control

rship
tion area
ble

Budget for the acquisi-
tion of materials and
the dissemination
and communication
campaign

Availability of content on the
subject that is easily accessi-
ble to the nursing team

ip of
hnology
onic

Electronic medical re-
cord

Availability of functionality for
recording the patient's
sleep diary in the electronic
medical record
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answered individually, and later in teams of five to seven
members; and phase 3, where the team applies the
knowledge in their practice. Additionally, there is a dis-
cussion of the answers by the groups facilitated by the
teacher.27

The training was conducted at different times. It
included content related to sleep deprivation and non-
pharmacological interventions for sleep hygiene to re-
ducenoise in the ICU.Each trainingsession lasted120min.
Further, they were conducted by the clinical leader of the
study, a specialist in the subject and the teaching meth-
odology. The clinical leader also guided the activities and
discussions during the group sessions to clarify doubts.

After the training, the professionals had access to an
information leaflet on the importance of noise control,
made available in the ICU and internal communication
channels. Regarding the practice of documenting the
sleep pattern of ICU patients, the strategy implemented
was the inclusion of a sleep diary in the electronic
medical record, with questions aimed at enabling
patients to report the quality of their sleep once a day.

Noise monitoring was performed by placing a noise
sensor in the area close to the nursing station, where the
movement of people was intense. The noise sensor had
softwares and noise data were extracted and analyzed.

Phase 3: follow-up audit
Notably, preimplementation and postimplementation
auditswere identical. During the follow-upaudit, the team
responsible for the study monitored the staff's adherence
to recommendedpractices, applyingthesamecriteria as in
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Figure 1. Median values regarding noise level in dB before a
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the baseline audit, and 1month after implementing the
best practices. For example, the audited criterion 2 was
related to sleep documentation in patients’ electronic
medical records. Moreover, criteria 3, 4, 5, 6, and 7 were
related to theattendanceof thenursingstaff in thetraining
offered on the subject. Additionally, criterion 1 was evalu-
ated 6months after implementing the best practices.

Data analysis
The study data for the first and second stages were
entered into Microsoft Excel 2010. Data regarding criteria
2, 3, 4, 5, 6, and7,whichcorresponded to staff trainingand
sleep quality documentation, were analysed using de-
scriptive statistics and expressed in absolute and relative
frequencies. Regarding the noise level (criterion 1), in
addition to descriptive analysis, data were compared
before and after implementation using the Mann-Whit-
ney U test after verifying the type of distribution of this
variableusing theShapiro-Wilk test. A significance level of
5% was used to compare noise-level data.

Ethical procedure
The project was approved by the Ethics and Research
Committee of the hospital where it was conducted,
under approval number 3325367.

Results
The values for noise generation in the analysed ICU
remained stable, and the median after implementing
the best practices was lower than before implementation
(Fig. 1). That is, from April to July 2019 (the baseline audit
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tone of voice affects patients’ sleep patterns.
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period) and fromAugust 2019 to January2020 (theperiod
after the implementation of the best practices), the noise
levels reached a median of 64.15 dB (59.2–66.4) and
63.9dB (59.5–66.4), respectively. Although there was a
decrease in the noise level, it was not above 30% of the
values measured in the first step, as recommended. Fur-
thermore, thenoise levelsduring thedaytimewerehigher
than those at night (Fig. 1), indicating significant profes-
sional activities during the day.

Although no statistically significant differences were
detected in general noise levels between the periods
before and after the implementation of the best prac-
tices (P¼ 0.853), the noise level at the five evaluated
times showed a significant difference (less than 0.05) in
the median values when comparing the steps before
and after the implementation of the best practices.
Among these, 5:30 a.m. had a higher median noise
value in the period after implementation.

In Fig. 2, the baseline audit results indicate that none
of the seven criteria evaluated, such as the best practices
for promoting sleep, were implemented in the analysed
ICU. However, six of the criteria considered had an
adherence rate of 78–88% post-implementation.
390 JBI Evidence Implementation © 2022 The Author(s). Published
Regarding criterion 2, which aimed to analyze the
adequatedocumentationofpatients’ sleep in themedical
records of hospitalized patients, the baseline audit com-
pliance was 0% and increased to 78% after implementing
the interventions.

Criteria 3, 4, 5, 6, and 7 referred to the trainingof the 45
professionals of the nursing team (88%), which included
nurses and nursing technicians working in the evaluated
ICU who participated in the activity conducted to equip
the professionals.

Discussion
The evidence-based implementation project showed sat-
isfactory results regarding health professionals’ adher-
ence in the ICU to the best practices recommended for
promoting sleep hygiene and reducing noise. Most of the
pre-established audit criteria, exceptnoise level, obtained
satisfactory compliance rates. The trainingwas adequate,
but the actual outcome of reducing the dB level was not.
Therefore, increasing staff awareness of the factors con-
tributing to noise did not have the intended effect.

Unfortunately, meeting the 40dB parameter recom-
mended by the WHO was difficult, reflecting the results
by Wolters Kluwer Health, Inc. on behalf of the University of Adelaide, JBI.
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of other related studies.28,29 Thus, controlling noise as a
sleep deprivation factor is the most challenging, hinder-
ing the realization of comfortable environments for
patients and professionals. In a previous study, wherein
the median noise level in the ICU was similar to that in
the present study, noise was the only factor that signifi-
cantly influenced patients’ sleep quality.30

Studies that showed significant noise reduction
implemented some innovative strategies such as ‘Quiet
Time’,31 referring to when changes in staff behaviour
aimed to produce less noise. The literature shows that
noise reduction can be achieved, as much of the noise
source is avoidable30 and comes from infusion equip-
ment, monitors with maladjusted vital parameter
alarms, and conversations among health professio-
nals.32,33 Thus, training and awareness of nursing staff
on the importance of the topic could have significantly
influenced the decrease in the noise level.

In the present study, after training the nursing staff,
there was a reduction in noise levels at four time points:
8: 30 a.m., 2: 30 p.m., 5: 30 p.m., and 6: 30 p.m.; these are
traditional moments of intense movements and activi-
ties within hospitals. However, at other times, such as
5: 30 a.m., there was an increase in noise levels, which
could be attributed to professional activities related to
preparation for night shift changes and increased de-
mand for care regarding drug administration time and
control of vital signs. This fact corroborates the impor-
tance of improving professionals’ behaviours and
reviewing the unit's care routines during this time. The
increase in noise levels after 4:30 a.m. was documented
in several ICUs, possibly because of the influence
of activities, such as shift changes, visits, and patient
feeding.34

The training of professionals from the nursing team
in the analysed ICU emphasized the causes of noise and
the interventions to control the problem. Notably,
health professionals often underestimate the impact
of these aspects on patients’ sleep quality. This is rele-
vant, especially considering the importance of sleep as a
vital element for critically ill patients’ recovery.29 Further,
it is pertinent as sleep deprivation remains undervalued
in ICU environments. Thus, a joint effort must be made
among professionals working in this area to promote
noise reduction as a practice to be included in care
protocols.

Moreover, patients consider the tone of voice a
determining factor in noise production, which contrib-
utes to sleep deprivation.10 Staff guidance on their tone
of voice was emphasized during training and is among
the best practices implemented and included in sleep
hygiene protocols.31,35 This practice is significantly
JBI Evidence Implementation © 2022 The Author(s). Published by Wolters Kluw
related to behavioural change and requires the reflec-
tion and incorporation of new attitudes by professionals.

These measures have contributed to greater adher-
ence to best practices, except noise level, which is the
biggest challenge. Owing to the ICU's complexity and
work dynamics in these environments, noise is the most
challenging factor to control. Therefore, healthcare pro-
fessionals’ understanding of these environments regard-
ing the need for changes in practices and behaviours is
essential for modifying approaches concerning sleep
hygiene and incorporating guidelines and protocols.

It is essential to highlight the aspects of documenting
sleep patterns among patients in this study, which went
fromnon-existent to78%complianceafter implementing
the best practices. The documentation made by nurses
was standardized and based on questions directed to-
wards the patient sleep self-assessment regarding their
previous night during the daily physical examination.
Subjective assessment is considered the gold standard
formeasuring sleepquality. Furthermore, documentation
of sleep in ICUpatients shouldbeapartof routinecareand
include the evaluation of patients’ needs to deal with
sleepdisorders, interventions, andtheireffects,alongwith
patients’perspectives, which contribute to thepremise of
person-centred care.36,37

A cluster of measures for noise control that involved
staff training and control of environmental barriers
effectively reduced the noise level,38 highlighting the
continuous guidance of professional teams and family
members on the relevance of noise in sleep deprivation
and positively influencing the decrease in noise levels.
However, the control of environmental aspects, such as
monitors, alarms, doors, and garbage repositories, is an
important aspect that requires joint action between
professionals. Moreover, it may explain why merely
training and guiding the team on the problem did
not reduce the noise level in some situations.39

Best practice implementation projects are essential
when adopting evidence to improve healthcare. They
can also contribute to the significant reflection on and
awareness of the problems encountered in our profes-
sional experience. These programs are supported by
evidence-based, robust recommendation studies indi-
cating that sleep hygiene among patients admitted to
ICUs is significantly beneficial for patient management.
However, it is necessary to implement and maintain the
sustainability of these practices, which pose challenges
for health institutions.

Conclusion
Adherence to best practices concerning staff training
and documentation of patients’ sleep diaries in the
er Health, Inc. on behalf of the University of Adelaide, JBI. 391
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analysed ICU was satisfactory, with more than 70%
compliance rate in six of the seven audited criteria.
However, only the ‘noise level’ criterion did not reach
the threshold recommended by the WHO, a difficulty
also reflected in other related studies. Therefore, it is
necessary to increase the motivation to engage profes-
sionals in elaborating guidelines on the subject and
conducting studies on effective strategies to reduce
noise in ICUs, consequently reducing sleep deprivation
in patients hospitalized in ICUs. Additionally, actions
related to the sustainability of practices are a significant
challenge. Nonetheless, they should be planned using
clinical auditing and the analysis of indicators.
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