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Abstract

Background Intensive care units (ICUs) are often too noisy, exceeding 70-80 dBA, which can have negative effects
on staff. The corresponding recommendation of the World Health Organization (average sound pressure level

below 35 dBA) is often not achieved. To date there is a lack of intervention studies examining the extent to which
unit-based noise management in ICUs contributes to a reduction in noise exposure for the staff. The study therefore
aims to provide answers to 1) how unit-based noise management sustainably reduces the subjective noise exposure
among staff, and 2) how this intervention affects other noise-related topics.

Methods We performed a monocentric prospective longitudinal study with three measurement points in a German
university hospital in three ICUs. We collected data from different healthcare professionals and other professional
groups between October 2021 and August 2022 using an online questionnaire. Data were analyzed using descriptive
and inference statistics.

Results A total of n=179 participants took part in the surveys. The majority of participants were nurses or pediatric
nurses. Most participants worked more than 75% full-time equivalent. Staff on the three ICUs reported high levels

of noise exposure. No significant changes in noise exposure over time were observed. Participants were already aware
of the topic and believed that a behavior change could positively influence the noise environment.

Conclusions This study provides an initial insight into how a unit-based noise management could contribute

to a reduction in the subjective noise exposure among staff in ICUs. The results of this study highlight the importance
of this topic. Future studies should aim to research aspects of adherence and their facilitators or barriers, which pro-
mote the sustained implementation of noise-reducing measures by staff.

Trial registration German Clinical Trials Register (DRKS): DRKS00025835; Date of registration: 12.08.2021.
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Background

Intensive care units (ICUs) are designed to provide care
for critically ill patients who require special attention
and treatment [1]. They are equipped with a high num-
ber of medical devices to inform staff (e.g. nurses) about
the health status of patients [2]. Whilst this ensures an
improvement in medical and nursing care, it also con-
tributes to significant noise emission [3]. Noise can have
various causes and is not always predictable [4]. A cate-
gorization can be made into two areas: 1) Device-gener-
ated noise, such as mechanical noise [5] or alarms [6, 7]
and 2) noise generated by people, such as conversations
among staff and relatives [8, 9] or medical and nursing
activities [10, 11].

Noise can be considered as sound, which transports
energy as a mechanical wave [12]. Sound itself is meas-
ured in the form of several technical quantities, such as
the sound pressure level (unit dB) [13]. However, the per-
ception of sound also depends to the timbre, the tonality
and impulsiveness [14]. In addition personal characteris-
tics (e.g. cultural background, human hearing) can influ-
ence the perception of sound. Moreover, perceptions
may also differ in terms of physiological and psychologi-
cal factors (e.g. health status, self-efficacy) [15, 16]. In
this context, the sound pressure level is filtered during
measurement to take these characteristics into account
(unit dBA: A-weighted decibel scale) [16, 17]. According
to Berglund et al. [18], the average sound pressure level
(LAeq) in ICUs should not exceed 35 dBA. A more pre-
cise distinction is made in the recommendations of the
"German Interdisciplinary Association of Intensive Care
and Emergency Medicine (DIVI)", whereby the limits
are classified by daytime (i.e. maximum 45 dB during the
day, 40 dB in the evening, 20 dB at night) [19]. However,
international studies have shown that sound pressure lev-
els in ICUs have increased over the last 50 years and rec-
ommendations are being significantly exceeded [20-23].

The sensitive character of an ICU has already led to
increased research into noise [2, 24—26]. Different stud-
ies have shown that noise induces stress reactions [27],
which are also predictors of various symptoms and dis-
eases (e.g. fatigue, exhaustion [28], anxiety [29], burnout,
or depression [28, 30, 31]. Furthermore, noise generated
by acoustic (false) alarms can affect the behavior of medi-
cal staff in terms of setting wider alarm limits or reducing
their volume [7]. In addition, (false) alarms may also con-
tribute to desensitization (alarm fatigue) [32, 33] which
can affect patient safety (e.g. no reaction in case of a "real"
alarm). Moreover, such (false) alarms can lead to annoy-
ing interruptions [3, 34] as well as errors in medical activ-
ities (e.g. preparing medications) [27, 35]. According to
Sengpiel [17], this is already possible at a sound pressure
level of 40 dBA.
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Noise, however, is not the only challenge medical staff
face in ICU [36]. A high workload [37], which might
contribute to job dissatisfaction [38], and massive staff
shortages [39] are but a few aspects to note. Since the
Covid-19 pandemic, these challenges have intensified
even further [40]. Thus, it is important to implement
measures that reduce the burden on staff in ICUs. In
this regard, one strategy can be the sustainable reduc-
tion of noise.

In a review, Konkani and Oakley [2] describe several
approaches to noise reduction in ICUs. Besides measures
to change the behavior of staff (e.g. through education or
noise visualization), other options include quiet times,
station remodeling, or the volume adjustment of tech-
nical devices (e.g. television, telephone). However, con-
sidering the individual situation of an ICU, the authors
conclude that a standardized approach to noise reduction
is not realistic [2].

Up to now, research on noise has mainly focused on
objective sound measurements [1, 21, 41, 42] or on the
patient’s perspective [43, 44]. Staff and their subjective
noise exposure, has mostly been recorded in cross-sec-
tional surveys [10, 26, 28, 29]. To date there is a lack of
intervention studies examining the extent to which unit-
based noise management in ICUs contributes to a reduc-
tion in noise exposure among staff. The study therefore
aims to provide an answer to the following research ques-
tions: 1) Can unit-based noise management sustainably
reduce the subjective noise exposure of staff in ICUs?
2) How does unit-based noise management affect other
noise-related topics (e.g. knowledge and awareness or
thematization to noise)?

Methods

We report this study using the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE-)
Statement [45]. The study was registered in the German
Clinical Trials Register (DRKS00025835).

Studydesign and setting

We conducted a monocentric prospective longitudinal
study with three measurement points (MPs; labeled as
TO, T1 and T2) at the University Medical Center Freiburg
(maximum care) in three selected ICUs (i.e. anesthesio-
logical, neonatological, and neurological). We chose this
study design to be able to assess changes in the data col-
lected over time and thus determine the effects of the
intervention [46]. The time span between TO0-T1 was
12 weeks and between T1-T2 was 14 weeks (Fig. 1). Data
collection took place between October 2021 and August
2022.
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Information phase via clinic newsletter and weekly notifications (email or printed)

v

Baseline (N = 275)
1s* online questionnaire (T0)
Response rate: n = 115 (41.81%)

m'ntervention phase (12 weeks): \

Analyzed: n = 65 (complete cases)

—  SoundEar: Visualizing the sound
pressure level with noise traffic
lights: Initial 4 weeks as a sole
measure, then continuously

A

Drop-out: n = 50 (43.47%)

activated until end of T2
—  Unit-based noise management: 8
weeks, i.e. station-related

End of intervention (N = 279?)
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Response rate: n = 96 (34.76%)

guidelines, preventive and noise-

\ minimizing measures

Analyzed: n = 52 (complete cases)
Drop-out: n = 63 (54.78%)

A4

Note:

2 of these, n = 38 (in contrast to T0) left
(e.g. termination, change of ICU etc.) and
n =42 joined (e.g. new hire)

b of these, n = 32 (in contrast to T1) left
und n =38 joined (same reasons as in 2)

3 online questionnaire (T2)
Response rate: n = 96 (33.68%)

14 weeks after intervention (N = 285%)

Fig. 1 Process of data collection and intervention

Table 1 Inclusion and exclusion criteria

Inclusion criteria:
1.2 18 years
2. Staff in one of the three ICUs, i.e
a. Nurses, pediatric nurses or nursing assistants

b. Staff from other nursing support professions, e.g. service assistants,
hotel staff, secretaries

c. Physicians
d. Physio-, occupational- or speech therapy staff
Exclusion criteria:
1. Trainees in nursing or therapeutic professions
2. Students of human medicine
3. "Reserve pool" staff

Participants

Participants were staff on three ICUs who were informed
in advance about the study project and objectives via the
clinic newsletter and weekly notifications (via email or
paper-based). Since a full coverage survey was aimed at
for each MP, no sample size calculation was performed.
To counteract drop-out in longitudinal studies [47], a
fundraising campaign was additionally initiated at the
last MP. For each completed questionnaire, 3 euros could
be donated to a social organization selected in advance
by the respective ICU. Table 1 shows the inclusion and
exclusion criteria of the study participants.

Intervention

The intervention contained three strategies (i.e. noise
traffic lights, implementation of guidelines, further unit-
based measures). Table 2 presents an overview of differ-
ent measures within these strategies. The study process
can be seen in Fig. 1.

Data collection

For the online surveys, we used a slightly modified ver-
sion of the questionnaire from the study by Schmidt et al.
[10] with a total of 19 items. The questionnaire included
items on the following topics: noise-related strain, knowl-
edge and awareness, thematization, subjective noise-sen-
sitivity, attitude to alternative alarm systems, disturbance
from20 different noise sources. In addition to the items
from Schmidt et al. [10], we included the item "Do you
think it is very important to thematize noise on ICU?" in
the topic of thematization to ascertain the significance of
noise management according to the staff’s perspective.
Questions could be answered via a 4-point Likert scale
(i.e. 1="no", 2="rather no", 3="rather yes", 4="yes").
Perceived disturbance from the noise sources was meas-
ured from 1="not at all disturbing" to 4="very disturb-
ing", supplemented with the answer category of "don't
know". Furthermore, we added an item on general noise
exposure (i.e. noise exposure outside of work) [49] and
items on sociodemographic characteristics. After this,
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Table 2 Measures of the intervention

Noise traffic lights

Implementation of guidelines

Further unit-based measures

Visualizing the thresholds of sound pressure level with noise traffic lights (company: SoundEar A/S; model: Sound-
Ear® 3 310 [48]). For positioning, the noisiest locations were identified in advance (i.e. before the actual intervention)
by working groups in the respective ICUs® In each ICU, we installed a total of 3 noise traffic lights [48]. Depend-

ing on ICU and localization, the limits of the noise traffic lights were set between 59-67 dBAP® for the yellow light
and between 62-70 dBA for the red light

The guidelines included immediate and medium-term measures, as well as measures with low and high organiza-
tional effort [18]. In addition, the guidelines considered the individual circumstances of the stations (e.g. type of staff,
internal processes). For instance, the following measures were implemented: individual alarm management; adjust-
ment of work processes, such as the restructuring of rounds; telephone calls and conversations outside the patient
rooms or in a quiet manner; collegial advice during loud conversations; quiet times

These included preventive and noise-reducing measures: education through one-minute-wonders and informa-
tive material, such as posters regarding noise and its consequences; transparency through regular reporting

of the interim results of the sound pressure level measurements; checking the correct adjustment of noise-generat-
ing technical devices; using stickers and postcards to inform external staff, visitors and relatives about the noise issue

2 Intensiv care unit(s)

b A-weighted decibel scale

we conducted a pretest to check content validity through
expert rating. For this, 10 researchers (partly directly
involved in the project and with additional professional
experience in an ICU or at least having knowledge of the
contents and objectives of the project) answered closed-
ended and open-ended items (e.g. content, order, clarity
or processing time). The questionnaire was designed in
REDCap [50] after a final revision that included linguistic
adaptation of the topic introductions and the addition of
another noise source (cleaning work) to the total of 21.

At each MP, a personalized survey link was distributed
via the professional email addresses of the staff, which
we obtained through the intranet or gatekeepers (i.e.
unit leaders). To ensure that participants did not take
part in a survey multiple times, this link could only be
used once per MP. Staff provided their informed consent
online prior to answering the surveys. For each MP, we
reminded the staff to participate twice by email (2 weeks
apart) and we also approached staff directly in the ICU
through personal contact.

Statistical analysis

Data were analyzed using descriptive and inference sta-
tistics. Before analysis, we performed plausibility checks
and prepared the data according to the coding manual.
Regarding the first research question, we proceeded as
follows: Since the questionnaire in the original publi-
cation [10] was not checked for unidimensionality, we
tested the relevant items regarding noise-related strain
using confirmatory factor analysis (CFA). To capture
the change in noise-related strain over time, we per-
formed pre-post comparisons (i.e. TO-T1 resp. T0-T2)
using t-test for paired samples (complete case analysis
(CCA)). Due to a high correlation in repeated measure-
ments, we calculated the associated corrected effect
sizes [51]. To counteract biased estimation (i.e. only

CCA) [52], noise-related strain in ICUs was addition-
ally considered using a linear mixed model (LMM) (i.e.
considering all the observations, regardless of how often
they participated in the surveys and with adjustment
for the variable "general noise exposure"). For this, we
first adapted the very unequal scale value of the variable
"general noise exposure" (range: 0—100) to the dependent
variable (range: 1-4), dividing the values of the variable
"general noise exposure" by 10 to simplify the interpre-
tation of the regression coefficients. In addition, prior
suitability testing was carried out (i.e. consideration of
the intraclass correlation coefficient (ICC)). Concerning
the second research question, we conducted all the anal-
yses on an item level (due to missing unidimensionality
in items with similar content or underidentified models
within the CFAs). Pre-post comparisons (i.e. TO-T1 resp.
T0-T2) were analyzed using the Wilcoxon rank-sum test.
To determine the specific direction of change for equal
median and statistical significance, the respective distri-
butions (pre-post) were compared with each other. Due
to an exploratory approach, a restrictive p-value adjust-
ment was not applied [53]. For all analyses, statistical
significance was set at p <0.05. Missing values were con-
sidered descriptively and separately by the respective MP
after exclusion of the variables for which no missing val-
ues were possible (e.g. ID). For all the analyses we used R
(Version 4.0.2) [54] and R Studio (Version 2022.07.1) [55]
with the packages psych, lavaan, Ime4, nlme, rstatix.

Results

Sample characteristics

A total of n=179 participants (who completed at least
one survey) took part in this study. At TO, the response
rate was 41.81%, at T1=34.76%, and at T2=33.68%
(Fig. 1). For each MP, the age group from 30 to under
40 was the most represented. Approximately two thirds
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of the participants were female. The majority of partici-
pants were nurses or pediatric nurses (i.e.>50% at each
MP). In terms of all professional groups and MPs, the
largest proportion was those with more than 15 years of
work experience (i.e. approximately 30%). Most partici-
pants worked more than 75% full-time equivalent. Exact
details of the sample characteristics per MP can be seen
in Table 3.

Missing values

The surveys contained only a small proportion of miss-
ing values per MP. Per variable surveyed, average miss-
ing values were at TO: 4.23% (SD=1.67%), at T1: 3.36%

Table 3 Sample characteristics per MP

TO T1 T2
Sample size
n 115 96 96
Age
until below 30 5 (22.9%) 1(22.8%) 2 (23.7%)
30 to under 40 2(29.4%) 1(33.7%) 2 (34.4%)
40 to under 50 26 (23.9%) (23 9%) ( 9.4%)
50 and older 26 (23.9%) 7 (18.5%) 21 (22.6%)
no specification/missing 6 (5.2%) (5.2%) 3(3.1%)
Gender
female 74 (66.7%) 62 (67.4%) 58 (62.4%)
male 36 (32.4%) 26 (28.3%) 31 (33.3%)
no specification/missing 5 (4.3%) 8 (8.3%) 7 (7.3%)
ICU
anesthesiological 30 (27.0%) 19 (20.9%) 24 (26.1%)
neonatological 45 (40.5%) 45 (49.5%) 38 (41.3%)

neurological 35 (31.5%) 27 (29.7%) 29 (31.5%)
no specification/missing 5 (4.3%) 5(5.2%) 5(5.2%)
Professional group
nurses or pediatric nurses 57 (51.8%) 48 (54.5%) 51 (54.8%)
physicians 22 (20.0%) 7(19.3%) 19 (20.4%)
other® 29 (26.4%) 1(23.9%) 22 (23.7%)
no specification/missing 7 (6.1%) ( 0.4%) 4 (4.2%)
Work experience (in years)
until below 2 5(13.6%) 4 (15.6%) 15 (16.3%)
2 tounder 5 20 (18.2%) 6 (17.8%) 14 (15.2%)
5to under 10 26 (23.6%) 20 (22.2%) 21 (22.8%)
10 to under 15 6 (14.5%) 2 (13.3%) 12 (13.0%)
15 and more 32 (29.1%) 27 (30.0%) 29 (31.5%)
no specification/missing 6 (5.2%) 7(7.3%) 5(5.2%)
Work proportion (in %)
until below 75 39 (35.5%) 24 (26.4%) 28 (30.8%)
7510 100 69 (62.7%) 65 (71.4%) 62 (68.1%)
no specification/missing 7 (6.1%) 7 (7.3%) 6 (6.2%)

2 e.g. physio-, occupational- or speech therapy, nursing assistants, service
assistants, staff from hotels, secretaries
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(SD=1.55%), and at T2: 4.00% (SD=1.95%). At the
individual level, there was an average of<2.00% miss-
ing values (i.e. T0=1.65% (SD=6.70%), T1=1.73%
(SD=7.40%), and T2=1.96% (SD=8.13%). The question-
naire was fully completed (i.e. no missing values) at TO by
63.47%, at T1 by 60.41%, and at T2 by 64.58%. The drop-
out between TO-T1 was n=50 (43.47%) and between
TO-T2 the drop-out rate was n=63 (54.78%). Thus, the
number of complete cases (CC) between TO-T1 was
n=65 (56.53%), between T0-T2 n=52 (45.22%). A total
of n=41 (35.65%; referring to TO) participated in all the
surveys. No significant differences were found between
drop-outs and CC with respect to sociodemographic
variables.

Noise-related strain

Using the baseline data (T0), 5 items were tested for uni-
dimensionality and summarized to the scale of "noise-
related strain”:

1. Do you sometimes feel sometimes disturbed by the
ambient noise while working?

2. Do you think the ambient noises in the ICU affect
your working performance?

3. Do you sometimes feel irritated by the ambient
noises in the ICU?

4. Do you think the ambient noises in the ICU affect
your well-being?

5. Does the noise in the ICU fatigue you?

The CFA yielded an acceptable model fit (p-value of
Chi-Square-difference test=0.181; CFI=0.94, TLI=0.93,
SRMR =0.08). Cronbach's alpha was 0.86, 95% CI [0.82,
0.90], indicating a very good inter-item correlation [56].
The scale ranges from 1="no noise-related strain" to
4 ="high noise-related strain".

Descriptively, noise-related strain among the staff
in the ICU was rather high (i.e. approximately 3 in a
possible range of 1-4). With respect to the CC, the
means between TO-T1 were 3.13 (SD=0.64) and 3.08
(SD=0.73), whereas between TO0-T2 they were 2.99
(SD=0.67) and 2.97 (SD=0.76), respectively. The t-test
for paired samples (CCA) showed no significant differ-
ences between T0-T1 as well as TO-T2 (t=0.784; df=61;
p=0436 and t=0.337; df=49; p=0.738, respectively).
Intervention effects regarding a reduction in noise-
related strain were not identified (Cohen's d=0.07, 95%
CI [-0.28, 0.42] and Cohen's d=0.03, 95% CI [-0.36,
0.42], respectively).

To consider all the participants who took part in the
survey for at least one MP, we additionally analyzed the
data using an LMM. For model specification, we initially
estimated the ICC of the ICU-clusters and the clusters
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for repeated measurements, on a personal level based
on null models. The ICC of the ICU-clusters was zero,
resulting in exclusion from the model. In contrast, the
ICC on the personal level was 0.64, which led to inclu-
sion (level 2). Table 4 shows the results of the LMM. The
intercept represents the noise-related strain of ICU staff
at TO (2.932). Controlled for general noise exposure a
reduction in noise-related strain was observed over time,
but not significantly. For each positive unit-change in
general noise exposure, there was a significant increase in
noise-related strain by 0.042 units (controlled for time).

Other noise-related topics

As regards the CC (T0-T1 resp. T0-T2) and their baseline
data (T0), the majority of the staff assume that the guide-
line of the WHO (35-40 dBA) cannot (54.2% resp. 55.3%)
or rather cannot (39.0% resp. 46.0%) be complied with.
Changing one’s own behavior can contribute to noise
reduction (rather yes: 45.2% resp. 42.0%; yes: 27.4% resp.
26.0%). The thematization of noise was felt to be very
important (rather yes: 17.7% resp. 26.0%; yes: 82.3% resp.
74.0%). Noise is more likely to be thematized among col-
leagues (rather yes: 14.5% resp. 24.0%; yes=48.4% resp.
36.0%) rather than with superiors (rather yes: 11.3% resp.
10.2%; yes=29.0% resp. 24.5%) or in private life (rather
yes: 18.8% resp. 22.0%; yes: 21.3% resp. yes=14.0%). In
addition, staff indicated that they increasingly seek rest
after a shift (rather yes: 38.7% resp. 42.0%; yes=32.3%
resp. 30.0%). In terms of alternative alarm systems, staff
considered vibrating solutions to be more helpful than
visible solutions. The relative frequencies for all the items
can be seen in Additional file 1. Between T0-T1, signifi-
cant changes were recorded for 3 items in the area of
"thematization", and between TO-T2 for one item in the
area of "knowledge and awareness". Table 5 provides an
overview of the changes in the pre-post comparison (TO0-
T1 resp. T0-T2) and the corresponding effect sizes.

Table 4 LMM of noise-related strain in the ICU

Noise-related strain (all
observations)

Fixed effects

Intercept 2.932 (0.088)

Time [T1] -0.091 (0.056)

Time [T2] -0.075 (0.060)

General noise exposure 0.042 (0.013)
Random effects

Intercept 0.337

Residual 0117

Note: Unstandardized regression coefficients with standard error in parentheses;
values in bold are statistically significant with p <0.05; general noise exposure:
noise exposure outside the work
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Perceived disturbance to individual noise sources
Regarding the perceived disturbance of individual
noise sources, we performed a subdivision into "tech-
nical devices" and "clinical activities or actions". Again,
the following results refer to the CC (i.e. TO-T1 resp.
TO0-T2) and their baseline statements (T0). In terms of
technical devices, staff most often rated surveillance
monitors (alarms) as rather disturbing (30.6% resp.
41.7%) or very disturbing (54.8% resp. 45.8%). Further-
more, mechanical ventilators (rather disturbing: 44.3%
resp. 40.8%; very disturbing: 24.6% resp. 24.5%), as well
as perfusors (rather disturbing: 48.4% resp. 48.0%; very
disturbing: 21.0% resp. 18.0%) or telephones (rather dis-
turbing: 35.5% resp. 30.0%; very disturbing: 43.5% resp.
40.0%) were perceived as disruptive noise sources. In
the area of clinical activities or actions, the results show
that staff rated the private conversations of colleagues
as disturbing (rather disturbing: 40.3% resp. 32.0%; very
disturbing: 33.9% resp. 28.0%). In addition, the use of
the brake on the bed (rather disturbing: 24.6% resp.
18.0%; very disturbing: 37.7% resp. 38.0%), visits (rather
disturbing: 33.9% resp. 34.0%; very disturbing: 22.6%
resp. 22.0%), and the opening of cartons or packages
(rather disturbing: 19.0% resp. 20.8%; very disturbing:
39.7% resp. 37.5%) were frequently perceived as inter-
fering noise sources. Additional file 2 shows the rela-
tive frequencies for all noise sources. Between T0-T1,
2 noise sources showed significant changes in the area
of "clinical activities or actions" (i.e. using the brake on
the bed, shoes (e.g. squeaking)), however the first one
showed negative changes. A significant change (nega-
tive) between TO-T2 was found in the area of "techni-
cal devices" for one noise source (i.e. compressed air).
Table 6 shows all the changes in the pre-post compari-
son (i.e. TO-T1 resp. TO-T2) with the corresponding
effect sizes. When investigating other noise sources
(free text question), the nutrition pump was mentioned
most frequently (based on all cases per MP) (i.e. TO:
n=7;Tl:n=8; T2: n=8).

Discussion

To the best of our knowledge, there is an evidence gap
on how unit-based noise management can sustainably
reduce the subjective noise exposure and how this inter-
vention affects other noise-related topics among staff in
ICUs. We therefore conducted this study to gain deeper
insights into this field of research. Overall, we were una-
ble to identify significant changes in noise exposure after
implementation of noise management. Furthermore,
comparisons with other studies are difficult because
these works mainly used cross-sectional designs or did
not focus on staff behavior and experiences.



Page 7 of 12

(2023) 22:460

Armbruster et al. BMC Nursing

abueyd aanisod |

|eAIDIUI DDUBPYUOD %56

10949 3b6.e| =60 = <'1D3Yd> WINIPIW =G'0~€'0 ‘1P3Y3 ||eWS=€'0-10 q
uelpaw ,

[0S€0'500°0] ¥90°0

[01€0'€00°0] 200

[06€°0'S00°0] SEL'0
[0€€°0'500°0] 6¥0°0
[0€€°0 '¥00°0] 2S00

[0£70°0L00] 610
[0€€°0'€00°0] 8200
[0T€0°£000] €500
[02€0 90001 6200
[0€€°0 '000°0] €800

[0€€°0°£000] £10O
[01€0°500°0] L1200

[0L90°0LL0] L6ED

9.C0
6180
120

¥81°0
8580
9160
880
7650

8860
000°L

$800°0

A R 0o N o A o A N

0s
0S
14
0s
0S

< MmN NN

[00¥0 '800°0] 5510

[01€0'€000] £70°0

[09€°0'900°0] #1010
017001001 0£10
[062°0'900°0] LE0'O

[01S0'0£00] 6620
[0¥S0'0L L0l ¥7E0
[082°0 'T00°0] £20°0
[05€°0 '¥000] £60°0
[0£¥°0 '0¥0°01 950
[0£2°0'500°0] €000
[06C°0 '200°0] 000

[0€¥°0'0€0°01 6610

7510

120

09¢0
€8C0
7190

bl V00
$5000
000'L
56€0
pCF00

Lo
8980

ceLo

(a8}

< NN N

19
19
9
a9
9

< NN AN N

i (W1sAs ||ed e Hd)
S3UO dAIIpNe 22e|das PIN0d (Yd1em Lews e Aq '6'a) sjeubis wiiele |qisiA Uiyl noA og

i (W1SAs [[ed e Dd)
S9UO 2AIIpNE 3de|dal pINod (Yd1em Hews e Aq “6-3) sjeubis wiele buieiqgia »uiyl nok og

Swa)sAs wieje dAleUId) R SPJRMO) SPNINY

{NDI 341 U0 YIys e pey BulAey Jaije SpUNos 0}
SAINISUSS SI0W 12831 NOA 0 :ND| 9Y} UO 3}10M 1, uop oym ajdoad 1ayio 03 pasedwod)

(BulIoMm J314e dISNW 01 BuIUSISH 10} POOW Sy} Ul 195S3| Bbulaq [99) Nok 0J

¢NDI Y1 U0 YIYs BUBIOM B Ja)ye Wied J0) paseaidul buiyess nok sy
AJA1}ISUSS-9SI0U DAIA[QNS

¢NDI 341 UO S]9A3] 3SI0U D43 INOGe S1UapUdap J1ay3 Jo sudied Aq passaippe nok a1y

(NI Y1 UO 3SI0U Y3 INOGe SPULI/A|ILIR) INOA YIIM ¥|e} NOA 0Q

¢s1o1adns JNOA Y1Im SUOISSNISIP Ul NSSI Ue (D] 9Y3 UO 3SI0U 1USIGUIR 31 §|

9510U JUaIquIe ND] 341 INOge Sanbes||03 INOA LM 3e1 NoA 0g

{NDI Uo 3siou aziewlay) 01 Juepiodull AI9A s1 11 3uIyl NoA og
uoneziewsyy

J0INBYSq UMO

1noA buibueys Ag ‘NI 941 UO S[9AS] 3510U 92NPal 01 3|qissod g pNoMm 11 Uiyl NoA og

{PNO| 001 S D] 9Y1 UO SPUNOS ay1 adusLadxs Nok oQ

(owiayljo

150W pajuswa|dwl st aullapINb SIy1 yuIyl NOA 0 "UOILIUSLIO Ue NOA SAID pInoys

Vgp € =,J01B[1IUSA W00, 3|dWexa Y] (|2A3] 3SI0U J0J UUN) YGP OF—GE PIadXd 10U

p|noys [eudsoy Syl Ul [9A3] 9510U 91 18yl SPUSUIUIOI3) UoneziueblO Yi[esH PO oYL
ssaudieme pue abpajmouy|

(D14

d ZLUPW OLUPW u

D] ¢

d LLUPW OL.UPW U

(AR

L1-0L

$21doy paeal-3siou Jayio o3 buipiebal suosuedwod 1s0d-ald G ajqeL



Armbruster et al. BMC Nursing (2023) 22:460

Page 8 of 12

Table 6 Pre-post comparisons on the perceived disturbance of individual noise sources

TO-T1

TO-T2

n Mdn?TO MdnT1 p

® [Cle n MdnTO MdnT2 p r[CI]

Technical devices

Mechanical ventilators 58 3 3 0.603  0.040[0.003,0.290] 48 3 3 0.425 0.102[0.000,0.370]
Surveillance monitors (alarms) 62 4 3 1.000 0.038[0.005,0310] 48 3 3 0.745  0.087 [0.004, 0.380]
Dialysis machine 39 3 3 0.212  0.117[0.008,0420] 35 3 3 0.086  0.277[0.030, 0.570]
Perfusors 58 3 3 0400 0.087[0.006,0.320] 48 3 3 0.240  0.160 [0.009, 0.430]
ECMOf 20 2 2 0.530 0.158[0.000,0.520] 19 2 2 1.000  0.000 [N/A9]
Suction pump 50 2 3 0.150 0.184[0.010,0.450] 41 2 3 0417  0.065 [0.008, 0.360]
Visitor bell 58 3 3 0964 0.052[0.005,0320] 48 3 3 0.822  0.027[0.005, 0.340]
Telephones 59 3 3 0.697 0.012[0.006,0.310] 50 3 3 0.244  0.173[0.007, 0.420]
Beeper 52 2 2 0.736  0.035[0.000,0.310] 41 2 3 0.065 0.359[0.060, 0.620]
Heated blanket 34 2 2 0.884 0.044[0.000,0400] 27 2 3 0.358 0.232[0.010, 0.560]
Compressed air 33 2 2 0.287 4[0.010,0440] 35 2 2 0.018% 0.403[0.110, 0.670]
Thoracic drainage 39 2 2 0674 0.049[0.000,0.370] 33 2 2 0.830  0.011[0.000, 0.380]
Transport monitor / ventilator 51 2 2 0985 0.021[0.006,0310] 43 2 2 0414 0.155 [0.008, 0.440]

Clinical activities or actions
Using the brake on the bed 50 3 4 0.009° 0.353[0.110,0.560] 40 3 4 0.082 0.310[0.050,0.570]
Opening cartons or packages 56 3 3 0.327 0.054[0.004,0310] 47 3 3 0674 0.097 [0.006, 0.360]
Opening or closing doors/drawers 62 2 3 0386 0.115[0.007,0.360] 49 2 2 0.866  0.027[0.002, 0.340]
Visits 62 3 3 0.740  0.060[0.002,0.300] 50 3 3 0.386  0.099[0.004, 0.370]
Private conversations from colleagues 60 3 3 0.597 0.059[0.002,0.290] 48 3 3 1.000  0.022[0.000, 0.310]
Cleaning work 62 2 2 0622 0.069[0.006,0310] 49 2 2 0.106  0.211[0.010, 0.470]
Shoes (e.g. squeaking) 58 2 2 0.024% 0279[0.060,0.500] 48 2 2 0.217  0.211[0.007, 0.480]
Conversation of visitors 57 2 2 0528 0.068[0.004,0.330] 47 2 2 0.829  0.035[0.000, 0.340]

2 median

b 0.1-0.3 =small effect, 0.3-0.5 = medium effect,> =0.5 =large effect

€ 95% confidence interval
4 positive change

¢ negative change

f extracorporeal membrane oxygenation

9 N/A not applicable

Noise-related strain

In our study, the staff in the three ICUs reported high
levels of noise exposure. This finding is consistent with
the study by Schmidt et al. [10], which surveyed 348
healthcare professionals in ICUs in the German-speak-
ing part of Switzerland. A recent study in a similar set-
ting (n=350) also confirmed our results, with more
than two-thirds of the participating staff perceiving the
ICU as being too loud [26]. These results reinforce the
importance of noise management in ICUs. As regards
the effect of the implemented noise management, how-
ever, we were unable to observe a significant reduc-
tion in the perceived noise-related strain over time.
This could be due to the constant high sound pressure
levels, which will be published in another part of the
overall study (Witek et al. forthcoming). According to

Kebapci and Giiner [57] one reason for the persistently
high noise level could be that measures to reduce noise
only have a short-term effect if the entire staff on the
ICU do not consistently respect them. This seems to be
a challenge since the majority of the surveyed nurses
stated that they had become insensitive to the constant
noise exposure [57]. However, it should be noted, that
behavioral change strategies are considered to be the
most effective and cost-effective approach for long-
term noise reduction [2, 42]. Such strategies include
educational programs and campaigns to inform staff
about the harmful effects of noise exposure and ways
to mitigate it or to establish a culture of accountability
for noise reduction among staff, with regular reminders
and discussions about the importance of a quiet envi-
ronment for patients and staff [2, 10, 58, 59].
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Other noise-related topics

With regard to "knowledge and awareness", this study
revealed that the surveyed individuals were already
aware of the issue of noise prior to the implementa-
tion of noise management measures. In contrast to
this, Johannson et al. [60] showed that staff in ICU
have a lack of theoretical knowledge about noise and
its negative consequences. The respondents in our
study believed that changes in their own behavior
(e.g. addressing alarms efficiently to prevent unnec-
essary noise) could contribute to noise reduction in
their own ICUs. These findings are in line with those
of Schmidt et al. [10] and Ruettgers et al. [26], who also
found that staff were aware of the issue of noise expo-
sure and believed that changes in their own behavior
could positively influence the noise environment. Nev-
ertheless, Ruettgers et al. [26] showed that staff per-
ceived changes in technical equipment and adjustments
to alarms as a more straightforward solution in noise
management. This is also confirmed by another study
in which technical modifications led to a significantly
lower sound pressure level [61]. However, this could
be difficult because staff assume that superiors are not
open to such modification [27]. As far as changes over
time are concerned, we found a positive significant dif-
ference between TO and T2 for only one item (i.e. "The
World Health Organization recommends [...]. Do you
think this guideline is implemented most of the time?").
One explanation for this may be the initial high level of
knowledge and awareness among the staff about this
topic. After all, the intervention also aims to increase
knowledge and awareness of noise, which could be con-
sidered as achieved, as indicated by the unchanged or
positively altered median values of the corresponding
items between T0-T1 and TO-T2 (see Table 5). In terms
of "thematization", it is apparent that staff felt it was
important to discuss the topic of "noise". This also indi-
cates that the sense of disturbance is high and thus con-
firms our descriptive results of noise-related strain. As
in the study by Ryherd et al. [27], the exchange is most
likely to take place among colleagues. It is known that
superiors and subordinates often have different percep-
tions of responsibilities, which can lead to low quality
communication between them [62]. Overall, we found
a positive change in three items (T0-T1), which could
indicate a decrease in the noise levels in the ICUs. In
the context of "subjective noise-sensitivity", it appears
that participants are more likely to seek quiet and are
more sensitive to noise after a shift in the ICU. These
results are comparable to those of Schmidt et al. [10]
and support the findings of high noise-related strain,
regardless of the MPs.

Page 9 of 12

Individual noise sources

As expected, different noise sources (i.e. in the area of
technical devices or clinical activities and actions) are
perceived as disturbing in the ICU. Previous studies [10,
59, 63] showed that mechanical ventilators, monitors
and their alarms, telephones conversations or visits are
highly disruptive to ICU staff which is consistent with
our results. Unfortunately, we hardly found any signifi-
cant change over time in the noise sources we studied.
One explanation for the failure to reduce noise exposure
can be that self-hygiene of the staff is often secondary
while clinical activities to ensure the survival of patients
predominate [60]. On the other hand, it can be countered
that the noise sources listed are not all necessarily associ-
ated with acute medical or nursing interventions. Thus,
it should be considered which aspects of noise manage-
ment are necessary for, and relevant to the staff. In this
context, Renz et al. [64] describe that at work, noise
sources which are not important for one’s own work and
information intake are mainly perceived as disturbing
(e.g. private conversations by colleagues).

Strengths and limitations

To the best of our knowledge, this study provides a first
insight into how unit-based noise management can
reduce the subjective noise exposure and how this inter-
vention affects other noise-related topics among staff
in German ICUs over time. One of the main strengths
is that we surveyed different types of healthcare profes-
sionals, such as physicians, nurses or therapists to cap-
ture different perspectives and ensure a comprehensive
understanding of this issue. Another strength is that the
intervention was unit-specific, recognizing that a one-
size-fits-all approach is not appropriate. However, the
study also has some limitations. One limitation is that we
did not adjust for multiple testing in the significant tests
on "noise-related topics” or the "individual noise sources".
Thus, the significant results could be random. However,
due to our exploratory approach, we did not want to
be too restrictive. Another limitation is that we mainly
considered complete cases in our analysis. With respect
to noise-related strain, we used an additional statistical
method (LMM) including all the observations. In addi-
tion, the study was monocentric and the response rate for
all MPs ranged from 33.68% to 41.81%, which may reduce
the representativeness (i.e. nonresponse bias [65]) and
generalizability of our results.

Conclusions

In summary, the present study aimed to explore the
impact of unit-based noise management on staft’s sub-
jective noise exposure and other noise-related concerns
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in three ICUs. Results indicated that staff in the ICUs
experienced substantial noise exposure. Nevertheless,
the study failed to identify a significant reduction in the
perceived noise-related strain. Staff were cognizant of the
noise issue and considered the implementation of noise-
management as important. Future interventions should
aim to minimize noise from the most disturbing and
relevant sources. Moreover, it is imperative to research
aspects of adherence and their facilitators or barriers,
which promote the sustained implementation of noise-
reducing measures by staff. We therefore encourage
researchers to take these aspects into consideration while
designing future studies. Furthermore, we are currently
planning a corresponding research project ourselves.
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