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Abstract:

The objective of this study is to evaluate the noise levels from a
pediatric intensive care unit of a federal hospital in Rio de
Janeiro, to verify if it fits the limits recommended by the
regulatory agencies and if there would be any difference in these
levels by the morning and the afternoon periods aiming to
improve the quality of nursing care for critically ill children. It’s
an observational, exploratory, quantitative study, organized in
three steps: Parameters collection and decibel meter calibration
using based data from Sala, et al (2015); Data collection of 40
hours’ discontinued observation (from 8am to 4pm) in different
days on a period of two months using two decibel meters; Data
processing in an Excel’s spreadsheet created for the database
and data analysis, performed on Microsoft Office Excel 2010
and R software and organized into graphs and tables. The
results showed that: 61% of the alarms corresponded to the
mechanical ventilator; Bed E had the lowest standard deviation
(SD = 2.945) and the highest median (69.5dBA).Even by
removing the E bed from the analysis, there is a significant
difference (p <0.001) between the sound pressure levels. The
median of the afternoon (28.2dBA) were higher than the
morning one (26.1dBA); Mechanical fan and monitors generated
higher sounds; the pediatric intensive care unit has considerably
exceeded what is recommended by national and international
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noise organizations.
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New studies must be made in order to improve the knowledge
about the effects of these noises in the infants and it’s given
some suggestions to decrease the harm caused by noise like
using earmuffs or earplugs on the children during

hospitalization and acoustic materials on the construction of
the PICU.
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Introduction

Intensive care units (ICUs) are perceived as places with strange equipment,
incessant alarms, individuals who pass by the multidisciplinary team and
excessive lightning. All of these factors contribute to patients' psychological and
physical stress [1 -2]. Thus, in addition to the totally different context from the
usual routine, patients admitted to the ICU are exposed to these countless
factors, including noise, considered to trigger stress especially for the pediatric
public|3].

The Pediatric Intensive Care Unit (PICU) is defined as the sector of care for
patients from 29 days to 14 or 18 years old, as a limit being defined according to
the institution's routines [4]. The effects of excessive noise levels in ICUs vary
according to the age of the patient, negatively affecting physical, psychological
and behavioral aspects, consequently delaying the recovery process. In children,
acoustic trauma, physiological responses to stress and sleep deprivation can occur,
which can lead to delirium states with confusion and disorientation. In neonates,
it can result in clinical problems, such as apnea, bradycardia, nutritional
deficiencies, changes in sound perception, hearing loss and abnormal growth
[5,6,7,8,9,10,11]. There are studies in the NICU that corroborates that noise acts
as a stressor leads to some changes in infants, including increased heart rate,
physiologic and behavioral instability, and hearing disorder. It is known after a
lot of research during the years that lower-frequency sounds tend to induce less
stress responses than high frequency sounds in newborns [12]. A study carried out
in Colombia, when evaluating the level of continuous equivalent noise, also found
higher noise values than those recommended. Critical noise effects in hospitals are
sleep disturbances, increased heart rate, blood pressure, sleep deprivation,
impaired immune function, irritability and interference with communication
[9,13].Thus, ideally the sound events during the night should not exceed 40 dB
indoors and during the day not exceed 35 dB in most rooms where patients are
being treated or observed. There is still a highlight for greater attention to sound
levels in intensive care units and operating rooms[13,14]. Still, according to
internationals bodies, the amount of environmental noise in a pediatric ICU
should not exceed 45dBA during the day for indoor hospital environments and
35dBA at night time [14,15,16,17,18,19).

Many studies have been published showing the average noise levels in
neonatal intensive care units (NICU). Authors of a study carried out in Colombia
identified in a sample continuously 20 days analysis a noise level ranging between
49-92 dB, which caused concern, since the levels to which the newborns and the
team are exposed exceed the recommendations [20].

Open Science Journal - May 2020



Open Science Journal

Research Article

There is a study in an NICU in USA that stated, after reading several studies,
that noise levels in the NICU often exceed the international recommendations,
having prolonged sounds between 70-80dBA. This excessive auditory stimulation,
beyond increasing heart rate, blood pressure, and respiratory rate can decrease
oxygen saturation. It has also been suggested that may influence the cortisol
levels and lower immunity [21,22,23,24,25,26,27]. Alarms of clinical relevance, if
underestimated, can lead to complications regarding the patient's clinical
conditions, compromising their safety. However, even linked to patient safety,
alarms of medical assistance equipment (MAEs) contribute to the increase in
Sound Pressure Levels (SPL) in the ICU, especially inconsistent alarms [28,
29,30].Like other studies demonstrated, the nursing process in the PICU is
optimized under conditions where distractions and stress are minimized, however,
in the presence of excessive noise, the care process is interrupted and prone to
errors [31].

MAEs end up generating several constantly noises at different intensities.
SPLs indirectly influence the patient's recovery since acoustic comfort is an
important factor during hospitalization. Therefore, it contributes to the well-being
of the patients who remains in intensive care units exposed to SPNs for a long
time sometimes.Demonstrating how MAEs can influence the noise level in
intensive care units, this study was carried out in an unoccupied room from a
Neonatal Intensive Care Unit (NICU), whose objective was to relate the noise
produced by mechanical ventilators. It was identified that all high frequency
ventilators tested in the study and used for neonatal care, produced ambient
sound levels above the current recommended safety limits. This fact compromises
the environment’s quality and causes adverse effects on newborns’ admitted into
the NICU health [32].Staying in the ICU for more than 48 hours is considered a
risk factor for hearing loss. Some previous studies described the harmful effects of
high NPSs in children hospitalized in the PICU and Neonatal Intensive Care Unit
(NICU), among them, hypoxia, increased release of adrenocorticotropic hormone
and adrenaline, increased heart rate, systemic vasoconstriction, pupillary dilation,
elevated blood and intracranial pressure, increased oxygen consumption and
caloric expenditure, which in the long term, can lead to a delay in weight gain
[24,26, 33, 34].

At the PICU, there are several sources of sounds, including equipment alarms;
pagers, phones, the heating, ventilation, air conditioning (HVAC) system, even
the team and the parents talking. Specifically, the team felt that the sound
generated by critical clinical care was not natural as it was necessary for the good
care. Therefore, employees were more likely to alarm the villain than to take
personal responsibility for their influence on the increasing levels of sound inside
the unit7.Another study carried out in an ICU at John Radcliffe Hospital in
Oxford (United Kingdom), used the four-bed compartment and found that the
highest levels of noise originated in areas where team conversations generally
occurred, such as the nursing station or the area where daily group discussions
take place. They also identified that the loud sound originated from monitors and
fans, located close to the patients’ ears, and these alarms were > 50 dB, within
the frequency range considered disturbing for the patients, despite awakening the
professionals' attention it causes discomfort for the patients [35].Thus, the
objectives of the present study are to evaluate the noise level in a pediatric
intensive care unit belonging to a federal hospital in Rio de Janeiro, considering
that care technologies and Sound Pressure Levels imply the acoustic comfort of
the pediatric public hospitalized in this hospital, we wondered whether the noise
levels would be within the limits recommended by the regulatory agencies and if
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there would be any difference in the noise levels in relation to the morning and
afternoon periods, aiming to improve the quality of nursing care for critically ill
children.

Materials and methods

This is an exploratory, quantitative study, developed in a Pediatric Intensive
Care Unit (PICU) in a federal institution of the city of Rio de Janeiro during the
day.

The unit was chosen for its large number of technologies and human
resources. It consists of 6 beds, 5 of which are in common use separated by
“curtains” that allows customers' privacy. The nursing station is centrally
arranged, with full visibility of the beds, in addition to good audibility of alarms.
Another aspect that needs to be considered is that during data collection and
observation, all the five beds were held with patients. The plant of the PICU can
be observed in Figure 1:

]

LEITO D LEITO € LEITO A LEITO B
- —_ e—
LAVATORIO

o

I

=

‘ 04 O 13 OJ ]y =]

L) L] L)

- \/

1]

0

1]

QUARTO DE ISOLAMENTO

— 2 Al
4 N
ll/\u g g

PORTA DE ENTRADA

POSTO DE ENFERMAGEM l

Fonte: Salu, M.S.; 2019.

Figure 1 — Physical plant of the Pediatric Intensive Care Unit

As variables selected for the study we adopted: sound pressure levels, nursing
station, patient's bed in the PICU and selected medical assistance equipment.
The choice of variables occurred through the interest in investigating the
influence of the sound pressure levels of the unit and the devices in relation to
hospitalized patients.

The collection technique occurred through direct non-participant observation
through a field diary. Data collection was performed by the responsible
researcher, using two decibelimeters of DEC-460’s model, calibrated by the XP
Service Company certificated by X0691.
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One of the decibelimeters was fixedly placed at the nursing station and the
other in the hospitalized patient's bed. The bed was rotated each day for
collection, aiming to assess the Sound Pressure Levels (SPLs) inside the ICU,
focusing on the noise generated by mechanical ventilators, multiparametric
monitors and infusion pumps.

It is noteworthy that on all of the collected days the F bed, which would be
the isolation bed, was not occupied, and due to its particularity, as it is a closed
room, it was not included in this study.

Data Processing and analysis steps

1st: We created a table with the parameters in decibels (dBA) of medical-
assistance equipment (EMAs) performed in an isolated room, with data from
another study36. This study was carried out using the same equipment, from the
same brand and in the same sector as the current study

2nd: Data collection: we took 40h (five days not followed from 8am to 4pm) of
non-participant observation were carried out with notes in a field diary and
measurement of the decibels generated through the decibel meters. Both were
positioned in an upright position 100cm away from the walls and 90cm from the
floor, one in the nursing station and the other in the patient's bed.

3rd: Data Treatment and Analysis: we created a database of decibel meter
readings, using Microsoft Excel 2010. As for data analysis, we used the statistical
software R to organize the data in tables and graphs.

The measurement of the equipment mentioned in the first stage can be seen in
Table 1:

Table 1 - SPL values (dBA) of isolated medical assistance equipment

Electromedical Equipment NPS
Santronic ST670 Pediatric Syringe Pump 6,4dBA
BBraun Infusomat Compact Infusion Pump 24, 1dBA
Hartmann Peristaltic Infusion Pump - MiniMax - Model MM101 22.4dBA
Multi-parameter monitor NTHON KOHDEN - model BSM -4100 J 30dBA
/K
INTERMED Inter3 Mechanical Fan 28,3dBA
Neonatal and pediatric INTERMED Inter 3 Plus Mechanical 30dBA
Ventilator

To perform the statistical analysis we used the Shapiro-Wilk test to assess the
normality of the sample, with a non-normal pattern being verified. After the
result found, Wilcoxon's non-parametric tests (p-value <2.2e-16) were used for
the shift variable and Kriskal Wallis (p-value <2.2e-16) for the local variable (bed
and bed) of nursing). As a level of significance, p <0.05 was adopted. Both
demonstrated statistical significance.
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Results

Through the notes of the field diary, it was possible to count during the 40
hours of observation the relative and absolute frequency of each alarmed EMA,
which can be seen in Table 2:

Table 2 — Relative and absolute frequency of alarms of medical assistance equipment. Rio de Janeiro - RJ, 2019

Collection Mechanical Relative Multi- Relative Infusion Relative TOTAL(f)
Day fan frequency(%b) parameter frequency(%) pump frequency(%o)
monitor

Day 1 29 18% 105 66% 25 16% 100%

Day 2 47 21% 137 62% 36 17% 100%

Day 3 89 32% 158 56% 33 12% 100%

Day 4 51 22% 132 57% 48 21% 100%

Day 5 8 5% 107 69% 39 26% 100%
TOTAL 224 21% 639 61% 181 18% 100%

Source: The authors, 2019.

Based on Table 2, among the observed EMAs the main source of noise
generation was the multiparameter monitors, corresponding to 61% of the alarms,
in second place it’s the mechanical ventilator, corresponding to 21% and on the
third position the infusion pumps, corresponding to 18%.

When viewing Figures 2 and 3, bed E presented the greatest difference
between the minimum and maximum levels, compared to the other beds,
presenting the lowest standard deviation (SD = 2.945) and the highest median
(69.5dBA). This discrepancy in relation to the other beds may indicate a bias in
the reading and interpretation of the data, leading to believe that this would be
the reason why it was not possible to reach the recommended limits.

Bed E presented the biggest difference between minimum and maximum
levels, compared to other beds. To rule out the possibility of bias, we performed a
sensitivity test, excluding data from bed E as can be seen in Figure 3.
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Figure 2 — Graph Sound Pressure Levels per bed of a Pediatric Intensive Care Unit (dBA). Rio de
Janeiro / RJ, 2019. Source — authors 2019

. I B Letoa
W Lewd
B Lot C

B Lot

i
- -- .-
T

S TT '
! : Il:

Pesto Leto & Lotz B Leta G Lot O Posts Lets A Loto B Leta G Lotz O

Local
Figure 3 — Graph Sound Pressure Levels per bed of a Pediatric Intensive Care Unit (dBA) without
bed E. Rio de Janeiro / RJ, 2019.

As shown in Figure 2 above and Table 3 bellow, the noise level in the studied
environment showed a minimum value of 32.80 dBA in Bed D, corresponding to
the fourth day of collection, and a maximum of 87 dBA in Bed B, corresponding
to the first day collection.
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Table 3 — Sound pressure levels (ABA) in occupied beds of a Pediatric Intensive Care Unit in the morning and
afternoon. Rio de Janeiro - RJ, 2019

Bed Qulasrttile ngz;iile Maximum  Minimum  Average Median ]:S)tea\L/IilS;:)i
Bed A 53,5dBA  60,7dBA 79,7dBA 33,0dBA  57,2dBA 56,9dBA 5,202364
Bed B 52,8dBA 61,1dBA 87,0dBA 33,1dBA  57,3dBA 56,6dBA 6,041769
Bed C 55,8dBA  65,3dBA 82,5dBA 34,1dBA  60,9dBA 60,7dBA 6,83796
Bed D 56,4dBA 72,8dBA 86,6dBA 32,8dBA  59,1dBA 58,8dBA 4,904562
Bed E 67,4dBA 72,8dBA 86,6dBA 63,3dBA  69,9dBA 69,5dBA 2,945284

Source: The Authors, 2019

Table 4 shows that in the morning we obtained an average noise level of
62.17dBA, while in the afternoon we can see that these levels were 62.55dBA.
Another data that validated our finding was that the median of the afternoon
(28.2dBA) was higher than that of the morning (26.1dBA). As for the standard
deviation, there is a significant difference between the two shifts (p <0.001).

We can also state that, comparatively, by including and excluding bed E,
there is a significant difference (p <0.001) between the sound pressure levels
(SPL) generated between shifts.

Table 4 — Sound pressure level (dBA) x Location x Shift. Rio de Janeiro - RJ, 2019

Average DP 1Q Median 3Q P-valor
T Morning 62.17 6.117.584 9.5 26.1 57.6
<0,001
I Afternoon 62.55 7.398.313 11.9 28.2 56.8
Morning without 6.160.130 | 6.129.332 26.1 57.2 61.5
E bed E
<0,001
Afternoon without | 6.138.915 | 7.109.291 28.2 56.0 61.1
bed E
L Station 6.351.249 | 6.564.999 58.9 63.9 68.2
(0] Bed A 5.721.321 | 5.202.364 53.5 56.9 60.7
C Bed B 5.736.085 | 6.041.769 52.8 56.6 61.1
<0,001
A Bed C 6.096.084 | 6.837.960 55.8 60.7 65.3
L Bed D 5.918.328 | 4.904.562 56.4 58.8 62.2
Bed E 6.990.921 | 2.945.180 67.4 69.5 72.8

Source: The Authors, 2019

When organizing the data collection by time, we can see in figure 4,
complementing with tables 5 and 6, that the nursing station on the fifth day of
collection, corresponding to Bed E, was the one exceeding the maximum
recommended limits of 45dBA. Table 5 shows that almost 100% of the time, the
levels exceeded the limits.
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Figure 4 - Sound Pressure Level (dBA) graph of a Pediatric Intensive Care Unit x Hour. Rio de
Janeiro - RJ, 2019.

Table 5 — Noise level count. Rio de Janeiro - RJ, 2019

Account Noise Level

Local |Bed B|Bed A |Bed C|Bed D | Bed E| Post Post Post Post
Day 02 | Day 03 | Day 03 | Day 04
~45 | 7329 | 22223 | 5447 | 12542 | 25016 | 28133 | 17789 5438 7104
<=45 30 96 12 15 0 132 0 15 0
Results within | 0.41% | 0,43% | 0,22% | 0,12% | 0,00% | 0,47% | 0,00% | 0,28% | 0,00%
the limit
Factor time
between 4 1 3 5 1 1 1 5 4
collection(s)
Data Converted | 120 96 36 75 0 132 0 75 0

into time(s)

Source: The Authors, 2019.
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Table 6 - Sound Pressure Level (dBA) x Hour. Rio de Janeiro - RJ, 2019

NPS X Hour

Maximum Hour Bed B Bed A Bed C Bed D Bed E Post Post Post Post

dBA 12/27/18 01/02/19 01/08/19 01/11/19 02/01/19 01/02/19 01/08/19 01/11/19 02/01/19
Allowed

45 9:00am 56,80 57,20 55,10 59,30 68,32 62,90 61,70 59,30 68,00
45 10:00am 55,10 57,40 58,60 65,10 67,72 60,70 63,70 61,70 67,70
45 11:00am 59,90 57,70 61,40 65,40 65,48 66,60 63,60 59,70 69,90
45 12:00pm 54,60 59,70 62,50 64,70 64,06 62,50 67,30 56,50 71,00
45 1:00pm 57,20 57,50 68,20 67,60 63,93 62,20 68,90 59,50 73,80
45 2:00pm 57,80 54,80 67,30 62,31 60,80 63,30 59,70 73,10
45 3:00pm 61,60 56,70 63,20 64,01 63,20 57,00 68,00
45 4:00pm 55,70 53,70 64,50 63,75 60,60 60,00 67,90

Source: The Authors, 2019.

As shown in Table 6, since the beginning of the data collection, the NPS of
the service station were above 45 dBA, varying between 59.3 and 73.8 dBA, and
the times with the highest peaks were between 10am and 2pm. As for the bed,
the highest peak was at 09am (68.32dBA). Overall, 0% of the time collected
managed to stay within the maximum limit.

Discussion

It is important to highlight that the largest number of studies on sound levels
has a focus on Neonatal Intensive Care, confirming the relevance in terms of
conducting research in a Pediatric Intensive Care Unit.

Despite the international recommendations of sound levels, several studies
presented existing analyses of the acoustic environment in the NICU that
indicates that the noise standards are being exceeded regularly. Some studies
from separate NICU environments have demonstrated that the average noise
levels range from 48 to 55 dBA and 53.9 to 60.6 dBA. Our findings presented
similar results and conclusions [23,37,38].

There is a study in a NICU that documented the effects of high noise levels.
As short-term effects, they found increased physiologic stress in neonates. Even a
brief stimulation from alarms and telephones can cause bradycardia and hypoxic
episodes. As long-term effects they included hearing loss, language difficulties and
altered brain development [26,27].

The present study, as shown in Table 2, points out that in 40 hours of
observation 639 monitoring alarms were registered and 405 coming from
mechanical ventilators and infusion pumps. There was a similar study that
occurred in an adult ICU, with the same time of observation that had similar
results; therefore we can infer that in both cases, the medical assistance
equipment (EMAs) and the monitors are one of the main sources of alarms [29].
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Also, the same findings were discussed in a study made in USA after using a
level dosimeter in a PICU that stated that alarm sounds were the major
environmental noise contributor and medical equipment noise was the second
highest31. Recent studies stated that equipment alarms from monitors, infusion
pumps and ventilators, as well as voices of staff members, consultants and
families are the principal noise factors that contribute to the highest noise levels
in the patient care rooms. Although equipment alarms likely contribute
significantly to noise pollution, it is not an easily modifiable source in the PICU
[39,40].

There is a study that during the measurements made in the four-bed ICU
divided the sources of the highest recorded noises: the perfusor alarm (81 dBA);
the nebulizer (80 dBA), monitor alarms (78,6 dBA),ventilator alarms (71,6 dBA),
pulse oximeter alarms (71,2 dBA), and infusion pump alarms (68 dBA). By the
results, we can see how the monitor and the ventilator can have a bad influence
on the noise levels in the PICU, and unfortunately, in our study, the monitor was
the first highest source of noise and the ventilator the second, respectively [41].

There are some authors that also mention that the alarms of the
electromedical equipment that most produce noise usually are those from infusion
pumps, multiparametric monitors, mechanical ventilators, pulse oximeters,
among others [42].

Our study corroborates with another recent Brazilian study made in an adult
ICU, in which it was found that the physiological variables that most triggered
alarms in the services were heart rate and oxygen saturation28.In our study,
through our field diary, it was possible to verify that of the 639 alarms coming
from the monitor 435 (68%) were due to a drop in saturation and 204 (32%) were
due to changes in heart rate.

Given the fact that the combined noise emitted from the necessary life
support equipment, like ventilators and monitors, does not meet standards even
without additional noise introduced by staff, visitors, or maintenance. Our study
leads to the same direction. Therefore, it has become a necessity to start making
efforts to investigate further about this problem and try to create strategies that
allow the PICU and NICU to obtain the noise levels in an acceptable limit
without compromising the assistance [40].

Some studies highlight that the high number of monitoring alarms and other
equipments contributes by making the environment stressful, increasing the
occupational risks of professionals and impairing the rest of hospitalized patients,
increasing their length of staying and the use of sedatives, analgesics and
anxiolytics [28,43,44,45].

Some researchers suggested in their studies some measures to be taken to
reduce the sound pressure level inside the ICU such as: the adoption of quieter
alarms, especially at night; the creation of different categories of alarms; the
periodic analysis of the ICU acoustic profile; the review of the equipment used;
the control of bells, alarms, cell phones, pagers, televisions and radios; the
implementation of a continuing education program for professionals working in
the ICU; the use of floor, ceiling and walls that absorb noise, divisions between
the beds in the larger units, rubber seals on doors and windows and assessing
noise levels before purchasing equipment, among other measures [18,46].

Figure 2 shows that the noise behavior in the nursing station and in beds A,
B, C and D are quite similar. It was proven that despite the disagreeing of bed E,
regarding the generation of noise, it does not represent a bias in the
interpretation of the data, since the p value remained unchanged (p <0.001).
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These beds have a median noise level equal to or less than 60 Decibels (dBA),
that is, in at least 50% of the measurements, a value less than or equal to 60
dBA was found. The E bed noise median was much higher, approximately 70
dBA. As can be seen in Figures 2 and 3, the median noise level is very similar,
between approximately 60dbA and 90dBA, however, the noise variation in the
afternoon shift is greater than in the morning one.

An additional study found that sound levels exceeded the recommended
standard more than 70% of the time, while another found that noise levels only
met recommendations 5.51% of the time. Those results make us realize that the
acoustic comfort on the PICU and NICU is a serious and worrying matter to
attend [33,47].

There is a study made in a NICU which the levels of acoustic events were
compared to the acoustic level that was exceeded 50% of the time. The alarm
noises were examined and determined to have peak levels that ranged between 82
and 86 dBA. In the same study two environments were investigated, the open-
bay and the single-room where was confirmed that noise standards are not being
met in the modern NICU. In fact, during the hours of acoustic recordings
collected for this study, the noise level was never measured at or below 45 dBA
in either room [40].

This study aimed to evaluate the effects of earmuffs use on the psychological
and motor responses of premature infants and as a result, the infants that wore
the earmuffs had significantly higher mean arterial oxygen saturation, the less
frequent motor response and a decrease in their pulse and respiratory rate. That
could be another suggestion on the present study to reduce the harm on acoustic
comfort of the patients in the PICU48.

Although noise pollution was expected to be present in thePICU, it was
unexpectedly high. According to this American study, the minimum hourly sound
levels in either all areas or in occupied patient bed spaces showed medians of 47.5
and 48.0 dB, respectively. The results allow us to show the difficulty that the
PICUs have on attaining to the recommended standards of noise and collaborate
with our own results [49].

There is a study that focused on the effects of noise on the psychosocial work
environment as a way for the noise reduction where the most prominent positive
effects of improved acoustics were found on the afternoon shift. This result
showed that even with the most noise due to family visits, with some strategies
the harmful effects of noise can be reduced [50].

Figure 4 and tables 5 and 6 shows that both, the bed and the post, on all
collected days have a minimum percentage where the maximum limit of 45dBA
has been reached. The findings on these studies collaborate with our results that
the noise pollution in pediatric intensive care units (PICUs), has sound levels
often above recommended thresholds. However, the strategies used on other
studies couldn’t successfully reduce noise levels in a PICU by refining human
behavior to create quieter patient bed spaces [47, 50, 51, 52, 53].

Researchers have indicated that noise levels in PICUs reach up to 100-
120dBA, which is much higher than the international standards [54,55,56,57].

Another study in 2017 in the USA, appointed no improvement in that matter,
having noise levels markedly higher than recommended at baseline and remained
higher than recommended for all shifts. Another study also in the United States
of America (USA) on 2000, shows that most NICUs have sound levels higher
than those recommended levels [39,54].

One aspect that needs discussion as we could see in other studies, including
ours, is the difference between the noise levels during shifts, morning and
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afternoon. Our study can be corroborated by another study that showed the
same results. The mean levels of noise in the four-patient ICU were 72,1 dBA
during daytime, 64 dBA in the evenings and 60 dBA at night. In the single-
patient ICU rooms, the mean levels were 56 dBA during daytime, 54 dBA in the
evenings, and 53 dBA at night. The peak levels of noise in the four-patient ICU
were 91 dBA during daytime, 88,3 dBA in the evenings, and 84,3 dBA at night.
Those data only confirmed the findings in our study that the noise levels are
higher than recommended [41].

There is a similar study that consisted of sound level measurements and
observation in a PICU and NICU during a 24h shifts during the week days and
the researchers stated that the sounds were thought to be higher during the day
when compared with evenings [7].

Since we had results similar from other researchers, we can state that our
finding is in line with other studies like this one that showed a slightest reduction
during morning shift. The morning shifts may have lower noise levels because of
bedside rounds and the number of providers present in the NICU during this
shift [39].

There is a study from 2016 remarkably similar to the present one in which
they have used the same decibelimeter (DC-460) to measure the levels of
continuous noise and the same international organizations as reference values of
noise control. The evaluations were performed in three periods: morning (from
Tam to 9am), afternoon (from lpm to 3pm) and night (from 6pm to 8pm). As for
the results, the researchers realized that the intensity of continuous noise might
vary according to shifts, and all shifts showed noise above acceptable levels.
These findings, alongside ours, only prove that maintaining the noise levels in the
NICU and PICU within the recommended standards are a global challenge
[15,19,58,59].

There is a brazilian study from 2015 made in a PICU, that showed results
similar to this one. The sound pressure levels varied between 47.70 dB (A) and
70.00dB (A), with a general average of 60.67dB (A) and at dawn there was a
small noise reduction, but insufficient to reach the levels appropriate. This data
can demonstrate that the environment itself is routinely noisy, even without the
interference of the variable number of people in the place60. To complement the
information given to us by the researchers, there is also another brazilian study
from 2013 that states that most of the noise in the PICU may be due to alarm
devices, central air conditioner and also usual activities such as walking around
the unit or touching objects [2].

The increasing technological advancement in health units ends up generating
a need on the part of managers, to reflect on the importance and influence from
the usability of the equipment available for a safe and quality assistance.
Therefore, professional qualification through continuing education helps nurses
and doctors to master the technological language and, consequently, enables
assistance to occur with the minimum of complications and obstacles [60,61].

Other viable suggestions from researchers are changing the position of the
medical alarms from the rooms to the nursing station and the use of soft ear
plugs and eye masks to minimize sleep disturbances. The medical equipment such
as intravenous pumps should be modified or renewed to reduce background
sounds. There is a group of American researchers that stated that "it is
unacceptable for machines to be positioned just behind the patient's head and
produce high noise levels and loud alarm signals” [31,62,63].

Some suggestions were found in some studies for reducing sound levels, like:
placing visible reminders to help staff lower their voices; think of options to
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reduce the equipment’s alarms without compromising care; having an enclosed
nursing station with centralized monitoring; having a separate enclosed unit
entrance and transform the PICU into single-room design. The change of an
open-bay unit to a single-family room design in a US PICU demonstrated a
reduction in sound levels from 72 to 56 dBA[7,41,60,64].

Conclusion

During the construction of this article and after reading several papers, it
came to our perception that there also appears to be a lack of literature regarding
the immediate and long-term effects of exposure to high sound levels in neonatal
and pediatric populations.

This demonstrate that there is a need for further research regarding the
possible short and long-term effects of exposure to high sound levels in neonatal
and pediatric critical care environments and this study can collaborate with a
better neonatal and pediatric assistance, with the highlight on the importance of
acoustic comfort from this populations during hospitalization.

After all the considerations made, it is essential that other studies on the
subject and the hospitals themselves create strategies within their team to try to
reduce noise in the PICU and the NICU during the shifts, taking into
consideration the routine and the noise levels recommendations.

Based on several studies and considering the importance of creating a more
safe PICU for the children hospitalized, we can see that through simple strategies
and correct dissemination of information, it is possible to provide a more peaceful
and conducive environment for the recovery of patients in the units of intensive
care, as well as a better work place.

Thus, it is our desire that after all the information that have been discussed
through this work, this study findings should be taken into account as an
inspiration for new studies that may help creating strategies to protect the
acoustic comfort of this public and as a way of improving nursing on pediatric
intensive care.
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