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ABSTRACT

The objectives of the study were to assess
sound pressure level (SPL) in two rooms of
a Neonatal Intensive Care Unit (NICU) and
to identify their sources. This quantitative-
-descriptive study was conducted in two
rooms of a NICU of a University Hospital in
Sdo Paulo, Brazil. Three dosimeters were
used to register SPL (total of 261 hours). A
48-hour register of noise sources was ob-
tained. The results showed high SPLin both
rooms. The greatest mean Leq were 71.0
dBA (room A) and 68.0 dBA (room B). Main
noise sources in both units were: NICU
hallway noise, traffic and conversation
among professionals. The results indicate
that SPLs in NICU rooms are higher than
the levels recommended by regulatory
agencies. A guideline was developed and
an educational program was implemen-
ted as a means to reduce sound pressure
levels.
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RESUMO

Os objetivos deste estudo foram verificar
o nivel de pressdo sonora (NPS) de duas
salas de Unidade de Terapia Intensiva Ne-
onatal (UTIN) e identificar as suas fontes.
E uma pesquisa quantitativa, descritiva,
conduzida em duas salas de UTIN de hos-
pital universitario de Sdo Paulo - SP, Brasil.
Registros de NPS foram realizados por trés
dosimetros, totalizando 261 horas de men-
suragdo. Obteve-se 48 horas de registros
das fontes que produzem ruidos. Os resul-
tados indicam elevados niveis de pressdao
sonora nos dois ambientes. Os maiores
niveis de Leq foram 71,0 dBA na sala A e
68,0 dBA na sala B. As principais fontes
de ruido encontradas nas duas unidades
foram ruido no corredor, transito e conver-
sa entre os profissionais. Os resultados re-
velam que os NPS das salas da UTIN estdo
distantes dos recomendados pelos érgdos
regulamentadores. Foi desenvolvido um
protocolo e implementado um programa
educativo, visando a reduc¢do dos niveis de
pressdo sonora.
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RESUMEN

Este estudio objetivo verificar el nivel de
presién sonora (NPS) de dos salas de Uni-
dad de Terapia Intensiva Neonatal (UTIN)
e identificar sus fuentes. Estudio cuanti-
tativo, descriptivo, llevado a cabo en dos
salas de UTIN de hospital universitario de
San Pablo-SP-Brasil. Se realizaron registros
de NPS con tres dosimetros, totalizando
261 horas de medicion. Se obtuvieron 48
horas de registros de las fuentes que pro-
ducen ruidos. Los resultados indican ele-
vados niveles de presién sonora en ambos
ambientes. Los mayores Leq medios fueron
71,0 dBA en sala A y 68,0 dBA en sala B.
Las principales fuentes de ruido encontra-
das fueron: ruidos en el corredor, transito
y conversacion entre profesionales. Los
resultados revelan que los NPS de salas de
UTIN distan de ser los recomendados por
los érganos reguladores. Se desarrollé pro-
tocolo y se implementd programa educati-
vo, apuntando a la reduccion de la presion
sonora.
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INTRODUCTION

The technical-scientific advancements observed over
the last years, together with the implementation of Neo-
natal Intensive Care Units (NICU) permitted the survival of
neonates in critical conditions that were once considered
unfeasible. Those evolutions, however, have brought deep
changes to the health care environment of newborns
(NB), which is today one of the main centers of attention
of professionals who care for neonates and their families.
One aspect to be considered in the NICU ecology is the
noise. Noise is disorganized sounds at frequencies that are
physiologically incompatible with the human ear, and may
thus cause physical injuries, as well as psychological and
behavioral alterations®™?. In the NICU environment, the
different sources of noise reach levels so high that they
harm the baby’s development and interfere in the work of
health professionals and in the behavior of the patients’
families.

The harmful effects of noise observed among prema-
ture infants are: apnea, cochlea injury, hear-
ing loss, and sleep disturbances. This, in turn,
causes agitation and irritability, increased
crying and intracranial pressure, which pre-
dispose NB to intraventricular hemorrhage.
The increased oxygen consumption and
heart rate in the NB results in a greater con-
sumption of energy and delayed weight gain,
which prolongs hospital stay® .

The prolonged exposure of health pro-
fessionals to noise levels above 80 dBA
during shifts of 10 to 12 hours, can cause
hearing loss, arterial hypertension, vasocon-
striction, increased catecholamine release,
as well as of the adrenocorticotropic hor-
mone, cortisol, peristalsis and muscular ten-
sion, high cholesterol, changes to the immu-
nological system, and sleep disorders®. There are reports
that noise can trigger fatigue, irritability and distraction,
which interferes on the worker’s performance leading to
errors in their activities, and the consequent threat to the
neonates’ safety®®. A NICU study demonstrated that the
noise present in that environment affects the profession-
als’ motivation to interact with the patient’s family™

As to the parents of hospitalized neonates, some stud-
ies have given evidence that the NICU increases their
stress levels, as it is a place with restricted accessibility,
where invasive procedures are performed and the NB
is connected to cables and several devices. At the same
time, several studies have found that the noise produced
by the devices make it more difficult for the neonates to
hear and identify their parents’ voice, therefore reducing
responsiveness in the interaction process®. These two
factors may make it difficult for parents to be present with
their hospitalized child and thus interfere in the develop-
ment of attachment®.

Sound pressure levels in the Neonatal
Intensive Care Unit
Peixoto PV, Aratijo MAN, Kakehashi TY, Pinheiro EM

@JE

The main sources of noise at the NICU referred in na-
tional and international literature were: the conversations
between workers and/or families, the alarm sounds from
the devices, high water flow on taps, cutting paper towels
to dry hands, using a floor polisher, closing the door and
trash lid carelessly, among others®*', Sound pressure
levels above 50 dBA were also found at the NICU when
medical/nursing teams changed shifts, and during medical
visits*?,

Based on the assumption that the NICU of a univer-
sity hospital can have sound pressure levels (SPL) above
values recommended by regulatory agencies, and that the
implementation of an educational program on the reduc-
tion of noise can help the promotion of an environment
that is acoustically more appropriate, the purpose of this
study is to know the real acoustic conditions of the NICU
in order to obtain subsidiary information to elaborate an
educational program. It is expected that this program can
make workers incorporate environmental health as an es-
sential component of safe neonatal care and promote the

occupational health of those working at the
NICU.

In the Neonatal
Intensive Care Units
environment, the
different sources of
noise reach levels so
high that they harm the
baby’s development
and interfere in
the work of health
professionals and in
the behavior of the
patients’ families.

The study objectives were: to evaluate
the sound pressure levels and identify the
sources of noise in a Neonatal Intensive
Care Unit of a University Hospital in Sdo
Paulo-SP, Brazil.

METHOD

This quantitative, descriptive study was
performed at two NICU rooms of a Univer-
sity Hospital in Sdo Paulo- SP, Brazil.

Each environment (room A and room B)
of the NICU has four beds. The area is of ap-
proximately 23.80 m?, the ceiling height is
3.40 m, the room is floored with vinyl material, the walls
are made of masonry, concrete ceiling and glass windows
with screens that remain continuously open, exposing the
environment to the noise from the streets. The rooms are
located opposite the nursing station, where the telephone
and cabinet with controlled drugs are located, and some
workers are stationed. Next to the nursing station there
is a hallway where all health professionals, students and
doctors transit and meet for clinical discussions and to
make prescriptions.

It should be stressed that, in general, the medical and
nursing teams change shifts next to the incubator, which
is also where nursing prescriptions are informed . In addi-
tion to the presence of the NICU teams, the unit also has
physiotherapists, psychologists and social workers.

Parents can stay in the NICU room with their children
from 9am to 9pm, where they frequently receive infor-
mation about the baby’s clinical evolution. The visits of
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grandparents, siblings and other relatives are performed
on weekends and holidays.

The floors of the two rooms are cleaned Monday and
Tuesday nights. The hallway floor is cleaned on Monday
and Wednesday nights, and the nursing station is cleaned
on Friday nights. An industrial floor polisher is used in the
process. Neither room had air conditioning.

Data collection was performed using three Quest 400
dosimeters from January 12 to 25, 2009. The devices are
able to record SPL by the minute, and were set as follows:
response time (slow), sound pressure level measured in
decibels (dB) and using A dB(A) frequency weighting!*3.
The A (dBA) scale is the filtering method that mimics the
receptive characteristics of the human ear, and is indicated
for capturing continuous sounds at an equivalent sound
pressure level (Leq)™. The device was programmed to
operate in SPLintervals between 40 and 140 dB(A). There-
fore, the duration of each captured sound level was pre-
cisely recorded and stored, giving researchers a group of
data for statistical treatment and analysis.

The dosimeters were hung from the center of the
quadrant of each room, at different heights (1.65m,
1.70m, and 1.90m) and at least 1m away from the walls
and floor, complying with Brazilian recommendations*>,
The devices were positioned at different heights so that
the three microphones would not be on a level parallel
to any of the room surfaces, with the purpose to reduce
any influence from standing sound waves. The batteries of
the devices were changed on a daily basis, and the Leqre-
cordings and calibration of the dosimeter (with the QC10
calibrator) were performed at the end of each shift.

In the data collection strategy it was expected that the
device would remain on for 24 hours for two consecu-
tive weeks, adding up to a total of 336 hours, with one
device in each room. Of that total, the sample resulted in
261 hours of SPL recordings, because 33 recording hours
were lost due to a technical problem with the dosimeter
measurements. In addition, before proceeding to data
analysis, the recordings of the first and last 30 minutes of
the shift were disregarded, considering that the three do-
simeters were not turned back on at the same time and
here was a possibility of making noise while handling the
devices to calibrate and reinstall them, which could affect
the Leq in that period. Hence, a total 42 recording hours
were disregarded.

The noise source recordings were made by structured
non-participant observation. A total 48 recording hours
were obtained, i.e. 24 hours in each room, covering all days
of the weeks and work shifts. A noise source inventory was
created for data collection, based on the condition of the
service and the data documented in the literature®19),

Considering the possibility that the behavior of NICU
workers could be affected on the account of the presence
of the researchers and devices, a two-week desensitiza-
tion period was implemented. During that period, the
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dosimeters remained positioned on the ceiling and the
researchers observed all the procedures that would be
performed during the definitive data collection period.
This way, they simulated the battery exchanges, Leq re-
cordings and recalibrations at the end of each shift. Also
during that period, the researchers performed a pre-test
of the inventory and trained the observers. The training
was considered to be satisfactory when an 85% agree-
ment rate was reached in the researchers’ recordings 7.

All the recordings made by the dosimeters were trans-
ferred to the QuestSuite software, which permitted to
perform data treatment using Microsoft Excel. The con-
tinuous and equivalent SPL (Leq) were obtained for the
data recorded by each dosimeter on the different shifts
and days in both rooms. From these data we obtained the
spatial means between the three results, as well as the
standard deviation between them on different days and
shifts in rooms A and B. Before initiating the data collec-
tion, the study was approved by the Research Ethics Com-
mittee at the University and received authorization from
the hospital director (document number 0391/07).

RESULTS

The results of all measurements in room A indicate
that the highest mean L_ ,Was 71.0 dBA on Saturday morn-
ing. On the other hand, the lowest mean L eq WS 59.0 dBA
during the night shift on Monday. Therefore, in this envi-
ronment, the L varlablllty in the studied week was 12.0
dBA. Furthermore the Leg max Was 95. 1dBA on Saturday
morning and the Leqmi was 53.2 dBA on Monday night.
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Figure 1 — Mean Leq (dBA) of NICU room A, by shifts and days
of the week - Sdo Paulo, SP, Brazil - 2009
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In NICU room B, the highest mean Leq was 68.0 dBA,
recorded on Monday afternoon, and the lowest was 58.2
dBA on Saturday morning, with a variability of 9.8 dBA. It
was found that the highest Leg max of this environment was
89.6 dBA on Monday night and the lowest Log min Was 44.4
dBA on Tuesday night.
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Figure 2 — Mean Leq (dBA) of NICU room B, by shifts and days
of the week - Sao Paulo, SP, Brazil - 2009

By analyzing Figures 1 and 2, it is observed that the
night shift was, relatively, more silent in room A, which is
not observed in room B, in which the mean Leq of the three
periods did not have such an expressive variation.

Considering the records from both rooms, the gross
data show that there were rare occasions in which the ne-
onates were exposed to SPL indicated by specialized agen-
cies, as the L ranged between 54.0 dB(A) and 95.1 dB(A).

The main sound sources detected in both NICU rooms
were: sound from the hallway (14.5% of the recordings in
room A and 14.7% in room B), talk between workers (9%
in room A and 7.4% in room B), alarm sounds from life
support devices (6.3% in room A and 11.8% in room B),
sound caused by the oxygen/compressed air flow (5.9%
in room A and 6.6% in room B) and the sound produced
by shoe heels (6.5% in room A and 3.7% in room B). The
sound caused by the traffic on the streets near the hos-
pital was also an important factor, raising the SPL of the
environments, corresponding to 14.5% of the recordings
in room A and 12.7% in room B.

DISCUSSION

The data from both rooms show SPL values above
those recommended by regulatory agencies such as the
Brazilian Technical Standards Association (Associa¢do
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Brasileira de Normas Técnicas - ABNT), which recom-
mends values between 35 and 45 dBA for hospital envi-
ronments*®; the American Academy of Pediatrics (AAP),
which recommends to avoid SPL above 45 dBA™), and the
World Health Organization?®, which proposes the same
45 dBA. It should be stated that the studied NICU present-
ed, most of the time, SPLs that rate it as noisy, because
hospitals are considered quiet when the SPL is between
40 and 50 dB; intermediate between 50 and 60dB, and
noisy between 60-70dB!?),

However, the present results are in agreement with
other NICU studies. A study performed at a teaching hos-
pital in Ribeirdo Preto-SP, Brazil, found smallest Leq of
49.9 dBA and the highest of 88.3 dBA*?, At another teach-
ing hospital in S3o Paulo -SP, the SPL ranged between 61.3
and 66.6 dBA, with the highest records on weekends!?? .

The present study hypothesis of high SPL noise sourc-
es can be explained by the excessive flow of workers. The
NICU receives, in addition to the many workers, faculty
and students of undergraduate and graduate courses of
many health areas. Furthermore, the diversity, quantity,
and the occasional rarity of the problems affecting the
newborns at the studied NICU imply discussions about
the conducts to be followed, and those discussions usu-
ally take place inside the room or in the hallway, with
the room doors open. NICU teams take longer to change
shifts and it usually takes place next to the beds, and pro-
cedures are performed at a slower pace (aiming at teach-
ing purposes).

On the other hand, in the present study, taking into
consideration the gross data, only the hallway noise
reached a Leq of 65.5 dB, recorded during the night shift.
It should be stressed that the hallway is also a place where
students usually stay. This conclusion was possible be-
cause at night there are fewer workers in the rooms and
fewer procedures are performed.

The noise produced when nurses change shifts, along
with the noise caused by the outside traffic and in the hall-
way, reached 59.2 dBA at night. Outside traffic produced
about 56.4 dBA, while the noise generated by dragging
the infusion pump reached SPL of up to 56.4 dBA. Sound
levels above 70 dBA were obtained in the early hours by
the noise inside the building alone.

A North-American study performed using a dosimeter
positioned in the center of a neonatal ward recorded the
SPL generated while certain nursing procedures were per-
formed; for instance, leaving the orogastric tube open re-
sulted in levels of more than 75.3 dB. Among the sources
of noise found in this study and their respective sound
pressure levels, the following were detected: placing the
enteral diet container on the patients’ bedside table,
dragging the chair over the floor, letting the tap water run,
alarm from the infusion pump and heart monitor, noise
from the oxygen disconnected from the system, phone
ringing at the nursing station, among others®?,
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A NICU study performed by the Ribeirdo Preto College
of Nursing found that the lowest and highest Leq record-
ed were: 44.9 and 88.3 dB(A), respectively. In that same
study, peaks of 95.1 to 100.0 dB(C) represented 80.92% of
the obtained integrated sound pressure levels (),

In this study, considering the data collection method
used, it is concluded that the variables that resulted in the
final SPL value are not occasional. These results reveal the
everyday profile of the acoustic ecology of the NICU, con-
sidering that the sample covered the three work shifts on
every day of the week for 14 days. The above data also in-
dicate that a considerable part of the noise is triggered by
care activities indispensible to the neonatal service and to
their families, which makes it more difficult to perform en-
vironmental management that would result in a reduction
of the SPL without building the awareness of the team
and having them engage in the process.

Ecological issues in the hospital environment have, for
some time, been the center of attention of nurses, though
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