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ABSTRACT

Objective: To study the perception about environmental
noise of professionals and parents of neonates assisted in a
Neonatal Intensive Care Unit (NICU), and to compare the
findings with the measured noise levels.

Methods: The perception of parents and professionals that
work in the NICU in relation to the presence of noise was
evaluated by a questionnaire. Sound levels in three rooms
and in the corridor of that environment were registered 24
hours/day during 9 days by the Quest Q-400 Noise Dosim-
eter and analyzed by QuestSuite™® software. Kruskal-Wallis
e Mann-Whitney tests were used to compare the noise levels
in different places, being significant p<0.05.

Results: The average noise levels in the intensive, inter-
mediary care, isolation rooms and in the corridor of the unit
were 64.8,62.1, 63.8 and 61.9dBA, respectively (p<0.001).
Health professionals qualified the noise as present and in-
tense, but parents evaluated the noise as moderate. Health
professionals judged their own behaviors as noisy, and parents
believe that they do not contribute to the existent noise at
the place. Health professionals believed that newborns and
professionals who work in the NICU may be injured by the
noise, but this was not true for parents. All groups considered
possible to reduce noise.

Conclusions: The opinion about noise intensity differed
significantly among health professionals and parents. Health
professionals were more coherent about NICU’s measured
and perceived noise levels.

Key-words: noise; infant, newborn; noise measurement;
neonatology.

RESUMO

Objetivo: Conhecer a percepg¢io dos profissionais atuantes
em Unidade de Terapia Intensiva Neonatal e dos pais dos
recém-nascidos internados sobre o ruido existente, além de
compard-la aos niveis de ruido mensurados.

Métodos: Por meio de questiondrio, investigou-se a
percepgdo dos profissionais que atuam na unidade, bem
como a dos pais dos recém-nascidos internados, quanto
ao ruido existente no ambiente. Os niveis sonoros das trés
salas e do corredor da unidade foram registrados 24 horas/
dia, por nove dias em cada local, com dosimetro Quest 400,
e analisados pelo soffware QuestSuite™®. Para comparar os
niveis de ruido nos diferentes locais, aplicaram-se os testes
de Kruskal-Wallis e Mann-Whitney, sendo significante
$<0,05.

Resultados: Nas salas de cuidados intensivos e interme-
didrios, no isolamento e no corredor da unidade foram regis-
trados niveis médios de ruido de 64,8, 62,1, 63,8 ¢ 61,9dBA,
respectivamente, sendo diferentes entre si (p<0,001). Os
profissionais da satide consideraram o ruido presente e in-
tenso e os pais, moderado. S6 os primeiros julgam ruidoso o
préprio comportamento. Os profissionais da satide acreditam
que tanto os recém-nascidos quanto as pessoas que trabalham
nesse ambiente podem ser prejudicados pelo ruido, enquanto
os pais acreditam que ndo. Todos os grupos julgam possivel
reduzir tal ruido.

Conclusdes: A opinido sobre a intensidade do ruido
diferiu entre os profissionais da satide e os pais dos recém-
nascidos. Houve maior concordancia entre o nivel de ruido
mensurado e a percep¢do do mesmo pelos profissionais da
satde.
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Introduction

Neonatal intensive care units (NICU) use a large number
of technological resources to increase the survival of their
newborn (NB) patients by guaranteeing them the best avail-
able treatment and the fastest recovery time. However, many
of these technologies produce high sound pressure levels
(SPL) and make the intensive care environment noisy, con-
tributing to the appearance of physiological and behavioral
disorders in people exposed to it.

The most common sources of noise are: mechani-
cal ventilators, heated cots, infusion pumps, monitors,
incubators”, alarms"> and air-conditioning®. High noise
levels have also been reported as being caused by workers

(1-4,6,7)

laughing and conversing , lack of care opening and

closing ICU doors**>%?; moving incubators; dragging

® and carelessness when closing cupboards, drawers

chairs
and trashcans®?.

Exposing NB to high levels of noise does not only risk
causing hearing deficiency!'?, but can also alter sleeping pat-
terns and cause irritabilicy'"'?, agitation, crying, tiredness,
increased oxygen consumption and elevated heart rate?,
with a negative impact on the healing process.

Professionals working in the presence of high sound
pressure levels can suffer tiredness"?, headaches, reduced
ability to concentrate, irritability, hypertension®, altered
cardiac rhythm®*! hearing loss"*!'®, mood swings">'",
psychiatric disorders (neuroses, psychoses and hysteria)'”
and stress">17+19),

Parents of patients subjected to high noise levels can suf-
fer physiological and behavioral stress and sensory overload
and the noise can also make it difficult for them to interact
with their infants"?.

Current standards recommend that daytime noise levels
in hospitals be maintained below 45dBA"*'*-?? with a L
second) of 65dBA®“?, while at night the limit is 35dBA"?.
However the recommended levels, whether from Brazilian
or international standards, are often exceeded.

The objective of this study is to investigate the percep-
tions of professionals working in the NICU at the Hospital
Universitdrio de Santa Maria HHUSM) of the noise levels in the
unit and also the perceptions of the unit’s patients’ parents
and to compare these perceptions with actual noise levels

measured in the unit.
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Methods

This is a quantitative, non-experimental, descriptive
and exploratory study using data collected in the NICU at
the HUSM between the 10th of November and the 20th of
December of 2007. The project was approved by the research
ethics committee at the Universidade Federal de Santa Maria.
Management at the HUSM and the NICU also gave their
consent to the research after analyzing the proposal.

The unit comprises one intensive care ward (six/eight
heated cots and incubators); one intermediate care ward
(eight standard cots) and one isolation ward (three heated
cots).

The study investigated those professionals working at the
unit and the parents of its patients who did not have hearing
deficiencies considered severe enough to interfere with the
study and who agreed to take part. Employees who were on
holiday or on leave were not included and neither were par-
ents who did not feel emotionally able to take part because
of their children’s condition. No sample size calculation was
made because the intention was to research the perceptions of
those health professionals and parents who were in the unit
during the study period. The final study sample comprised
43 (61%) health professionals, six (9% ) professionals from
other areas and 21 (30%) parents of patients who were in the
NICU at the HUSM during the study period. Professionals
who were not health professionals (secretarial and general
staff) were classified as “other professionals” for analysis.

The lead author administered a questionnaire containing
eight open or closed questions on: the respondent’s opinion of
the acoustic environment in the HUSM NICU; major sources
of noise; possible effects on professionals, parents and patients
and possibilities for reducing the noise in the unit.

At the same time that the questionnaire data was col-
lected, noise levels in the NICU were measured. Sound levels
were measured in all three wards and in the unit’s corridor, 24
hours a day for nine days in each location, using a Quesz 400
noise dosimeter calibrated and monitored by an occupational
health and safety technician. There was an interval of 1 day
between ending measurement in one location and setting
up in the next, during which time the data were uploaded
to a computer. Therefore, approximately 216 hours (12,960
minutes) of sound level data were collected at each location,
making a total of more than 51,800 minutes of measure-
ments for analysis. These noise measurements were planned
on the basis of the availability of the noise dosimeter and no
sample size calculation was performed.
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The dosimeter was positioned in each measurement loca-
tion, as described below:

e Intensive Care Ward: approximately 1m from the ceiling,
on top of a cupboard fixed to one of the side walls of the
ward.

e Intermediate Care Ward: approximately 80cm from the
ceiling, also on top of a cupboard fixed to one of the side
walls of the ward, this time to the left of the door.

e Isolation Ward: Im 20cm from the ceiling, on top of a
rectangular light fitcting on the wall to the right of the
door — the light fitting did not make any noise that could
interfere with measurement.

e Corridor: 15c¢cm from the ceiling on top of a cupboard,
very close to the door leading to the intensive care
ward.

It was not possible to position the noise dosimeter in the
center of the wards or of the corridor, as recommended in
the literature, because the flow of people, the unit’s routine
and the positioning of furniture were all unfavorable.

Fixing the noise dosimeter approximately 1m from the
ceiling was also ruled out because the physical conditions
were not conducive to this and it was not possible to inter-
rupt the unit’s routine or to make loud noises while fitting
an appropriate support for the meter.

The meter was programmed to operate from 40 to
140 dB. The exchange rate adopted was the Brazilian
standard of q=5dB®?, which means that sound intensity
doubles for every 5dB increase. The battery was changed
and the meter calibrated every day. The meter was also
calibrated before starting measurements at each new mea-
surement location.

Estatistica 7.0 was used to analyze data from the ques-
tionnaire and, wherever possible (closed questions), the
chi-square test and the difference between two independent
proportions were used, to a significance level of 5.

The SPL measurements were analyzed by TST using
QuestSuite™ software.

Noise levels at different measurement locations were com-
pared using the Kruskal Wallis nonparametric test and the
Mann-Whitney U test, both to a significance level of 5%.

Wherever possible, the questionnaire results were related

to the noise level measurements.
Results

Table 1 shows the results for the parents of patients and the
professionals’ perceptions of whether the unit was noisy and, if
so, of the intensity of the noise. There was only a statistically
significant difference between the health professionals’ and the
parents’ perceptions. When asked about the sources of noise
in the unit, 98% of the health professionals and 67% of the
other professionals said they thought the noise was primarily
generated by equipment. A large proportion of the parents
(48%) believed that equipment was primarily responsible for
creating the noise, followed by 29% who believed that the
professionals were the primary cause of the noise in the NICU.
There were statistically significant differences between the
health professionals’ opinions and the opinions of the other
professionals (p=0.003), and also between the opinions of the
health professionals and the parents’ opinions (p<0.001).

Table 2 shows the perceptions of the professionals working
in the NICU and of the parents of the unit’s patients about
their own behavior in the unit. The health professionals’
opinions differed statistically from the other two groups.
The noisy behaviors mentioned with greatest frequency were
unavoidable handling and movements and conversation.

Table 3 lists the groups’ opinions on whether the noise
in the NICU could be harmful to professionals, patients
or parents. There were statistically significant differences
between the opinions of the health professionals and the
opinions of the other two groups on whether the noise in
the NICU could harm the neonates (p<0.001). The health
professionals’ opinion on whether exposure to the noise in
the NICU could be harmful to professionals was also differ-
ent to the other two groups.

Table 1 — Perceived level of noise in a neonatal ICU according to professionals and parents of patients

Noise Total
Absent Moderate Intense n
n (%) n (%) n (%)
Health professionals 0 17 (39.5) 26 (60.5) 43
Other professionals 1(16.7) 2 (33.3) 3 (50.0) 6
Parents of patients 4 (19.0) 14 (66.7) 3(14.3) 21
Total 5(7.1) 33 (47.1) 32 (45.7) 70

Health professionals versus parents of patients, p<0.001.
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When asked about the possibility of effects harmful to
the parents, the majority of respondents did not believe that
they would be affected by the noise in the HUSM NICU
because they did not spend long enough in the NICU. No
statistically significant differences were detected between
the three groups.

When asked whether it would be possible to reduce the
noise in the unit, the majority of the health professionals
(98%), the other professionals (67%) and the parents (57 %)
believed it would be possible, with a statistically significant
difference between the proportion of health professionals and
the proportion of other professionals (p=0.003) and between
the proportion of health professionals and the proportion of
parents who believed it would be possible to reduce noise
(p<0.001).

Chart 1 illustrates the opinions of the different groups
on the sources of noise in the HUSM NICU, the possibil-
ity of harmful effects to infants and professionals and on
the measures that could be taken to reduce the noise in the
unit studied.

Fifteen of the professionals investigated worked on the
morning shift, 10 during the afternoon, 16 on the night

shift, and 2 during the morning and afternoon. Taking just
those professionals who worked on the morning shift, 53%
thought the noise level was moderate and 47% thought
it was intense. All mentioned that the noise is primarily
caused by equipment and the majority (73%) thought they
contributed to the noise level. All believed that both pa-
tients and professionals exposed to these noise levels could
suffer harmful effects, but the majority (60%) believed that
patients’ parents would not be affected. All stated that it
would be possible to reduce the noise in the unit.

Of those working in the afternoon, 80% classified the
noise as intense, 90% of them believed that the noise in the
unit is primarily caused by equipment and 80% thought
they contributed to the noise on their shift. All mentioned
that the noise in the unit could be harmful to both patients
and professionals, but half believed that patients’ parents
would not be affected. Almost all (90% ) stated that it would
be possible to reduce the noise in the unit.

Among those working on the night shift, 69% classed
the noise as intense and 31% as moderate; all thought that
the noise is primarily caused by equipment and more than
55% thought they contributed to the noise level in the unit.

Table 2 — Perceived effect of own behavior on Neonatal ICU noise according to professionals and parents of patients

Own behavior does not

Own behavior does

contribute to noise contribute to noise Tor:al
n (%) n (%)
Health professionals 14 (32.6) 29 (67.4) 43
Other professionals 5(83.3) 1(16.7) 6
Parents of patients 19 (90.7) 2(9.5) 21
Total 38 (54.3) 32 (45.7) 70

Health professionals versus other professionals: p=0.023; health professionals versus parents of patients: p<0.001; other professionals versus

parents of patients: p>0.005.

Table 3 — Opinions of professionals and parents of patients on whether people exposed to the noise in the NICU could suffer

harmful effects

The noise is

The noise

Sf;::& d not harmful could be Dor:] t(:(/ol;ow Tor:al
n (%) harmful n (%)

Health professionals Neonates 1(2.3) 42 (97.7) 0 43

Other professionals 2 (33.3) 3 (50.0) 1(16.7) 6
_Parentsofpatients ___9(429)  8(@381) _ 4(190) 21

Health professionals Professionals 1(2.3) 42 (97.7) 0 43

Other professionals 2(33.3) 4 (66.7) 0 6
_Parentsofpatients 12(67.1)  5(238)  4(190) 21

Health professionals Parents 29 (67.4) 12 (27.9) 2(4.6) 43

Other professionals 3 (50.0) 2 (33.3) 1(16.7) 6

Parents of patients 14 (66.7) 6 (28.6) 1(4.8) 21

Harmful to newborn infants: health professionals versus other groups, p<0.001;
Harmful to professionals: health professionals versus other professionals, p=0.003; health professionals versus parents, p<0.001.
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Chart 1 — Opinions of the three groups on sources of noise in the HUSM NICU, possible effects on newborn infants and profes-
sionals, and measures to be taken to reduce the noise in the unit.

Sources of noise

(n)*

Possible effects on
newborn infants (n)?

Possible effects on
professionals (n)?

Measures to reduce
noise (n)*

Health
professionals

air-conditioning (34)
behavior of
professionals (24)
vacuum cleaners (24)
ventilators(21)
monitors (15)

hearing problems (22)
sleep disturbances (21)

behavioral
disorders(20)

stress (16)
irritability (14)

stress (27)

irritability (19)

hearing problems (14)
headaches (8)
tiredness (8)

change and/

or service air-
conditioners (32)
change and/or

service life support
machines (29)

alarms/beeps(14)

Other
professionals

air-conditioning (3)
behavior of 2)
professionals (2)
flow of people (2)

behavior of
professionals (11) (5)

life support machines
in general (10)

Parents of
patients

behavioral disorders

hearing problems (1)

behavioral disorders

sleep disturbances (3)

raising professionals’
awareness (17)
change and/

or service air-
conditioners (3)

stress (3)
irritability (2)

hearing problems (2)
change and/or

service life support
machines (2)

headaches (2)
tiredness (2)
attention disorders(2)

raising professionals’
awareness (6)

" opinions of people who thought that the HUSM NICU was noisy (moderate or intense noise); 2 opinions of people who thought that patients could
be affected by the noise in the HUSM NICU; ® opinions of people who thought that the professionals could be affected by the noise in the HUSM
NICU; “ opinions of people who thought that it was possible to reduce the noise in the HUSM NICU.

Behavioral disorders: agitation, fright, abnormal breathing, crying.

All believed that both patients and professionals exposed
to this environment could suffer harmful effects, but the
majority (87%) mentioned that patients’ parents would not
be affected, probably as a result of the short exposure time.
All stated that it would be possible to reduce the noise in
the unit.

The mean noise levels recorded in the intensive and inter-
mediate care wards, the isolation ward and the corridor were
64.8dBA, 62.1dBA, 63.8dBA and 61.9dBA respectively.
Figure 1 illustrates the maximum and minimum average
levels (AvgL) by shift and by measurement location. It was
observed that in all four measurement locations the highest
maximum and minimum AvgL both occurred during the
afternoon shift. It was also observed that higher noise levels
were recorded in the intensive care and isolation wards and
the greatest variability was recorded in the intermediate
care ward.
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Taking the entire dataset, the noise level variability was
also greatest in the intermediate care ward and the differ-
ence when compared to the other locations was statistically
significant (p<0.001), but the other locations did not differ
significantly from each other (»p=0.26).

When the measurement results were compared with the
respondents’ perceptions of noise levels, the health profes-
sionals had closest agreement with recorded levels, particu-
larly those who worked on the afternoon shift. Furthermore,
the noise variability recorded supports the respondents’
perceptions about sources of the noise (air-conditioning and
professionals).

Discussion

It was found that the mean noise at all four measure-

ment locations exceeded 45dBA for the majority of the

Rev Paul Pediatr 2010;28(2):162-9.
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Intensive care
70 ha (Maximum AvgL)

68 Intensive care
(Minimum AvgL)

Intermediate care

(Maximum AvgL)

66
64 Intensive care
(Minimum AvgL)
Isolation
(Maximum AvgL)

62

Noise (dBA)

i

60 .
Isolation
58 (Minimum AvgL)
Corridor

(Maximum AvgL)

Corridor
54. . . . " (Minimum Avgl)
Morning Afternoon night

Shifts

56

Dba: Decibels; AvgL: Average Level (mean); HUSM: Hospital Uni-
versitario de Santa Maria; NICU: Neonatal intensive care unit.

Figure 1 — Minimum and maximum AvgL, by shift and
measurement location.

measurement period. This finding suggests that this is an
environment with elevated sound pressure levels and is
in agreement with the perceptions of the great majority
of the people in the sample, who considered the NICU to
be a noisy environment. The health professionals’ percep-
tions most clearly illustrate the presence of excessive sound
levels, which do not meet the recommendations of Brazil-
ian or international standards for neonatal and hospital
environments" %22,

On the subject of the sources of noise, all three groups’
opinions agree with a study by Scochi ez 2/’ which found
that the principal cause of noise in NICUs is the equipment.
These findings also support the results of a recent study®“?,
which found that a large proportion of the nursing profes-
sionals in a NICU at a medium-size hospital in the state of
Sdo Paulo believed that the noise in their unit was primarily
caused by equipment.

When asked to specify noise sources, a large proportion
of respondents mentioned air-conditioning systems, in com-
mon with many other studies of NICUs“®%:29 which have
observed a significant increase in noise in front of running
air-conditioners. Studies conducted by Oliveira et «/*® and
Zamberlan® detected increases of 17dBA to 3.5dBA in the
background noise levels in NICUs when air-conditioners
were switched on.

The professional team’s activities was the second most
mentioned source of noise, in agreement with research by
Chen and Chang®”, Diniz et «/® and Carvalho et 2/ with
conversation%” being one of the most often mentioned
activities. In agreement with these studies, the present study
found that, after equipment noise, conversations were the
second ranked cause of noise in the NICU®?,

Rev Paul Pediatr 2010;28(2):162-9.

The health professionals’ perceptions of what behaviors
increase this noise were similar to those listed in other stud-

ies that have identified elevated SPL in the environments

studied as being caused by conversation!-*¢”

S(S,ZS).

, emergency
procedures and treatment processe

With reference to the possible harmful effects on newborn
infants exposed to the SPL in the HUSM NICU, the health
professionals mentioned hearing deficiency, which agrees
with a document published by the American Academy of
Pediatrics"”, which warns that exposure to the noise levels
in PICUs can cause cochlear damage, because immature
auditory structures may be more susceptible to lesions from
a combination of noise and other risk factors.

Other harmful effects mentioned by these respondents
were similar to the findings of other studies that have listed

112 behavioral disorders®?

sleep disturbances, irritability"
and stress''? as possible harmful effects to neonates exposed
to high sound levels.

With reference to the harmful effects of the noise in the
HUSM NICU on the professionals working in the unit, the
effect most often mentioned by health professionals was
stress, similar to what was observed by Morrison, Haas,
Shaffner ez /", the World Health Organization"” and
Topf'®. The next most common were irritability’®, hearing
problems®*® headaches’®, and tiredness'?, all of which
have been mentioned in other studies. Also agreeing with
the literature, the other professionals mentioned stress>!"'¥,
irritability!'” and hearing problems"*!® as possible harmful
effects.

A large proportion of the parents of NICU patients be-
lieved that the professionals were unaffected by the noise, in
common with reports published by Morrison, Haas, Shaftner
et al™, the World Health Organization"” and Topf"®.

Asked about the possibility of harmful effects on parents
exposed to the NICU noise levels, all three groups were in
agreement that parents would not be affected since they
spent so little time in the unit.

With reference to measures needed to reduce sound

levels, in common with Diniz e 2/©

, our sample stated
that the air-conditioners needed replacing. Reeducation of
the professional team was also suggested by health profes-
sionals and parents, similar to the literature®®*>2?. Both
health professionals and other professionals also mentioned
the need to replace equipment for quieter models, which
@5)

was also suggested by Lichtig and Maki®. Reducing the
volume of equipment and its sensitivity, suggested by the

other professionals, has also been mentioned in a number of
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other studies®*?. In addition to these measures, the parents
mentioned taking more care not to drag chairs and to open
and close trashcan lids more quietly, which agrees with a
study by Holsbach ez a/.

The most intense sound pressure levels were recorded in
the intensive care ward and the isolation ward, which have
more life-support equipment. It is believed that the sound
levels are intensified by the alarms on machines which, due
to the conversations that take place in these wards and the
distance between incubators and monitoring points, are set
to maximum volume, as was found by Holsbach ez 2/, It was
expected that the SPL would be lower in the intermediate
care ward, which has a smaller number of these machines.

When the mean noise levels were analyzed by shift, it
was observed that in all measurement locations the noise
levels were at their most intense during the afternoon shift
and at their lowest during the night shift, in common
with results published by Ichisato” and Corréa®". How-
ever, even during the night the noise levels exceeded the
recommendations"?.

When the measured noise levels were compared with
the health professionals’ perceptions, the greatest degree
of agreement was observed with the afternoon shift, since
80% of them considered the noise level in the NICU to be
intense, while workers on the other two shifts were split
between those who thought noise was moderate and those
who thought it was intense. Furthermore, more profession-
als on the afternoon shift believed that their own behavior
contributed to the noise, indicating their awareness that
their shift had elevated SPL.

Noise level variability was greatest in the intermediate
care ward, with periods of silence contrasting with periods
of intense noise, possibly caused by the professionals or by
air-conditioning turning on, since the ward has no life-
support machines.

One limitation of this study was the failure to fix the
dosimeter in the center of each measurement location,
one meter from the floor or one meter from the ceiling.
This may have affected the results since it prevents equal
capture of the sound pressure levels originating from all
points within the location. Furthermore, the low number of
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professionals who were not health professionals prevented
extrapolation of the results of this group. Notwithstand-
ing, it was still considered important to present their
perceptions and to compare them with those of the health
professionals.

In conclusion, the predominant perception among the
health professionals was that the HUSM NICU has intense
noise levels. They thought that they contribute to increasing
the noise and that both newborn infants and professionals
exposed to the noise could be affected by it. Half of the
other professionals considered the noise in the NICU to be
moderate and believed that these levels could be harmful to
both patients and professionals. The majority of them did
not think their own behavior was noisy. The parents thought
the noise in this NICU was moderate and that they did
not contribute to the noise. They believed that these levels
would not affect the professionals. Opinions were divided
on whether the neonates would suffer harmful effects, with
a majority thinking they would not. All groups thought it
would be possible to reduce the noise. The health profession-
als’ perceptions exhibited the greatest degree of agreement
with actual measured noise levels.

The findings of this study validate those of other studies
conducted in neonatal units, finding excessive sound levels
that do not meet Brazilian or international standards and
recommendations for hospital and neonatal environments.

It was observed that the health professionals questioned
considered the NICU studied to be noisy, that they dem-
onstrated knowledge of the effects of that noise on newborn
infants and professionals and that they believed that they
themselves contributed to the noise levels, in contrast with
the other two groups. These findings indicate a need to
implement noise reduction programs in order to avoid the
unit’s patients suffering from physiological, psychological
and behavioral disorders, thereby aiding their development
and promoting the recovery process, in addition to improv-
ing the physiological and psychological wellbeing of the pro-
fessional team. It is to be hoped that the fact that the health
professionals are aware of their contribution to production
of these excessive noise levels will facilitate implementation
of the necessary programs.

Rev Paul Pediatr 2010;28(2):162-9.
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