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ABSTRACT

The integrated care approach has been a focal point of interest for the past few years. In this approach,
noise is viewed as a compromising element in the normal development of newborns in neonatal intensive
care units. The objective of this study was to develop a methodology that could evaluate the impact of a
training program designed for nurses regarding existing noise levels within a neonatal intensive unit. This
method entails measurements of noise levels and their sources. The method's development was based on a
continuous evaluation of noise levels in a neonatal intensive care unit (NICU), using a computer (type 1
sound-level metre) before the nurses’ training. In order to evaluate the impact of the nurses' training, noise
level measurements obtained before training at described locations are to be repeated after training.
LAeq, 1sec, as well as audio samples were recorded throughout 8 work shifts. The project was conducted in
an Ottawa regional hospital that specializes in the treatment of sick children. The average pre-training
noise levels were 53 dBA, 61 dBA and 65 dBA, for the night, day, and evening shifts respectively. These
levels largely exceed the maximum sound level of 40 dBA recommended by the World Health
Organization to avoid negative effects on sleep in hospitals. On the basis of this study, the training of
nurses likely contributes to the reduction of noise levels in NICUs, but interventions concerning noise
control are also necessary in order to ensure an acceptable sound environment for neonates requiring
intensive care. (Project supported by the University of Ottawa)

SOMMAIRE

Au cours des dernieres années, l'approche de soins intégrés a retenu l'attention. Entre autres, le bruit est
considéré comme un élément qui peut compromettre le développement normal des nouveau-nés dans les
unités de soins intensifs (NICU). L'objectif de cette étude était de développer une méthodologie qui
permettrait d’évaluer éventuellement I'impact d'une formation des infirmieres sur les niveaux de bruit
prévalant dans les unités de soins intensifs. La méthode porte sur les mesures de bruit et leur source.
L'élaboration de la méthode a été basée sur une évaluation continue des niveaux de bruit dans un NICU,
avant la formation des infirmiéres, en utilisant un ordinateur (sonometre, classe 1). Dans le but d'évaluer
I'impact d'une formation des infirmieres, les mesures des niveaux de bruit obtenus avant la formation
devront étre reprises aprés la formation. Des LAeq, 1sec., ainsi que des échantillons audionumériques, ont
été enregistrés lors de 8 périodes de travail. Le projet a été mené dans un hopital pédiatrique de la région
d'Ottawa. Les niveaux moyens de bruit pré-formation étaient de 53 dBA, 61 dBA et 65 dBA, pour la nuit,
le jour et la soirée, respectivement. Ces niveaux dépassent largement le maximum de 40 dBA recommandé
par I'Organisation Mondiale de la Santé afin d'éviter les effets négatifs sur le sommeil. Sur la base de cette
étude, il est prévu que la formation des infirmieres devrait contribuer a réduire les niveaux de bruit, mais
que des interventions de contrdle du bruit a la source devront aussi étre menées afin d'assurer une ambiance
sonore acceptable pour les nouveau-nés qui requierent des soins intensifs. (Projet financé par I'Université
d'Ottawa)



1. INTRODUCTION

In the past few years, efforts have been made to improve the
physical and psychological environments of neonates within
neonatal intensive care units (NICUs) (Als, Lawhon, Duffy,
McAnulty, Gibes-Grossman & Bicikman, 1994;
Merenstein, 1994; Oehler, 1993; Tucker Blackburn &
VandenBerg, 1993). The impetus for this study came from
caregivers based at Children Hospital of Eastern Ontario
(CHEO), who were interested in applying and assessing the
benefits of individualized care. In particular, they wished
to measure the effect on physiological outcome and length
of stay in the neonatal intensive care unit, of training nurses
in this methodology. For this reason, it was crucial to assess
the validity and reliability of the evaluation method, in order
to assess the outcome of the training program. Above all,
the caregivers at CHEO wanted to focus on the aspect of
noise in NICUs.

2. LITERATURE REVIEW

The presence of noise in hospitals has become a major
concern for both caregivers and researchers alike (Kurdahi
Zahr & Balian, 1995; Elander & Hellstrom, 1995; Strauch
et al.,, 1993; Topf 1992a & b; Hodge & Thompson, 1990;
Topf & Dillon, 1988; Webster & Thompson, 1986; Topf,
1985; Aitken, 1982). In a document on community noise
prepared for the World Health Organization, Berglund &
Lindvall (1995) recommended that the maximum sound
level should not exceed 40 dBA in order to maintain an
acceptable environment for sleep in hospitals. The most
important aspect is to ensure a low background noise level,
such as 30 dBA. According to this intemationally-used
document, efforts should be made to reduce peak noise
levels as well as the number of noise events before reducing
the background equivalence level.

Anagnostakis, Petmezakis, Messaritakis & Matsaniotis
(1980) documented relatively high noise levels (48-56 dBA)
in a neonatal intensive care unit. Although these levels are
considered safe for adults, these researchers expressed their
concerns regarding the physiological and psychological
effects of these noise levels on premature neonates. Thomas
(1989) commented that, given the immaturity of their
central nervous systems, premature neonates cannot inhibit
auditory stimulation. In fact, the functional integrity of the
central nervous system is very precocious and, as a result, a
slight tap or blow to the incubator, which can generate noise
levels of 70 dBA or 95 dBpeak, can trigger apnea or
bradycardia. = Many other negative effects have been
associated with noise, including hypoxemia, intraventricular
hemorrhage (Long et al., 1980), and reduced sensibility to
auditory stimulation (Segall, 1972). Thomas (1989) also

stated that noise levels tend to be higher with the
complexity of the care/treatment. Consequently, the most
vulnerable children were exposed to highest noise levels.

Tucker, Blackburn & VandenBerg (1993) and Oehler
(1993) also supported Thomas' findings by reporting the
negative effects of the high noise levels in NICUs, insisting
that neonates are at risk of neuro-developmental problems
when the physical environment is not sufficiently
controlled. Deficits, hyperexcitability and language
difficulties are some of the problems that were encountered
with the development of these children. Moreover, these
authors brought attention to the fact that premature neonates
spend several weeks to several months in an environment
which is far different from that found inside the uterus.
Finally, Thomas (1989) listed a number of potential
solutions for noise reduction, such as the modification of
warning alarms, less abrupt handling of the equipment (e.g.
blows to the incubator, closing doors), the purchase of
quieter equipment and the modification of caregivers’ habits
(e.g. limit conversations near the incubators).

A recent study by Als et al. (1994) demonstrated that the
developmental approach, which aims to ensure a controlled
environment (such as noise) for premature neonates, can
provide tangible results. In order to demonstrate this,
training based on the "Individualized developmental care
for the very low-birth-weight preterm infant" model was
given to a group of nurses responsible for the care of an
experimental group of neonates. A control group received
conventional care specific for this population. The
researchers concluded that the neonates in the experimental
group warranted less mechanical ventilation and oxygen
than those in the control group. Furthermore, the children
in the experimental group showed a reduced incidence rate
of intraventricular or pneumothorax hemorrhaging,
improved daily weight gain and younger age of discharge
from the hospital.

During a recent conference, Canadian neonatalogists
insisted on the need to study noise levels and characteristics
in NICUs, in order to eventually assess the effect of noise
reduction on neonates (Walker, 1995). Two studies have
demonstrated that this can be done (Elander & Hellstrém,
1995; Strauch et al., 1993). Both studies insisted on the
collaborative efforts of all health care providers within the
unit as well as the relative low cost and easy implementation
of noise reduction methods. Among the most effective
methods were: reducing verbal and radio noises, forwarding
telephone calls to a more peripheral site, and coordinating
the timing of laboratory procedures. However, there are
limits associated with both studies cited.
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For example, few details are given about the measurement
protocol (identification of noise sources, microphone
placement, type of dB used). As a result, the focus of the
present study is on the development of a rigorous method of
noise level measurements.

3. OBJECTIVES

The objectives of this study included: (1) the development
of a valid and reliable method of noise level measurements
within a neonatal intensive care unit, in order to eventually
evaluate the impact of the training program, (2) the
documentation of the principal noise sources in terms of
origin and levels, prior to the training of the caregivers, and
(3) the drafting of recommendations in regards to the
reduction of noise levels in NICUs (where the sources are
the caregivers, the instruments and the environment).

4. METHOD

4.1 Instrumentation

The equipment used in this study included a Toshiba T5200
portable computer equipped with OldB software (dB Trig:
equivalent to a Type 1 integrating sound level meter (CEIl
804,1985), a 1/2" microphone (Cirrus) with windscreen, and
a 1kHz-94 dB calibrator.

4.2 General Procedure

Since one of the objectives of this study was to eventually
analyze noise level differences before and after the nurses’
training, the noise measurement procedure had to be very
strict and representative of the noise encountered on a
typical day in the NICU. In order to do so, different
methods were consulted such as the standards related to
noise measurements (e.g. CSA Standards Z107.56, 1994),
and the methods proposed for the work environment
(Laroche, 1989) and other environments such as nursery
schools (Truchon-Gagnon & Hétu, 1988). The methods for
noise level measurements intended for nursery schools were
favored in this case, since they can account for a multitude
of noise sources, and the very variable noise characteristics
encountered in NICUs (Truchon-Gagnon & Hétu, 1988). In
fact, these methods combine two complementary
approaches. The first is a quantitative approach which aims
to evaluate noise levels, by means of a sound level meter, at
different times of the day and for different noise sources.
The second is a qualitative approach which aims to obtain
the maximum amount of information regarding noise
sources and their origins, by means of an observation chart
(Bélair, Lafleur, et Leroux, 1986).

Quantitative and qualitative noise samples were taken
during eight periods of approximately six hours each,
including three day shifts (7am to 3pm), three evenings
shifts (3pm to 11pm) and two nights shifts (11pm to 7am).
The use of computerized measurement equipment (01 dB
software on Toshiba T5200) was chosen in order to collect
as much data as possible at one site. Moreover, the
computerized measurement system permitted the recording
of digitized sound samples directly onto a hard-drive.
These audionumeric recordings consisted of a few seconds
each and were obtained approximately every five minutes.
These recordings allowed a comparison with the measured
sound levels and facilitated the recognition of noise sources
identified by means of an observation chart. This procedure
also served as a validation tool for the research assistant’s
visual and auditory observations.

The noise-level measurements did not, at any time, interfere
with the work of the nursing staff. The microphone was
positioned 1 meter from the neonate's head. The
microphone positions were chosen to allow for a more
accurate characterization of the noise levels throughout
space. The exact microphone placement will be repeated in
each room after the training session, in order to correctly
recreate the testing scenario. The data collection of the
noise-level measurements after the nurses’ training, will be
the object of another project.

A major concern during the data-collection procedure was
to ensure that no bias existed while the measurements were
being taken. The nursing staff, clinicians and parents were
all informed that noise measurements were being taken
during the eight week period and that the audio-recorded
data collected would remain confidential. Also, in order to
ensure the representativeness of the noise environment, the
nursing staff was consulted daily at the end of each
measurement period. Had the nurses stated that the
measurements were not representative, we would have
eliminated the data during those shifts.

4.3 Specific procedures for noise level

measurements

The noise level measurements were performed according to
the method prescribed in CSA Standards Z107.56 (1994).
In all instances, the computerized sound level meter (01 dB
software) was calibrated in situ by the use of an acoustic
calibrator (1 kHz, 94 dB), prior to and following each
measurement session. If, at the end of the measurement, the
calibration had shifted more than 0.5 dB, the data would
have been discarded. Also, the microphone was positioned
1 meter from the neonate's head. For each of the
microphone placements, the following data were collected:
() description of the activities in the room’s surroundings
(by means of an observation chart), (b) duration, date and
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time of measurement, ( ¢) LAglxc (A-weighted equivalent
continuous sound pressure level for each 1 second period),
(d) percentage of the average time devoted to each activity,
and (e) microphone placement.

4.4 Description of the neonatal intensive
care unit at CHEO

The NICU at CHEO consists of three rooms and a reception
area. Figure 1 shows a diagram of room #3. The noise
measurements were performed in rooms #2 and #3 since
room #1 was rarely used. Each room can be occupied by up
to eight infants, whether in cribs, bassinets, incubators or
beds with overhead heaters. In rooms #2 and #3, both side
walls had windows from mid-wall to ceiling. The walls in
both rooms were covered with gyps, the floors were covered
with ceramic tiles and ceilings were surfaced with acoustic
tiles. A rectangular melamine covered work station
containing two computers and a sink was located in the
centers of each of the rooms. A second sink was located at
the entrance door, along the front wall. A telephone and an
intercom system speaker were placed beside the door. The
metal-covered ventilation system was located on the back
wall on the right hand side. Typically, three to four infants
were placed along the two side walls, to a maximum of
eight to a room.

5. DATA ANALYSIS

51 Analysis of sound level measurements

The data were analyzed according to the qualitative and
quantitative approaches. The observations obtained by
means of the chart were paired with the sound levels
measured by the computerized measurement system. The
noise levels were then averaged for each typical situation in
the NICU, as well as for each half hour, one hour, day,
evening and night periods. The data are presented in tables
to facilitate their comparison, as well as their comparison to
the post-training measurements. The data presented in the
Table 1 are divided on the basis of the time of day of the
work shift. As a result, there are three sets of data (day,
evening and night) displaying the sound level measurements
obtained on those various day, evening and night shifts.
Also, the ceiling (L5 and floor (L% noise levels are
displayed in Table 1. The L5or ceiling noise levels indicate
that only 5% of all noise levels would be superior to this
given value. On the other hand, the L% or floor noise levels
indicate that 95% of all noise levels would be superior to
this given value.

Figure 1. Diagram ofroom #3

5.2 Determination of the occurrence of
presentation of various noise sources

The total number of occurrences for each of the identified
noise sources was listed for each of the measurement
periods. This total was then divided by the duration of the
measurement period, in hours, which produced a number of
presentations per hour. As for the samples of the infants’
speech and cries, the duration and occurrence of these
presentations were combined and are therefore presented as
a percentage of time.

6. RESULTS AND DISCUSSION

6.1 Sound level measurements

An example of the variation of sound levels obtained in the
course of the first day shift are presented in Figure 2.
Although it may be interesting to study the variation in
sound levels from one day to another for the same time
period, it may also be useful to measure the sound level
variations within a 24 hour period. Table 1gives minimum
and maximum overall L5 and L95 values for each time
period.

Ljg~'ls) position C Lun 03/02/1990

Figure 2. Example of the sound pressure level’s evolution (dBA)
as a function of time. Different sound sources are identified on the
figure.



Day shifts
Overall Los ls
Sound levels 59-62 dBA 48-51 dBA 65-67 dBA
AVERAGE 61 dBA 50 dBA ss OBA
Evening shifts
Overall Los Ls
Sound levels 61-65 dBA 45-61 dBA 65-68 dBA
AVERAGE 63 dBA 57 dBA 67 dBA
Night shifts
Overall Los ls
Sound levels  48-55 dBA 39-47 dBA 54-61 dBA
AVERAGE 53 dBA 45 dBA 59 dBA
24 hour period
OVERALL
AVERAGE 61 dBA 53 dBA 65 dBA

Table 1. Minimum and maximum overall sound levels, floor sound
levels (L5) and ceiling sound levels (L95) for each shift period and
a 24 hour period.

6.2 Relationship between sound levels and

the period of the day

The average overall sound level for a 24 hour period
obtained in this study was 61 dBA. During the day shifts,
the overall sound levels increased due to medical and
radiology rounds. Radiology work was generally completed
in the early afternoon, between 12:00pm to 2:00pm, which
may have caused floor noise and therefore, overall sound
levels, to increase. Moreover, the presence of infant cries,
conversations, and the set-off of alarms contributed to these
elevated sound levels, which appear to be more prevalent in
the morning, from 8:30am to 9:30am.

Fluctuating sound levels during the evening were usually
due to excessive conversation (e.g. nursing staff shift
change, medical intervention) or to infant cries, which often
led to more frequent set-off of alarms. Also, the noise
levels were highly affected by the equipment in the NICU.
As for the night period, infant cries and warning alarms
caused the many sound level variations.

6.3 Overall, floor noise and maximum sound
level

As indicated in Table 1, the average sound level was
highest during the evening shifts (63 dBA) and lowest
during the night shifts (53 dBA). The average sound level
measured in the 24 hour period was 61 dBA. This
particular sound level is higher than the recommended
sound levels in a private residence, which are 35 dBA
during the night and 45 dBA in the daytime, and in
hospitals, which are 30 dBA for the background noise and
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40 dBA for the maximum noise level

Lindvall, 1995).

(Berglund &

The floor noise levels were highest in the evening (57 dBA)
and lowest during the night shifts (45 dBA). Again, these
noise level exceeded the recommended levels established by
the WHO (Berglund & Lindvall, 1995). Furthermore, the
average floor noise level for the 24 hour period is 53 dBA,
which once again exceeds the recommended noise levels
established by the WHO (Berglund & Lindvall, 1995).

There was no marked difference in maximum sound level
measurements (L5 between the day and evening shifts.
However, the maximum sound levels (L5 obtained during
the night shift were lower than those obtained during the
day and evening shifts. Finally, as demonstrated in  Table
1, the noise level measurements obtained during the evening
shifts were higher than those obtained during the day and
night shifts.

6.4 Presentation of sound levels and occurrence
of various common noise sources

Tables 2 and 3 focus on sound level and the occurrence of
individual noise sources, in order to determine their level of
contribution to the overall sound levels. As indicated in
Table 2, the highest average sound level among the warning
alarms was the IV pump alarm (68 dBA). In regards to
human vocalizations, laughter had the highest average
sound level (73 dBA). Finally, the act of "putting down the
crib's wall* (75 dBA) produced the highest average sound
level overall, as well as the highest level within the object
noise sources.

As indicated in Table 3, the cardio monitor alarm was the
most frequent among the warning alarms (5 times per hour).
Among human vocalizations, conversation occurred most
often (38 % of the time). As for object noise sources, sink
and towel ripping noises were the most frequent (4.7 times
per hour, each).

7. GENERAL DISCUSSION

Given the fact that the primary objective of this
study was to develop a valid and reliable method of noise
measurement within the NICU as well as the eventual
evaluation of the impact of a specified training program, it
was imperative throughout this study to ensure the method’s
replicability. As described in the methodology, the various
methods and protocols utilized throughout the data
collection for this study were chosen carefully and executed
rigorously, to ensure their reproducibility in a post-training
study. Recommendations are formulated based on these
data.



General noise
source

- warning
alarms

-human
vocalizations

- object noises

Specific noise source

- 1V pump alarm

- cardio monitor alarm

- feeder pump alarm

- overhead heater alarm

- oxygen saturation
monitor alarm

- laughing

- baby cries

- coughing

- conversation

- putting down crib railing
- cupboard door bang

- object dropped

- poll or crib rolled

- radio

- binder

- towel ripped

- radiology

- supply cart rolled

- telephone ring

- floor washing, chair rolled
- oscillator, intercom, sink
- sterile pack snapped open

Average
sound level *

68 dBA (60-71)
66 dBA (56-69)
65 dBA (59-70)
64 dBA (62-67)
63 dBA (56-66)

73 dBA (56-80)
69 dBA (58-74)
69 dBA (62-73)
64 dBA (52-69)
75 dBA (71-77)
71 dBA (58-76)
70 dBA (53-73)
69 dBA (52-75)
69 dBA (68-70)
68 dBA (54-71)
67 dBA (56-72)
67 dBA (64-69)
66 dBA (54-70)
65 dB

64 dBA (52-68)
63 dBA (53-67)
60 dBA (54-62)

- paper shuffled

- musical mobile

- ventilator
t(minimum and maximum values - dBA)

58 dBA (51-61)
54 dBA (53-54)
48 dBA

Table 2. Various sound sources, in descending order of sound

levels

General
noise source

Specific noise source

- cardio monitor alarm
- syringe pump alarm

- overhead heater alarm
- oxygen monitor alarm
- 1V pump alarm

- conversation

- crying

- coughing

- laughing

- sink

- towel ripped

- cupboard banged

- binder

- intercom

- object dropped

- warning
alarms

- human
vocalizations

- object noises

Occurrence

5 min. per hour

2 min. per hour

1.5 min. per hour
1 min. per hour

0.6 min. per hour
38% of the time*
15 % of the time*
0.5 times per hour
0.2 times per hour
4.7 t mes per hour
4.8 t mes per hour
1.4 t mes per hour
0.6 t mes per hour
0.7 t mes per hour
0.5 tirnes per hour

frequency of occurrence for conversation and crying is presented
as a percentage value because these are continuous, rather than

instantaneous

Table 3. Various sound sources
presentation occurrence

in descending order

of

7.1 Comparison of sound levels with other
studies

The average sound levels were higher by as much as 10 dB
in comparison with those obtained in previous studies.
These differences could be explained in part by the fact that
the methods and protocols in other studies were not
identical to those adopted throughout this study. However,
these differences are more likely due to the fact that the
noise sources at CHEO emit higher sound levels. As
previously mentioned, the average overall sound level
obtained in this study for a 24 hour period was 61 dBA.
Nagorski Saunders (1995) obtained an overall sound level
of 58 dBA. Anagnostakis et al. (1980) measured an overall
sound level of 51 dBA, which is much lower than that
obtained in this study. Furthermore, based on physics
principles, this 10 dBA difference represents ten times more
acoustic energy in the NICU at CHEO.

7.2 Occurrences and sound levels of the
noise sources

Based on the observations and measurements obtained in
this study, conversation, infant cries and the set-off of
alarms represent the primary noise sources in the NICU at
CHEO. The average sound level of conversation obtained
in this study was 64 dBA, a level comparable to that
reported by Thomas (1989) of 58-64 dB. Furthermore, over
the course of this study conversation occurred more often
than all other noise sources identified in the NICU. It was
present 38% of the time, whereas infant cries were only
present 15% of the time. However, these cries were
measured at relatively higher sound levels than conversation
(69 dBA vs. 64 dBA), making them an important
contributor to the overall sound level in the NICU. As a
result, conversation and infant cries, which can be
continuous noise, contributed greatly to the overall noise
level. The floor noise level could have been influenced by
the presence of these noise sources. Furthermore, the floor
noise level depended on the equipment functioning in the
room.

Some warning alarms (10 per hour), "banging" noises
(cupboard doors, binder, carts, etc.), a person coughing and
other noise sources (telephone ringing, sink, ripping of a
paper towel) were identified as being intermittent-short
duration noises, emitting sound levels of over 60 dBA. In
fact, as measured in this study, the average sound levels of
the IV pump alarm and of the sink were 68 dBA and 62
dBA, respectively. Similarly, Thomas (1989) reported an
average sound level of 56 dB for the IV pump alarm and 66
dB for the sink. Although many of these noises are of short
duration, it is important to note that they may still cause
distress for the infants, as impact noises are more disturbing



than continuous noises. More specifically, sound level
measurements for impact noises produced by both the 02
saturation monitor alarm and the Drager SC-8000 incubator
temperature alarm were 62 dBA and 73 dBA respectively,
exceeding the 60 dB noise level sufficient to increase
anxiety, as reported by Standing and Stace (1980).

Finally, the World Health Organization (1980) specifies that
noise levels higher than 30 dBA Leq may cause frequent
arousals during sleep in hospitals. The floor noise levels in
the NICU at CHEO largely exceed this 30 dBA value.

73 Physiological measures to consider in
pre- and post-noise reduction
Very few studies used physiological measures to

demonstrate the outcome of noise reduction on neonates in
NICUs (Als et al., 1994; Kurdahi Zahr & Balian, 1995). In
Kurdahi Zahr & Balian's study, three physiological
measures: infant's heart rate, respiratory rate (RR) and
oxygen saturation (Sa02) were used. Many variables were
studied in Als et al. (1994) experiment but they were based
on medical outcome variables like average daily weight gain
and number of days on oxygen. It would be interesting to
consider these types of physiological and medical variables
in a pre- and post- training study, because it would give
stronger support to noise reduction than simply considering
infants' states (like quality of sleep), as it as been done in
other studies (Strauch et al., 1993).

8. RECOMMENDATIONS

The following paragraphs present recommendations
regarding warning alarms, human vocalizations and object-
related noises.

8.1 Warning alarms

Several different alarms were identified in the NICU. These
alarms generally produced abrupt, intermittent, and
relatively high-pitched signals louder than 60 dBA. This
level is able to startle a child and neighboring infants, as
well as to cause annoyance to the nursing staff.
Furthermore, as observed in the NICU, each child was
usually monitored by at least one of these alarms. As the
state of health of the newborn decreased, the number and
frequency of alarms increased. In order to reduce their
duration and occurrence, the NICU staff would need to
respond more rapidly to the alarms and their causes. In
addition, the alarms must be perceived by the NICU staff
through the continuous ambient noise, which includes

conversation and equipment. As a result, the reduction of
background noise is also a priority. Once the background
noise is lowered, reducing the sound levels of the various
alarms would be essential, and would require the efforts of
manufacturers.

These recommendations are similar to those proposed in
other studies examining noise and the audibility and
identification of various alarms in hospitals. In fact, Cropp,
Woods, Raney & Bredle (1994), as well as Montahan, Hétu
& Tansley (1993), concluded that the number and frequency
of alarms that were set-off in the various intensive care units
were too abundant for the staff to correctly discern them
from one another. As a result, both these studies encouraged
the reduction of noise in these ICUs by limiting the number
of alarms, by finding alternatives to auditory alarm signals,
by designing better units and by reducing the background
noise levels. Another study by Nagorski Saunders (1995)
concluded that shielding the top and sides of the incubators
with quilted coverings was an effective method of in-situ
noise reduction.

8.2  Human vocalizations

Another recommendation would be to organize an
awareness campaign focused on the negative effects of noise
on patients and staff which would emphasize noise
reduction.  As demonstrated in the study by Benini,
Magnavita, Lago, Arslan & Pisan (1996), it is important to
train NICU caregivers about the effects of noise, especially
human vocalizations, and about the significance of noise
reduction on newborns. In order to do so, a committee
could be formed with the reduction of conversations near the
resting infants as its first goal. Ideally, posters would be
displayed reminding staff and visitors that silence is an
essential condition for sleep. Moreover, end of work shift
nursing reports should not, as much as possible, be held in
proximity to the infants. Also, the number of physicians and
students near the newborns during medical rounds should be
reduced or these rounds should not be held near resting
infants. Finally, if possible, the parents could bring their
child into a separate visitor's room, in order to give him or
her reprieve from environmental noises, such as other infant
cries, conversation and alarms.

8.3 Object-related noises

Numerous recommendations are presented in regards to
object-related noise productions. Table 4 presents examples
of recommendations.
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Noise sources

- stainless steel trays,
pans and sinks
- carts, chairs, and cribs

- cupboard doors

- ceramic-tile floors

- binders (loud clicking
sounds)

- towel dispenser

-sterile packs

- housekeeping and other
outside noise

- noise within the NICU
(bathing the infants,
procedures performed on
the infants, washing
hands, medical rounds,
etc.)

- reverberation within the
NICU

|[[Noise réduction recommendations

- cover with absorbent material, such
as liquid rubber

- fit with larger wheels, cover with
absorbent material, regular
maintenance (lubrication of mobile
parts)

- absorbent pads

- cover with absorbent material

- replace with those equipped with
sliding-closing apparatus

- replace with those that do not
require “ripping”

- open with scissors (instead of
tearing)

- keep NICU door closed as much as
possible

- utilize the center room as an
“activity station”

-curtain the windows and acoustic
paneling on ceiling

Table 4. Recommendations for object-related noises

9. CONCLUSIONS

The measurement method has been validated throughout this
Ultimately, the various measurements will be
repeated in a post-training session, in order to evaluate
whether or not, based on this study's recommendations and
the training program, the noise levels in the NICU have
significantly decreased.

study.
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