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ABSTRACT

Evidence indicates that exposure to high levelsoide adversely affects human health, and
these effects are dependent upon various factoreospitals, there are many sources of
noise, and high levels exert an impact on patiants staff, increasing both recovery time
and stress, respectively. The goal of this pilotigtwas to develop, implement and evaluate
the effectiveness of a training program (TP) orsaseduction in a Neonatal Intensive Care
Units (NICU) by comparing the noise levels beforal after the implementation of the
program. A total of 79 health professionals papated in the study. The measurements of
sound pressure levels took into account the lagbtlte unit and location of the main sources
of noise. General results indicated thatqUevels before implementation of the training
program were often excessive, ranging from 48. 94 2BA to 71.7 + 4.74 dBA, exceeding
international guidelines. Similarly following impteentation of the training program noise
levels remained unchanged (54.5 + 0.49 dBA to &3l®B7 dBA), despite a decrease in some
locations. There was no significant difference befand after the implementation of TP.
However a significant difference was found fay, ¢pea before and after training staff,
suggesting greater care by healthcare professipeaisrming their tasks. Even recognizing
that a TP is quite important to change behavidnis, ieeds to be considered in a broader

context to effectively control noise in the NICU.



INTRODUCTION

Evidence indicates that human exposure to highldexd# noise produces
physiological and psychological disorders, and these effects are dependent upon various
factors (Guthrie et al. 2014). Noise in neonattdnsive care units (NICU) is recognized as
an agent with negative implications on health aredl-tveing of premature infants (Nicolau
et al. 2005) and health professionals. Philbin &rdy (2002) documented that sound
pressure levels in intensive care units ranged d@mtvb5 to 75 A-weighted decibels (dBA).
These results are higher than the limit recommerimethe World Health Organization
(WHO), which recommends that the average backgroorse in hospitals should not exceed
35 dB Laeq for areas where patients are treated or obseRgrdvardrooms in hospitals the
guideline values indoors are 30 dBAek(A-weighted equivalent sound pressure lewat
a corresponding Amax (maximum A-weighted sound pressure level) of 4&{Berglund et
al. 1999). These levels are influenced by the eqgaig (including alarms, monitors,
ventilators, infusion pumps, nebulizers) and bylthearofessionals/visitors behavior (with
tasks and conversation) (Short et al. 20a%)shown in Table 1 (Pugh and Griffiths 2007)

In general high-intensity noise levels may indudeygiological instabilities in
newborns, such as apnea, bradycardia and abrapadhions in heart rate, respiratory rate,
blood pressure and oxygen saturation (Philbin ala&$2000; Wachman and Lahav 2011).
Complex exposures to multiple chemical and physigaints, such noise, have the potential
to produce several different sorts of interactiotihwegard to health outcomes (Fechter 2004;
Guthrie et al. 2014)Actually, noise acting in synergy with ototoxic geumay increase the
risk of sensorineural hearing loss in prematuraritd (AAP 1997; Surenthiran et al. 2003).
Other long-term negative effects include languaffecdities and altered brain development

(Brown 2009), abnormal auditory development as waslisuggestion of a link between



excessive noise and attention deficit hyperactidisorder (Bremmer et al.2003). Health

professionals are concerned about this issue agmctifiéd noise as a barrier to work

performance (Gurses and Carayon 2009; Sampaiodilato2010). In fact, noise may induce
extra-auditory effects in professionals includingrmout, stress and fatigue, which results in
errors (Mahmood et al. 2011).

In Portugal there has been a considerable incliegseterm births, which in 2004
increased from 6.7% to 8.8% in 2009 (Machado 2@l1). Thus, it is essential to promote
a quiet environment to reduce the impact of nomesls on health and well-being of
premature infants and health professionals. Enwiental modifications might effectively
decrease noise levels (Philbin and Gray 2002; Philbd Klaas 2000; Ramesh et al. 2009);
however, the process of caring for hospitalizedepéd, require frequent and ongoing
interpersonal discussions. Minimizing patient expesto interpersonal communications
between healthcare staff requires a behavioralggaf well-structured training program
seems to be a low-cost measure to begin noisetredymocess in a hospital environment
(Tsunemi et al. 2012).

The aims of this study were to (1) assess the deokhoise by measuring the equivalent
sound pressure levels in zones located in NICURdauguese hospital and (2) examine the

influence of implementation of a training prograhi} for staff on noise reduction.

MATERIALS AND METHODS
Clinical Settings

All measurements were performed in a NICU of a ltekfmcated in Porto, Portugal,
between July 2011 (first phase — measurements falento implementation of TP) and

July 2012 (second phase — measurements obtainedt@srafter the implementation of TP).



The clinical/technical area of the unit consistswé rooms (A — Intensive Care and B —
Special Care), without total separation betweemastfuctures. Room A includes the
integrated set of physical, technical and humane#gige, where newborns in critical
condition with failure of vital bodily functions arassisted by advanced life support for 24
hr/day. Room B also includes an integrated sethgtigal, technical and human expertise,
intended to provide care for infants with failufeam organ or system, but not intended for
neonates requiring mechanical ventilation. Thetaggphysical infrastructure separating the
compartments consists of plywood with glazed sefac top. The floor is concrete with
vinyl covering, walls are made of painted plastaridowith three glass windows and the roof
is concrete. NICU (rooms A and B) has capacityrtvjgle care for approximately 19 patients
with a total of 14 incubators and 5 nurseries. Batiparation of parenteral nutrition and
medication are located in a common area of therweons, but the entrance is accessed
through room A, and consequently underwent grearastunt of staff/traffic activity.
Noise Measurements

Noise level measurements were performed usingraddeuel meter class 1 (01 dB®,
model Solo-Premium). In accordance with Robertdal. €1998), a preliminary survey was
performed in order to identify noise sources. Ithb@moms (A and B) measurements were
made continuously over 24 hours in two areas: vstakions and traffic zones (at least 1m
away from the walls at a height between 1m and rm)69n room A noise was also
determined inside an incubator. The measuremenpeak sound pressure leveb, (cpea)
were made using the C filter and the A-weighted\eajant sound pressure levelady) were
obtained using the A filter, which is a frequencgighting filter that simulates human
hearing. Slow response time averaging (1 sec) sasuged because is the most appropriate

response for the majority of the applications irspitals and provide stable readings,



according to Philbin and Gray (2002). To ensureueste measurement, recording was
preceded by calibration of the sound level metenfiet al. 2002), with an acoustic calibrator
class 1 (RION®, model NC-74). In analysis and iptetation of results reference values
given by WHO were used (Berglund et al. 1999).

Training Program (TP)

The TP was performed through a lecture of approteim®0 min and conducted by
the investigators. In order to ensure that all skeff of the NICU under study such as
physicians, nursing staff and auxiliary staff atted the lecture (n=79), 14 training sessions
were given. The lecture included the results ofsitiend pressure levels obtained in the first
phase and comparing these to the recommended valgggested by WHO and other
regulatory agencies. The negative impact of noisehealth, both for neonates and
professionals, was also discussed and some attianseeded to be implemented to ensure
noise reduction were undertaken. Regarding thesenacthe health professionals were led
to discuss and reflect on current practice, frantimegproblem. The health professionals were
encouraged to develop an action plan to addres#isp®oise issues, in order to be involved
in the process and obtain their commitment for feitumplementation of noise reduction
protocols. Without their commitment, the transférknowledge may not be effective in
changing practices and behavior
Statistical Analysis

The processing and data analysis involved deseeigtiatistics, with analysis ofkg
and Lp, cpeavalues. All tests considered a 95% confidence wateiThe normality Shapiro-
Wilk test and the Student’s t test for paired sasaplere applied. The software IBM SPSS™
(Statistical Package for the Social Science&)\&fsion and MS Excel® 2013 were used for

the analysis.



RESULTS

The training content and the staff perception reéigarthe main sources of noise in
the NICU and suggestions to decrease noise in gresseonments are presented in Table 2.
In general, the healthcare staff identified equiptneisitors, healthcare procedures, traffic
inside the rooms and team conversation as the seairces of noise in the NICU.

The results obtained in the two rooms of NICU befand after implementation of
TP are shown in Table 3. Before implementation Bf Ixeq (ABA) values ranged between
60.4 to 71.7 dBA in Room A and between 58.1 to 888 in Room B. Inside the incubator,
Laeg Was 48.7 dBA. After implementation of TPaek values in Room A areas ranged
between 58.8 to 59.5 dBA and in Room B, ranged &etv60.3 to 63.9 dBA. Thedq values
inside the incubator increased to 54.5 dBA. Thsulte demonstrated no significant
differences betweenakq values before and after TP implementation, althaame relevant
work practices concerning the impact of noise vaslested.

The highest }, cpea(dBC) value was found in the “Work Station” areaRddom A
before TP implementation (143.3 dBC). Data showatigignificant differences were found
between k, cpeaddBC) values before and after TP. Table 4 showdrdgiencies spectrum
in octave bands among the areas under study. TheHz0vas the frequency which had
higher levels in the majority of the areas befard after the implementation of TP (Room
A (“Traffic Zone” — 56.7 dBA and 56.5 dBA); Room BWork Station” — 56.7 dBA and
58.7 dBA; “Traffic Zone” — 59.1 dBA and 53.7 dBA)).

DISCUSSION

During TP sessions, noise was identified by probesds as a disturbing agent and

exerted a negative impact (Table 2), is in agre¢matih data presented by Gurses and

Carayon (2009) and by Santos et al. (2014) who dstreted that health professionals



perceived “equipment’s” as one of the most annoyioge sources followed by "team
conversation" and “visits”.

The “Work Station” of Room A had a decrease @gqBAndLp, cpeakvalues, 71.7 to
58.8 dBA and 143.3 to 102.8 dBC, respectively (€&8)l It was apparent by professionals,
that greater care was being undertaken in cargutgheir tasks regarding noise production.
However, in the “Traffic Zone” of Room B, the noikel increase almost 6 dB after the
TP, probably attributed to the presence of visitorg other staff (from ancillary departments
that did not participated in the TP) and might be source of this rise. ThendgVvalues
obtained in the “Work Station” and “Traffic Zoneé&tore and after the implementation of
TP exceed the recommended values given by WHO dgrashd night periods, indicating
more attention needs to be taken. Regarding theesahside the incubator, despite the
elevation of laeqValues after the TP (48.7 dBA to 54.4 dBA), theelswobtained exceeded
the recommended threshold. In general, the resbined (Table 3) may be attributed to
the number of newborns that were in NICU beforewithout specific care needs) and after
TP (10, which two were helped by an oximeter amatilsgor, that may produce 60-78 and
60-80 dBA respectively (Pugh and Griffiths 2008imilar data were reported by Tsunemi
et al. (2012).

Data analysis revealed that low frequencies tendatee more influence on noise
produced in the NICU than higher frequencies (Tdbld hese results are in agreement with
Gray and Philbin (2000), who stated that noiseurseries is dominated by low frequencies,
with some exceptions due to loud mid-frequenciesnas. Kellam and Bhatia (2008)
suggested that human speech contribute to the spgaind energy at 500 Hz.

Despite adherence by healthcare staff to TP, thaseno significant reduction of noise after

TP implementation. These results suggest thatniécessary to consider several factors that



may ensure the effectiveness of TP. It seems tlratnipact was lost over time, but
diminution of Ly, cpeakvalues may indicate that health professionals dakie their activities
more carefully. In fact, the effectiveness of tnaghhealthcare professionals presents some
contradictory findings in literature (Oliveira et 2013). Several studies showed that the
implementation of TP in this area contributed tuetion of sound average levels, although
by itself does not yield the recommended threshaldls and its impact tended to decrease
over time (Philbin and Klaas 2000). It is suggedieat a TP incorporated into a more
comprehensive quiet protocol, involving low cosvieonmental (or others) modifications,
seems to ensure decrease of noise levels (Ramesh2809) affecting positively patient
well-being and improvement of satisfaction level®iinor and Ortiz 2009). Other studies
also reported some resistance from health profeslsid@o noise reduction programs, being a
factor that needs to be considered in future progrélaylor-Ford et al. 2008). Connor and
Ortiz (2009), noted in their study that staff abssieved that noise affected the physiologic,
psychologic, and overall health of patients. Irs thiudy, the impact of staff education was
measured by patient-satisfaction scores surveys.surveys after staff education,
improvement was expressed in fewer poor ratings aanéhcrease in good to very good
ratings (Connor and Ortiz 2009).
CONCLUSIONS

Noise is a common problem in NICU, and exerts $iggmt adverse implications for
health and well-being of patients and staff. Resghowed that after 6 months of TP
implementation, there was no significant noise otidn in the NICU and inside the
incubator. However, }_cpeakdata are an indication that in conjunction withestfactors, a
TP may be an excellent action to reduce noise $eWhile recognizing the importance of

TP in order to promote changes in the team’s d#gpit needs to be recognized that the



effects are not long lasting. The training sessinesds to be repeated more often, and
physicians, nursing staff, supervisors, senioréesltip, staff from related departments and
family members/visitors need to atteidbise in all the rooms of a NICU might be reduced
considerably by incorporating affordable behavi@adl environmental modifications, and
by renovation and/or preventive maintenance of mgent. Training the staff in order to
implement quiet work behaviors is essential andia¢e be seen as a first step to implement
a quiet time protocol in neonatal intensive units.
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Table 1 — Equipment and behavioral causes of noise intensive care units. Adapted
from Pugh and Griffiths (2007)

Source of noise

Items falling onto the floor Up to 92 dB(A)
Equipment movement (e.g. bed) 90 dB(A)
Connection of gas supply 88 dB(A)
Door closure 85 dB(A)
Pager 84 dB(A)
Talking 75 - 85 dB(A)
Ventilator alarm 70 - 85 dB(A)
Nebulizer 80 dB(A)
Telephone 70 - 80 dB(A)
Television 79 dB(A)
Oximeter 60 - 80 dB(A)
Monitor Alarm 79 dB(A)
Ventilator 60 - 78 dB(A)
IV infusion alarm 65 - 77 dB(A)

Endotracheal aspiration unit 50 - 75 dB(A)




Table 2 — Training content and feedback from healtbare staff.

Healthcare staff feedback |

Training content

Main factors that contribute to Suggestions to help decrease the noise
the noise level on unit

level

1. General concepts of noise;

2. The impact of noise exposure in a

hospital setting;

3. National legislation and internationa%
standards regarding noise exposure én

hospitals;

4. Main health effects of noise exposur4'

of neonates and health professionals;

5. Presentation and discussion of results

for the study developed in the NICU,;

Some
procedures.

6. Recommendations to reduce noise in

neonatal units.

. Traffic in the room;
Visitors behavior;

Equipment / alarms;
Team conversation;

healthcare

1.
2.
3

5.

Limit number of visitors;

Keep voices down;

Improve the technology regarding
the implementation of a centralized
control of all the alarms of NICU in
workstation area;

More quiet at change of shift;
Substitute metallic materials (drug
transport cars for eg.) by others
made of washable plastic;

Perform some tasks more carefully
to avoid noise production.




Table 3 - Values of mean heq (dBA) and Lp, cpeak (dBC), before and after

implementation of the training program.

LAeq (dBA) - _
Before L p, Cpeak (d BC) - LAeq (d BA) After Lp' Cpeak (d BC) =
Room Area Mean + SD
Mean + SD Before (Min-Max) After
(Min-Max)
. 71.7 +4.74 58.8 £2.72
Work Station (47.8-114.6) 143.3 (47.6-76.4) 102.8
. 60.4 £5.32 59.5+1.95
A Traffic Zone (43.6-91.5) 115.8 (53.0-75.0) 101.5
Inside 48.7 £ 2.94 54.5 +0.49
Incubator (42.2-68.1) 104.1 (53.3-65.7) 928
. 59.9 +6.01 60.3 £3.09
o Work Station (39.5-85.8) 106.3 (46.4-79.2) 99.7
. 58.1 +3.07 63.9 £+4.37
Traffic Zone (43.8-82.0) 113.2 (47.0-82.2) 98.9

SD — Standard Deviatiop;= 0.917 laeq (dBA); p = 0.043 L, cpeak(dBC).



Table 4 — Spectral analysis of noise generated imoms A and B, before and after the
implementation of the TP.

Frequencies (Hz

Room Area 63 125 250 500 1000 2000 4000 8000
dB
a Work Station 783 753 716 688 659 63.1 59.8 256.
: A Traffic Zone 529 50.7 56.0 56.7 526 529 50.7 648.
5 Inside Incubator 61.8 618 58.2 472 499 46.2 3931.3
"g B Work Station 545 531 551 56.7 546 53.2 52.6 046.
Traffic Zone 538 494 576 59.1 59.1 578 54.8 448.
Work Station 527 557 548 555 53.3 514 50.6 145.
& A Traffic Zone 483 50.8 532 56.5 53.1 558 51.0 944,
5 Inside Incubator 55.1 53.9 480 46.8 445 37.7 3697.2
‘E B Work Station 539 496 542 587 546 524 48.3 840.

Traffic Zone 51.2 473 514 537 509 505 522 647.




