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Abstract

Purpose: Noise levels remain high in clinical settings, which may result in stress and sleep disruption, and can lead to immunosup-
pression, delayed healing, confusion, disorientation, delusions, and increased length of hospital stay. The purpose of this quality
improvement project was to assess effects of a multidisciplinary noise reduction program on a pediatric unit in an acute care
hospital in a developing country.

Methods: A quality improvement project was carried out over 15 months in a pediatric unit. A three-phase study was conducted
where the first phase included obtaining patient satisfaction ratings and recording sound levels, the second phase included
implementing a noise reduction program and designing a noise detector machine, and the third phase included obtaining patient
satisfaction data and recording noise levels over a 1-year period.

Results: There was a significant decrease in noise of 8 A-weighted decibels when comparing the values before and after implementing
the quality improvement project at t = 6.44, p < 0.000. There was no significant difference in patient satisfaction ratings.

Clinical Implications: Noise in the pediatric unit exceeded recommended guidelines; however, decreasing the levels was possible
and sustainable, which can improve the psychological and physiological wellbeing of hospitalized children.
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or decades, it has been postulated that human

exposure to high levels of noise produces physi-

ological and psychological disorders; current

evidence supports this premise (Falk & Woods,
1973; Guthrie et al., 2014; Kahn et al., 1998). In 1973,
Falk and Woods recorded noise levels in different hos-
pital units and concluded noise levels stimulate the
hypophyseal-adrenocortical axis leading to peripheral
vasoconstriction and lack of sleep. Four decades later,
noise levels remain high, resulting in stress and disturbed
sleep and can lead to immuno-
suppression, delayed healing,
confusion, disorientation, delu-
sions, and increase in hospital
length of stay (LOS) (DuBose
& Hadi, 2016; Hsu, Ryherd,
Waye, & Ackerman, 2012;
Topf, 2000). Patients most at
risk are children, elderly, the
chronically ill, and those with
mental illnesses (Cranmer &
Davenport, 2013; Goines &
Hagler, 2007; van Kamp &
Davies, 2013). In 1860, Flor-
ence Nightingale wrote that noise is “that which damag-
es the patient” (Nightingale, 1860, p. 14). A significant
amount of research has documented that sound levels
from medical equipment alarms, telephones, heating,
air-conditioning systems, personnel, beepers, and staff
talking, among other noises, are stressors that disrupt
patients and affect their wellbeing (Busch-Vishniac et al.,
2005; Edworthy, 2013; van Kamp & Davies). Research-
ers have found noise negatively affects patient sleep by
release of epinephrine and norepinephrine (Basner et al.,
2014; Topf; Topf, Bookman, & Arand, 1996), which
impedes the recuperation process (McCarthy, Ouimet,
& Daun, 1999), alters memory, and increases agitation,
aggressive behavior, and delirium (Brown, Rutherford,
& Crawford, 2015; Short, Short, Holdgate, Ahern, &
Morris, 2011; van de Pol, van Iterson, & Maaskant,
2017), all of which increase hospital LOS, decrease
patient satisfaction, and increase mortality (Bailey &
Timmons, 2005; DuBose & Hadi; Hsu et al.). Noise
alters concentration, and increases fatigue, irritability,
and burnout among nurses (Iyendo, 2016; Joseph &
Ulrich, 2007; Mahmood et al., 2011; Xie, Kang, &
Mills, 2009). Despite negative consequences of noise
on patients and staff, sound levels in hospital environ-
ments have increased progressively over the years with
dramatic increases to a level of 57-72 dB(A) during the
day and 42-60 dB(A) at night (Busch-Vishniac et al.).
The World Health Organization (WHO) recommends
average sound levels in hospitals should not exceed 35
(A-weighted decibels [dBA]) with a maximum of 40 dBA
overnight (Berglund, Lindvall, & Schwela, 1999). These
recommended levels are significantly lower than what
most studies have reported (Darbyshire & Young, 2013;
Hsu et al.; Luetz et al., 2016; Oliveira, Gomes, Bacelar
Nicolau, Ferreira, & Ferreira, 2015).
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More research is
needed to document
the negative consequences
of noise in hospitalized
children.

Several studies have described interventions to reduce
noise. These include, but are not limited to, changes in
hospital design (Luetz et al., 2016) behavior modifica-
tion (Li, Wang, Vivienne, Liang, & Tung, 2011; Mon-
sén & Edéll-Gustafsson, 2005), staff education (Olson,
Borel, Laskowitz, Moore, & McConnell, 2001), and
strategies to decrease environmental noise levels (Luetz
et al.). Few studies, however, have assessed the com-
bined effects of different strategies on reduction of noise
over time (Chawla et al., 2017). No published stud-
ies were found that included a
researcher-designed instrument
to alert people to high noise
levels. This is especially impor-
tant as commercially available
instruments are costly and may
not be affordable to many hos-
pitals in the developing world.
The purpose of this quality im-
provement (QI) project was to
assess effects of a multidisci-
plinary noise reduction program
on a pediatric unit in an acute
care hospital in a developing
country over a 15-month period. The time frame was
chosen to allow adequate time to assess sustainability of
the multiple interventions over time. The QI project was
based on patient and family complaints that the pediatric
unit was too noisy and that noise was disturbing their
childrens’ sleep.

Methods

Design: A quality improvement project was conducted.

Setting

The study took place in the pediatric unit at the Ameri-
can University of Beirut Medical Center in Beirut, Leba-
non. The hospital is a 350-bed tertiary care center pro-
viding a variety of inpatient and outpatient services to
the people of Lebanon and the Middle East. It has Joint
Commission International accreditation and is Magnet-
designated. The pediatric unit has 27 beds with 5 to 10
admissions per day. Flooring is made with a 3 mm thick
vinyl sheet; walls of hollow concrete blocks (10 and 15
cm) with 2 cm thick plastering on both sides, and painted
with colored paintings. The nurse station is constructed
of wooden panels and is in the middle of the unit. There
are 29 registered nurses, 10 practical nurses, and 1 nurse
aid. There are two medical interns, one resident physi-
cian, one chief resident physician, and three medical stu-
dents. No overhead speakers or public announcements
are used on the unit.

Procedure

This three-phase study that took place between Febru-
ary 2016 and February 2017 was exempted for institu-
tional review board approval as it was considered a QI
project. In the first phase, a taskforce representing all
stakeholders (nurses, attending physicians, the patient
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affairs department, house staff physicians, plant engi-
neers, housekeepers, and security personnel) was formed
to review the literature and develop action plans. Base-
line patient and family satisfaction responses (both ob-
jective and subjective) were obtained on 25 participants
(72% response rate) for 3 months prior to implementa-
tion of the program based on the Patient Satisfaction
Survey-Middle-East (PSS-ME) (Kouatly et al., 2015). The
PSSME is a 22-item Likert survey adopted to our culture
from the Hospital Consumer Assessment of Healthcare
Providers and Systems survey. It was tested on sample
of 1,339 randomly selected patients with a reported
cronbach’s alpha coefficient of » = 0.87 and adequate
construct and predictive validity (Kouatly et al., 2015).
Sound levels were recorded for 3 consecutive weekdays
using the sound meter (Lutron SL-4023SD), which is a
time data recorder but does not display any visual light
to high noise levels. One of the study members walked
around the unit at different times of the day and week
and recorded sound levels every 10 seconds to determine
location of the noisiest areas. Highest noises were next
to the nurses’ station where the sound meter was perma-
nently installed in the hallway facing the nurse’s station.
The sound meter recorded noise levels for 3 consecutive
24-hour days, which was preceded every morning by cali-
bration by a plant engineer.

Phase two consisted of implementing the noise reduc-
tion program, which included an education component
and an action plan was designed by the engineering de-
partment at the Medical Center. (Table 1). In phase two,
a noise detector machine was designed by the engineer-
ing department at the university. This was done based
on the pilot status of the project and the cost (~$1,200
each) of commercial sound ears from outside the coun-
try. The noise detector designed by our engineering
department is ear shaped and made of plexiglass with
an electronic circuit and timer that records noise lev-
els and displays a yellow light when noise levels exceed
40 dBA to 65 dBA and a red light when noise levels
exceed 65 dBA. The noise detector measures sound us-
ing an electric condenser microphone with an accuracy
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A quality improvement
project can be effective at
reducing noise levels in a
pediatric unit.

of alarm threshold at + 3 dB. It was calibrated using the
SL-4023SD.

In phase three, the noise detector machine was in-
stalled in the unit next to Lutron SL-4023SD sound meter
also facing the nurses’ station and became clearly visible
to staff, parents, and patients. Thresholds for the noise
were set to 40 dBA based on the American Academy of
Pediatrics (AAP) guidelines that recommend noise levels
to be less than 45 dBA (AAP, 1997). Posters reminding
people and visitors to be quiet were hung in the hallways.
Similar to phase one, sound levels were continuously re-
corded for 9 months using the same sound meter (Lu-
tron SL-4023SD). Patient satisfaction data were obtained
from 38 participants (74 % response rate) as required by
our institution using the PPSME (Kouatly et al., 2015).

Environmental Changes to
Decrease Noise Levels

New beepers were purchased to replace using the intercom.

Wheels of the linen and housekeeping carriages were
changed to rubber.

Door knobs were oiled.

Time for using the floor cleaning machine was adjusted so
that it does not interfere with sleep periods.

Adjusting the telephone sound levels to below 45 dBA.

Allocation of a special room for nurses and physicians
to discuss patient-related issues. (This initiative was not
implemented.)

Patients were provided with earplugs if they so required.
Adjusting the intercom sound level to below 45 dBA.

Establishing a second nursing station to relieve the
congested primary nursing station.

Distribution of reminder pins to all unit staff and house staff.

Distribution of noise stickers at the main entrance of the
unit to reinforce the noise reduction campaign.
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Intervention

The intervention had three components 1) educational
sessions, 2) behavioral modifications, and 3) environ-
mental changes based on current research (Luetz et al.,
2016; Taylor-Ford, Catlin, LaPlante, & Weinke, 2008).
Educational sessions were 60-minute Powerpoint presen-
tations conducted by two of the investigators and modi-
fied for each group of employees based on their specific
needs. All nurses, physicians, housekeepers, plant engi-
neers, and food service personnel were required to attend
(N = 395). Presentations involved results of sound levels
obtained in phase one as well as the sources of noise,
and compared them with the recommended values by
the WHO (Berglund et al., 1999). The negative impact
of noise on health, for both children and professionals,
was also discussed. Behavioral changes implemented in-
cluded instructing the medical and nursing team not to
use the cell phone in patient’s room or in the hallway, to
switch the cell phone to the silent or vibrating mode, to
have their conversations in a special room, and to lower
their voices when talking. Environmental changes in-
cluded working with the physical plant engineers to come
up with cost-effective ideas that would decrease noise as
noted in Table 1.

Data Analysis

Sound level data were transferred to a laptop computer,
summarized and transferred to an SPSS 24 file for man-
agement (IBM SPSS, version 24.0, Armonk, NY). To
quantify changes in noise levels before and after the edu-
cation and noise reduction strategies, sound levels were
summarized and averaged for the 3 consecutive days be-
fore the intervention (phase one) and compared with the

Example of Highest and Lowest Mean Noise
Levels in dBA in 24 Hours in Pediatric Unit Measured

by the Lutron SL-4023SD

summarized and averaged data for 9 months after the
intervention (phase three) using a paired-samples T-test.
Paired T-tests were also used to compare patient satisfac-
tion scores before and after the intervention on question
16 pertaining to noise on the PSSME.

Results

Sources of noise identified in phase one of the study that
were measured using the Lutron SL-4023SD were mostly
from people; healthcare professionals and visitors, fol-
lowed by environmental noises such as opening and clos-
ing doors and by equipment such as ringing phones and
beepers. Most of the subjective comments of patients
were related to the loud voices of staff and visitors, for
example; Nurses should change their way in speaking
and speak quieter. The highest noise level recorded was
119.5 dBA as seen in Figure 1, which provides an ex-
ample of a 24-hour recording of noise levels in dBA with
the highest and lowest noises.

There was a significant decrease in noise levels before
and after implementing the project as noted in Figure 2.
Before the program, average dBA values in 3 days ranged
between 39.45 and 94.75 with a mean of 62.54 + 11.43.
After the program, the ranges in the 12-month period
were between 27.45 and 56.27 with a mean of 54.24 +
5.94 (t = 6.44, p < 0.000). There was no significant dif-
ference in patient satisfaction related to noise (one item
on the survey), mean was 4.25 + 1.14 for the 25 partici-
pants before the intervention and 4.13 + 2.15 for the 38
participants after.

Discussion

This QI project aimed at identifying noise levels and
sources of noise in a pediatric unit
and assessing effectiveness of an ed-
ucational, behavioral, and environ-
mental intervention. Sources of noise
reported in this study are similar to
those mentioned in other published
reports that include noise from con-

—o— Lowest value —=— Mean Largest versations of healthcare workers,
120 195 value followed by ringing telephones, and
o 115 10 8 equipment (Brgom, Capek, Carachi,
103.9 104.1 Akeroyd, & Hilditch, 2011; Camp-
100 975 96.9 bell, Arfanis, & Smith, 2012). Like-
» 90 92.6 %6 91.9 94.3 wise, a multicenter study in Spain
T g 21 (Marqués, Calvo, Mompart, Arias,
2 20 & Quiroga, 2012) noted that the
% . o5 "5 002,628 3 /'WW- 169.0 ;relgj'rcl annoying nolises}iln a ﬁ(oipitg}
Pt —- g were people who talk lou

50 TEE 5T 54.8 48 15E !y. Th1§ may be more pronounced
40 S22 1520 408 137 —a 41.2 in a Middle Eastern county such as
399 303 J9.4 739 Lebanon where patient rooms and
NV—F—"F ¢ £ £ € £ £ £ E £ = hallways are crowded with visitors

S 58 558 5 5 s 5 5 55 o& (Hajj et al., 2017)
: : T : : : T : : Sound levels recorded in this
E § § 3 E § § § § E § § study exceeded the WHO interna-
R - N - tional standards (Berglund et al.,
1999) for noise levels in hospitals
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Noise Levels Over a 12-Month Period

tients and families. It is also worth
noting that in general Middle
Eastern people speak with higher

64 tones and volumes (Rababa'h &
0 62.54 (£11.43) Abd Alkareem Malkawi, 2012),
62 which makes adhering to the 45
60 dBA sound level even more dif-
ficult. Several researchers in the
2 58 (RZ ?:) West have also found that it is
2 56 5342 = 5373  54.01 close to impossible to adhere to
< (45.11) A3.98) (£7.12) 45 dBA noise levels (Chawla et al.,
T 54 am v+ 547 — 2017; Oliveira et al., 2015) thus,
- (+4.45) (£4.15) in a region where higher tones and
I volumes are the norm, should the
50 WHO standards be adjusted? It is
i likely that ongoing education and
o > ™y o © N support of staff is necessary before

o"‘\o S oqog Q © 4\06 <\<<0 ?‘Q‘ beﬁgvioral change is quant?ﬁed.

Q}AQ @’8\\\ \A\? G_)Q,Q &9 N @,&\\
& ¥ Limitations
< M Although the intervention was suc-
onths

before and after the intervention. Although there was a
significant decrease as a result of the intervention, the
sound level remained high and warrants further inter-
ventions and long-term assessments especially for chil-
dren who need more hours of sleep during the night
than adults. The WHO (Berglund et al.) recommends
that for a good sleep, sound levels should not exceed 30
dB(A) for continuous background noise and 45 dB(A)
for an individual noise event. Therefore, we can as-
sume that in our institution where noise levels are high,
children are not getting a good sleep especially rapid
eye movement sleep, which is necessary for their recov-
ery as well as their growth (Zaharna & Guilleminault,
2010).

The intervention, which included several facets, was
effective in reducing noise levels albeit, not in changing
the satisfaction of patients, probably due to the small
sample size of patients surveyed. It is possible that it
takes a longer period of time to change opinions of pa-

Suggested Clinical Implications

e Nurses working in pediatric units should make consistent
efforts to reduce noise levels as they have been shown to
be harmful for children.

e Nurses can work with a multidisciplinary team to promote
practices to reduce noise.

e Engaging parents, family, and other visitors to reduce
noise has been shown to be effective.

e Hospitals with limited budgets may design their own
methods to decrease noise levels.

March/April 2018

cessful in reducing noise levels in

this study, and the fabrication of a

locally designed instrument at a low
cost was strength of this project, several limitations are
worth noting. Assessing noise levels for a longer period of
time preintervention may have provided richer and more
representative data. Using spectral analysis would also
have enhanced data quality and provided frequencies of
sound some of which are more disruptive to patients. We
did not assess staff satisfaction that would have added fur-
ther information. We collected data over 12 months, which
may be insufficient to detect changes in patient satisfaction
scores related to noise. Further studies are recommended
to reduce noise levels in hospitals and to document patient
satisfaction, experiences, and outcomes (Elliott, McKinley,
& Eager, 2010).

Clinical Implications

Controlling noise levels in hospitals is possible and sus-
tainable, which can improve the psychological and phys-
iological wellbeing of hospitalized children. It has been
well documented that noise is an environmental stressor
that has negative consequences especially for children
who are vulnerable. The focus of future research and QI
projects should be to implement a variety of interven-
tions to reduce noise levels and to assess the impact of
such interventions on both the short- and long-term out-
comes of patients as well as staff. =
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