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ABSTRACT Objective: This study was conducted to determine the
alarm fatigue of nurses working in pediatric and adult intensive care
clinics. Material and Methods: The sample of the descriptive and
cross-sectional study consisted of 166 nurses. The STrengthening the
Reporting of OBservational Studies in Epidemiology checklist was
used in the study. Data were collected by contacting nurses and shar-
ing the link to the Google Survey via e-mail and WhatsApp groups be-
tween February-April 2021. It took the participants 5-10 minutes to fill
in the data collection tools. Nurses’ Introductory Information Form pre-
pared by the researchers and the Nurses' Alarm Fatigue Scale was used
to collect the data. Results: The mean score of the Nurses' Alarm Fa-
tigue Scale was 18.02+5.94 which was moderate. The analysis also
demonstrated that the length of service in the profession, the length of
service in the intensive care unit (ICU), the ICU worked in, and the
work shifts variables did not statistically significantly affect the mean
scores obtained by the participants. However, the weekly working hours
variable statistically significantly affected the mean scores obtained by
the participants (p=0.019). Finally, the variable of the presence of a
noise meter in the ICUs where the nurses involved in the study worked
statistically significantly affected the mean scores obtained by the par-
ticipants (p=0.009). Conclusion: The nurses experienced alarm fatigue
moderately and their sociodemographic characteristics did not affect
the level of alarm fatigue. It was concluded that increased weekly work-
ing hours and lack of noise meters in the ICUs increased the nurses’
alarm fatigue levels.

Keywords: Fatigue; critical care nursing; intensive care units;
medical device; pediatrics

OZET Amagc: Bu calisma, ¢ocuk ve erigkin yogun bakim kliniklerinde
calisan hemgirelerin alarm yorgunlugunu belirlemek amaciyla yapildi.
Gerec ve Yontemler: Tanimlayici ve kesitsel tipte olan arastirmanin
orneklemini 166 hemsire olusturdu. Calismada “STrengthening the Re-
porting of OBservational Studies in Epidemiology” kontrol listesi kul-
lanild1. Veriler, hemsirelerle iletisime gegilerek ve Google Anketinin
baglantisi e-posta ve WhatsApp gruplar araciligiyla paylasilarak Subat-
Nisan 2021 tarihleri arasinda toplandi. Katilimcilarin veri toplama
araglarini doldurmalart 5-10 dk siirdii. Verilerin toplanmasinda aras-
tirmacilar tarafindan hazirlanan hemsireleri Tanitic1 Bilgi Formu ve
Hemsirelerin Alarm Yorgunlugu Olgegi kullanildi. Bulgular: Hemsi-
relerin Alarm Yorgunlugu Olgegi puan ortalamasi 18,02+5,94 olup orta
diizeydedir. Analiz ayrica meslekte hizmet siiresi, yogun bakimda hiz-
met siiresi, ¢alisilan yogun bakim tinitesi ve vardiya degiskenlerinin ka-
tilimeilarin ortalama puanlarini istatistiksel olarak anlamli bir sekilde
etkilemedigini gostermistir. Ancak haftalik ¢alisma saati degiskeni, ka-
tilimeilarin aldiklart ortalama puanlar istatistiksel olarak anlaml se-
kilde etkilemistir (p=0,019). Son olarak arastirmaya katilan hemgirelerin
calistiklar1 yogun bakim tinitelerinde giiriiltii 6lger varligr degiskeni, ka-
tilimeilarin aldiklar: puan ortalamalarini istatistiksel olarak anlaml dii-
zeyde etkilemistir (p=0,009). Sonu¢: Hemsireler orta diizeyde alarm
yorgunlugu yasadig1 ve sosyodemografik 6zellikleri alarm yorgunlugu
diizeyini etkilemedigi tespit edildi. Yogun bakim iinitelerinde haftalik
calisma saatlerinin artmasi ve giiriiltii 6lger olmamasinin, hemsirelerin
alarm yorgunluk diizeylerini artirdig1 sonucuna varildi.

Anahtar Kelimeler: Yorgunluk; yogun bakim hemsireligi;
yogun bakim tniteleri; tibbi cihaz; pediatri

Florence Nightingale defined the concept of
noise as a cruel situation that can harm both sick and
healthy people.' Due to the high number of technical
devices in intensive care units (ICUs), the level of

noise generated by such devices is inevitably high.
Noise resulting from the operating and alarms of
monitors, infusion and feeding pumps, and mechan-
ical ventilators, which occupy a vital place in patient
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care, cause a higher level of noise.? According to the
guidelines of the Environmental Protection Agency,
the noise level in hospitals should not exceed 45 dBA
during the day and 35 dBA at night.* Research em-
phasizes that the most important factor causing noise
in ICUs is alarm systems.*’ Studies show that the
lowest sound level of alarm systems is about 45
dB(A), and the highest is approximately 120 dB(A).>*
Mandatory usage of several devices in the ICU
causes a variety of sound levels. Nurses need to man-
age and respond to the alarms from the devices, each
of which has a different alarm limit, category, and
stimulation type.” With the development of medical
technology, the rapidly increasing clinical alarms
from various medical devices are becoming an addi-
tional problem in ICUs. Alarms from medical devices
(clinical alarms), aimed at attracting the attention of
medical staff when a patient’s symptoms are abnor-
mal, cause a new problem.® Nurses perceive alarm
sounds as ambient noise after a while and normalize
them because of acclimating to the environment.’ Ac-
cording to one study, nurses are exposed to an aver-
age of 771 monitor alarms per patient per day.'”
Personnel exposed to noise experience anxiety, irri-
tability, impaired judgment, changes in perception,
and difficulties in concentration, which can lead to
mental disorders and a decrease in their work perfor-
mance.'" Another adverse effect of noise in ICUs is
the probability of interruptions and failure in medi-
cal treatment processes. Even when the noise level
reaches 40 dB, there are interruptions in an activity
that requires intense concentration.® The Emergency
Care Research Institute (ECRI) defines alarm fatigue
as the emotional pressure medical staff face when
they are exposed to too many alarm sounds. Alarm
fatigue is a phenomenon that affects nurses when they
work in a clinical environment where alarm sounds
are frequently heard.'>!?

Not to suffer alarm fatigue, nurses use tech-
niques such as silencing the alarm, disabling it, and
setting alarm thresholds to levels that are not safe for
the patient.”'* Alarm fatigue causes serious adverse
patient events to be ignored in life-threatening situa-
tions fatigue and thus creates an unsafe environment
for patients.” As a growing problem, alarm fatigue is
so severe that ECRI ranked it first on its list of the
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top 10 technological threats to health from 2012 to
2015. In their study conducted to investigate nurses’
attitudes towards clinical alarms in ICUs, Cho et al.
reported that alarm sounds produced by clinical
equipment sometimes made nurses impatient and
caused them to ignore some of their tasks.'>

All health professionals, particularly nurses, who
are involved in critical patient care work with moni-
toring equipment and the system as they monitor the
patient at the bedside. They are also responsible for
responding to alarms.'® However, in a qualitative
study conducted with 406 nurses in the United States,
they became desensitized to alarms due to noise pol-
lution, modification of parameters, lack of staff, and
obsolete equipment.'” According to Christensen et al.
93% of the nurses stated that alarm fatigue caused
them to ignore alarms, and 81% of the participants
stated that an excessive number of false alarms
caused them to experience alarm fatigue.'® In their
study, Cho et al. reported that 69.4% of Korean nurses
felt fatigued at a moderate or higher level.”” Nurse
managers should determine factors causing stress in
nurses working in intensive care and find solutions
to individual and workplace stress factors. Nurse
managers should be at the forefront of detecting and
managing alarm fatigue, which is one of these stress
factors.

AIM

This study aimed to investigate how much nurses
working in pediatric and adult ICUs suffer from
alarm fatigue.

I MATERIAL AND METHODS
DESIGN

The study was conducted as descriptive and cross-
sectional research. The report of this study was per-
formed by the STrengthening the Reporting of
OBservational Studies in Epidemiology checklist for
interviews.

SETTING

The research was conducted with nurses who worked
in the pediatric ICUs and adult ICUs of university and
state hospitals in Izmir between February 2021 and
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April 2021 and who agreed to participate in the re-
search.

SAMPLE

According to the data published by the Ministry of
Health based on the statistics of the TURKSTAT
(Turkish Statistical Institute), the number of nurses
working in university and public hospitals/non-profit
hospitals in Izmir, a province in western Tiirkiye is
8,271."% There is no exact figure for the number of
nurses working in ICUs. In the present study, only
nurses working at universities and government hos-
pitals in Izmir were included. The number of nurses
included in the sample was calculated as 166 using
the OpenEpi Info Statcalc program™ (2008 Andrew
G. Dean and Kevin M. Sullivan, Atlanta, GA, USA)
(power: 0.50, confidence level: 80%, possibility of
losses to follow-up: 5%) (Figure 1).

Eligibility Criteria
The following nurses were included:
I. Being 18 years and older,

II. Agreeing to participate in the study,
III. Working in a pediatric and adult ICU.

Measurement

The personal information form and Nurses' Alarm
Fatigue Scale were used to collect the research data.

The Personal Information Form

The form contains ten items questioning the partici-
pants’ characteristics such as sex, age, marital status,
educational status, length of service in nursing, the
department worked in, type of work schedule, length
of service in critical care, and average weekly work-
ing hours, and the features of the noise meters used in
the units.

Nurses' Alarm Fatigue Scale

The scale was developed by Torabizadeh et al.'” The
scale consists of 13 items whose responses are rated
on a five-point Likert-type scale ranging from 0 to 4.
The minimum and maximum possible scores to be
obtained from the overall scale are 0 and 36 respec-
tively. The higher the score is the stronger the effect
of alarm fatigue on nurses is. The Cronbach’s alpha
of the original scale was 0.91." A valid and reliable
scale was used in the study. The validity and relia-
bility study of the Turkish version of the scale was

Start H Enter ‘m‘ Examples H Help ‘

Sample Size for Frequency in a Population

Population size (for finite population correction factor or fpc) (N): 8271
Hypothesized % frequency of outcome factor in the population (p): 50%+/-5
Confidence limits as % of 100 (absolute +/-%) (d): 5%
Design effect (for cluster surveys-DEFF): 1

Sample Size (n) for Various Confidence Levels

Confidence Level (%)
95%
80%
90%
97%
99%
99.9%
99.99%

Sample Size
368
162
263
446
615
958
1.281

Print from the browser with ctrl-P

Equation
Sample size n=[DEFF*Np(1-p)J[(d%Z%.o1*(N-1)+p*(1-p)]

Results from OpenEpi, Version 3, open source calculator—SSpropor

or select text to copy and paste to other programs.

FIGURE 1: Sample size for frequency in a population.
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conducted by Kahraman.?® The Cronbach’s alpha of
the scale was 0.80 and it consists of 9 items for The
Turkish version.? In this study, the Cronbach’s alpha
coefficient of the scale was found to be 0.73.

DATA COLLECTION

Before starting the data collection phase, a pilot study
was conducted with a group of 5 nurses to determine
the usability of the questionnaire. Pilot study data
were not included in the sampling. Data were col-
lected by contacting nurses working in the ICU and
sharing the link to the Google Survey (Google, Col-
laborative software web survey, Vanix: USA) via e-
mail and WhatsApp (Proprietary software with
EULA, California) groups. The questionnaire form
was shared with all participants once. Participants
who filled in the questionnaire incompletely (5
nurses) were not included in the study. It took the par-
ticipants 5-10 minutes to fill in the data collection
tools. The answers were transferred to International
Business Machines (IBM), Statistical Package for the
Social Sciences Statistics (SPSS) Version 26.0 via
excel and checked one by one to avoid possible du-
plicate entries from the same user. Only completed
questionnaires were analysed. Questionnaires termi-
nated early were not included in the analysis.

DATAANALYSIS

Data were analysed using IBM SPSS Statistics for
Windows, Version 26.0. (Armonk, NY: IBM Corp).
Data related to the categorical variables were given as
mean, standard deviation, numbers, and percentages
in the descriptive statistics. The Kolmogorov-
Smirnov test was used to find out whether the nu-
merical variables (scale and subscales) were
distributed normally. Therefore, parametric statisti-
cal methods were used in the study. While the t-test
was used to compare two independent groups, the
one-way ANOVA was used to compare more than
two independent groups. Statistical significance was
accepted at p<0.05.

ETHICAL CONSIDERATIONS

The study was approved by the Non-Invasive Clini-
cal Research Ethics Committee at izmir Bakirgay
University in Turkey (Decision date: 29.01.2021, de-
cision number: 2021/165). The study was carried out
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by the ethical standards established in the Declara-
tion of Helsinki. The questionnaire was prepared
using the website Google Documents (Google, Col-
laborative software word processor, JavaScript:
USA). At the beginning of the questionnaire were
stated “yes” and “no” questions. The participant’s
marking of the “yes” option indicated that he or she
gave his or her consent and volunteered to participate
in the study. The participants were informed that they
had the right to withdraw from the study without giv-
ing any reason.

I RESULTS

In the present study, 166 nurses from pediatric ICUs
and adult ICUs were enrolled to assess the extent of
alarm fatigue. Their socio-demographic characteris-
tics are shown in Table 1. Of the nurses, 79.5%
(n=132) were women, 73.5% (n=122) had a univer-
sity degree, 65.7% (n=109) were single, and 38.6%
(n=64) were in the age group of 26-35 years (Table
1). The mean score the nurses obtained from the
Alarm Fatigue Scale was 18.02+5.94, which was con-
sidered moderate since the possible score to be ob-
tained from the scale ranges between 0 and 36 (Table
2). Table 3 summarises the nurses’ general work

TABLE 1: Distribution of Nurses' Alarm Fatigue Scale mean
scores according to the sociodemographic characteristics of the
nurses (n=166).

Descriptive characteristics n % X+SD p value*

Gender

Female 132 79.5 18.00+5.85 0.918°
Male 34 20.5 18.1146.35

Age

18-25 44 26.5 18.38+4.88 0.276°
26-30 64 38.6 19.01+6.95

31-35 37 223 16.8145.27

36-40 12 7.2 16.16+6.36

41 and above 9 54 16.66+4.06

Education

High school 26 15.7 19.8045.70 0.242°
Bachelor 122 735 17.6345.73

Graduate 18 10.8 18.05+7.41

Marital status

Single 109 65.7 18.09+5.86 0.840°
Married 57 343 17.89+6.13

*p<0.05; 2Independent samples t-test; ®One-way ANOVA test; SD: Standard deviation.
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TABLE 2: Nurses' Alarm Fatigue Scale average scores of
nurses (n=166).

X£SD
18.02+5.94

Median (Minimum-maximum)

Nurses' Alarm Fatigue Scale 18 (0-36)

SD: Standard deviation.

characteristics. According to the table, 38.6% (n=64)
of the nurses’ length of service in the profession was
6-10 years, and 39.8% (n=66) of the nurses’ length
of service in the ICU was 1-5 years. Of them, 51.2%
(n=85) worked in the adult ICU, 42.8% (n=81)
worked in the pediatric ICU, and 91.6% (n=152)
worked night and day shifts alternately, 50% (n=83)
reported that they worked 48 hours a week, and
95.2% (n=158) reported that no noise meter was
available in the ICU (Table 3).

The analysis of the mean scores obtained from
the Alarm Fatigue Scale demonstrated that the sex
variable did not statistically significantly affect the
mean scores obtained by the participants (p=0.918).
However, there were statistically significant diffe-
rences between the participants’ scores in terms of
age, education, and marital status variables
(p=0.276, p=0.242, p=0.840) (Table 1). The analy-
sis also demonstrated that the length of service in
the profession, the length of service in the ICU, the
ICU worked in, and work shifts variables did not sta-
tistically significantly affect the mean scores obtained
by the participants (0.463, 0.450, 0.620, and 0.365,
respectively). However, the weekly working hours
variable statistically significantly affected the mean
scores obtained by the participants (p=0.019). Fi-
nally, the variable “the presence of a noise meter in

TABLE 3: Distribution of Nurses' Alarm Fatigue Scale mean scores according to the working characteristics of the nurses (n=166).
n % X+SD p value*

Working year in nursing

0-1 years 25 15.1 17.96+6.58 0.463°

1-5 years 49 295 18.79+4.95

6-10 years 64 38.6 18.25+6.53

11-20 years 20 12.0 16.45+5.91

21 years and above 8 4.8 15.62+4.20

Working shifts

Day and night shifts 152 91.6 18.22+5.87 0.361°

Only day shifts 10 6.0 16.00+6.68

Only night shifts 4 24 15.50+7.14

Unit

Pediatric intensive care unit 81 48.8 18.25+5.59 0.620°

Adult intensive care unit 85 512 17.80+6.28

Working year in intensive care

0-1 years 36 217 17.86+6.35 0.450°

1-5 years 66 39.8 17.86+5.59

6-10 years 45 271 19.17+6.12

11-20 years 16 9.6 16.31+6.22

21 years and above 3 18 15.33+2.88

Average working time per week

40 hour 41 247 17.56+6.14 0.019°

48 hour 83 50.0 18.46+5.47

56 hour and above 27 16.3 19.62+6.66

Other (flexible) 15 9.0 13.93+5.06

Use of a device that measures the sound level in the unit

Yes 8 4.8 13.75+3.57 0.009°

No 158 95.2 18.24+5.96

Total 166 100.0

*p<0.05; alndependent samples t-test; bOne-way ANOVA test; SD: Standard deviation.
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the ICUs where the nurses involved in the study
worked” statistically significantly affected the
mean scores obtained by the participants (p=0.009)
(Table 3).

I DISCUSSION

Alarm fatigue occurs when medical staff is over-
whelmed by excessive clinical alarms.' in particular,
alarm fatigue can negatively affect nurses’ produc-
tivity and concentration.'” The minimum and maxi-
mum possible scores to be obtained from the overall
scale are 0 and 36 respectively. Because the mean
scores the participants obtained from the Alarm Fa-
tigue Scale was 18.02+5.94, it was considered mod-
erate. In Kahraman’s study, the mean score obtained
from the Alarm Fatigue Scale was 22.2+6.8, consis-
tent with our results.?’ However, the mean scores for
alarm fatigue were 24.3 out of 35 (+4.0) and 69.4 out
of 100 in Cho et al. study, and 24.63+8.99 out of 35
(+4.0) in Zhao et al. study, which indicates that alarm
fatigue among the ICU nurses has reached a severe
level. 152!

One finding of our research was that the level of
alarm fatigue was the highest among nurses with a
high school education. In their study, Zhao et al.
stated that young nurses with a college education had
high levels of alarm fatigue and that these nurses
needed awareness-raising training on missed alarms,
false alarms, and alarm management policies and the
new monitoring system.?!' In a study conducted by
Graham and Cvach, where nurses were trained in
alarm management for one year, the number of
alarms decreased by 47% from 16,953 before the
training, to 9,647 after the training.'* This result in-
dicates that nurses should be given more in-service
training, which will enable them to be aware of the
intensity of the alarms they are exposed to and of the
alarms that occur due to technical reasons, and which
will, in turn, reduce their alarm fatigue levels.

The results of the present study demonstrated
that alarm fatigue levels were higher in nurses work-
ing both night and day shifts alternately. Paine et al.
concluded that there was a relationship between ex-
posure to alarm and the reaction time that alarm fa-
tigue could cause.?? In our study, we also concluded
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that as the working hours of the nurses increased, so
did their alarm fatigue level, and that there was a sta-
tistically significant correlation between the partici-
pants’ weekly working hours and the mean scores
they obtained from the Alarm Fatigue Scale. In their
study, Zhao et al. concluded that nurses who worked
night shifts over 11 days a month suffered from alarm
fatigue highly.?! In their observational study con-
ducted in 5 ICUs in northern France with 131 patients
in which the frequency of false or irritating alarms
was highlighted Chambrin et al., reported that 246
observations were performed during 1,971-hour
care.”® During the observations, 3,188 alarms oc-
curred. In a study conducted by Atzema et al. by ob-
serving patients with continuous cardiac monitoring
in the emergency department, 1,762 alarms were
recorded over 371 hours, and 99.4% of the alarms
were “false alarms”, which increased the nurses’
alarm fatigue levels.** This result indicates that
nurses’ level of alarm fatigue increases as the time
they are exposed to the alarm increases.

In the present study, the nurses working in the
pediatric ICUs suffer from alarm fatigue more. In
their study, Neille et al. recorded noise levels in 5
neonatal ICU areas 4 times over 3 days.” Because
the noise levels were above 14.8-22.6 dB(A), they
decided that programs on the negative effects of noise
should be implemented. In a prospective study con-
ducted in the Alfred Paediatric ICU, personnel work-
ing in the ICU for 7 days were asked to record the
type and number of alarm sounds (false, true, and es-
sential, as a call to action). During the 7 days, 2,176
alarms were recorded. Of the alarms, 1,481 (68%)
were false, 119 (5.5%) were correct and essential, and
576 (26.5%) were a warning to the nursing staff of a
possible bad situation.?®

There were no significant differences between
the mean scores obtained from the Alarm Fatigue
Scale by the nurses participating in the present study
in terms of the variables such as the length of service
in the profession, the length of service in the ICU, the
ICU worked in and the type of work schedule. Simi-
larly, in the study by Zhao et al., no difference was
found between the alarm fatigue scores of the partic-
ipants who were married, whose academic qualifica-
tions were, and whose length of service in the
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profession was short.”! In our study, the nurses who
worked in the ICUs where there were no noise meters
had higher levels of alarm fatigue, which signifi-
cantly affected the mean scores they obtained from
the Alarm Fatigue Scale. In many studies conducted
in ICUs, noise levels are above the level recom-
mended by the World Health Organization. While
Knauert et al. measured it as 63 dB at night, Bosch et
al. measured it as 57.6+3.6 dB during the day and
55.4+3.1 dB at night.””*® As a result of the absence
of noise meters in ICUs in our country, nurses suffer
from alarm fatigue since the intensity of noise they
are exposed to during the day is not calculated.

LIMITATIONS

The present study has some limitations. First, it was
conducted with ICU nurses working in [zmir. There-
fore, its results cannot be generalized to other nurses
in Tiirkiye. Second, data collection forms were filled
in online, and we did not have the chance to control
the data collection process.

I CONCLUSION

In this study, the nurses experienced alarm fatigue
moderately and their sociodemographic characteris-
tics did not affect the level of alarm fatigue. It was
concluded that increased weekly working hours and
lack of noise meters in the ICUs increased the nurses’
alarm fatigue levels. Nurses feel overburdened by an
excessive number of tasks and a constant influx of
clinical alarms. Nurses often do not recognise the

need for education about alarms, which is an impor-
tant component of any alarm management strategy.
Evaluation of alarm fatigue should be a priority in the
future, helping to provide safety to both patients and
nurses and verifying the effectiveness of strategies
implemented.
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