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ABSTRACT

Introduction: One of the main sources of health technology risks is clinical alarms, such as those
for cardiac monitors and mechanical ventilation. Alarm Fatigue is the cause of these risks. Alarm
weariness is the psychological result of too many alarms going off in a medical setting, which
makes Nurses miss real alarms that are clinically meaningful, hence the objectives of this study was
to assess the level of alarm fatigue among Nurses working and assess Alarm Management
strategies utilized by Nurses working at Thika Level 5 Hospital, Kiambu Kenya.

Methodology: The study design that was employed in this study is descriptive cross-sectional
design. Structured self-administrated questionnaires were used to collect data. The researcher used
census sampling where the entire population Registered Nurses working in the renal, theatre,
casualty and emergency and critical care department. The data was analyzed using SPSS version
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25.0. The findings were presented in tables, graphs and figures. The analysis comprised of
descriptive statistics, frequencies, mean, and standard deviations. Inferential statistics included chi-
square test for independence (X?).

Results: The study participants consisted of 56 Nurses and the response rate in this study was
82.1%. The majority of respondents were female, constituting 76.1% of the respondents. The age
group of 31-40 years comprises the majority of respondents, accounting for 78.3% of the total. The
overwhelming majority of respondents rated mechanical ventilators as having the highest alarm
frequency (95.7%) followed by 58.7% of the respondents monitors as the main source of alarms.
73.9% of participants identified mechanical ventilator alarms as the most challenging to
troubleshoot or operate. Nearly half of the respondents (47.8%) indicated that they are likely to trust
clinical alarms to some extent.

Discussion: Majority of nurses (95.7%) encountered clinical alarms during their work shifts.
Mechanical ventilators and cardiac monitors were rated as having the highest alarm frequency,
while patient call systems and electrical beds were perceived to have the lowest alarm frequency.
Recommendations: Offering training on alarm management, optimizing staffing levels, and

streamlining equipment interfaces to mitigate alarm fatigue and enhance patient care quality.

Keywords: Clinical alarm; alarm fatigue; nurses and alarm; critical care and alarms.

1. INTRODUCTION

Today’s critical care environment has patients
attached to more Physiological devices with
alarms than they have ever been. Critical care
nursing is highly complex, and errors in practice
have resulted in injury or death [1]. A slow or
failed response to alarms can result in a lethal
outcome for the patient. Alarm Fatigue is not a
recent problem. TJC released a sentinel alert in
2015 involving individuals getting mechanical
ventilation who later suffered injury or died as a
result of improper management of ventilator
alarms. Sentinel Event No. 50, Medical Device
Alarm Safety in Hospitals, was released by the
TJC in April 2013 in response to complaints of
numerous adverse events connected to a dearth
of information [1].

In a study by Cheung et al. [2], Each bed had
5.35 cardiac and technical alarms every hour, or
128.4 per day [2]. In a different study, 426 alarms
were recorded over the course of forty hours;
multi-parametric monitors generated 227 alarms,
whilst other devices generated 199 alarms,
indicating an average rate of 10.6 alarms per
hour. According to the study, it is necessary to
adjust the alarms in intensive care units in order
to minimize workflow disruptions by managing
alarms properly. The author came to the
conclusion that improper management of alarms
in the critical care unit leads to a false sense of
security and that most of them are disregarded or
turned off by the nurses [3].

A mechanism that emits an auditory, visual, or
other alarm signal to notify someone of a

situation that needs immediate attention is known
as an alarm device. Medical equipment and
monitoring systems that have built-in or attached
alarm systems that are activated by physiological
changes in the patient, changes in the
parameters being measured, or technical
difficulties [4-11]. Clinical alarms from various
medical devices are becoming an ongoing issue
in critical care units with the improved
development and use of medical technology.
This new alarm hazard issue is being brought on
by these clinical alarms [12]. In 1983 there were
only up to six different types of alarms from a
single critically ill patient, but as of 2011 there
were at least 40 different types of clinical alarms.
Clinical alert harm reduction became a national
patient safety goal of the Joint Commission to
emphasize the importance of this issue [13-19].
Patient monitors, mechanical ventilators,
continuous renal replacement therapy devices,
hemodialysis machines, syringe pumps and
infusion pumps are the main alarm-triggering
devices. In a study by Zhao et al. [20], a 56-bed
ICU recorded 2,184 alarms for the 48
patients over the course of 48 hours, or an
average of 45.5 alarms. 70% of alarms were
silenced or ignored with no action taken.
Many different medical equipment, each
with its own distinct features and few of
which are synchronized in the clinical
setting, produce alarms. The distribution of
alarms varies depending on the type of
device, manufacturer, and alarm configuration
settings, as well as the care unit. True
(actionable or non-actionable) and false alarms
are terms that can be utilised to classify these
alarms.

140




Keya et al.; Asian J. Res. Nur. Health, vol. 7, no. 1, pp. 139-156, 2024; Article no.AJRNH.118557

For an adverse Patient outcome to be avoided,
actionable alarms demand prompt attention. It is
necessary to determine the key characteristics of
an alert that are likely to cause harm in order to
define actionable alarms. It is important to
consider the response time. Persistence is a
characteristic of actionable physiological alarms.
Most consistently high or low vital indicators are
cases of actionable alarms [20]

An exception to this rule are life-threatening
alarms such as asystole or apnea. Alarms are
used by infusion pumps to remind users to
complete tasks or to let them know when a drug
delivery setting is unacceptable. Examples
include KVO rate, IV catheter placement, and
infusion completion. These alarms are not
dependent on persistence, although they may
benefit from additional contextual data to
distinguish non-actionable occurrences. Different
medical devices have different qualities and each
has specific hazards that may arise [21-26].
Identifying the contextual variables that must be
present for an avoidable adverse event to occur
is necessary to distinguish between actionable
and non-actionable alarms. Setting overly
sensitive conditions can result in unnecessary
alarms. Alternatively, if the constraints are set too
loosely, false negative events can occur [27].

True alarms that do not require clinical
intervention or are the result of intentional
activities are referred to as non-actionable
alarms. They annoy clinicians and unnecessarily
divert their focus. These short-term alarms
usually clear themselves [28-30]. Low oxygen
saturation short-term alarms and heart rate
alarms are two examples. Both situations occur
regularly, with the frightening vital gauge quickly
returning to normal. Although recording these
changes can be critical to patient care plans, and
recurring patterns can be a sign of an imminent
alarm condition, an audible announcement does
not always require an immediate response [3].

Additional context may be required for other non-
actionable alarms. Deliberate actions by qualified
clinical personnel at the patient's bedside may
trigger non-operable alarms. For example,
suctioning an intubated patient may trigger a
ventilator alarm that requires no adjustment of
settings, but the occurrence of audible alarms
adds environmental stimulation to all nearby
physicians. The majority of nuisance alarms are
caused by non-actionable alarms. Alarm
annoyance can be significantly decreased by
adding audio alarm delays [31].

Bad or missing data might cause false alarms to
be produced. False alarms are often caused by
patient movement, poor sensor placement, faulty
cables, and errors in the device's alarm detection
algorithm. Manufacturers have improved sensor
design and detection algorithms, yet false alarms
will continue to occur if medical devices are not
used or maintained appropriately [32-35].
Through routine testing and inspection of medical
devices, biomedical departments can
significantly reduce false alarms. To keep lower
prices from leading to more false alarms,
purchasing departments need to weigh the
savings of cheaper or remanufactured sensors
against their performance to lessen bothersome
ECG alarms, participants in the AAMI Summit
suggested replacing ECG electrodes every day
[36].

Traditional definitions of false alarms include
alarms that have no clinical or therapeutic
repercussions. The notion of "better safe than
sorry” is still used in the design of monitoring
systems today. False alarms are accepted far
more frequently than they should be they are
accepted in vast numbers rather than taking the
chance of missing a few legitimate ones [37-43].
Alarms can be divided into clinically
relevant/clinically irrelevant and technically
correct/technically erroneous categories. If an
alarm is based on a technically correct
measurement, it is considered technically
correct. Technically, false alarms are not based
on an accurate measurement (e.g., ambient light
interfering with pulse oximetry). Technically
sound alarms can be further categorized as
clinically relevant or irrelevant as not all of them
are clinically relevant (e.qg. insufficient thresholds)
[44].

A major concern in patient safety is alarm
fatigue. Alarm fatigue is the psychological result
of too many alarms going off in a therapeutic
setting, causing professionals to miss real alarms
of clinical importance. Alarms can interrupt and
distract caregiving [45,46]. Distractions and
interruptions are frequent causes of potential
errors that endanger nurses' well-being and
ability to do their jobs [3,20]. Additionally,
excessive alert exposure causes alarm fatigue, a
desensitization to alarms that raises the
possibility of a missed or delayed diagnosis of
patient deterioration [47-51].

Patient injury has been documented in earlier
investigations as a result of ignored or delayed
alarm responses. According to a review of
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unfavourable events By the FDA/USA
Databases, 500 reports of patient deaths
involving physiologic monitoring systems were
received between Januaryl, 2015 and
December31, 2020. Many of these reports claim
that the system failed to raise an alarm in the
event of a critical change in a patient's clinical
condition. Missed alarms were among the top 10
health technology risks of 2016, according to the
ECRI Institute, a US nonprofit organization that
studies medical procedures, devices, drugs and
processes.

Recent research suggests that 94% of all alarms
in a paediatric intensive care unit (PICU) were
clinically unnecessary, according to researchers
like Lawless. The investigation of false alarms is
an ongoing issue in critical care; Observing on a
PICU, Tsien and Fackler discovered that 92% of
the alarms were false alarms. On the other hand,
research by Goepfert et al. [46] found that 8 out
of 1,455 alarms were triggered by potentially fatal
circumstances [46]. They noted that these results
are not limited to the PICU. Only 17% of the
alarms were meaningful and 44% were
technically incorrect, according to digital records
of all alarms for 38 patients in a 12-bed medical
intensive care unit. Recent research has
disputed this, showing that 26 percent of alarms
had insignificant effects, e.g. B. the forced
relocation of some sensors. Only 6% of the
alarms led to an emergency call. They also found
that 17% was due to technical issues and 24% to
staff manipulation.

In a recent observational study in emergency
departments, observers monitored the number
and types of alarms that were triggered by
patients and the response time by nurses to
alarms that were activated. The literature is void
of randomized, controlled studies on alarm
fatigue; however, there are review articles of the
implementation of guidelines developed by
individual hospitals and their Implementation on
practice changes that have shown the decrease
in alarm triggers [4]. According to research, the
effects of nurse fatigue include decreased
judgment, poor decision-making, a slower
reaction time and lack of concentration,
absenteeism, clinical errors, failure to perform
rescues, nodding off while driving home, and
interpersonal effects, such as poorer quality
interactions with patients and coworkers. To
understand alarm fatigue, it is important to
evaluate Clinical Alarms and what their
magnitude, this will improve nurses wellbeing
and enhance work performance.

2. MATERIALS SAND METHODS
2.1 Study Design

This study was descriptive cross sectional
design. It was conducted from 5 April2023 to 6
July 2023.

2.2 Study Siting

It was conducted at Thika Level 5 Hospital
county referral hospital located in Kiambu
County, Thika West District, Thika Municipality
division in Biashara sub-location along the
General Kago Road. The hospital has a staff 265
Staff Nurses. Thika Level 5 Hospital holds a busy
Intensive Care Unit with a 6-bed capacity, and
three which are isolated. A team of experienced
Nurses supports the Critical Care Department.
The nurse to patient ration in ICU was 1:2 while
in HDU was 1:3.

2.3 Objectives of the Study

1. To assess the level of alarm fatigue among
Nurses working at Thika Level 5 Hospital,
Kiambu, Kenya.

2. To assess Alarm Management strategies
utilized by Nurses working at Thika Level 5
Hospital, Kiambu Kenya.

2.4 Sampling Procedure and Techniques

The study made use of a census which is also
known as complete coverage where every
member of the target population who satisfied
the inclusion criteria was include in this study.
According to Etikan, Musa, & Alkassim, this
method is used whenever the study population is
too small to subjected to other sampling methods
[52].

2.5 Inclusion and Exclusion Criteria

Registered Nurses with ICU and non-ICU training
who have worked for at least one month in the
ICU at the Thika Level 5 Hospital were included
in the study. The researcher excluded all
registered nurses working in the Critical care
Departments who were not on duty during the
time of study.

2.6 Sample Size Determination and

Sampling Frame

The total of 56 registered nurses working in the
critical care, renal, high dependent, casualty
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and emergency and operating theatre
department were sampled as follow in the
Table 1.

2.7 Data Collection Methods

A self-administered questionnaire on Microsoft
forms, accessible through mobile phones and
computer interface was developed. This Tool
was based on modified version of alarm fatigue
evaluation instrument questionnaire survey by
Sowan Azizeh. Five professionals with expertise
in the study's topic evaluated the content validity
and cronbach's alpha was used to determine the
tool's reliability. The questionnaire had section A
requested demographic information, section B
inquired about the Nurses' level of alarm fatigue.
A 4-point Likert scale with the options strongly
agree, agree, disagree, and strongly disagree
was used to gauge the respondents’ opinions
and Section C evaluated alarm management
strategies utilized by Nurses.

2.8 Pretesting of Tool

The pilot study was conducted at Kiambu county
referral hospital, where 6 Nurses representing
10% of the Population who have sample
characteristic was involved. The Kiambu county
referral Hospital, was chosen because of its
striking similarity with the Thika Level 5 Hospital
critical care Units. Nurses work in environment
that simulate Thika Level 5 Hospital; equally,
Patients are monitored in the same design and
manner. The pretest was used to ensure the
clarity of the questionnaire, identify the obstacles
and the problems that may be encountered in
data collection and estimate the time needed to
fill the questionnaire, test the questionnaires
validity and whether they are well structured so
as to enable the researcher to elicit the required
information.

2.9 Data Collection Methods

Data was gathered for six weeks from April 5
2023 to July 6 2023. Microsoft Forms were used
to collect data. After getting ethical permission
and agreement from hospital management, the
researcher employed research assistants who
scheduled meetings with the unit managers to
describe the present study's objectives and
request access to the intensive care nurses.
According to the approval of the hospital
administration, the surveys were distributed
during working hours.

Table 1. Sampling frame

Sampling Frame

Hospital Critical Care Units Number
of nurses
per Unit

Thika Intensive Care Unit (ICU) 18

L5H Renal Unit 10

High Dependency Unit 8

(HDU

Casualty and emergency 6

Operating Theatre 20
Total 6 56

2.10 Data Analysis

On Microsoft Forms, information was put into an
electronic web-based database. The data was
then exported to Statistical Package for Social
Sciences (SPSS) version 25.0 for analysis. The
data was analyzed using descriptive statistics
and presented by bar graphs, pie charts, and

relative frequency tables. The Chi-square
test was used to determine if there were
significant association between categorical
variables.

3. RESULTS

The response rate in this study was 82.1%. The
study participants consisted of 56 Nurses; 46
complete responses was received. This suggests
that the sample size is robust and likely provides
a representative understanding of the target
population.

3.1 Socio-Demographic Characteristic

The majority of respondents were female,
constituting 76.1% of the respondents. The age
group of 31-40 years comprises the majority of
respondents, accounting for 78.3% of the total.
Most respondents had 11-20 years of practice,
making up 63.0% of the total. The majority of
respondents had a Post basic Diploma in
Nursing, constituting 52.2% of the sample. The
largest proportion of respondents were not
specialized in any area, accounting for 41.3% of
the sample. The majority of respondents worked
in the Intensive Care Unit (ICU), representing
43.5% of the sample. These key findings provide
valuable insights into the demographic profile of
the surveyed nurses, offering context for
interpreting the study results and understanding
the characteristics of the sample population as
presented in the Table 2.
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3.2 Level of Alarm Fatigue among Nurses

The nurses indicated whether they encounter
clinical alarms as shown in Fig. 1. The findings
indicate that the majority of nurses (95.7%)
encounter clinical alarms in their work
environments. Only a small percentage (4.3%)
reported not encountering clinical alarms during
their work shifts.

The nurses indicated the most common sources
of alarms in ICU as presented in Fig. 1.

Cardiac monitors emerged as the most common
source of alarms encountered by healthcare
workers, with over half of the respondents
(58.7%) indicating their frequent use. These
devices are vital for monitoring patients’' heart
rhythms and detecting abnormalities, making
them a primary source of alarms in clinical
settings.

The respondents provided their views on the
rating on the equipment by the amount of Alarms
Produced as presented in Fig. 2.

Table 2. Socio-demographic characteristic

Category Frequency (n)  Percentage (5%)
Gender Female 35 76.1
Male 11 23.9
Age 21-30 5 10.9
31-40 36 78.3
41-50 3 6.5
50 and Above 2 4.3
Years of practice as 0-10 years 14 304
a Nurse
11-20 years 29 63.0
2lyears and above 3 6.5
Level of Training Bachelors Degree in Nursing 8 17.4
Diploma in Nursing 13 28.3
Master’s Degree in Nursing 1 2.2
Post basic Diploma In Nursing 24 52.2
Area of Adult Critical Care Nursing 12 26.1
specialization
None 19 41.3
Perioperative (Theatre) Nursing 09 19.6
Renal (Nephrology) Nursing 6 13.0
Unit / department of Intensive Care Unit - ICU 20 435
work
Renal Unit 8 17.4
Theatre/PACU 18 39.1
No

4.3%

Fig. 1. Clinical alarms encounter
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Sources of alarms
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30
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43%
21.7%

Cardiac Monitors ~ Hemaodialysis

machines

Mechanical
Ventilators

Syringe Pumps

Fig. 2. Most common sources of alarms in ICU

3.3 Rating on the Equipment
amount of Alarms Produced

by the

The most notable rating for infusion pumps was
‘Not Applicable’ (34.8%) indicating that a
significant proportion of respondents did not
provide a rating for alarm frequency, potentially
due to a lack of experience or exposure to
alarms associated with infusion pumps.

The highest proportion of respondents rated
patient call systems as having the lowest alarm
frequency (43.5%). This suggests that alarms
associated with patient call systems are
perceived to be relatively infrequent compared to
other equipment.

Similar to patient call systems, electrical beds
received the highest proportion of ratings for the
lowest alarm frequency (50%). This indicates that
alarms related to electrical beds are perceived to
be minimal in frequency.

While a substantial proportion of respondents did
not provide a rating for hemodialysis machine
alarms (NA), the highest proportion of ratings
indicated the lowest alarm frequency (30.4%).
This suggests that alarms associated with
hemodialysis machines are perceived to occur
relatively infrequently.

The highest proportion of respondents rated
syringe  pumps as having the lowest
alarm  frequency (39.1%). However, a
notable percentage of respondents also indicated
NA, suggesting a lack of experience or exposure
to syringe pump alarms among some
respondents.

The majority of respondents rated cardiac
monitors as having the highest alarm frequency
(69.6%). This indicates that alarms associated
with cardiac monitors are perceived to occur
frequently and may potentially pose challenges in
clinical settings due to alarm fatigue.

The overwhelming majority of respondents rated
mechanical ventilators as having the highest
alarm frequency (95.7%). This highlights the
significant concern regarding alarm frequency
and potential alarm fatigue associated with
mechanical ventilators in healthcare settings.

The study sought to find out the most difficult
physiologic alarms to troubleshoot/operate. The
findings were as presented Table 3.

According to the data, the majority of
respondents (73.9%) identified mechanical
ventilator alarms as the most challenging to
troubleshoot or operate. This suggests that
healthcare  professionals may  encounter
difficulties with managing mechanical ventilator
alarms in clinical settings, potentially impacting
patient care and safety.

The Charité Alarm Fatigue Score (CAFQa) is a
metric used to assess and quantify alarm fatigue
experienced by the nurses as presented in
Fig. 3.

According to the data, the majority of
respondents (73.9%) identified mechanical
ventilator alarms as the most challenging to
troubleshoot or operate. This suggests that
healthcare  professionals may  encounter
difficulties with managing mechanical ventilator
alarms in clinical settings, potentially impacting
patient care and safety.
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Table 3. Rating on the equipment by the amount of alarms produced

Lowest% Low% Moderate% High% Highest% NA
Infusion Pumps 32.6 26.1 0 4.3 2.2 34.8
Patient Call systems  43.5 21.7 2.2 0 0 32.6
Electrical Beds 50 15.2 2.2 0 0 32.6
Hemodialysis 30.4 15.2 10.9 0 0 30.4
Machine
Syringe Pumps 39.1 23.9 4.3 2.2 2.2 28.3
Cardiac monitors 2.2 2.2 6.5 15.2 69.6 43
Mechanical 2.2 13 32.6 47.8 95.7 4.3
ventilators
most difficult physiologic alarms
73.9%
80
60
40 21.7%
20 4.3%
0 IS
Mechanical ventilator ~ Hemodialysis machine  Cardiac Monitor alarms
alarms alarms

Fig. 3. Most difficult physiologic alarms to troubleshoot

3.4 CAFQa - Alarm Fatigue Score

The Charité Alarm Fatigue Score (CAFQa) is a
metric used to assess and quantify alarm fatigue
experienced by the nurses. The nurses
moderately agree that alarm limits are regularly
adjusted based on patients' clinical symptoms,
showcasing a proactive approach to alarm
management and patient safety (Mean=3.41).
The nurses acknowledged that excessive alarms
in their department can negatively impact their
performance and motivation, agreeing in part
with this statement (Mean=3.20). This indicates a
potential burden on nurses' effectiveness and job
satisfaction. Nurses sometimes feel confused by
alarms, indicating occasional challenges in
interpreting and responding to alarm signals
accurately (Mean=3.35). Clearer alarm systems
and standardized protocols may help mitigate
confusion. Nurses find that audible and visual
monitor alarms used in their department allow for
clear assignment of patient, unit, and urgency,
agreeing in part with this statement (Mean=3.22).
This indicates satisfaction with the clarity and
effectiveness of alarm systems. The Nurses
recognized that alarms can diminish their ability

to concentrate and pay attention to patient care
tasks, agreeing in part with this statement
(Mean=3.26). This highlights the potential for
alarms to disrupt workflow and compromise
patient safety. Nurses frequently experience
interruptions in their workflow due to patient
alarms or crisis alarms, agreeing in part with this
statement (Mean=3.17). These interruptions may
hinder nurses' efficiency and contribute to
fragmented care delivery. A majority of the
nurses agreed in part that they experience
physical symptoms such as nervousness,
headaches, and sleep disturbances due to the
presence of too many alarms (Mean=2.96). This
suggests that alarm overload may have adverse
effects on nurses' well-being and health. Nurses
generally perceive that responsible personnel
respond quickly and appropriately to alarms, but
agree in part with this statement (Mean=2.96).
However, there is room for improvement in
ensuring consistent and timely alarm response.
However, a majority of nurses disagree that
procedural instructions on dealing with
alarms are regularly updated and shared with all
staff in their ward, disagreeing in part with this
statement (Mean=1.98). This suggests an
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institutional effort to improve alarm management
practices and enhance staff preparedness in
Table 4.

3.5 Alarm Fatigue Score Classification

The alarm fatigue was further categorized into
maximum and minimum. A greater majority if the
nurses (89.1%) had a maximum alarm fatigue
score, suggesting that a subset of nurses
experienced significantly higher levels of alarm
fatigue as shown in Fig. 4.

3.6 Symptoms Associated with Alarm
Fatigue

A significant majority of respondents (71.7%)
reported feeling bored by clinical alarms,
indicating a potential symptom of alarm fatigue.
Similar proportions of respondents (71.7%)
indicated feeling irritated by the repetitiveness of
clinical alarms, emphasizing the potentially

bothersome nature of frequent alarms.
Additionally, 58.7% of respondents reported
feeling a lack of interest in clinical alarms, further
suggesting a disengagement or desensitization
to alarm signals. A significant majority of
respondents (63%) reported knowing colleagues
who have experienced alarm fatigue, highlighting
the pervasiveness of the issue within healthcare
environments. A slight majority of respondents
(52.2%) reported suffering from alarm fatigue
themselves, indicating personal experiences with
the phenomenon. A similar proportion of
respondents (52.2%) admitted to silencing
alarms without paying attention to potential
underlying problems. Nearly half of the
respondents (43.5%) reported feeling indifferent
to clinical alarms, indicating a lack of emotional
response or investment in alarm signals. This
indifference  may reflect a degree of
desensitization or apathy towards alarm signals,
which could be indicative of alarm fatigue as
indicated in Table 5.

Table 4. CAFQA - Alarm fatigue score

N Not
agree
at
all%o

Not
agree%

Std.
Deviation

Agree Agree% Very Mean
in much

part% agree%

With too many alarms in 46 26.1 0
my Department, My
performance and

motivation decreases

32.6 15.2 26.1 341 1.147

Too many alarms trigger 46 2.2 23.9
physical symptoms for

me, e.g., Nervousness,

Headache, sleep

disturbances

39.1 271 13 3.20 1.025

Alarms reduce my 46 2.2 15.2
concentration and

attention

47.8 23.9 10.9 3.26 .929

My/or neighboring 46 4.3 10.9
patients' alarms or crisis
alarms frequently

interrupt my workflow.

54.3 23.9 6.5 3.17  .877

There are situations 46 4.3 4.3

when alarms confuse me

52.2 30.4 8.7 335 .875

In my ward, a procedural 46 52.2 13
instruction on how to

deal with alarms is

regularly updated and

shared with all staff. *

23.9 6.5 4.3 198 1.202

Responsible personnel 46 10.9 15.2
respond quickly and

appropriately to alarms.*

50 15.2 8.7 296 1.053

The audible and visual 46 4.3 6.5

60.9 19.6 8.7 3.22  .867
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N  Not Not Agree Agree% Very Mean Std.
agree agree% in much Deviation
at part% agree%
all%

monitor alarms used on

my department allow me
to clearly assign patient,
unit, and urgency.*

Alarm limits are regularly 46 2.2 8.7 54.3 15.2 19.6 341 979
adjusted based on

patients clinical

symptoms( e.g blood

pressure limits for

condition after surgery)

Valid N (listwise) 46

Alarm Fatigure

10.9%

Minimum Alarm fatigue

® Maximum alarm fatigue

Fig. 4. Alarm fatigue score classification

Table 5. Symptoms associated with alarm fatigue

Symptoms Yes No

n % n %
Do you feel bored by clinical alarms? 33 717 13 283
Do you feel lack of interest with clinical alarms? 27 58.7 19 413
Do you feel irritated by the repetitiveness of clinical alarms? 33 717 13 283
Do you feel indifferent to clinical alarms? 20 435 26 56.5
Do you suffer from alarm fatigue 24 522 22 478
Do you know colleagues who have experienced alarm fatigue 29 63 17 37
Do you silence alarms without attention to potential underlying 24 522 22 478
problems?

Table 6. Likelihood to trust clinical alarms

Frequency Percent
Likely 22 47.8
Not Likely 13 28.3
Very Likely 8 17.4
Very Unlikely 3 6.5
Total 46 100.0
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3.7 Likelihood to Trust Clinical Alarms

Nearly half of the respondents (47.8%) indicated
that they are likely to trust clinical alarms to some
extent. A notable portion of respondents (28.3%)
reported that they are not likely to trust clinical
alarms, suggesting a level of skepticism or
concern about their reliability. Despite the
skepticism, a substantial number of respondents
(17.4%) expressed high confidence in clinical
alarms, stating that they are very likely to trust
them. A small minority of respondents (6.5%)
indicated that they are very unlikely to trust
clinical alarms, reflecting a level of distrust
among a limited portion of the sample in the
Table 6.

3.8 Nurses Perception of Alarms

A majority of nurses perceived consistent
exposure to alarms as leading to fatigue, with the
mean rating of 3.111 indicating agreement with
this statement. Nurses, on average, agreed that
much of the noise in the wards results from the
alarms of monitoring equipment (mean=3.09).
Nurses, on average, agreed that frequent false
alarms reduce attention to patients, indicating

concerns about patient care (mean=3.04). While
there is agreement that alarms are a nuisance in
critical care units, the mean rating (mean=2.74).

Suggests a slightly lower level of concern
compared to other statements. Nurses, on
average, were indifferent  that alarm

sounds prevent them from focusing on their
professional duties, indicating a significant
impact on their work (mean=2.5). There was a
disagreement, on average, that nurses raise
alarm limits at the beginning of every shift,
suggesting a proactive approach to alarm
management (mean=2.43) as presented in the
Table 7.

3.9 Alarm Management Strategies Utilized
by Nurses

The most common strategy reported was
assessing the source of alarms, with nearly half
of the participants (47.8%) using this approach.
Adjusting alarm limits was the second most
common strategy, with 30.4% of participants
employing this method. Silencing alarms was
used by 15.2% of participants. The respondents
rated their actions in operating alarms on the
critical care devices.

Table 7. Nurses perception of alarms

N SO D A SA Mean  Std.
Deviation
Alarms are a nuisance in the critical 46 43 391 348 217 274 .855
care units
Consistent exposure to Alarms 46 22 6.5 69.6 217 311 .605
cause fatigue
Frequent false alarms reduce 46 22 152 587 239 3.04 .698
attention to patient
| raise alarm limits at the beginning 46 8.7 435 435 43 2.43 .720
of every shift
| believe much of the noise in the 46 22 174 50 304  3.09 .755
wards is from the alarms of
monitoring equipment
Alarm sounds prevent me from 46 65 50 304 13 2.50 .810
focusing on my professional duties
Valid N (listwise) 46
Table 8. Strategies used to manage alarms
Frequency Percent

Adjust alarm limits 14 30.4
Asses the source of alarm 22 47.8
| call someone 1 2.2
I call someone who knows to check especially anaesthetist 1 2.2
Ignore alarms 1 2.2
Silence alarms 7 15.2
Total 46 100.0
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Table 9. Actions in operating alarms on the critical care devices

N Very rare rarely Occasionally Very Mean Std.
frequent Deviation

| regularly readjust the limits of alarms based on the clinical symptoms 46 19.6 45.7 34.8 3.15 .729
Pause alarms and cancel the pause 46 4.3 78.3 174 3.13 .453
Silence alarms 46 23.9 47.8 28.3 3.04 .729
During my shift, | limit the number of alarms by disabling them 46 6.5 28.3 52.2 13 2.72 779
Change alarm volume 46 2.2 8.7 65.2 23.9 3.11 .640
Change alarm limits safely (10-30%) 46 0 15.2 65.2 19.6 3.04 .595
Differentiate the source of each alarm (e.g., HRe Low alarm is from 46 2.2 15.2 60.9 21.7 3.02 .683
ECGf settings)
Customize default settings to patient specific settings 46 2.2 13 56.5 28.3 3.11 .706
contact service personnel to correct difficult alarms 46 15.2 23.9 39.1 21 2.67 .990
Check alarm settings at the start of every shift, with any change in patient 46 4.3 21.7 56.5 17.4 2.87 .749
condition and with any change in caregiver
Use proper oxygen saturation probes and placement 46 0 10.9 58.7 30.4 3.20 .619
Provide proper skin preparation for and placement of ECG electrodes 46 174 23.9 52.2 6.5 2.48 .863
| go to the patient’s bedside immediately | hear alarms 46 0 8.7 54.3 37 3.28 .621
I have immediate reaction infusion and syringe Pump alarms 46 23.9 32.6 34.8 8.7 2.28 .935
| have immediate reaction to cardiac monitor alarms 46 2.2 4.3 37 56.5 3.48 .691
| have immediate reaction to ventilators 46 0 4.3 8.7 45.7 3.24 .794
| have immediate reaction To Hemodialysis Machines 46 0 58.7 304 10.9 2.52 .691
Valid N (listwise) 46
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3.10 Actions in Operating Alarms on the
Critical Care Devices

Respondents indicated that they occasionally
contact service personnel to correct difficult
alarms, with a mean score of 2.67 and a
standard deviation of 0.990. Respondents tend to
react very frequently to cardiac monitor alarms,
as indicated by a mean score of 3.48 and a
standard  deviation of 0.691.  Similarly,
respondents tend to react very frequently to
ventilator alarms, with a mean score of 3.24 and
a standard deviation of 0.794. Respondents tend
to adhere to proper use and placement of oxygen
saturation probes very frequently, with a mean
score of 3.20 and a standard deviation of 0.619.
Regularly readjusting alarm limits based on
clinical symptoms is carried out occasionally by
respondents, as indicated by a mean score of
3.15 and a standard deviation of 0.729.
Respondents tend to pause alarms or cancel the
pause occasionally, with a mean score of 3.13
and a standard deviation of 0.453. Respondents
tend to change alarm volume occasionally, as
indicated by a mean score of 3.11 and a
standard deviation of 0.640. Respondents tend to
customize default settings to patient-specific
settings occasionally, with a mean score of 3.11
and a standard deviation of 0.706. Respondents
tend to silence alarms occasionally, with a mean
score of 3.04 and a standard deviation of 0.729.
Similarly, respondents tend to change alarm
limits within a safe range "occasionally”", with a
mean score of 3.04 and a standard deviation of
0.595. Respondents tend to differentiate the
source of each alarm occasionally, with a
mean score of 3.02 and a standard deviation of
0.683.

Checking alarm settings regularly is carried out
occasionally by respondents, as indicated by a
mean score of 2.87 and a standard deviation of
0.749. Respondents tend to limit the number of
alarms by disabling them rarely, with a mean
score of 2.72 and a standard deviation of 0.779.
Respondents tend to react rarely to hemodialysis
machine alarms, as indicated by a mean score of
2.52 and a standard deviation of 0.691. Providing
proper skin preparation for and placement of
ECG electrodes is carried out very
rarely by respondents, as indicated by a
mean score of 2.48 and a standard deviation of
0.863. Respondents tend to react very rarely to
infusion and syringe pump alarms, with a
mean score of 2.28 and a standard deviation of
0.935.

4. DISCUSSION OF FINDINGS
4.1 Level of Alarm Fatigue among Nurses

Majority of nurses (95.7%) encountered clinical
alarms during their work shifts and this consistent
with previous research of Cheung, Chau and
Mak, [2] and Zhao et al. [20] which highlighted
the prevalence of clinical alarms in critical care
environments due to the increased use of
physiological monitoring devices. In these
findings, participants revealed that cardiac
monitors were identified as the most common
source of alarms which was also reported in the
studies which emphasized that cardiac monitors
as major contributors to alarm fatigue due to the
frequent monitoring of patients' heart rhythms [2].
Mechanical ventilators and cardiac monitors
were rated as having the highest alarm
frequency, while patient call systems and
electrical beds were perceived to have the lowest
alarm frequency [52]. Corresponds with prior
studies, Rodger et al. [45] and Goepfert and
Reuter, [46] identify various medical devices as
major alarm-triggering sources and emphasize
the complexity and critical part of managing
alarms, especially from equipment like
mechanical ventilators.

Mechanical ventilator alarms were identified as
the most challenging to troubleshoot or operate
by the majority of respondents. The above
findings were consistent with findings of Lawless
et al. (2018) and The Joint Commission, [53]
revealed the complexity and significance of
mechanical ventilator alarms, improper
management of which can have serious
consequences for patient safety. The Nurses
reported experiencing various alarm fatigue
symptoms, such as feeling bored, irritated, and
indifferent to clinical alarms. These findings
corresponds with existing literature recognizing
alarm fatigue as a significant patient safety
concern, with adverse effects documented on
nurses' well-being and job performance [45,44].

4.2 Alarm Management Strategies Utilized
by Nurses

The study found that nurses employed various
strategies to manage alarm fatigue effectively in
clinical settings. Specifically, they commonly
assessed the source of alarms and adjusted
alarm limits as primary approaches. Additionally,
silencing alarms emerged as a prevalent method
among participants. These findings agreed with
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previous study which highlighted the importance
of proactive alarm management strategies [54].

When operating alarms on critical care devices,
nurses demonstrated that it take most of their
time during their activities. They consistently and
promptly reacted to critical alarms from cardiac
monitors and ventilators, underscoring the
criticality of immediate responses to these
alarms. This finding resonates with previous
literature emphasizing the significance of timely
intervention in critical care settings [55].

Moreover, nurses consistently adhered to proper
use and placement of oxygen saturation probes,
indicating a commitment to ensuring accurate
monitoring. However, certain actions, such as
providing proper skin preparation for and
placement of ECG electrodes, were less
commonly performed, suggesting potential areas
for improvement in adherence to best practices.
Similarly, some operational adjustments, like
customizing default settings to patient-specific
parameters and differentiating the source of each
alarm, were carried out occasionally, indicating
opportunities for enhancing consistency in alarm
management practices. These findings
corroborate existing literature emphasizing the
importance of comprehensive alarm
management strategies tailored to individual
patient needs [56]. They also underscore the
need for ongoing education and training to
ensure nurses are equipped with the necessary
skills to effectively manage alarms in critical care
settings.

5. CONCLUSION

In conclusion, the study provides valuable
insights into the alarm management strategies
utilized by nurses to address alarm fatigue in
clinical settings. Nurses employ various
approaches, including assessing the source of
alarms and adjusting alarm limits, to effectively
manage alarm-related challenges. The findings
underscore the importance of proactive and
timely responses to critical alarms from cardiac
monitors and ventilators, highlighting the critical
role of nurses in patient monitoring and safety.
Furthermore, the study identifies areas for
improvement, such as ensuring proper skin
preparation and placement of ECG electrodes,
and enhancing consistency in operational
adjustments like customizing default settings.
These findings emphasize the need for ongoing
education and training to equip nurses with the

skills and knowledge necessary for optimal alarm
management.

6. RECOMMENDATIONS

i. Implement regular training sessions and
workshops for nurses on effective alarm
management strategies, including how to
prioritize and respond to alarms based on
clinical urgency. This can help alleviate
alarm fatigue by enhancing nurses' skills
and confidence in managing alarms, hence
improved patient nursing care.

ii. Introducing technology-assisted solutions,
such as smart alarm systems or alarm
fatigue monitoring tools, to assist nurses in
filtering out non-actionable alarms and
prioritizing critical alarms can help reduce
the overall alarm burden and improve
nurses' ability to focus on clinically relevant
alarms which save the patients.

iii. Develop policies and guidelines that
promote adequate rest breaks and work-
life balance for nurses, particularly those
working long hours in critical care settings.
Implementing structured shift schedules
and providing opportunities for rest can
help mitigate the effects of prolonged
working hours on alarm fatigue.

iv. Enhance interdisciplinary collaboration
between nursing staff and biomedical
teams to address equipment-related issues
promptly and ensure the reliability of
monitoring devices. Regular maintenance
checks and troubleshooting protocols can
help minimize equipment malfunctions and
false alarms, reducing alarm fatigue
among nurses.

V. Improve staffing levels and nurse-to-
patient ratios in critical care units to
alleviate workload pressures and enable
nurses to respond more effectively to
alarms. Adequate staffing can help prevent
alarm fatigue by distributing the workload
more evenly and allowing nurses to
prioritize patient care.

Vi. Enhance training programs and
educational resources on alarm
management for nursing staff, focusing on
topics such as equipment operation, alarm

troubleshooting, and adherence to
institutional policies. Providing
comprehensive training can empower

nurses to better understand and manage
alarms, reducing the likelihood of alarm
fatigue.
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Vii. Implement standardized protocols and
procedures for alarm management in
clinical settings, outlining best practices for
adjusting alarm limits, prioritizing alarms,
and responding to critical alarms. Clear
guidelines can help ensure consistency in
alarm management practices and reduce
the risk of alarm fatigue.
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