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Abstract

Title
Exploring the experiences of alarm response and alarm fatigue amongst nurses working

in the intensive care unit of a tertiary care hospital in Karachi. Pakistan: A qualitative study.

Background
Alarm fatigue is a significant concern within the healthcare sector, marked by the

excessive exposure of healthcare practitioners to clinical alarms. This prolonged exposure can
result in desensitization and delay nurse’s responsiveness to vital warnings. The occurrence
of inaccurate alarms intensifies desensitization, undermining confidence in alarm systems and
potentially leading nurses to ignore alarms. Alarm fatigue is a prevalent issue of worldwide
significance, which calls for more investigation to effectively tackle these issues and enhance
understanding of alarm systems to get the best possible treatment results. However, there is a
lack of study undertaken in Pakistan about the investigation regarding response of intensive

care unit (ICU) nurses to clinical alarms and their understanding of alarm fatigue.

Purpose
The objectives of this study are to describe the type and criticality of alarms produced
by machines at the patient’s bedside and explore the experiences of alarm response and alarm

fatigue among nurses working in the ICU of a tertiary care hospital in Karachi, Pakistan.

Methodology

This study used an observational descriptive exploratory methodology to investigate
the experiences of alarm response and alarm fatigue among nurses working in the ICU. The
research was conducted in an 11-bed intensive care unit, with nurses selected through

purposive sampling. Data was collected through observations (camera and documentation)



and interviews, and the findings were analyzed through content analysis. Moreover, synergy

model was used as a theoretical framework for this study.

Finding

The study investigated how nurses respond to clinical alerts and their perception of
alarm fatigue. The observational findings highlighted a diverse range of alarms and
demonstrated variations in nurse responses to these alerts. Additionally, the observations
identified discrepancies between the alarms set on monitors and those documented on the
flowsheet. The content analysis study identified five key themes: Alarm setting guarantees
patient Safety, Alarms response follows standards and patient priority, alarm driven nurse’s
actions, alarm fatigue exists and is dangerous, alarm fatigue can be combat. Moreover, the
study illuminates the consequences of alarm desensitization and explores methods to alleviate
alarm fatigue.
Conclusion

The findings of the study offer crucial suggestions for nursing leaders and
administrators to enact policies aimed at reducing alarm fatigue among nurses. The
recommendations encompass the implementation of procedures aimed at prioritizing alerts
according to their level of criticality, the provision of education and training programs
focused on the appropriate handling of alarms, and the frequent evaluation of the efficacy of

existing alarm systems.
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Chapter 1: Introduction

This chapter introduces the current study, “Exploring experiences of alarm response
and alarm fatigue among nurses working in the Intensive care unit of a tertiary care hospital
in Karachi Pakistan: A Qualitative Study.”. The chapter encompasses the background of the
study, followed by the study purpose, study question, researcher’s reflection, and significance

of this study for nursing.

In the past decade, there has been a significant growth in technological advancements
in intensive care (jungDe Georgia et al., 2015). As technology advances, critical care
equipment like ventilators, bilevel-positive airway pressure machines, cardiac monitors,
defibrillators, and continuous renal replacement therapy (CRRT) machines have become
increasingly sophisticated and incorporate clinical alarms to enhance patient care and safety.
The Joint Commission (2013) defines a clinical alarm as an alert designed to safeguard the
individual under care or notify the staff that the individual faces an elevated risk, requiring

prompt assistance.

These alarms are seen as a vital component in improving patient safety and reducing
life-threatening complications because they alert healthcare professionals about severe
situations requiring immediate medical treatment (McFarlane et al., 2018). For instance,
bedside cardiac monitors with alarm features are the most effective means of detecting
alterations since they notify nurses of abrupt changes in a patient's vital signs via a visual and
audible alarm system. However, in cases where the alarms are ignored or responded with a

delay, this may lead to an adverse outcome for the patients (T. A. Bach et al., 2018).

Background
Nurses play a critical role in patient care as they monitor patients and respond to

critical alarms. Nurses must pay close attention to key alarms to provide effective and high-
1



quality treatment. Through trials, patient-alerting systems have been proven, to improve
patient safety and reduce errors (Ramlaul et al., 2021). However, the publication of the first
declaration of alarm-related sentinel incidents by the Emergency Care Research Institute
(ECRI), in 1974, drew attention to the potential risks associated with medical alarms and the
need for improved alarm management in healthcare settings (Keller Jr, 2012). The specific
incident mentioned in the declaration, about a serious patient burn caused by an overlooked
alarm signal indicated on a hypothermia machine, highlighted the potential consequences of
alarm desensitization and the need for better alarm prioritization and response. Since then, the
ECRI has continued to issue reports and recommendations aimed at improving alarm safety

and management in healthcare settings (Sendelbach & Funk, 2013).

In 2010 and 2011, the ECRI released a yearly list of the top ten technological risks in
healthcare settings, and alarm fatigue ranked second on that list (Purbaugh, 2014). However,
in the subsequent years of 2012, 2013, and 2014, alarm fatigue was highlighted on the top of
the technology hazard in healthcare, by the ECRI (Purbaugh, 2014). While alarms are
intentionally designed to be sensitive to minimize any sentinel events, their high sensitivity
results in low specificity, leading to a high rate of false positives. Studies show that 72-99%
of the alarms in hospitals are false or clinically inconsequential and do not pose a threat to
patients (Sendelbach & Funk, 2013). In addition, nurses receive an average of 700 alarms per
patient in a day, with 80% of those alarms being false (Cvach et al., 2015). These high
numbers of invalid alarms can lead nurses to be less responsive or to ignore the alarm,

resulting in difficulty in recognizing and responding to true emergencies.

Alarm fatigue has been discussed as a risk to patient safety since many decades.
Alarm fatigue is a serious phenomenon in healthcare settings, arising from the high number
of alarms generated by medical devices (Harris et al., 2017). The repeated, loud noises may

exhaust nurses, causing them to deactivate, silence, or disregard the alerts. These
2



behaviors have been found to have a detrimental influence on patient safety (Ruskin &
Hueske-Kraus, 2015). Welch, in 2011, reported that there are at least 40 sources of alarms in
any acute clinical environment, and they may occur as frequently as every 30 seconds
(Welch, 2011). The excessive number of clinical alarms creates a dissonant and
overwhelming sound that can lead to alarm desensitization and inappropriate alarm

management practices among nurses (Nix, 2015).

A report by ERCI, in 2012, identified instances where patients were harmed because
alarms were silenced or ignored, or because healthcare providers were overwhelmed by the
frequency of alarms and missed the critical ones (Horkan, 2014). The Joint Commission
(TJC) indicates that between 2009 and 2012, 98 alarm induced sentinel occurrences were
reported, of which 80 resulted in fatalities, 13 in irreversible impairment, and 5 patients
ended up having prolonged morbidity (Commission, 2013). In response to these concerns, the
Joint Commission proposed the National Patient Safety Goals related to alarm system
management, in year 2013, to address the issues related to alarm fatigue and to improve
patient safety (Commission, 2013). However, recent literature suggests that after so many
years of interventions, alarm fatigue is still a persistent problem, which is evident by the
study finding that concludes that the ICU nurses received over 2,000 alarms per patient per
day, leading to desensitization and increased response time to the alarms (Ceylan et al.,

2021).

Nurses respond to an alarm in different ways. A study conducted in 2020 to
investigate the nurse’s response to clinical alarms in ICU showed that nurses addressed the
alarms 429 times, the responses includes were: turning the alarm off, addressing the patient's
complaint, resolving connection and transmission issues, alerting any medical professional of
the patient's state, evaluating the patient, and modifying the device configurations and

positioning of the patient. The study revealed a high false alarm rate (48%), low nurses'
3



response rate (46.9%), and long response time (102.81 s), with a significant high rate of
alarm silencing. (Ergezen & Kol, 2020). This silencing of alarms and delayed response to an

alarm can lead to many sentinel events.

A study by Cvach et al. (2017) found that alarms were identified as a contributing
factor in 68% of sentinel events, with a delay in response being the most common cause.
According to the Joint Commission, 2013, a sentinel event is an incident that is not
anticipated and involves serious psychological or physical injury, or death. The event may
lead to permanent harm, severe but temporary harm, or death (Patra & De Jesus, 2023).
According to a report by the ECRI Institute (2018), alarm-related sentinel events occurred in
27% of all reported events in healthcare facilities in the United States, with the delayed

response being a common contributing factor.

Sentinel occurrences related to ignoring alarm or delaying the response to an alarm
alert are underreported, and some researchers believe that the real number of these deaths is
higher than what is currently known (Sendelbach & Funk, 2013). Literature shows several
cases where patient deaths were attributed to delayed response due to alarm desensitization.
One case involved a patient receiving oxygen therapy and dropped oxygen saturation levels
triggered an alarm. However, staff members were reportedly desensitized to the alarm due to
its falsified frequent activation and did not respond promptly. The patient ultimately died, as

the staff failed to respond to the alarm for over an hour (Cvach et al., 2015).

Evidence-based causes for alarm fatigue include: a significantly high rate of false
alarms, which can desensitize healthcare providers to critical alarms; alarms that are difficult
to hear due to competing noises, which can make it challenging to distinguish between
different types of alarms and prioritize responses; trouble determining the severity of alarms,

which can lead to confusion and delay in decision-making; and a rise in noise brought on by



an escalation in the number of alerts, which can contribute to a stressful and distracting work
environment for healthcare providers. These factors can ultimately lead to a decreased

response to alarms and a higher risk of adverse events for patients (Dinis & Rabiais, 2017).

Moreover, one study found that nurses lacked familiarity with alarm customization,
which led to inadequate responses to clinical alarms (Movahedi et al., 2023). The study noted
that customization of alarm settings is essential to optimize alarm fatigue management and
reduce unnecessary alarms. By customizing alarms based on patient acuity, the relevance of
the alarm can be increased, while reducing the number of alarms that are not clinically
significant. Customizing alarms involves setting specific thresholds for individual patients,
which can help decrease the frequency of non-actionable alarms and improve alarm response

times for critical alarms (Cvach et al., 2017).

According to the report of the Joint Commission International 2013, alarm fatigue-
related incidents are now considered a global issue. As public knowledge of these issues
grows, so does recognition and reporting, which aids in determining the scope of the problem
and developing strategies to address these issues. The survey emphasized the need for
hospitals to develop effective alarm management policies and procedures to reduce the risk of
adverse events (ECRI, 2018). To overcome these difficulties and promote alarm deployment

in ways that can improve the delivery of quality care, further research is required.

Purpose of the Study
This qualitative exploratory study aimed to investigate and generate a rich description

of nurse’s experience with alarm response and alarm fatigue.

Study Questions

1. What are the nurse’s responses to various clinical alarms in critical care?



2. What are the experiences of critical care nurses regarding alarm fatigue, in the

intensive care unit of a tertiary care hospital?

Researcher’s Reflection
Alarm fatigue is a global phenomenon that affects both nurses and patients.

However, despite extensive research on this topic, no research on alarm fatigue in
Pakistan was found during the electronic database search internet search. Moreover, my
three-year experience working in the ICU has highlighted several critical alarm system
issues. Although policies and procedures exist for clinical alarms, they are often
disregarded or disabled, regardless of their reliability. Additionally, nurses may not be
familiar with customizing alarms, leading to healthcare providers failing to respond to
critical alarms. Therefore, it is crucial to investigate nurses' experiences of alarm response

and alarm fatigue and develop effective strategies to alleviate this issue.

Study Significance

This study holds significant importance across several major dimensions. Firstly, this
study illuminates the significant challenges that nurses working in high-pressure workplaces
encounter while attending to alarms, emphasizing the possibility of overlooked alerts and
consequent harm to patients. The purpose of this study is to increase awareness of the critical
significance of timely responding to alarms and the necessity of devising the strategies that

may efficiently handle alerts while maintaining patient safety.

Moreover, if the study were to uncover a requirement for revisions in alarm
management policy, it would facilitate the implementation of essential modifications to the
protocol. The proposed modifications would seek to optimize the management of
notifications and mitigate the fatigue encountered by critical care nurses, thereby enhancing

the quality of patient care and ensuring their well-being.



Also, the study has implications beyond the critical care that could contribute to
patient safety in the wider health care system. Despite its immediate effects in critical care,
the impact addresses the widespread problem of alert fatigue in an array of healthcare
settings. As a result, the research findings greatly enhance the development of effective alarm

management and fatigue reduction solutions, enhancing patient safety.

Summary

Alarm response and alarm fatigue can have a significant effect on patient outcomes.
Implementing effective strategies, such as reducing the number of non-actionable alarms,
customizing alarms to patient-specific conditions, and providing education and training to
healthcare providers, can help improve timely nurse’s response to the clinical alarms, reduce
the burden of alarm fatigue on nurses and improve the overall quality of care. This chapter
discussed the background of the study, followed by the study purpose, study question, and

significance of this study for nursing.



Chapter Two: Literature Review

This chapter thoroughly reviews the literature on the experiences of nurses with alarm
response and alarm fatigue. It is divided into four sections, namely description/explanation of
the search strategies employed to gather relevant literature, conceptual definitions of the
terms, a review of the empirical literature and theoretical framework related to the topic, and

the rationale for the study in Pakistan along with a gap analysis.

Search Strategy

A thorough and methodical literature search was conducted to investigate the
experiences of intensive care nurses concerning alarm fatigue and alarm response. The search
was performed using various databases, such as PubMed, CINHAL Plus, Science Direct, and
Google Scholar, covering the period from January 2013 to August 2023. Most of the articles
that were examined were published within the last ten years, but the search also included
landmark studies to evaluate the intervention of skin preparedness for electrode placement to
reduce alarm fatigue. The search found two articles from 1989 and 1991 to serve the purpose.
This approach ensured a comprehensive and diverse collection of literature on the subject
matter. Search phrases and keywords used for the review encompassed a range of alarm-

99 ¢

related themes, such as “alarm management”, “false alarms”, “alarm fatigue”, “clinical
alarms”, “nurse’s role in alarm management”, “nurse’s experience of alarm fatigue” and

“nurse attitudes towards alarms”. This comprehensive approach helped to ensure a broad

search of the relevant literature on the topic.

A total of 133 articles were found in PubMed after applying mesh words (Alarm
management OR Response to Alarms OR False Alarms OR Emergency Responders (Mesh)
OR Nurse’s role in Alarm Management OR Critical Care Nurses Response) AND (Fatigue

OR Professional Burnout OR Alarm Stress OR Health Personnel ) OR Workload OR Patient



Safety ), which were further narrowed down to 37, when filters for the previous 10 years,
human subjects, full text, and English language format were added. In CINHAL 85 results
appeared, which were reduced to 38, while applying the same filters, Furthermore, from
Google Scholar, 714 results appeared, which were narrowed down to 600 when filters were
applied, and Science Direct yielded 200 articles, which were narrowed down to 100 on

applying filters, from which 37 were appropriate to the study.

Lastly, the theoretical framework which will be used for the study was searched. The
initial search produced over 10,600 citations using the keyword "Synergy Model." These
were condensed to 165 citations by excluding non-nursing material. Following a review,
three pertinent articles were found that helped to support the Synergy Model as the theoretical
foundation for the stated study. The evaluated literature included a range of items, including
papers offering advice for controlling and analyzing alarms, improvement projects, reports
from safety organizations, surveys, and reviews of previous work. Observational studies and
studies looking at previous alerts were also looked at. The flow diagram below illustrates the

process of the literature search.

S Total articles obtained from Databases = 1,132 Articles identified from
& Science Direct = 200, PubMed = 133 added searches Google
o ] ] ] Scholar = 714
= Cumulative Index of Nursing and Allied Health
= | | Literature (CINAHL) Plus with full text = 85 l
= Applying the filters for: Full text articles, Last 10 years, English Language, Related
= Key words, Humans = 775
c
<  §
Avrticles remaining after removal of mep| Articles removed = 200
duplicates = 575
<
S ;
(%2}
=
2 Articles remaining after reading # Articles removed = 538
abstract and titles = 37
Number of articles finally reviewed.
- Science Direct = 12, PubMed = 99
5 Cumulative Index of Nursing and Allied Health Literature (CINAHL) Plus with full
-u_? text = 10 Google Scholar: 7
Table 1. Search Strategy




Conceptual Definitions

Alarm fatigue. Alarm fatigue occurs when response of nurses to an alarm is delayed
or nonexistent as a result of the nurse's senses becoming desensitized by an excessive number
of alarms (Solet & Barach, 2012). This can occur when there is a high frequency or volume

of alarms.

Non-critical alarms. In some cases, an alarm may be triggered correctly to indicate a
deviation from the expected value, but the value itself may not require any intervention. For
instance, a patient may consistently have a normal heart rate of 45 beats per minute, even
though the alarm threshold is set at 60 beats per minute. In such cases, the alarm would signal
a low value, but it would be within the normal range for the patient, and hence, is not critical

for the patients (Lukasewicz & Mattox, 2015).

Level 1 Alarm. A "Life-Threatening Alarm" refers to a critical notification that
necessitates an expeditious reaction. Disregarding the sounding of this warning has the

potential to result in a catastrophic clinical occurrence (AKUH Policy).

Level Il Alarm. A “Potentially Life-Threatening” Alarm refers to an alarm that needs
immediate examination and response. The clinical outcome may be influenced by a delay in

reaction (AKUH policy).

True alarm. An alarm is considered a valid alarm when it indicates a true patient
event or condition that requires healthcare providers' attention or intervention (Korniewicz et

al., 2008).

False alarm. The most frequent alarms in healthcare settings are false alarms. These
alarms are triggered even though there is no actual indication of a change in the patient's

condition (Korniewicz et al., 2008).
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Technical Alarm. The alarms initiated by some technical factors that can contribute
to invalid alarms and alarm desensitization, such as electronic device interference or

equipment malfunctions (Korniewicz et al., 2008).

Alarm response time. The time interval between the initiation of an alarm and the
healthcare provider's response to the alarm. Delayed response times may be indicative of

alarm fatigue (Korniewicz et al., 2008).

Alarm threshold. The level at which an alarm is triggered by a medical device. It is
set to ensure that healthcare providers are alerted to critical events, but it can also contribute

to alarm fatigue if set too high or irrespective of the patient’s normal parameters (Speich,

2017).

Alarm management strategies. Alarm management strategies refer to a set of
practices and techniques aimed at reducing the incidence of alarm fatigue and improving the
safety of the patient by optimizing the use of clinical alarms in healthcare settings (Cosper et

al., 2017).

Alarms and Alarm Fatigue

A clinical alarm, according to Imhoff and Kuhls is an automated warning that is
prompted by a patient's measurement or other state descriptors and indicates a clinically
significant deviation from a physiological condition (Imhoff & Kuhls, 2006). While alarms
are designed to notify healthcare providers of deviations from the normal rhythm in a
monitored environment, the frequent occurrence of monitor alarms can have a detrimental
effect on patient outcomes. In any critical care unit, when several thousand alarm signals,
nurses get desensitized by the cacophony of alerts, which can reach as many as 942 alarms
per day, these signals are believed to be the main cause of alarm-related adverse events, as
nurses fail to react to the clinically urgent signals (Commission, 2013).
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As alarm fatigue emerges as a serious patient safety concern, therefore, alarm system
management has been prioritized in healthcare settings for better outcomes. The
Manufacturer and User Facility Device Experience (MAUDE) reporting system of the U.S.
Food and Drug Administration (FDA) highlighted 566 complaints of patient fatalities
connected to clinical alarms from year 2005 to 2008 (Bach et al., 2018). This is because high
number of alarms, has been associated with many unfavorable clinical behaviors by the
healthcare provider, for instance, turning off or muting significant alarms, setting
inappropriate alarm parameters, and reducing the volume of the alarms to reduce the number

of alerts (Bach et al., 2018)

Similarly, a study looked at the reaction times, the clinical significance of alarms, and
alarm fatigue in an adult intensive care unit in Colombia. A descriptive, quantitative,
observational research design was used in the study, which involved 120 hours of non-
participant observation over three months. A total of 5,147 alarms, or 43 alarms per hour,
were found. The study showed 37% of alarms received a response within 0 to 60 seconds.
Alarm fatigue was visible, though, as 42.5% of alarms were unanswered. There was a
statistically significant correlation between the reaction time and the clinical significance of
alerts. The study concludes that there is alert fatigue. To reduce alarm fatigue and to improve
ICU nurse’s response to crucial alarms, improvement measures are required (Andrade-

Méndez et al., 2020).

Despite several research and initiatives that have identified unnecessary alarm as a
patient safety concern, papers detailing remedies to address this issue are scarce (Bach et al.,
2018). This is most likely because alarm incidents are a complicated problem combining
human, organizational, and technical aspects. Alarm adverse occurrences can be exacerbated
by organizational factors such as a lack of alarm responsibility and difference in the

consensus on alarm setting. Human concerns, such as variable response of healthcare
12



provider to alarms and inconsistent silencing or muting of alarms, and technological
difficulties, includes such as varying serious alarm tones and misleading, or false alarms

(Bach et al., 2018).

False or Clinically Irrelevant Alarms

The World Health Organization recommended, that the noise level in critical care
units should not exceed 35 decibels as it disrupts collaboration and raises the stress levels of
the employees (Berglund, 2000). However, these recommendations are often exceeded in
practice.. Jung, (2020) demonstrated in their research that the noise level computed in an ICU
was between 47-77 dB and that false alarms were considered the most significant causes of
these noise-causing sensory overloadA qualitative study to determine which equipment
causes the most sensory overload amongst critical care nurses was conducted in North
America in 2018 using focus group interviews. Nurses who worked for more than 20 hours
per week over the past 6 months were included. The respondents stated that the alarms from
cardiac monitors, ventilators, and intravenous pumps were helpful, but the majority of the
time contribute to sensory overload. Electronic health record alerts and medication delivery
systems alerts/alarms were regarded as being the least beneficial and least likely to cause

sensory overload (Wung et al., 2018).

Every day, intensive care nurses are irritated by onerous and false alerts, this erodes
the confidence of the nurses on the clinical alarm system and results in a situation where
alarms become less alarming for them, and they may not react as they should (Schmid et al.,

2013).

According to ECRI (2007), a false alarm arises when the physiological monitoring
system identifies a physiologic event that does not really occur (Welch, 2011). To explore

why alarms are triggered and how they are responded to, several observational research
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methods have been employed. The Healthcare Technology Foundation HTF performed a
countrywide online survey of hospital staff, in 2005, to determine the relationship between
attitudes and practices regarding clinical alerts. The results showed that 78% of the
participants admitted to inadvertently turning off alarm systems. This survey was repeated in
2011, and the results showed no significant improvement. The data indicated that 78% of the
respondents still admitted to inappropriately disabling alarms (Foundation, 2011). According
to the HTF survey of 2011, 20% or so of hospital employees reported adverse events between
2009 and 2010. The most pressing issue remained the high frequency of nuisance and false
alarms, with little progress reported in reducing the hazards associated with alarm systems

since the first HTF survey in 2004 (Foundation, 2011).

Similarly, Ergezen and Kol in 2020 conducted a study aimed to explore the types of
monitor alarms in an adult intensive care unit (ICU) and how bedside nurses responded to
them. The researchers conducted an observational study in a University hospital in Turkey,
using nonparticipant observation. Two observers used a semi-structured tool to collect the
observations. A sum of 328 hours observations of 13 registered nurses took place between the
month of August 2016 and January 2017. During this period, there were 1781 alarms. Blood
pressure alerts (37.6%), respiration and oxygen saturation alarms (35.3%), and heart rate and
arrhythmia alarms (27.1%) were the three categories into which the alarms were divided.
Nearly 46.9% of the alerts that needed a response were attended to by nurses. The responses
to the alarms varied. Nurses silenced the alarms, responded to the patient's condition, and
take care of the lead attachment problems. The study found that many alarms did not show
the actual clinical condition of the patients, indicating a significant high percentage of false
alarms. Additionally, as the frequency of false alarms increased, the rate at which nurses
responded to these alarms decreased. In conclusion, this study highlights the distribution of

alarm types in the ICU and the nurse’s responses to them. It implies the need for better alarm
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management strategies to lower the frequency of false alarms and enhance nurse’s

responsiveness to alarms (Ergezen & Kol, 2020).

Similarly, a prospective, observational study was conducted by Inokuchi et al. in 2013
at the medical ICU of the University of Tokyo Hospital in Tokyo, Japan. This study reviewed
alert relevancy in 18 ICU patients and found that while 71% of the alarms were valid, 21.7%
of them were technically false. Only 6.4% of all alerts, which comprised of both false and
genuine alarms, were clinically appropriate. The authors found that combining physiologic

data resulted in a 21.4% reduction in clinically irrelevant alarms (Inokuchi et al., 2013).

Likewise, Drew et al in 2014 focused on electrocardiogram (ECG)-related alarms in
observational research in five intensive care units, with a total of 77 beds, at the University of
San Francisco. There were 2,558,760 alarms throughout the 31-day research period, with
arrhythmia alarms accounting for 1,154,201, parameter alarms for 612,927, and technical
alarms for 791,632. An average of 187 alarms were generated per bed per day. The
investigation also found that false positives accounted for 88.8% of the 12,671 highlighted
arrhythmia alarms. Excessive alerts were brought on by issues like bad alarm settings,

protracted atrial fibrillation, and inactive events. (Drew et al., 2014).

Despite being low-priority alarms, technical alerts are frequently regarded as
bothersome, and can lead to alarm desensitization (Funk et al., 2014). These are the
indications that certain equipment requires maintenance to operate properly. The ECG leads-
off warning is an illustration of a technical alarm. However, some technical alarms, though,
can have serious repercussions. For instance, if a patient has a lead-off condition, critical
events like a potentially fatal arrhythmia may not be detected because the patient is not being

monitored.
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Nurses’ Perceptions of Alarm Fatigue

The nurses perceive alarm fatigue as a significant concern that negatively impacts
patient care. However, nurses often feel overwhelmed and frustrated by the constant barrage
of alarms; this may result in alarms being inadvertently disabled due to desensitization.
Several studies have highlighted the idea that alarms are a serious problem in the healthcare

setting and are supported by nurse’s unfavorable attitudes towards clinical alarms.

Based on the HTF study from 2004, Clark and David issued an important White Paper
in 2006 that looked at the proper use of clinical alerts and reviewed databases of adverse
events. The study's findings, as reported in the publication, revealed that the majority of
participants believed that too many alarms interfered with patient care and caused caregivers
to lose trust in them, which led to sirens being unintentionally disregarded. Similarly,
according to Funk, Clark, Bauld, Ott, and Coss, the HTF survey conducted in 2011 showed
that respondents believed nuisance alarms frequently impacted patient care. The authors
speculated that this could be due to improvements in technology and response to alarms. The

authors agreed that clinical alarms remain a cause for concern (Funk et al., 2014).

A descriptive survey approach was undertaken in an Australian Regional Critical Care
Unit (CCU) study in 2014 to analyze nurse’s views towards clinical alarms. A ten-question
survey regarding alarm fatigue and protocols in the intensive care unit was given to forty ICU
nurses for this research. The authors classified the replies into five categories: defining
nuisance alarms, alarm setting procedures, the act of turning off the alarms, modifying the
alarm limits, and notifying colleagues of alarm limit modifications. While the study
concentrated on regulating alarm limitations, the results confirmed the premise that too many
alerts can lead to desensitization and increased reaction times, which can result in the

disabling or silencing of alarms without proper reason. Respondents voiced worries about
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vital alerts being ignored and anger about the nursing staff's slow reaction times (Christensen

etal., 2014).

Additionally, Honan et al. (Honan et al.) carried out a study depending on what was
examined by Funk et al. by looking at free-text comments provided by survey participants in
the HTF research of 2011. About 410 nurses, who made up 29% of all respondents in 2011,
were examined using qualitative analysis and Krippendorff's analytic approach. Six themes
identified were: including desensitization and dissonance, pollution, panic, and pathology,
demanding accountability, demanding the authority of nurses, clinical alarm management
being necessary but not a panacea, and future optimism. Overall, the comments showed
worry about the potential for danger, emphasized particular needs, such as an emphasis on the
nurse’s responsibility in the patient care environment, and recommended enhancements for

alarm management (Honan et al., 2015).

In the light of above references, health care organizations must foster a culture of
ongoing improvement by identifying the negative effects of alarm fatigue and involving

nurses in strategies to reduce this burden.

Strategies to Address Alarm Fatigue

AACN Bundle Approach. The Joint Commission's objective is to increase clinical
alarm safety; hence, it places a strong emphasis on the value of evidence-based practices and
alarm management training. By implementing several interventions to decrease the rate of
false and non-critical alarms in the ICU, the AACN proposed an evidence-based bundle to
address alarm fatigue in healthcare settings (Winters, 2018). The recommended practices
include preparation of the skin for ECG electrodes, routine daily electrode replacement,

customization of the alarm levels and settings on ECG monitors, instructions and training on
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alarm device use, formation of inter-professional teams to address issues related to alarm, and

attaching monitors to only those patients who require alarms (AACN, 2013).

Sendelbach used this bundle interventions in a study at the medical cardiovascular
care unit, this study sought to lower the incidence of erroneous electrocardiographic (ECG)
alarm signals in adult patients. The researcher put into practice a process for quality
improvement that included several interventions, such as getting rid of duplicate alarms,
personalizing alarm settings, changing ECG electrodes every day, establishing standards for
skin preparation, and utilizing disposable ECG leads. The results indicate that the average
daily number of ECG warning signals had significantly decreased. in the cardiovascular care
unit. The baseline mean was per day 28.5 alarm signals, and after implementing the bundled
approach to alarm management, it decreased to 3.29 alarm signals per day, representing an
88.5% reduction. The study concludes that implementing the bundled approach to manage
alarms effectively reduce the frequency of alarm signals effectively in the cardiovascular care

unit (Sendelbach et al., 2015).

Similarly, the result of the Quasi-experimental study done by Turmell et al. in 2017,
showed that implementing AACN bundle measures, which included personalizing alarms to
the patient's state, replacing ECG electrodes every day, standardizing skin preparation, and

removing duplicate alarms, reduced alert rates by 30% (Turmell et al., 2017).

In another study, nurses in a surgical intensive care unit (ICU) of a teaching hospital
in Northeastern Florida were examined for the utilization of skills they use in management of
the alarm and alarm fatigue as a pre post interventional study. A clinical alarms survey was
administered to 115 nurses pre and post intervention to assess changes in alarm management
perceptions and practices. The results showed that the implementation of the CEASE bundle

and training sessions led to improved alarm management competency among the nurses.
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There were significant improvements in the perceptions of functionality of alarms, alarm
settings, alarm response time, and nurse’s adherence to the policy of alarm management.
Also, there was a decline in reporting of alarm fatigue. The CEASE bundle was considered to

have a positive influence on nursing practice (Bosma & Christopher, 2023).

Electrocardiography Interventions

Alarm fatigue is a common problem in healthcare settings, and electrocardiography
(ECG) monitoring is one area where it can be particularly problematic. The Joint
Commission recognized false ECG alarms as a considerable technology risk in 2018, posing
a risk to patient safety. To address this issue, several interventions have been proposed to
reduce alarm fatigue with respect to ECG monitoring. Changing ECG electrodes daily and
standardizing skin preparation can also help to improve the quality of ECG signals and

decrease the number of false alarms (Drew et al., 2014).

The evaluation of appropriate skin preparation for placement of electrodes was
primarily conducted by Medina, Clochesy, and Omery in 1989, and was later revisited in
1991 by Clochesy, Cifani, and Howe. In both studies, it was found that preparing the skin by
cleaning it and making it slightly rough helped to reduce artifacts, which are known to cause

false alarms (Clochesy et al., 1991).

Prospective descriptive research was carried out by Walsh-Irwin and Jurgens in 2015
to examine the effect of adequate electrode positioning and preparation of the skin on the
frequency of ECG alarms. The alert rates were tracked for 24 hours. This was a before and
after intervention in the trial, which involved 15 patients at the Veterans Affairs Medical
Center, New York. Hair was clipped as necessary, the skin was washed with soap and water,

and dried with a washcloth, and electrodes were attached to leads and properly positioned.
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The findings revealed a considerable drop in alerts, from 1,341 to 992, or a 44% decrease, in

24 hours (Walsh-lrwin & Jurgens, 2015).

Similarly, a quality improvement strategy was initiated by McGuffin and Ortiz in
2019 aimed at investigating whether daily change of ECG electrodes could reduce the
number of nuisance alarms. The study was conducted on an adult inpatient cardiac telemetry
unit comprising 36 beds using a quantitative/comparative design. Data was gathered for 14
days—14 days before the intervention (daily electrode changes were not made) and 14
days—during the intervention. A comparison analysis was performed to determine if the
number of alarms decreased after implementing daily electrode changes. The results indicated
that once daily electrode adjustments were put into place, telemetry alerts significantly
decreased. In comparison to pre-intervention levels, post-intervention data revealed a 74.15%
drop in alarms. The discussion emphasizes that decreasing bothersome warnings in telemetry
equipment can be accomplished by performing daily ECG electrode replacements. By
addressing issues related to electrode maintenance, such as skin preparation and placement,
healthcare facilities can mitigate false alarms, enhance patient safety, and improve the

efficiency of telemetry monitoring (McGuffin & Ortiz, 2019).

Similarly, Speich in 2017, mentioned in his article related to a quality improvement
experiment, started in 2011 at The Johns Hopkins Hospital to see if daily electrode
replacement on patients may lower the frequency of ECG related technical alerts. The project
was carried out in a 25 bed Cardiology Care Unit and a fifteen-bed Medical Progressive Care
Unit (MPCU). Each patient's electrodes were changed daily between the hours of 8:00 and
12:00 as part of the intervention, which was in accordance with the policy of The Johns
Hopkins Hospital's instructions for skin preparation. For 8 days in each group, the quality
improvement project entailed counting the alert rates before and after the intervention as well

as defining the type of alarm depending on the level of priority. The intervention group saw a
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32% drop in technical alarms in the MPCU and a 56% drop in the CCU by replacing the
electrodes on patients daily and following skin preparation protocols (Speich, 2017). Despite
being a very small body of research, the findings of this study were convincing enough for

AACN to include them as part of the arguments in favor of routine electrode modifications.

On the other hand, at the Cleveland Clinic in Ohio, Albert and colleagues undertook
research to see if utilizing disposable EKG lead wires would result in fewer false alarms than
using reusable wires. The goal of the study's authors was to find differences between the
groups utilizing disposable wires and the ones using reusable wires, not to calculate false
alarm rates. The study compared the relative efficacy of the two kinds of wires and it used a
prospective, cluster-randomized, controlled, and blinded study. The study involved four
inpatient telemetry units, two of which used reusable wires for the initial and subsequent
months (control group) and two of which used disposable wires (intervention group), for the
next two months, the groups were exchanged. Data were gathered remotely during the course
of the study's four-month duration by staff members who were not aware of the participants.
Five categories, including real and false alarms, were used to group the alerts. They
discovered a substantial difference, with a 29% risk decrease when utilizing disposable wires
as opposed to reusable wires. Additionally, it was discovered that there was no difference
between disposable and reusable wires in terms of "monitoring (artifact)" and "all false™ alert
kinds. Yet, there wasn't any discernible difference in the number of genuine emergency alerts
and erroneous alerts between the two groups (Albert, 2015). While the study provided some
evidence that disposable leads could decrease certain alarm situations, it was not entirely

convincing that they could reduce unnecessary alarms in all situations.
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Customizing Alarm Settings
Setting alarm parameters based on patient-specific criteria can reduce the number of
unnecessary alarms. This demonstrates to have a beneficial impact on patient care, reduce

alarm fatigue, enhance patient safety, and improve the overall healthcare environment.

The multidisciplinary team at Boston Medical Center recognized the issue of clinical
alarm fatigue and patient anxiety caused by frequent and unnecessary cardiac monitoring
alarms on a cardiology unit. To solve this issue, they looked at internal alarm data and
monitored the nursing personnel to create better monitoring procedures. Changes were made
to the team's alarm-management system, including modifying alarm settings and centralizing
patient cardiac data. The modifications included expanding heart rate default limits to
accommodate patients with abnormal rates, upgrading certain alarms to crisis alerts for
immediate attention, downgrading an advisory alert to a message, and upgrading alarms for
atrial fibrillation to audibility. Nurses were also given the ability to adjust alerts to non-
audible status for specific patients. This pilot study successfully decreased audible alarms by
89% and reduced the level of the noise from 90 dB to 72 db. No adverse event related to
cardiac alarms during the study period was noted, as it was a year prior. Rapid response team
activation also decreased by 50%, and patient satisfaction increased. The new alarm system
was well-liked by nurses, and 64% of them thought the noise level was appropriate. The
authors recommend allowing nurses to modify the default alarms as needed and involving the
nurses in the implementation process. Engaging nurses and giving them the ability to

customize alarms can lead to successful changes in alarm management (Joy, 2014).

Similarly, in research published in 2016, Brantley et al. sought to determine how
pulse oximetry alarm rates were affected by a training session on customizing alarm settings.
Critical nurses from the Emory University completed the study, and the findings revealed a

statistically significant 39% drop in pulse oximetry alerts following the learning session. The
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results of this study signifies how personalizing alarm parameters can decrease the rate of

unwanted alarms and lessen alarm fatigue (Brantley et al., 2016).

Another study focused on how intensive care unit (ICU) nurses approach
personalizing electrocardiograph (ECG) monitor alerts to lessen alarm fatigue. The study
used a convergent mixed methods design and was carried out in three ICUs within a single
hospital. Patient’s monitor data on the types and number of ECG alarm were gathered, and
semi-structured interviews with 27 nurses were undertaken to learn more about the clinical
justifications for these practices. According to the findings, 58.7% of the 298 patients had at
least one customized alarm. Atrial fibrillation, abnormal heartbeats, and heart rate limitations
were the most frequently used custom alarms. The interviews found that nurse's modification
practices varied significantly and were driven by things like clinical knowledge, an absence
of customization instruction, and bad experiences. The study concluded that alarm
customization is a challenging process that needs sufficient assistance to establish secure and
reliable procedures. The creation of strategies to enhance alarm customization in ICUs can be
guided by the issues identified, such as the disparity in customization practices and the
requirement for training and assistance. Proper training of nurses can help address these
issues, to improve alarm customizing practices and lessen the consequences of alarm fatigue

in ICUs (Ruppel et al., 2018).

Additionally, an evidence-based practicing project was started in 2020 to reduce the
incidence of clinically nonactionable alarms in an emergency department. A 36-bed Level |
Trauma medical facility in Honolulu, Hawaii was selected for this project. The lowa Model
was chosen as the conceptual foundation. Methods included changing the alarm's default
settings and creating a campaign to educate people about alarm safety. A statistically
significant drop in the frequency of alarm alerts was found, with an estimated decrease of

14.96. No adverse effects, such as a failure to react quickly enough to a change in the
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patient's condition or a delay that led to cardiac arrest, were reported. Multi-modal technique
such as training the nurses on alert management, customizing default settings, and
emphasizing nurse’s accountability were used. This results in the reduced frequency of non-

actionable alarms (Fujita & Choi, 2020).

Theoretical Framework

The conceptual framework and methodology for this study were provided by the
Synergy Model for Patient Care by the American Association of Critical Care Nursing
(Byrum et al., 2020). Eight patient qualities and eight nursing competencies make up this
paradigm and when they work together, they improve the outcomes of patients in the care
context (Hardin & Kaplow, 2016). Resilience, vulnerability, stability, complexity, resource
availability, involvement in care, participation in decision-making, and predictability are the
eight patient characteristics. These traits are ranked on a scale of one till five, with one
ranking at the lower end and five point being at the higher end (Kaplow & Reed, 2008). The
construct includes the family as a group member, who is occasionally subjected to the traits,
despite the word "patient” being used in the model. The characteristics of the patient indicate
how complicated they are, emphasizing both their potential for health improvement and their
susceptibility to further decline from their optimal state of health. The eight nursing skills are
clinical judgment, moral advocacy, caring behaviors, collaboration, systems thinking,
diversity response, learning facilitation, and clinical research. Similar to patient traits, these
competencies also have a grades system based on levels one through five. Based on the
patient's levels of acuity, these eight abilities are required to address their demands. For
instance, a severely ill patient has more demands than others, necessitating the assistance of a
nurse with greater skill (Hardin & Kaplow, 2016). The mobility of both need of patient (a
characteristic) and the skill of nurses is a key idea in the Synergy Model. The patient-nurse

interaction, however, does not serve as the sole indicator of a nurse's competence. Other
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connections, like those between nurses and the healthcare system, are also possible to use

(Kaplow & Reed, 2008).

The connections between patient needs, nurse competency, and the hospital system

are depicted in Figure 1.

Figure 1
AACN Synergy Model
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From Curley M. Patient-nurse synergy: optimizing patients’ outcomes. Am J Crit Care.
1998:7:69. Reprinted with permission

(Kaplow, 2016)

Alarm weariness focuses on the nurse’s incapacity to address the patient's physical,
psychological, and spiritual requirements by failing to recognize alarms, thus making the
patient even more vulnerable while receiving treatment. Due to their inability to recognize the
worrying situation, a nurse is unable to address the patient's needs and is, consequently, not
working in synergy. This failure creates an obstacle to a successful relationship since there is

a lack of synergy.

Another obstacle to a strong relationship could be nurse attitudes and thoughts about

alarms. This study sought to understand nurses' perceptions of alerts and to lessen alarm
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fatigue by making patients less vulnerable and enhancing nurses' capacity to exercise clinical
judgment. The synergistic relationship between patient needs and nursing skills may be able

to be restored as a result (Walsh-Irwin & Jurgens, 2015).

Study Rational and Gap Analysis

The results of the literature review highlight that alarm fatigue is a critical issue in
healthcare that impacts both healthcare providers and patients globally. Many qualitative
studies have been carried out to explore the experiences of nurses on alarm fatigue and to
mitigate the reasons to reduce this fatigue. However, despite extensive research on this
phenomenon, there is an absence of local literature related to alarm fatigue. No such study
was found in the context of Pakistan that had explored the extent of and/or measures to
overcome this phenomenon. This has presented a chance for the researcher to carry out a

qualitative investigation in order to examine the phenomenon.

Also, as someone who has worked in the ICU for three years, the researcher has
observed the occurrence of alarm fatigue, along with the possible system issues that
contribute to this phenomenon. Although policies and procedures exist for clinical alarms,
they are often disregarded or disabled, regardless of their reliability. These irregularities in
the compliance of responding to alarms being the ultimate indication of alarm fatigue became
the motive for the researcher to explore this phenomenon in a Pakistani context and have

paved the way for further studies testing some strategies to overcome alarm fatigue.

Summary of the Chapter

In conclusion, false and unimportant alerts affect monitored patients all over the
world. A bundled approach that includes numerous measures, such as those involving the
ECG and customizing the setting as per patient’s parameter, has been shown to reduce false

and unnecessary alarms. The empirical results support that the nurses also assume false
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alarms to be a burden, which intentionally or unintentionally makes them ignore the alarm.
Moreover, the Synergy Model of Patient Care can be used to manage outcomes and

complement the theoretical methodologies of this study.

Although the literature has depicted research regarding the prevailing problem
worldwide, no published study on this topic was identified in the Pakistani context. Since
alarm fatigue can have a great impact on a patient’s health, there was a need to research
Pakistan as well. Also, as per the researcher’s observation, although hospitals do have certain
policies on alarm management, it is still a burning concern. Therefore, this study has

provided build insight into what more interventions can be carried out to reduce fatigue.
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Chapter 3: Research Methodology

This section presents the research methodology, beginning with the study design,
continued by the study setting, study population, sample and sample size, study time frame,
recruiting process, eligibility criteria, data collection methods and processes, and data
analysis. Furthermore, ethical considerations, study rigor, and the plan for disseminating

results are also discussed.

Study Design

This study used observational, descriptive and exploratory techniques to examine the
experiences of nurses in the intensive care unit, regarding alarm response and alarm fatigue.
Given that the experiences of nurses working in critical care regarding alarm response and
alarm fatigue have not been investigated in Pakistan, the study method chosen was
considered appropriate for gaining a thorough understanding with regard to the research
question. Additionally, due to the study's qualitative design, participants' experiences with
alarm response and alarm weariness could be thoroughly examined through this method

(Creswell & Poth, 2016).

Study Setting
The study was conducted in a private tertiary care hospital's intensive care unit in
Karachi, Pakistan. One of the most well-known medical facilities in Pakistan, the healthcare

facility has been accredited by the Joint Commission International (JCIA)

Study Population
The study population consisted of all the nurses working in the intensive care unit and

meeting the inclusion criteria in a tertiary care hospital in Karachi, Pakistan.
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Sample and Sample Size

The purpose of the study determines the sample strategies (Polit & Beck, 2012).
Purposive sampling was the method used to find people who are able to provide thorough
explanations on the topic (Grove et al., 2012). The nurses working in an intensive care unit of
a tertiary care hospital were a part of the study sample. A total of 12 registered nurses were
interviewed for the study, on the basis of data saturation. In a qualitative exploratory study,
the data saturation is the point at which no additional data is obtained from the study subjects,

and this helps determine the sample size (Polit & Beck, 2012)

Study Duration
The study was carried out between August and September 2023, following the Ethical

Review Committee (ERC) of the Aga Khan University approval.

Recruitment of Participants
Below mention is the recruitment process of participants commenced after receiving

approval from the Ethical Review Committee (ERC) (Appendix A).

1. The written permission of Chief Medical officer (Appendix B) was taken to initiate
the study in the intensive care unit. The intensive care unit is divided into Surgical
ICU and Medical ICU.

2. Written permission from the Chief Nursing Officer (Appendix C) of the hospital was
taken to conduct the study in the intensive care unit.

3. The Manager and Head nurse were contacted via email to identify potential
participants in the unit.

4. An invitation was sent to the prospective participants (Appendix D).

5. A consent letter (Appendix E) for study participation was given to the willing

participants.
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Eligibility Criteria
For selecting the study's participants, a set of eligibility and exclusion requirements

were applied:

Inclusion criteria. Male and female registered nurses having at least one year
experience of working at the bedside in the adult Intensive Care Unit of the Aga Khan
Hospital Karachi, Pakistan, who can understand and speak English or Urdu language and

show a willingness to participate in the study.

Exclusion Criteria. This study excluded registered nurses who work in pediatrics or
neonatal intensive care units. Furthermore, registered nurses who are not actively involved in
patient care at the bedside, such as nurse managers, head nurses, and nurse instructors, were
excluded from the study. Those who refuse to give their consent were excludedfrom the

study.

These criteria were designed to guarantee that individuals have adequate exposure to
the phenomenon of interest, and restricting the experience to the critical care unit assures

participants homogeneity.

Data Collection Method

The data was collected through non participatory observations and semi-structured
individual interviews. The first stage was non participatory observations which were done via
ICU camera surveillance (Appendix F) and observation of the documents (Appendix G).
These observations served as a tool for developing the interview guide in this study. The
second phase of data collection was individual, semi-structured, open-ended interviews,
exploring nurse’s experiences of alarm fatigue and the reason for desensitization towards the
alarm (Appendix H). These interviews were based on observations. The qualitative
researchers in the nursing profession collect descriptions using open-ended and semi-
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structured approaches, such as interviewing (Creswell & Poth, 2016). The interviews were
carried out in Urdu or English, as per the convenience of the participants and was then
translated into English if taken in Urdu. According to the literature, researchers should
prepare semi-structured interview guides, in order to create a written subject guide, which is a
list of topics to be covered with each participant (Polit & Beck, 2019). The data collection

method was verbatim and audio recordings.

Pilot testing of the Interview Guide

Prior to the data collection, the interview guide was put through a pilot test on two
nurses from the sample, in order to improve the questions, strengthen the probes, and make
sure that the guide was comprehensible and usable in the given context. The nurses who
participated in the pilot test were excluded from both the sample size calculation and the data

analysis conducted for the study.

Data Collection Procedure

Data collection was carried out via observation and semi structured interviews. ICU
cameras were reviewed to gather information regarding nurses’ response to clinical alarms
and documentations were reviewed to observe the alarm setting documented by nurses on
flowsheet vs alarms set on the monitor using observation guide. To conduct observation, the
researcher reviewed 20 camera recordings of the ICU of three different shifts, to note the
alarm sound. Through camera observation, the researcher took detailed field notes of the
type, nature, criticality of alarms, way the nurses responded, and the time taken by nurses to
respond to those alarms. Also, the researcher observed 15 flowsheets to check for the
parameters of the alarms mentioned on the flowsheet and the alarms set on the monitor.
These observations of nurses response and documentation guided researcher in helped in
developing the interview questions guide. Following the observation, semi-structured

interviews were carried out on exploring the experiences of nurses on alarm response and
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alarm fatigue, along with the notetaking, in order to capture participants' verbal and non-

verbal reactions. Written consent was taken from the interviewees before each interview.

The researcher performed the interviews at a private tertiary care hospital. The
interview served as a forum for discussion and introspection about nurses’ views in relation
to the topic of interest. Each interview continued for 30 to 45 minutes. All interviews were
carried out according to the convenience and comfort of the participants, and all of them were
audio recorded to aid analysis. In order to guarantee their availability for the interview, the
participants were contacted again just before the interview, and once more if needed, to

obtain missing or additional information.

Data Analysis Procedure

Data analysis was performed in parallel with data gathering. This aids in detecting any
gaps and unclear information, providing the option to seek clarification and fill the gap by
getting in touch with the participants once again. During the analysis, the audio data that was
acquired during the interviews was controlled and structured. Using Creswell's 2014 method

of content analysis, the analysis was done manually, following the steps given below:

1. To preserve participant privacy, each interview received a unique identification

number (ID#).

2. As text-based data, all interviews were transcribed and arranged in a word
document. The participant identity number, transcription code and categories,
topics, and quotations were all included in the data, which was divided into six

columns.

3. To determine the important ideas in each transcript, it was read several times and

thoughtfully considered.
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4. The text in the transcripts that had a similar meaning was grouped together under a

single code.

5. To build subcategories and categories, related and similar codes were combined

first.

6. Related quotes from the transcripts of the study participants were used to support each

group. These were generated by combining similar categories.

7. 7. The themes were generally connected to literature’s theoretical framework. To
validate the data, it was compared to the body of literature already in existence, and to
derive a coherent interpretation. Moreover, the supervisor and committee members

consulted throughout the data analysis process.

Ethical Issues

The preparation of a thorough proposal for the Ethical Review Committee (ERC) and
approval from the chief medical officer (CMO) and chief nursing officer (CNO) ensured
ethical compliance. Throughout the course of the study, the ethical standards of autonomy,
anonymity, and secrecy were upheld. Obtaining the participants’ informed and written
consent served to protect their autonomy. The study's participants were given the assurance

that they could leave at any time, without incurring any penalty.

Given the exploratory nature of the study, it did not result in any immediate harm to
the participants as a whole. Nevertheless, the potential negative impact caused by the
participants' time commitment was carefully taken into account. The interviewees were
interviewed based on their own preferences. Furthermore, the study did not provide any form
of incentive or financial support to the individuals, except from giving them the chance to
contribute to the generation of knowledge and the well-being of patients in the intensive care

units. The participants were not subjected to leading questions, and the researcher refrained
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from expressing any personal viewpoint during the analysis, in order to mitigate probable

biases in the investigation process.

Furthermore, every participant was assigned a unique identification number to protect
their anonymity, a practice that was ensured during the full duration of the study. To maintain
the privacy of the data, the consent document and physical files of the transcript were
securely stored, while all digital versions were stored on a computer with password
protection. The data was only accessible to the researcher, committee members, and the
supervisor. Furthermore, all the data and audiotapes will be erased in compliance with the

institution's policy.

Reflexivity

The researcher's prior professional background, as a nurse in an intensive care unit
(ICU), has significantly shaped her inclination towards examining and exploring the diverse
facets of alarm weariness. Based on my experience in this professional environment, | have
developed a profound commitment to the welfare of patients and staff members. Furthermore,
| have cultivated a strong inclination towards comprehending the diverse elements
contributing to this phenomenon. Throughout the study, | experienced a profound personal
affinity with the intensive care unit (ICU) setting. The aforementioned association catalyzed
their subsequent investigation, prompting me to go deeper into the subject matter to

comprehend the complex intricacies associated with alarm fatigue.

Study Rigor
The study established trustworthiness by employing Lincoln and Guba's (1985)
criteria to enhance the rigor of the investigation. Trustworthiness was determined based on

the characteristics of credibility, transferability, conformability, and dependability.
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Credibility. Credibility was established through prolonged engagement, which was
possible via prolonged observations and by writing down field notes. Member checking,
which requires the review of the transcript analysis with the participants, was carried out. In
this case a few participants were contacted and asked to confirm the final analyzed data. Data
was gathered via multiple sources, i.e., via observations (camera and documents) and

interview, and thereby ensures validity of the findings.

Transferability. Transferability was confirmed via a rich description of the data and
context in which the study was carried out. The interview format used in the study involved
general, open ended guided questions about the study participants’ experiences with clinical
alarms. This gave the participants the opportunity to speak freely about their experiences,

which generated rich detailed descriptions of those experiences.

Conformability and dependability. Conformability and dependability can be
achieved by keeping a recordings of individual and group analysis developments, full
minutes of group analysis sessions, and coding structure modifications (Nowell et al., 2017 &
Moules, 2017). In this research, all data was properly kept and documented to guarantee
accurate accounting of the research process. Conformability may also be obtained through
reflexivity, which is the researcher's endeavor to reflect on own biases. This can be
accomplished through self-reflecting and disclosing the researcher's history and personal
sentiments about the subject of the study. Whereby, the result, the reader should be able to

determine if bias exists in the analysis of the narrative account.

Dissemination of the Study Findings
The study results will be shared through presentations on quality and patient safety,
both outside and within the institution, in order to raise the awareness of alarm fatigue among

critical care nurses. Furthermore, the results will be shared with the wider community
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through the publication of an article in a journal. This will not only contribute to the existing

information in critical care literature, but also provide a basis for future research.

Summary of the Chapter

The chapter provided an overview of the study methodology, encompassing the study
design, study setting and population, sample size, and study duration. The section further
elucidated the procedure for recruiting individuals, which was thereafter followed by the
stipulated eligibility requirements. The chapter systematically expounded on the method of
data collecting, starting from obtaining approval from the ethical review committee and
culminating in the conduct of comprehensive individual interviews. Ultimately, the chapter
delineated the process of analyzing the data, while also addressing the ethical considerations,

study rigor, and plan for disseminating the findings.
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Study Findings

This chapter constitutes the findings from the study titled “Exploring experiences of
alarm response and alarm fatigue among nurses working at the ICU of a tertiary care hospital
in Karachi, Pakistan”. The findings include observational data from camera surveillance and

documents, demographic data of the interviewed nurses, content analysis and conclusion.

The data collection was done in two stages: Stage 1 was observations of nurse’s
response towards alarm events and the observations of alarm setting documented by nurses
on flowsheet vs alarms set on the monitor. These observations were used as a guide for semi
structured interviews which was stage 2 of our study. For the convenience of the readers the

finding of observations is stated first and that of interview is illustrated next.

Findings from the observation

The observations were conducted using camera surveillance and flow sheet
observation techniques. The researcher took 20 random observations about how nurses at
ICU handled alarms across the morning, evening, and night shifts, for a total of 300 minutes
altogether, using an observation guide (Appendix F). During these observations, the
researcher observed the nature of alarm (True, False, or Technical Alarm), their type,
pertaining to different clinical parameters such as oxygen saturation, blood pressure and heart
rate, criticality of alarm (Level | or Level 1), the nurse’s response to these alarm and time
taken for that response (if the alarm was responded). The observation revealed the two
criticalities of the alarms: Alarm Level I: Life Threatening Alarm: A crisis alarm that must be
responded to immediately. Inattention to this alarm may result in a devastating clinical event.
And Alarm Level II: Potentially Life-Threatening Alarm: Warning alarm that requires

assessment as soon as possible. Delay in response may have a clinical consequence.
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The findings about the criticality of the alarms, from the 300-minute observations of
20 occurrences, revealed a cumulative count of twelve level 1 alarms. Out of these 12 level 1
alarms, the nurses provided responses on just three occasions; six alarms were ignored, two
were silenced and one alarm was automatically deactivated due to the absence of a registered
nurse at the patient's bedside. The recorded response time for the Level 1 Alarm varied
between eight seconds and five minutes. The average response time was recorded as 1.8

minutes.

A cumulative count of eight Level Il Alarms were recorded. Within the cohort of
level 2 alarms, two nurses evaluated and addressed the patient's condition, while two nurses
opted to mute the alarm. The remaining four nurses chose to disregard the alarm and
proceeded with their respective duties, which encompassed activities such as documenting or
engaging in discourse with their peers. The duration of response time to the Level | Alarm
varied between three minutes and ten minutes. The average response time observed in the

study was 6.25 minutes. Figure 2 displays how the nurses responded to the alerts.

Figure 2

Nurse's Response to Alarms

Level | Alarm Level Il Alarm
m Assessed and intervened. ® [gnored the Alarm m Silenced the Alarm Autoswitched off
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According to the results, amongst both the criticality of alarms a total of 45 % of
alarms (n=9) were true, 40% (n=8) of the alarms in both the Level | and Il categories were
false and irrelevant, and 15% (n=3) of the alarms were attributed to technical issues,
specifically including the detachment or loosening of leads from either the patient or the

monitor, as illustrated in Figure 3.

Figure 3

Percentage of Alarms

m True Alarm
m Technical Alarm

m False Alarm

Flowsheet Data Interpretation

The second phase of the observation was documentation. To uphold patient safety and
optimize the delivery of clinical treatment, it is crucial to maintain a vigilant oversight of vital
signs and alarms within healthcare environments. Nevertheless, upon meticulous scrutiny of
the flowsheet data, some notable findings could be discerned. The subsequent analysis will

deconstruct the primary discoveries and their associated ramifications.

The observations revealed a discrepancy between the recommended parameter values
indicated on the flowsheet and the implemented settings on the monitoring equipment. These
recommended settings were obtain from the AKUH policy of alarm management (Appendix
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I). Among the 15 documentations being observed, it was found that 11 alarm settings
exhibited inconsistencies in recommended parameter written on the flowsheet vs that of set

on the monitor

The analysis of these variations indicates that 13% of the observed disparities were
linked to alarms related to heart rate, while 40% were ascribed to alarms connected with
blood pressure (including both systolic and diastolic measurements). Additionally, 20% of
the differences were found to be associated with alarms triggered by Spo2 levels as

mentioned, in Table 2

Table 2:

Flowsheet Data

Actual Setting on the monitor Recommended setting mentioned in flowsheet
HR: <60 >120 HR: <51 >130

HR: <51 >130 HR: <51 >130

HR: <60 > 130 HR: <51 >130

BP (Systolic): <100 >160 mmhg BP (Systolic): <90 >160 mmhg
BP (Systolic): <90 >140 mmhg BP (Systolic): <90 >160 mmhg
BP (Systolic): <80 >170 mmhg BP (Systolic): <90 >160 mmhg
BP (Systolic): <90 >160 mmhg BP (Systolic): <90 >160 mmhg
BP (diastolic): < 65 >95 BP (diastolic): < 65 >95

BP (diastolic): < 60 >95 BP (diastolic): < 65 >95

BP (diastolic): < 70 >95 BP (diastolic): < 65 >95

BP (diastolic): < 65 >95 BP (diastolic): < 65 >95

Spo2 : <90 % Spo2 : <90 %

Spo2 : <92 % Spo2 : <90 %

Spo2 : <94 % Spo2 : <90 %

Spo2 : <88 % Spo2 : <90 %

Experiences of critical care nurses regarding alarm fatigue
These above observations served as a tool for the second stage of our study which was
semi structured interviews, below mentioned are the demographic characteristics of the

interviewers.

Demographic Characteristics. The demographic data of the twelve participants,

including five males and seven females, presented in Table 3 revealed that many of the
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interviewees were registered nurses, with a degree of Bachelor of Science in Nursing (BScN)
with the years of experience ranging from two years to six years, in medical and/ or surgical

intensive care units.

Table 3
Demographic data of the study Participant (n=12)

Variables Frequency Percentage

Gender Female 05 41%

Male 07 58%

Highest Nursing Diploma in Nursing 02 16%

Qualification Bachelor of Science in Nursing 10 83%

Designation Bedside Nurses 12 100%

Years of work More than 1 to less than 3 years 3 25%
experience

3 years to 5 years 4 33%

Above 5 years 5 41%

Area of practice Medical ICU 5 41 %

Surgical ICU 7 58 %

The Semi structured interviews provided nurses an opportunity to reflect on and share
their experience regarding alarm response and alarm fatigue in the intensive care areas.
Moreover, these interviews highlighted the reasons and impact of alarm fatigue on the nurses
and patients and identified potential strategies to combat this phenomenon. The interviews
were subjected to content analysis, which led to the identification and creation of multiple
categories. Subsequently, five major themes emerged from the categories: 1. Alarm settings

guarantee patient safety, 2. Alarm responses follow standards and patient priority, 3. Alarm
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driven nurses’ response, 4. Alarm Fatigue exists and is dangerous, 5. Alarm fatigue can be

combated. These are presented with respective categories in Figure 4.

Figure 4

Themes and Categories

Alarms as Preventive Measures

Alarm settings guarantee Alarms as Indicators of Clinical Status
patient safety.

Alarms as Tools for Critical Thinking

Standardization and Policy

Alarm responses follow
standards and patient priority.

Wi

Patient-Specific Adjustments

Alarm Prioritization

Alarm driven nurses’ response. Immediate Assessment
Clinical Interventions
Ignoring/ Disabling the Alarms

Reasons for Ineffectiveness

A'amf fatigue exists and < Desensitization Dilemma
is dangerous.
Consequences of alarm fatigue

Education and Training

Enhancing Well being

Role modeling
Alarm fatigue can be combated.
Balancing and Partnering
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Theme 1: Alarm settings guarantee patient safety

The theme " Alarm settings guarantee patient safety " exemplifies a significant facet
of the nurse's responsibility within a hospital environment. The several categories comprising
this theme illuminate the diverse ways in which clinical alarms play a role in enhancing

patient safety.

This theme emphasizes the importance of setting clinical alarms on monitors in

accordance with the existing policy in order to protect patients from experiencing any harm.
As one nurse explained,

“Clinical alarms refer to the alarms set on various equipment or devices used for
monitoring patients... So, clinical alarms are set on equipment used for patient
monitoring and help us ensure the patient's safety and well-being” (IDI participant

004)c.

The complex significance of alarms in preserving patient safety can be categorized
into Alarm as preventive measures, Alarm as an indicator of clinical status, Alarm as a tool

for critical thinking.

By establishing suitable alert settings, healthcare professionals can take proactive
measures to avert negative occurrences and rapidly address any alterations in a patient's state.
Moreover, alarms play a crucial role in providing nurses with important prompts to
thoroughly examine and interpret clinical data, hence, enhancing their ability to make

informed decisions and implement appropriate interventions.

Category 1: Alarms as Preventive Measures. All the participants underlined how
important clinical alarms are in preventative healthcare. These alarms are not just a system of
alerts but offer a proactive approach to patient care. Participants' consistent portrayals

position clinical alarms as essential barriers that protect patients from imminent danger and
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deterioration. Their focus on alarms presents a comprehensive view, in which clinical alarms
are viewed as essential tools that enable preventive medical actions, rather than serving only
as technical alerts. One participant succinctly encapsulated the collective sentiment, stating:
“Clinical alarms serve as early warning systems. They are designed to alert healthcare
providers about potential patient safety concerns or any change in a patient's
condition. These alarms can prevent adverse incidences and allow for timely

intervention, ultimately improving patient outcomes.” (IDI participant 004)

Another participant highlighted clinical alarms as important for alerting healthcare providers

before critical events unfold:

“The alarms alert us before a critical event happens. They provide us with timely
notifications, allowing us to take necessary actions, and prevent potential harm to the
patient. Additionally, the alarms help us maintain a proactive approach, by constantly
monitoring and detecting any potential risks or abnormalities in patient. " (IDI

participant 005)

This shows that healthcare providers can act in a timely manner, preventing potential
harm to the patients through appropriate attention to the alarms. Emphasizing the mandatory

nature and the inherent value of these alarms, another participant mentioned:

“Clinical alarms make us understand that we need to prevent harm to patients. As per

our current policy, we must set clinical alarms on our monitors" (IDI participant 002)

Thus, results of this category demonstrate the significance of clinical alarms in
contemporary healthcare, acting as a link between proactive patient monitoring and

guaranteeing the best possible outcomes for patients.
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Category 2: Indicators of Clinical Status. This category highlights the critical
importance of clinical alarms, highlighting their role in the early identification and treatment
of clinical anomalies, and establishing them as essential indicators of patient health.

Clinical alarms have become essential instruments that offer instantaneous
information about patients' clinical conditions. Participants repeatedly emphasized how
important these were for them as they serve as a lighthouse, drawing attention to significant
changes or irregularities in a patient’s situations. These alarms represent the patient's
physiological status and are more than just audible cues, giving healthcare professionals
access to critical information that may not be immediately visible. Participants emphasized

the alarm’s role in drawing attention to crucial changes and deviations.
One nurse lucidly explained the technical aspect, mentioning:

"Clinical alarms refer to the alarms that are set on monitors based on specific limits
related to the vital signs of the patient... These alarms help us monitor and alert us to

any deviations from the set limits" (IDI participant 005)

In line with this, another nurse emphasized the anticipatory role of the clinical alarms,

explaining:

"Clinical alarms are set on monitor so that we can identify changes in a patient's
condition... The alarms serve as indicators that draw our attention to the fact that

something is wrong" (IDI participant 009)

One participant offered a very insightful comparison of clinical alarms with the sensory

organs of a healthcare professional, pointing out:

"They [alarms] are essentially our eyes and ears when we're multitasking™ (IDI

participant 006)
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This sums up the essence of contemporary healthcare settings, which are bustling with
activity, where multitasking is the rule rather than the exception. Clinical alarms are essential
in these situations because they aid careers remain aware of their patients' needs and changes

and enable prompt interventions.

Category 3: Alarms as Tools For Critical Thinking. The participants perceived that
clinical alarms played a variety of roles; they have developed from being merely indicators to
becoming catalysts that direct and mold critical thinking in clinical settings. The participants
provided perspectives that reaffirmed the importance of alarms as indispensable tools for
honing cognitive skills and developing decision-making acumen. One nurse aptly expressed:

"The alarms help us to quickly understand the patient's condition and make quick

critical decisions" (IDI participant 003)

This emphasizes the practical importance of clinical alarms in facilitating prompt
critical assessment and informed decision-making in healthcare settings. These assertions
highlight the transformative function of alarms and how they can simplify cognitive
processes, particularly in clinical scenarios where time is of the essence.

This is supported by a participant, who shared:

"They [alarms] guide our clinical judgments during emergencies and help us prioritize

our actions to provide effective care to patients. Without them, it would be much more

challenging to quickly identify critical situations and respond appropriately” (IDI

participant 007)

Moreover, one participant articulated,

"Each alarm prompts me to think critically about what's going on with the patient's
condition and whether immediate action is needed. It helps me stay proactive and
ensures timely interventions to prevent any potential complications.” (IDI participant

008)
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This perspective emphasizes the cognitive engagement that alarms stimulate,
compelling healthcare providers to analyze and respond to each alarm's significance, within

the broader context of patient care. As another participant insightfully pointed out:

"Clinical alarms are indicative of the critical thinking involved in patient care. umm |

think critically and then respond according to the situation” (IDI participant 003)

This overarching view underscores that alarms not only serve as tools but also
symbolize the staff's commitment to critical thinking and their attentiveness to the evolving

condition of the patient. Another participant added:

"Clinical alarms are the monitoring tool which we use in hospital settings... Through
this method, we can treat all humans and our clients from deterioration” (IDI

participant 006)

This highlights the usefulness of alarms in protecting patients' health throughout their

treatment process.

On the whole, these participant viewpoints highlight how crucial clinical alerts are as
tools for encouraging critical thinking and decision-making, highlighting their varied

applications in the medical field.

Theme 2: Alarm responses follow standards and patient priority

This theme explores the subtleties of responding to clinical alarms in a medical setting
while keeping institutional policies and patient needs in mind. The categories that are a part
of this theme examine the various ways that medical professionals engage with and react to
these alerts, striking a balance between the necessity of standardization and the dynamic
clinical realities that exist in the field.

This theme delves into the intricacies associated with the management of clinical

alarms within a medical environment, taking into consideration both institutional protocols
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and the requirements of patients. The theme encompasses categories that explore the many
approaches and responses of nurses towards these alerts, while considering the need for
standardization and the ever-changing clinical circumstances encountered in the field. This
theme encompasses two categories namely, Standardization and policy, Patient-specific
adjustments.

Standardization and policy initiatives are aimed at maintaining uniform norms and
guidelines to safeguard patient well-being and to optimize operational efficiency. The
significance of Patient-Specific Adjustments lies in the customization of alert settings to
accommaodate the specific requirements of individual patients, considering their distinct
medical conditions and personal preferences.

Category 1: Standardization and Policy. By delving deeper into the intricacies of
alarm responses, this category demonstrates the imperative requirement for healthcare
establishments to implement uniform protocols and rules that regulate the utilization and
administration of clinical alarms. This category highlights the significance of establishing
explicit standards and regulations to facilitate efficient and secure utilization of the alarm
systems, thereby reducing the possible hazards linked to alarm fatigue and advancing patient
safety.

The participants emphasized the important role of adherence to established protocols
and policies when setting up alarms within the intensive care unit (ICU) setting. In this highly
specialized environment, clinical alarms are primarily configured based on institutional
policies and standardized criteria.

One participant explained:
"In the ICU, we set alarms on the monitor for the patient. Initially, we set standard

alarms according to AKU's policy” (IDI participant 001)
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This demonstrates how institutional rules are fundamentally relied upon to guarantee
consistent alarm settings that comply with best practices.

Participants also described in detail the specific procedures connected to these policies. As
one participant elucidated:
"The policy states that each alarm has its own predefined value... We mute alarms

when we are providing care or performing an intervention on a patient” (IDI

participant 004)

This level of specificity highlights the careful approach that healthcare providers take
to ensure policy compliance, tailoring alert thresholds to particular clinical scenarios and
acknowledging the necessity of temporarily silencing alarms during critical interventions.

Moreover, the participants acknowledged that these alarm policies play a pivotal role
in promoting teamwork and shared understanding within the ICU. One nurse aptly
articulated:

“The alarm policies help ensure we are all on the same page and working together

towards the common goal of patient safety. It eliminates confusion and allows for

effective communication among healthcare professionals, leading to better outcomes

for our patients.” (IDI participant 008)

This viewpoint emphasizes how policies serve as guiding principles that unite
healthcare professionals and promote a common language and practice, which ultimately
improves safety and synchronization in the intensive care unit.

Category 2: Patient-Specific Adjustments. The nature of patient care is
individualized, even though standardization is essential. This category emphasizes the need
for customizing alarm settings and reactions to the unique requirements and circumstances of

individual patients. Patient-specific adjustments guarantee that care is both precise and
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individualized, whether it's adjusting the heart rate monitor's sensitivity for a patient with
arrhythmia or setting particular parameters for a patient.

The results of the current study highlight the need of nurses to periodically adjust
alarm settings in order to meet the needs of specific patients. Standardized policies offer a
basis for configuring alarms, but real-time clinical evaluations frequently necessitate
modifications to guarantee the best possible monitoring of every patient's distinct condition.
As expressed by one interviewee:

“While considering the patient's clinical condition, if there are any changes needed,

we make modifications to the alarms in the monitor based on the physician's orders"

(IDI participant 001)

This statement emphasizes the dynamic nature of healthcare, where patient-specific
considerations may necessitate alterations to alarm settings, highlighting the importance of
physician guidance and collaboration.

Another nurse highlighted this practice by stating:

"In the ICU, alarms are used based on certain predefined criteria. However, some

patients have specific conditions... In such cases, we obtain a specific order to modify

the acceptable range™ (IDI participant 005)

This perspective acknowledges that while standardized criteria serve as a baseline,
they may not fully account for the nuances of each patient's medical status, thereby
necessitating clear orders to adjust alarm thresholds in response to individualized care needs.

Moreover, another participant underscored the significance of patient-specific
adjustments by stating:

"It's important to adjust the setting of the alarms based on every patient's unique
situation. This allows us to minimize unnecessary alarms and ensure that the alarms

that do sound are truly indicative of a critical situation. Additionally, by regularly
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reviewing and updating alarm settings, we can adapt to any changes in the patient's

condition and provide more personalized care”. (IDI participant 003)

This captures the essence of the fundamental idea behind patient-centered care, that is,
alarm settings should be customized to the unique clinical circumstances of each patient, in
order to ensure that monitoring is efficient and meets their needs.

To summarize, in order to maximize patient care and safety in the intricate ICU
setting, patient-specific modifications to alarm settings are crucial. This allows for better
customization and ensures that alarms are relevant and effective for each individual patient's

needs.

Theme 3. Alarm driven nurses’ response

Within the realm of healthcare, the concept of "Alarm-Driven Actions of Nurses"
highlights the significant influence that clinical alarms exert on a nurse's subsequent actions.
The first phase in the process of alarm prioritizing involves nurses promptly evaluating and
classifying warnings in order to determine the most crucial ones. This helps them to promptly
and efficiently react in order to properly tackle the current circumstances.

The core of their response is in clinical intervention, as nurses utilize the nurses’
specialized knowledge and skills to deliver care that is focused on the needs and preferences
of the patient. Nonetheless, there exists a nuanced equilibrium is needed when disregarding
or deactivating alerts, a judicious choice needs to make when deemed essential, in order to
mitigate alarm fatigue and uphold the well-being of patients. This illustrates how nurses,
motivated by auditory signals, need to navigate the intricate landscape of healthcare in order
to protect and improve the welfare of their patients. This theme includes the categories:
Alarm Prioritization, Immediate Assessment, Clinical Interventions, Ignoring/disabling the

Alarms.

51



Category 1: Alarm Prioritization. This category explores the methods and standards
that medical professionals employ to determine which alarms require immediate attention.
The degree of possible clinical implication, the kind of equipment used, and the patient's
general state of health could all have an impact on this. The critical practice of alarm
prioritization in the intensive care unit (ICU) setting was revealed in the current research.
Participants clarified that some alarms are prioritized over others, especially those connected
to life-sustaining equipment like ventilators. The process of prioritization is crucial because it
guarantees that patients with life-threatening conditions receive care promptly and urgently.

As expressed by one nurse:

"Ventilator alarms, for instance, are given the highest priority in the ICU because
they indicate potential life-threatening situations. These alarms allow us to respond

quickly and intervene before the patient's condition worsens.” (IDI participant 003)

The statements like this emphasise how important it is to respond quickly to devices that are
vital for a patient's survival and how serious some alarms can be, and how crucial these

component of patient safety and care is in the intensive care unit.

The significance of proper alarm prioritization is further emphasized by the statement:
“For an ICU nurse, it's crucial that alarms in the ICU are set properly and that they
are able to differentiate between urgent and non-urgent alarms. This allows nurses to
respond promptly to critical situations ensuring patient safety and optimal care in the
intensive care unit." " (IDI participant 003)
This exemplifies the responsibility and vigilance required of intensive care unit (ICU)
workers in ensuring the accurate configuration of alarms, and prioritizing warnings that
signal life-threatening conditions. It also underscores the importance of appropriately

prioritizing alarms in order to safeguard patient well-being.
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In order to optimize patient outcomes, it is imperative for nurses to possess the
capacity to promptly and precisely discern the alarms that necessitate urgent care from those
that may be attended to at a later time. As underscored by a participant:

"Not all alarms are of the same urgency, so we prioritize based on the patient's

condition. Certain alarms require immediate attention, while others can be attended to

a bit later." (IDI participant 005)

The above discussion highlights the intricate process of alarm management within the
intensive care unit (ICU), wherein healthcare professionals assess both the patient's state and
the clinical environment in order to determine the optimal timeframe for reaction.

Category 2: Immediate Assessment. This category highlights the vital component of
patient care, emphasizing the prompt and thorough assessment that ICU nurses perform in the
wake of an alarm. To ensure the best possible patient safety and continuity of care, it is
imperative that this assessment be done right away, in order to determine the nature and
severity of any possible clinical issue and to mobilize the necessary response.

In the intensive care unit (ICU), prompt assessment after an alarm is essential for
ensuring patient safety and timely response to evolving clinical conditions. ICU nurses are
educated to react quickly to alerts to and determine the cause of them.

As one participant stated,

"In the ICU, when an alarm goes off, nurses immediately respond to it. They assess

the patient, and if they identify any condition indicating patient deterioration, they

inform the doctor” (IDI participant 001)

This highlights the significance of prompt assessment in averting potential adverse
events and reflects the sense of urgency and responsibility that ICU nurses experience when
alarms are set off.

Another participant highlighted the need for a proactive response, stating:
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“They go and check the alarm, not completely ignore it, because they understand that
it could be a potential indication of a patient's deteriorating condition. It helps us stay
proactive and prevent any adverse events from occurring.” (IDI participant 002)
This emphasizes the importance of a thorough and timely evaluation of alarm triggers to
ensure that no alarm is ignored without due diligence.
Additionally, another participant noted,

"Upon hearing an alarm, we immediately conduct a visual check on the patient,

ensuring that it's not a false trigger” (IDI participant 005).

The proactive behavior of the participants, in visually evaluating the patient in
response to alarms demonstrates their dedication to providing excellent patient care and their
vigilant attitude towards prospective alterations in the patient's clinical condition.

These techniques not only serve to reduce unwarranted interventions and disturbances
caused by alarms, but also adds to the efficient administration of patient safety within the
healthcare setting.

Category 3: Clinical Interventions. This category explores the plethora of medical
interventions implemented by the intensive care unit (ICU) in direct reaction to these alerts.
Alarm systems serve the purpose of notifying nurses about potential health hazards. These
interventions, which encompass a spectrum of activities ranging from basic equipment
modifications to intricate medical procedures, are crucial measures conducted promptly to
address and alleviate these dangers.

For instance, in the context of ventilation, a participant explained:

“if the ventilator alarm is also beeping because the patient is desaturating and peak

pressures have increased, we immediately perform suctioning, inform the doctor, and

adjust the Fi02 and peak pressures accordingly” (IDI participant 001)
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This exemplifies the swift and coordinated response required to address complex
alarm scenarios, where multiple clinical interventions may be necessary.

Moreover, participants described how alarms serve as guides in the ICU, prompting
healthcare providers to take action.

One nurse highlighted this by saying:

“When confronted with an alarming monitor, we don't just stand by. If a patient's

Blood pressure is consistently low, we might adjust their medication or suggest

additional interventions to regulate it" (ID1 participant 008)

Similarly, another participant revealed that:

"Alarms are our guides in the ICU. If, for example, a patient's BP drops suddenly and

the alarm signals, we might administer fluids or adjust the drug dosage to stabilize it,

while also alerting the physician for further orders” (IDI participant 007).

These testimonies demonstrate how clinical alarms empower and direct healthcare
providers to provide the best possible patient care in life-threatening situations, capitalizing
the mutually beneficial relationship between alarms and interventions.

Category 4: Ignoring/Disabling the Alarms. This category explores the alarming
behaviors seen in certain medical professionals who, due to the excessive demands of their
jobs, may sometimes ignore or purposefully silence these warning signs. While it's possible
that these behaviors occasionally result from the need to attend to another urgent matter, the
trend exposes potential training gaps, particularly among junior staff, and emphasizes how
crucial it is to respond to alarms consistently and effectively in order to ensure patient safety.

The interviews conducted with participants have shed light on a worrisome pattern in
the management of clinical alarms within the high-pressure setting of the Intensive Care Unit
(ICU). A participant provided a description of the ICU environment, expressing the sense of

being overwhelmed stated that:
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"In the hustle and bustle of the ICU, I've noticed occasions when alarms are

momentarily ignored or even muted to focus on another task™ (IDI participant 006)

This observation highlights the difficulties faced by healthcare professionals in
juggling multiple tasks and alarms at once.

The concern is further supported by the sentiment shared by another participant, who
noted that although nurses understand the significance of these alerts, there are situations in
which alarms are purposefully turned off or even disregarded.

She said,

“Yes, often what happens is that junior nurses, such as intern nurses who have less

experience, sometimes tend to neglect alarms” (IDI participant 005)

This phenomenon underscores the notion that the disregard observed might be
ascribed to their limited exposure to diverse alarm sounds and their accompanying
interpretations. Highlighting imperative role of senior nurses to deliver adequate training and
advice to junior nurses to guarantee the avoidance of oversight or neglect of alarms.
Building on these observations, another nurse revealed that,

"According to my experience, there are numerous examples in the intensive care unit

where staff, including nurses and technicians, have been unsuccessful in attending to

alarms in a timely manner and silencing the alarms due to the overwhelming number

of alarms going on simultaneously” (IDI participant 010)

This statement underscores the widespread problem of alarm overload and the
difficulties encountered by healthcare practitioners, such as nurses and technicians, in
effectively addressing a large number of concurrent alarms within the intensive care unit
(ICu).

Hence, the aforementioned personal narrative highlights the considerable influence of

excessive alarm activation on healthcare personnel’s capacity to promptly and effectively
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address urgent patient requirements, possibly jeopardizing both patient safety and the quality

of treatment provided.

Theme 4: Alarm fatigue exists and is dangerous

This theme delves into the complex challenges encountered by healthcare
professionals in the intensive care unit, particularly in relation to the persistent presence of
alarms. The significance of these alarms lies in their role in ensuring patient safety by serving
as indicators of potential issues with the patient. However, the persistent onslaught of stimuli
might lead to the phenomenon known as "alarm fatigue,” which is characterized by a
diminished responsiveness among healthcare staff, potentially compromising the safety of
patients. This theme examines the intricate phenomenon of alarm fatigue, analyzing its
underlying factors, consequences, and the strategies employed by healthcare practitioners to
mitigate the overwhelming auditory stimuli. The categories encompass a range of
classifications: 1. Reasons for Ineffectiveness, 2. Desensitization Dilemma, 3. Consequences
of alarm fatigue.

Category 1: Reasons for Ineffectiveness. The objective of this category is to provide
insight into the factors contributing to the lack of attention or disregard towards alarms. This
can be achieved by examining the root causes that diminish the efficacy of alarms,
encompassing a spectrum of issues such as technical malfunctions and incorrect
configurations. The reality of alarm fatigue in the intensive care unit (ICU) is influenced by
multiple factors that lead to the inefficacy of alert responses. These aforementioned issues
underscore the necessity of adopting a holistic approach to effectively tackle this pressing
issue. One notable factor contributing to inefficient alarm responses is the inclusion of
recently hired or inexperienced personnel who may not have had sufficient training on alarm
systems, resulting in misconceptions regarding alarm importance or appropriate course of

action.
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As expressed by one participant:

“One reason is that we often have new interns or newly joined staff who lack proper

hands-on training on alarm management..."(IDI participant 001)

This highlights the importance of implementing comprehensive training programs to
ensure that all healthcare professionals, including new hires, are equipped to respond

appropriately to alarm scenarios.

Overwhelming workloads in the intensive care unit can also lead to alarm neglect, as
healthcare professionals may become preoccupied with other important duties and fail to
recognize the urgency of alarm signals. This multifaceted workload can divert their attention
away from alarms.

As one participant explained:

“Because the ICU is so demanding, it's simple to become bogged down in a lot of

important chores. There are instances when the workload gets so bad that alarm

signals might not get the prompt attention they need, which could cause responses to

be delayed and patient care to be jeopardized™” (IDI participant 011)

The remark made by the participant suggests that when the workload becomes
overwhelming, there is a possibility that alarm signals may not be promptly attended to,
which could lead to delayed reactions and impaired patient care.

Moreover, within the given environment, the prioritization of immediate patient
demands may give rise to transitory instances where the identification of warning signs is
overlooked, thereby causing delays in the initiation of crucial interventions or therapies.

As one participant states:

“The sheer volume of work in the intensive care unit can be overwhelming. Alarms

may be briefly disregarded in the rush to provide patient care, which could cause delays

in vital actions.” (Participant IDI 011)
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Moreover, hearing continuous noise can lead to confusion, making it difficult to
differentiate between different alarm sounds or even determine how urgent they are. Multiple
alarms going off at once in an intensive care unit (ICU) can be confusing for healthcare
professionals and make it difficult to decide which alarm to prioritize and attend to first. The
clamor of alerts can leave nurses feeling overburdened and unsure of how to react
appropriately.

As one participant highlighted,

“If the ventilator is alarming, the monitor is alarming, and the syringe pump is also

alarming at the same time, they might not know which one to address first and how to

respond” (IDI participant 001)

This situation underscores the complexity of alarm management in the ICU, where
multiple critical devices may generate alarms concurrently, necessitating quick and accurate
decision-making.

Another factor of alarm fatigue is high patient-to-staff ratios. A higher chance of
alarms being disregarded arises when medical professionals are handling a large number of
patients at once and may find it difficult to respond to every alarm as soon as it sounds. As
one participant noted:

“Mostly during break hours, when we have to handle two patients with multiple

infusions what happens is that the staff tends to neglect alarms or fail to respond

promptly to them. This sometime lead to potential safety hazards or delays in

addressing critical issues..." (IDI participant 009)

The observation made by the participants highlights the correlation between
heightened workload and multitasking with alarm management and patient safety.
Specifically, it reveals that staff members have a tendency to overlook alerts or respond to

them with delays during these stressful periods.
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Healthcare personnel may experience desensitization and delayed response when
alarm signals are routinely utilized to notify them of non-critical occurrences or artifacts. As
one participant mentioned:

"The repetitive false or technical error of some alarms causes staff to sometimes

ignore them or silent the alarm altogether"” (IDI participant 006).

Another nurse exclaimed:

“When the alarm beeps we often feel that the alarm is due to artifacts and not a true

alarm, so we might not respond because a minute ago it was the technical alarm that

alerts on the monitor not the true one" (ID1 participant 002).

This demonstrates how difficult it can be to discern between real and false alarms,
which can undermine user trust in the alarm system and cause responses to be delayed.

Another nurse emphasized the disruptive nature of these false alarms. These
disturbances have the potential to generate an atmosphere of distraction and heightened
stress, which may hinder the healthcare team's capacity to deliver focused and prompt care to
patients requiring assistance.

The nurse stated:

“The occurrence of many false alarms not only has a disruptive impact on our

workflow, but also poses a risk to our capacity to deliver timely and concentrated

treatment, which may result in the neglect of key patient requirements.” (IDI

participant 010)

This underscores the potential interruptions that healthcare personnel encounter while
carrying out their crucial patient care responsibilities.

Another factor contributing to irresponsiveness to the alarms or alarm fatigue is lack

of alarm customization. A nurse verbalized:
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“As per my experience of Team Leader for over 10 years, half of the alarms that are
not valid is due to the fact that the bedside nurse has not customize the monitor alarm
according to the patient’s baseline parameters.” (IDI participant 011).

Another Nurse expresses it as a patient safety concern. She started:

“Lack of personalization makes it more difficult for us to respond promptly to critical

alerts, which might endanger patient safety.” (1Dl participant 009)

The apprehension expressed by the participant highlights the possible hazards
associated with alarm settings that are standardized or not personalized to individual needs.
Such settings may result in delays in responding to critical patient issues and jeopardize the
overall safety and welfare of those receiving treatment. The ability to customize alarm
settings is of utmost importance as it allows for the alignment of alarm signals with the needs
of individual patients. This customization eventually leads to improved accuracy and
relevance of the alarm signals.

Category 2: Desensitization Dilemma. This section focuses on the psychological
effects of constant alerts that cause a reduction in responsiveness. There's a chance that
medical staff will begin to tune out alarms unconsciously or subconsciously if they sound too
often.

Alarm fatigue presents a genuine dilemma within the healthcare setting, where staff
may become desensitized to the constant sounding of alarms. This desensitization can have
significant consequences for patient safety and care.

Some healthcare providers may take it upon themselves to modify alarm limits
without proper authorization in an attempt to prevent frequent interruptions. As noted by one
participant,

"Some individuals may take it upon themselves to modify the alarm limits..." (IDI

participant 005).
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This action, while well-intentioned, can carry risks, as it may lead to alarm settings
that no longer align with clinical best practices or patient needs.

Furthermore, the continuous beeping of alarms can, over time, become background
noise, causing healthcare providers to become indifferent to critical alarm signals. As one
participant explained:

“The constant beeping can sometimes drown in the background and not catch

attention™ (ID1 participant 003).

This observation highlights how the persistent nature of alarms can lead to
desensitization among staff, potentially resulting in delayed responses to genuine clinical
alarms.

Another participant note:

“Continuous alarms can lead to nurses becoming desensitized to them” (1Dl

participant 005).

This sentiment underscores the need for ongoing efforts to address alarm fatigue and
maintain the effectiveness of alarm systems in the ICU.

Another individual exemplifies the deliberate cognitive process necessary to maintain
constant alertness in the face of repeated alerts.

He stated:

“Repeated alarms have resulted in desensitization... Diminishing the distinction

between threatening and non-critical alert, requires deliberate effort to be alert to

actual crises despite the continual background noise." (IDI participant 010)

This statement underlines the need for implementing steps to reduce the impact of
desensitization, such as focused staff training, modifying alarm parameters, and cultivating an

environment of situational consciousness and good communication among healthcare teams.
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Category 3: Consequences of alarm fatigue. Alarm fatigue has serious
consequences that could jeopardize patient safety. This category looks at the consequences of
missing or ignoring alarms and the bad things that can happen as a result. ICU patients may
suffer serious, irreversible effects if alarms are ignored, which could have disastrous results.
Interviewees emphasized how crucial it is to act quickly in response to alerts in order to stop
unfavorable outcomes.

As one participant starkly expressed:

“Even if you overlook one alarm, it can have dire consequences and can even lead to

the death of a patient” (IDI participant 007).

This statement underscores the life-and-death significance of alarm responsiveness in
the ICU and the potential for neglecting alarms to result in tragic outcomes.

Another participant shared a poignant example, explaining that:

“ ..... despite efforts to revive the patient, including performing CPR for

approximately 25 minutes, it was futile, and the patient had already experienced brain

death.” (IDI participant 009).

This real-world incident serves as a sobering reminder of the importance of alarms in
patient monitoring and the possible repercussions of disobeying them.

One more participant mentioning the consequences of missed alarm stated that:

"The impact of alarm fatigue can't be underscored. Significant delays in patient care

can result from missed alarms, jeopardizing their health and safety” (IDI participant

007).

The statement emphasizes the necessity of confronting alarm fatigue in healthcare
institutions by implementing comprehensive strategies for reducing the risks linked to

ignored alarms.
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Alarm fatigue influences the healthcare system as a whole, not just on specific
healthcare professionals. One of the major ramifications is that it might set off a chain
reaction that causes problems with hiring and employee attrition.

As one of the nurses stated:

“Alarm fatigue can have an unintended consequence, contributing to staff turnover

and recruiting obstacles, that affect the whole healthcare system.” (IDI participant

005)

This quote emphasizes the severe implications of alarm fatigue and illustrates how it
affects the whole healthcare system in addition to the acute difficulties experienced by

healthcare professionals.

Theme 5: Alarm Fatigue can be combated

This theme focuses on the tactics and measures that can be used to prevent the
occurrence of alarm fatigue, guaranteeing that medical personnel stay alert, flexible, and
capable of delivering the best possible care. This theme is divided into several sections that
cover various aspects of alarm management, such as teamwork and staff education.

Category 1: Education and Training. The significance of regular instruction and
training in reducing alarm fatigue is emphasized in this category. Healthcare personnel who
receive ongoing education are better equipped to modify alarm settings based on the
individual clinical requirements of their patients. ICU patients' safety and well-being are
guaranteed by healthcare providers who are empowered to optimize the alarm system through
workshops, practical sessions, and management involvement.

To combat alarm fatigue and make sure healthcare personnel have the information
and abilities necessary to properly operate alarm systems, ongoing education and training are
essential. Interviewees acknowledged the importance of continuing education and training in

reducing alarm fatigue.

64



Staff can choose alarm settings wisely and guarantee that alarms are customized to the
patient's clinical condition by being educated about alarm systems and their importance.

One participant explained:

"Well, in this regard, we can provide education to our staff members. As a TL (Team

Leader) or even as a staff nurse, we can offer education about what alarm fatigue is

and what settings need to be adjusted based on the patient's clinical condition™ (IDI

participant 001).

This approach empowers healthcare providers to optimize alarm systems for patient
safety.

Management also plays a crucial role in addressing alarm fatigue by providing timely
and proper training to their staff and emphasizing the importance of clinical alarms. As one
participant highlighted:

"Management can play a role in this by providing timely and proper training to their

staff, emphasizing the importance of clinical alarms™ (IDI participant 005).

This emphasizes how important it is for leaders to promote a culture of alertness and
responsiveness.

In addition, practical workshops and sessions were found to be efficient ways to close
the knowledge gap between theory and practice in actual intensive care units.

One participant emphasized:

"Hands-on workshops and practical sessions can bridge the gap between theoretical

knowledge and its application in real-time ICU settings” (IDI participant 008).

Healthcare professionals can acquire hands-on experience in handling alarms and
effectively handling emergency situations with the help of these interactive training methods.

Category 2: Role modelling. This category highlights the team leaders’ pivotal role

in addressing alarm fatigue within the healthcare setting. Participants perceived the guidance,
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support, and supervision of team leaders as a significant contributor to managing alarms
effectively by the staff members thus ensuring patient safety. One key aspect of a team
leader's role in addressing alarm fatigue is their ability to notice when alarms are sounding
and offer assistance promptly.

This sentiment was elucidated by one participant highlighted:

"As a team leader, you should also notice when an alarm is beeping and offer

assistance" (IDI participant 003).

This proactive approach ensures that alarms are not overlooked, and healthcare
providers receive the support they need to respond effectively.

Effective alarm management can also be facilitated by putting procedures in place like
making thorough rounds at the beginning of a shift at the patient's bed. During these rounds,
team leaders evaluate the patient's condition and alarm settings to spot possible problems and
make the necessary corrections.

As one participant explained:

"In our practice, at the start of the shift, we conduct a complete bedside round,

assessing the patient's condition” (ID1 participant 005).

This practice helps ensure that alarm settings are aligned with the patient's clinical
condition and reduces the risk of alarm fatigue.

Another Participant verbalize:

“In this capacity, we highlight the significance of adequate education and training to

provide our team with the expertise and abilities needed to address alarm fatigue

adequately.”(IDI participant 004)

This highlights the critical role that team leaders have in advocating for education and

instruction to deal with alarm fatigue.
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Category 3: Balancing and partnering. Even with all of the alerts going off,
healthcare workers still have a lot of work to do. This category looks at how they manage to
balance their responsibilities with the requirement to respond to every alarm. One of the
biggest challenges in intensive care units (ICUs) is juggling alarm responses with other tasks.
Healthcare providers use a variety of tactics to handle this intricate part of patient care.
Interviewees stressed how critical it is to respond to alarms right away, particularly when
they seem to be indicating potentially fatal situations.

ICU nurses employ a crucial tactic of varying alarm volumes to enable them to
perceive and react to alerts efficiently while juggling their other responsibilities. This
demonstrates their commitment to addressing alarms promptly. As one participant

emphasized:

"...If an alarm is sounding, the first thing is to assess it and find out if it's truly due to
the patient's clinical condition deteriorating or if there's another reason for the alarm”

(ID1 participant 001).

Participants acknowledged that temporary alarm neglect can occasionally result from
the sheer volume of tasks, particularly when dealing with unstable patients. To guarantee
prompt responses in these situations, safety precautions like centralized monitoring systems

are activated. As one participant mentioned:

"...we have a central monitoring system where the team leader or the person at the

counter immediately responds to alarms..." (IDI participant 009).

This approach ensures that alarms are not overlooked even when the primary nurse is

occupied with other critical tasks.
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Additionally, when there is a high patient-to-staff ratio, it is frequently the duty of
other team members to help tend to alarms while the primary nurse is attending to another

patient. As one participant explained:

"...if a new patient comes to us or if there is a crisis with another patient, the assigned
staff or other team members respond immediately and take appropriate action” (IDI

participant 009).

This collaborative approach helps ensure that alarms are addressed promptly, even in

demanding ICU environments.

Partnering / teamwork is also another factor which is essential for controlling alarm
fatigue. Patient care is always given top priority, and all alarms are responded to promptly
thanks to new staff orientations, shared responsibilities, and mutual support. When a team
works together, there is less chance of alarms being overlooked and patient care always takes
precedence. In a healthcare setting, cooperation and teamwork are essential for managing
alarm fatigue. In order to ensure efficient alarm management, interviewees emphasized the
value of staff members helping one another and experienced staff members mentoring and
guiding new hires.

One tactic that was brought up was teaching employees to set an alarm threshold,
especially when new employees join the team. This introduction to common alarm thresholds
aids in ensuring that alarms are set correctly and do not cause needless alarm fatigue. As one
participant suggested:

"Hmm, another thing we can do is train our staff to have a certain threshold for

setting alarms. For instance, when a new staff member joins, we team can orient them

to have a standard alarm threshold"” (ID1 participant 003).
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In alarm management, sharing duties and supporting one another was another
essential component of teamwork. Participants underlined that the patient should always
come first and that treating the patient and stabilizing their condition should take precedence
if a clinical alarm signals instability.

One participant expressed this sentiment, stating:

"Being a critical care nurse, our primary focus is on the patient. If a patient's clinical
alarm beeps, it indicates that the patient is not clinically stable. Our first priority is to
attend to the patient and stabilize their condition no matter whose patient is that" (1Dl
participant 007).

Furthermore, it was believed that teamwork in a hectic intensive care unit was crucial
to spotting missed alarms and making sure nothing was overlooked. Healthcare professionals
depend on one another to keep alarm management at a high standard of vigilance.

As one participant emphasized:

"In a busy ICU environment, working as a team helps in catching overlooked alarms,

and we all rely on one another to ensure nothing gets missed" (IDI participant 010).

In conclusion, the argument emphasizes how collaboration in the intensive care unit
(ICU) protects combat alarm fatigue and guarantees that alarms are handled quickly and
efficiently. It highlights how dependent team members are on one another to maintain patient
safety and offers a strong illustration of why collaboration is crucial in healthcare

environments.

Category 4: Enhancing wellbeing. Our research showed that alarm fatigue has
important psychological components in addition to its technical ones. This category
highlights how crucial it is to attend to the health of healthcare professionals in order to
guarantee that they are able to handle alarms in an efficient manner. Relaxation, forums for

raising issues, ongoing educational activities, and ensuring regular breaks to recharge and
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improve alertness are all stressed. In order to manage alarm fatigue, make sure that healthcare
personnel can respond to alarms effectively, and ensure that they can carry out their duties, it
is important to address the mental health of healthcare staff. Interviewees underlined how
critical employee wellbeing is to alarm management. The key to enabling staff members to
handle alarms effectively is ensuring that they are psychologically calm and well-rested.

One participant recommended:

"Just try to keep the staff as relaxed as possible and staff will make an effort to help

them out if their alarms are beeping repeatedly” (IDI participant 003).

This approach recognizes that well-rested and relaxed staff are better equipped to
handle the stress and demands of the healthcare environment, including responding to alarms
promptly.

Giving employees the chance to express their worries, frustrations, and requests for
assistance can be extremely beneficial to their mental health.

Stress reduction and improved focus on patient alarms have been linked to staff
training sessions where they can review and refine specific procedures or aspects of their
roles. As one participant mentioned:

"...there should be sessions where staff can learn and revise certain things repeatedly

so that the worries of adequately response to the alarms is handled” (IDI participant

003).

This ongoing education and support can help staff members feel more confident in
their abilities and better prepared to respond to alarms.

Additionally, ensuring that staff have regular breaks and mental refreshers was
highlighted as a strategy to improve their focus on patient alarms.

ASs one nurse noted:
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"Ensuring regular breaks and mental refreshers for staff can significantly improve
their focus on patient alarms™ (ID1 participant 009).
Breaks and opportunities for relaxation can rejuvenate staff and enhance their

alertness and responsiveness.

Conclusion

In conclusion, our findings give a holistic picture by combining the findings from the
interviews, flow sheet data, and camera observations. It is emphasized that there is a dire
need for standardized alarm settings, continuous training of nursing staff, and introducing

effective strategies to combat alarm fatigue, ensuring quality patient care.
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Discussion

The current chapter is partitioned into two distinct pieces. The initial segment of the chapter
provides an analysis of significant study results and compares them with the existing body of
research information. The subsequent part examines the study's strength, constraints,
ramifications for further investigations, and suggestions. The study was motivated by the
subsequent research inquiries: “What are the critical care nurse’s responses to various clinical
alarms in critical care?”” and “What are their experiences regarding alarm fatigue, in the
intensive care unit of a tertiary care hospital?” This study examined the important function of
clinical alarms in one of the private tertiary health care institutions relating to patient safety
and the provision of optimal care. Nurses were interviewed to understand their perception
about alarms existence at ICU, their response rate time and process, any challenges these
alarms pose on nurse’s practice and ways to overcome them. Simultaneously, a
comprehensive document observation that gave a view of how alarm settings are aligned with
the established protocols. Moreover, CCTV footage was also observed also done in ICU to
better discern the practical environment in which these alarms are operated. The camera
observation helped to determine the alarm response times, the frequency of false alarms and
issues associated with alarm fatigue experienced by nurses. The core findings and linking
interviews, documents observation and camera observations, provide overall review to offer

insight into clinical alarm systems being used in the hospital.
Five major themes that emerged from the IDIs are as follows:

1. Alarm setting guarantees patient Safety.
2. Alarms response follows standards and patient priority.
3. Alarm’s driven nurse’s actions.

4. Alarm fatigue exists and is dangerous.
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5. Alarm fatigue can be combated.

Summary of the findings

The study established that clinical alarms are crucial for avoiding patient injury, signaling
clinical developments, and promoting careful patient care practices. All participants stressed
the need for alarm standardization based on institutional policy and patient-specific
adjustment of alarms to optimize alarm settings. However, there exists discrepancies in actual
settings of alarms and their response time for different clinical parameters such as heart rate,
systolic and diastolic blood pressure, and SpO2 saturation levels, as compared to their
standards. Moreover, many false alarms and the issue of alarm fatigue also came at the
surface giving rise to skepticism about the accuracy and dependability of alarm mechanisms.
Alarm fatigue, being the major finding of the study, came out to be the reasonof alarms
mismanagement and inaccuracies. The discussion part will highlight issues contributing to

alarm fatigue its effects and possible solution.

Alarm setting guarantees patient safety

The present study revealed the crucial role of clinical alarms in ensuring patient safety
within healthcare settings. These alarms were perceived by the respondents as extremely
important for mitigating or preventing adverse events by warning the ICU staff as well as
offering continuous monitoring of patient conditions. These findings are in line with the
current literature where studies have shown that alarms are perceived as indicators of a
patient's clinical status, monitoring of vital signs, and highlighting any potential deterioration

in patient conditions, thereby ensuring timely intervention (Bach et al., 2018; Fontana, 2018).

However, the present study also revealed how alarm fatigue has a negative influence

on patient safety. Alarm fatigue arises when nurses become sensitized to the number of
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alarms they are exposed to; hence, they do not react to essential ones promptly (Bi et al.,

2020).

In accordance with the current findings, another author also revealed that nurses
consider continuous alarms to be a nuisance and intrusive to patient care in intensive care
settings (Lewandowska et al., 2020). To add to this challenge, the study also pointed out that
there is no distinct system for managing alarm settings. Other studies also stressed the
importance of patient safety in alarm system design (Johnson et al.; Shivers et al., 2013).
They emphasized the need to consider alarm fatigue and usability issues throughout the
design process, especially as new technologies introduce more complex alarms. Ensuring
patient well-being should be the primary focus, with an eye on regulatory and liability

considerations.

Alarms response follow standards and patient priority

The current study highlighted the importance of standardized protocols for alarm
settings to ensure uniform responses to clinical alarms. This was perceived by the
respondents as a crucial element to help maintain high safety standards and team cooperation
in the ICU setting. However, the study also recognized the need for patient-specific
customizations, where alarm settings are specified as per the individual patient’s need in
order to avoid unnecessary and intrusive alarms. Respondents perceive these individual
adjustments crucial to ensure that critical changes in patient status are not missed as well as
unnecessary alarms can be minimized. This finding of dual approach of standardization and
customization aims to optimize patient care is supported by literature, thus reducing the
incidence of alarm fatigue among healthcare providers, and enhancing overall patient safety

(Fujita & Choi, 2020; Ruppel et al., 2018).
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The present study aligns with existing literature, emphasizing the necessity of
implementing system designs tailored to individual patient needs. This includes the
customization of thresholds to enhance patient care. (McGrath et al., 2016). Ruppel et al.
(2018) in fact, revealed that installing software support for customization of alarms to cater
individual patient needs resulted in reduction of irrelevant alarms and nurses reported that
they spent less time on non-actionable alarms post-intervention and thus less disturbance was

experienced by them.

The current findings suggest that in the context of AKUH/Pakistan, use of a well-
implemented alarm system that blends standardization with the ability to customize settings
to cater to each individual’s clinical needs can lead to a less disruptive workflow for

healthcare professionals.

Alarm driven nurse’s responses

The study underlines the critical role alarms play in guiding nurses' actions in
healthcare settings, particularly in intensive care units (Ramlaul et al., 2021). Nurses rely on
the alarm system to signal potential dangers and to prompt swift, life-saving measures, such
as adjusting a patient's medication or managing a ventilator. However, respondents believed
that alarm fatigue can lead to ignoring or disabling alarms, especially among junior staff who
are not well-trained, raising concerns about patient quality and safety. These findings also
call for proper training and management of alarm systems. The balance between responding
to alarms and preventing alarm fatigue is essential for ensuring effective and safe patient care

in high-pressure environments like ICUs.

The present study further revealed that life-threatening alarms, classified as Level 1
alarms, occurred 10 times during the observation period. Alarm response times varied, with a

mean response time of 1.8 minutes. Alarm response is critical in such cases, as any delay can
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have life-threatening consequences. Worryingly, only half of these Level 1 alarms received
timely responses, while the others were either ignored or, in one instance, automatically
switched off due to the absence of a registered nurse at the bedside. Similar findings are
revealed that the increased exposure to non-actionable alarms lead to an increased response

time (Paine et al., 2016)

Alarm fatigue exists and is dangerous

The current study illustrates that the issue of alert fatigue is well acknowledged in our
environment. The answers disclosed that alarm fatigue arises from a pervasive desensitization
of staff to routine alerts, leading to prolonged response times and potentially compromising
patient safety. The current investigation unveiled that the origins of alarm fatigue are
multifaceted. Alarm fatigue is a syndrome resulting from an abundance of alerts, insufficient
staff experience, an overwhelming ratio of patients to staff, false alarms, and a lack of
customized alarm settings for varied situations. For example, as a result of the high frequency
of false alarms, caretakers may become desensitized to important alarms, which might result
in fatal consequences. Enhancing patient safety can be achieved by implementing enhanced

staff training, refined alarm system design, and an efficient alarm management strategy.

These findings are in accordance and consistent with other studies that were
undertaken, and they provide insights for discourse and comparisons (Bourji et al., 2020;
Jeong & Kim, 2023; Lewandowska et al., 2020; Nguyen et al., 2020) . Bourji et al, 2020
emphasized that alarm fatigue is a significant patient safety concern in critical care settings.
Their study revealed that clinicians frequently encountered false alarms, leading to alarm
desensitization. Alarm fatigue was reported more frequently among physicians and registered
nurses, and it was significantly associated with stress. Similarly, a study by Lewandowski et
al, 2020 highlights how nurses of intensive care perceive alarms as burdensome and too

frequent, ultimately interfering with patient care. The study highlighted the need for effective
76



alarm management strategies and measurements of alarm fatigue levels, which aligns with

the challenges identified in the present study

Similarly, in accordance with the present findings, Jeong and Kim (2023) identifies
frequent false alarms as a significant issue and calls for standardized alarm management
protocols, proper education, and training to address alarm fatigue. Samantha Deck’s work
(2016) emphasizes alarm fatigue as one of the potential reasons for patient deaths and other
serious injuries caused by negligence. This stresses the urgent need to come up with specific

policies that are designed to tackle this problem (Deck, 2016).

This problem occurs due to the low nurse/patient ratio within local healthcare
facilities, whose staff usually needs to be more experienced. Hundreds of alarm calls with
little knowledge of handling alarms result in sensory overload and overburden healthcare

providers.

Alarm fatigue can be combat

Adoption of appropriate approaches can minimize alarm fatigue as a major problem in
clinical institutions. The participants indicated that education and training of staff is vital so
staff can tailor each alarm to specific patient needs and thus reduce unnecessary fatigue. The
team leaders are crucial to demonstrating good alarm management while assisting. Shared
responsibilities and technologies like centralized monitoring provide balance in meeting
clinical duties and alarm response. Providing relaxation, as well as support forums with
intervals of regular breaks, is necessary for concentration and prompt reaction. Taken

together, these multiplex solutions enhance the safety and quality of care for patients.

Speich (2017) conducted a quality improvement study aimed at reducing alarms,
particularly noncritical and false alarms, to combat alarm fatigue. The study findings support

the notion that addressing alarm fatigue requires a multifaceted approach. A statistically
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significant reduction in alarm frequency rates following interventions, indicating that
strategies targeting specific types of alarms can have a positive impact. This resonates with
your findings about the challenges of distinguishing between true and false alarms and the

need for comprehensive solutions.

The present study supported adjusting alarm parameters based on specific patients’
requirements. Standardized policies give a starting point for alarm configuration, but
adjusting these parameters based on individual patient needs and desired outcomes during
monitoring is often necessary. This shows that healthcare is dynamic, and alarm settings
should consider the complexity of each patient’s clinical condition. Effective alarm
prioritization in the ICU ensured that life-threatening alarms were responded to first. Such a
patient-centered approach to alarm management is critical to optimizing patient care and
safety. This means that a blanket approach in setting alarms may not be the best approach,

and hospitals have to consider the specific needs of patients.

The significance of alarm settings prioritizing the patient's needs is a crucial aspect of
healthcare administration, in this regard the findings of the current study coincide with the
existing body of literature (Cho et al., 2016; Sebastian & Brown, 2018; Speich, 2017,
Thangavelu et al., 2015). Several studies offer valuable perspectives on customizing alarm
settings to suit each patient's requirements and addressing alarm fatigue. For example,
Sebastian and Brown (2018) identified the issue of false alarms and stressed the necessity for
personalized alarm configuration. They highlighted the need to tailor alarm parameters to
meet individual patient needs, which aligns with the current findings regarding the ever-
changing nature of healthcare and the need for customized alarm settings. This customization
is vital in reducing excessive alarm frequency and diminishing alarm fatigue. Likewise,
Thangavelu et al. (2015) further emphasizes the importance of tailoring response times for

alarms based on their level of risk. Their research suggests that adopting a patient-centered
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approach to managing alarms, where response times are adjusted according to urgency, can
enhance user response rates, and help prevent alarm fatigue. This aligns with the conclusion
of the present study that healthcare institutions should consider individual patient needs when

configuring alarms.

A few studies also explored the possible mitigation strategies for prevention of alarm
fatigue and their impact on patient safety. Pascale (2018) discusses the challenges associated
with bedside patient monitoring systems and explores alternative solutions like head-worn
displays (HWDs). While HWDs have the potential to reduce alarm mismanagement, their
mixed results indicate the need for careful consideration and design in implementing such
technologies. This highlights the need for ongoing search for effective patient-centered alarm

solutions.

Policy Implications

The results from the studied cases suggest the need for policy implementation
strategies aimed at combating alarm fatigue for the safety of patients in healthcare facilities.
Alarm fatigue is a major danger to patients’ health and calls for strict policies to be
implemented. A crucial component of these regulations is the establishment of precise and
uniform recommendations for reaction times in response to various alarm criticality levels,
which distinguish between life-threatening (Level 1) and possibly life-threatening (Level I1)
scenarios. These guidelines are intended to give nurses clear guidelines on how quickly they
should respond to warnings with different levels of criticality. Healthcare institutions can
improve patient safety and quality of care by reducing the effects of alarm fatigue, increasing
the efficacy of alarm systems, and establishing such specific and differentiated response time

requirements.
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Implementation of Alarm Management Protocols

Healthcare establishments must establish and enforce all-encompassing alarm
management protocols that incorporate explicit instructions on the customization of alarm
configurations to suit the specific requirements of each patient. This includes prioritizing
alarms based on their clinical urgency and implementing systematic methods to decrease the

occurrence of false positive alarms.

Staffing and Training Regulations

There must be adequate staffing levels to ensure an appropriate ratio of patients to
nurses, thereby lessening the mental burden on healthcare providers and alleviating the
problem of alarm exhaustion. Furthermore, it is essential to make regular, obligatory training
for staff on managing alarms, adhering to response protocols, and staying updated with

advancements in patient monitoring technology, a requirement.

Standardized Response Times

Implementing a policy that outlines predetermined timeframes for responding to
alarms of different levels to prioritize and promptly address high-priority alerts that pose life-
threatening risks (e.g., one minute for Level | alarms). The objective is to enhance patient
outcomes and to ensure success and adherence to this policy, regular audits should be
conducted. By embedding these policies into healthcare governance, institutions can
systematically address the challenges associated with clinical alarms, thereby improving

patient safety and enhancing the working conditions of healthcare professionals.

Recommendations
Several important recommendations to address the problems related to alarm settings,
alarm fatigue, and patient safety in healthcare contexts arise from the qualitative results,

observations, and flowsheet interpretations in this study. These suggestions are meant to
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increase the accuracy with which vital signs are monitored, the promptness with which
medical professionals respond to crucial alerts, and the overall quality and safety of patient

care.

Enhanced Alarm Configuration and Customization. A system for the dynamic
customization of alarm settings, and parameters that can adapt to the evolving clinical status
of patients need to be developed. This involves creating a protocol for setting alarm
thresholds and volumes based on individual patient needs and risk profiles, potentially
incorporating machine learning algorithms to predict and adjust according to patient-specific
scenarios. Continuous training should be provided to staff to ensure they are proficient in

using these advanced features.

Enhance Training and Education. Investing in comprehensive education and
training programs for healthcare professionals, especially nurses, to help them understand the
importance of alarm fatigue and providing them with the tools they need to appropriately
handle alerts. Appropriate alarm response procedures, methods for separating important
alarms from non-critical ones, and the significance of prompt actions should all be included

in training.

Regular Skills Assessment. There is a need to conduct regular competence
evaluations to gauge healthcare practitioners' alarm management expertise. The purpose of
these evaluations needs to be to pinpoint any areas that call for more guidance or assistance.

To close identified gaps, ongoing education and skill development should be provided.

Continuous Quality Improvement. Improvement can be made by implementing a
culture of continuous quality improvement in alarm management. For example, encouraging

healthcare staff to report instances of alarm fatigue or concerns regarding alarm settings.
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Moreover, reported incidents and near-misses should be regularly reviewed to identify

opportunities for improvement and to implement corrective actions.

Research and Innovation. Support should be provided for ongoing research and
innovation in alarm management technology and practices. Moreover, health care facilities
should collaborate with researchers and industry experts to explore new solutions for

reducing alarm fatigue and improving the system.

Strengths of the Study

As per the researcher’s knowledge, this is the first study of its kind in Pakistan that
has explored nurse’s experience of alarm response and alarm fatigue and generated
contextually diversified knowledge about the phenomenon. The finding can sensitize nurses
so that they can understand the importance of effective alarm management. Moreover, one of
the major strengths of the present study is the comprehensive data collection process. The
study gathered a considerable amount of data from diversified sources, allowing for a
comprehensive analysis of alarm fatigue and alarm settings within the healthcare
environment. This approach provided a more holistic understanding of the alarm management
issues, allowing for in-depth insights through interviews and statistical analysis of

observations and flowsheet data.

AACN Synergy model

Optimizing patient care in the critical care unit requires the Synergy Model to be
integrated in the setting of alert fatigue. The Synergy Model offers a framework that can
handle the problems caused by alarm fatigue because of its emphasis on matching nurse
abilities with patient demands. Through the customization of alert levels to meet each
patient's specific needs, the Synergy Model enables a synergistic approach to care delivery.

This approach not only fit in with the Synergy Model's holistic, patient-centered care but it
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also offers an organized strategy to reduce unnecessary notifications, ease alarm fatigue, and
improve overall patient safety and wellbeing. Including the concepts of the Synergy Model
into alarm management plans appears to be a viable way to promote a critical care setting that

IS more patient-centered and responsive.

Limitations of the study

e Single-Center Study. The study was conducted at a single healthcare institution, which
may limit the generalizability of its findings. Alarm management practices and challenges can
vary across different healthcare settings, so the results may not be representative of all

hospitals or clinics.

e Lack of Patient Perspective. The study primarily focuses on healthcare providers'
experiences and responses to alarms. It lacks the perspective of patients who are
directly impacted by alarm management. Hence patient perspective could have
provided valuable insights into the patient-experience.

Despite these limitations, the study provides valuable insights into alarm fatigue and alarm
settings within the healthcare context. It offers practical recommendations for addressing
these issues and underscores the importance of patient safety in alarm management policies

and practices.

Study Implications
The study has the following implications related to nursing education, nursing

research and nursing practice.

Nursing Education. The investigation into the reaction to alarms and the phenomenon of
alarm fatigue among nurses in the intensive care unit (ICU) requires a reassessment of
nursing education curriculum. The results emphasize the significance of incorporating
specialized training modules into nursing programs that especially tackle the difficulties

related to alert management. Implementing curriculum modifications could provide nursing
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students with the necessary skills and knowledge to identify and appropriately address
stressors associated with alarms. In addition, integrating realistic simulation training within
the educational framework would offer students practical experiences in maneuvering
through high-pressure, alarm-laden settings. The proactive strategy seeks to enhance the
readiness of upcoming nurses to effectively handle the distinct difficulties presented by alarm

fatigue in critical care environments.

Nursing research. This work establishes a fundamental basis for next nursing research,
stimulating a more thorough examination of the intricate elements that contribute to alarm
fatigue and its wider consequences. Expanding on this investigation, researchers should
further examine the categories of alarms that have the greatest impact on fatigue, the
frequency of false alarms, and the potential associations between alarm fatigue and patient
outcome. Future research endeavours may prioritise the creation and evaluation of
interventions designed to reduce alarm fatigue. These interventions would attempt to assess
their efficacy and investigate their effects on the well-being of nurses as well as patient care
results. Moreover, doing longitudinal study is essential for comprehending the trajectory and
enduring impacts of alarm fatigue on the mental well-being and job contentment of nurses

over an extended period.

Nursing Practice. The findings of this study have practical implications for making
improvements in nursing care within the ICU setting. The study's conclusions may prompt
hospitals and healthcare institutions to reconsider their policies and practices regarding alarm
systems. This may entail modifying alarm specifications, adopting novel technologies
specifically designed to mitigate false alerts, and applying optimal strategies to minimize
undue burden on nursing personnel. In order to acknowledge the negative impact of

continuous exposure to alarms on nurses, institutions should consider offering supplementary
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support mechanisms, including stress management tools, counselling services, and measures
to mitigate burnout. Additionally, the study emphasizes the possibility of technological
progress, asking hospitals to investigate and allocate resources to intelligent alarm systems
that differentiate between critical and non-critical alarms. This would result in a more

efficient and less demanding work environment for ICU nurses.

Summary of the chapter

This chapter presents the study's findings in relation to evidence-based literature. The
majority of the study's findings were in line with the existing body of knowledge on response
to alarms and alarm exhaustion. Ultimately, the study's strengths, limitation, consequences,

and suggestions were thoroughly examined.

Conclusion

To sum up, this study has sheds light on the complex web of issues surrounding alarm
management and explores the important topic of alarm fatigue in hospital settings. It has
produced important results and highlighted implications for the healthcare sector using a mix

of flowsheet data analysis, real-world observations, and qualitative interviews.

This study's primary finding is the disparities in alarm settings for monitoring vital
signs. Different alarm settings for heart rate, systolic and diastolic blood pressure, and SpO2
saturation levels were found, according to our investigation. Thus, the precision and
dependability of vital sign monitoring are called into question by these discrepancies, which
ultimately compromise patient safety. To guarantee early diagnosis and suitable patient care,
addressing these discrepancies and putting in place standardized alarm settings are essential

first steps.

The current research also explores the possible effects of alarm fatigue on patient care

and safety. Alarm desensitization is a serious issue, as seen by the lengthier reaction times to
85



urgent level 1 alerts, which should ideally demand quick care. The majority of healthcare
professionals were found responding more slowly than the suggested 10 seconds, which
emphasizes the necessity for proper training and consistent reaction times. Life-threatening
alerts should never be ignored; failing to do so can have serious repercussions, including poor

patient outcomes.

Drawing on knowledge from previous research and current findings, many policy
recommendations has been provided. These include creating alarm management training
programs, modifying alarm settings to reduce nuisance alerts, and specifically specifying
response times for critical alarms. Healthcare facilities may greatly decrease alarm fatigue,

increase patient safety, and raise the standard of care by solving these problems.

This study is essentially a wake-up call for the healthcare sector. Alarm fatigue is a
complex issue that affects patients and healthcare professionals in many ways. It is important
for everyone to work together to rethink alarm management procedures so that alerts become

a tool for patient safety rather than a cause of annoyance and exhaustion.
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Table 4:

Literature Review

Author(s) | Year of Purpose of Study Design Sample and Key Findings
Publication | Study Sample Size
Albertetal. | 2015 Comparing the | Prospective, Four inpatient Disposable wires
efficacy of cluster- telemetry units led to a 29% risk
disposable EKG | randomized, decrease compared
lead wires and controlled, and to reusable wires,
reusable wires blinded design but there was no
difference in the
number of genuine
emergency alerts
and erroneous
alerts, between the
two groups.
Andrade- 2020 Observe the A descriptive, 120 hours of non- | The study concludes
Méndez et reaction times, | quantitative, participant that there is alarm
al., 2020 clinical observational observation over fatigue and that
significance of | research design the course of three | clinically significant
alarms, and months. alarms are more
alarm fatigue in prevalent in the
an adult medium and low
intensive care ranges. To combat
unit. alarm fatigue and
improve ICU
patient response to
crucial alarms,
improvement
measures are
required.
Bosma & 2023 Aimed to reduce | Quality 115 nurses The CEASE bundle
Christopher alarm fatigue improvement was found to have a
and improve experiment positive influence
nursing on nursing practice.
competency in
managing

95




alarms by
implementing
the CEASE
model

Brantley et | 2016 To determine Quiasi- Nurses from 39% decrease in
al. how pulse experimental Emory University | pulse oximetry
oximetry alarm | study alerts following the
rates were learning session
affected by a
training session
on customizing
alarm settings
Christensen | 2014 To learn more cross-sectional 48 nursing staff The results
et al. about nurses' confirmed the
opinions on the premise that too
existing many alerts can lead
methods used to desensitization
for clinical and decreased
alarm reaction times,
management which can result in
and alarm the silence or
settings silencing of alarms
without proper
reason.
Clochesy, 1991 To evaluate Randomized Not specified in Preparing the skin
Cifani, and appropriate skin | control trial the article by cleaning it and
Howe preparation for making it slightly
electrode rough helped to
placement reduce artifact,
which is known to
cause false alarms.
Drewetal. | 2014 To study false Observational 77 patients 88.8% of audible
alarm rates and | research arrhythmia alarms
possible were mistakenly
changes in positive

observational
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methods to
reduce them.

Ergezen and | Between to investigate observational 13 registered The study found
Kol August 2016 | the types of study nurses were that a significant
and January | monitor alarms observed number of alarms
2017 in an adult did not reflect the
intensive care actual clinical status
unit (ICU) and of the patients,
how nurses indicating a high
responded to rate of false alarms.
them. Additionally, as the
number of false
alarms increased,
the response rate of
nurses to these
alarms decreased
Honan et al. | 2015 To expand on Qualitative 410 nurses Six themes
previous studies | analysis emerged:
and identify dissonance and
themes in desensitization,
nurses' pollution, panic and
comments pathology,
regarding demanding
clinical alarm responsibility,
management demanding the
authority of nurses,
and clinical alarm
management being
essential but not a
magic bullet.
Comments
emphasized worry
about potential
danger and
recommended
enhancements.
Inokuchi et | 2013 To review alert | Prospective 18 patients at the Only 6.4% of all
al. relevancy and observational medical intensive | alerts were
determine the study care unit (ICU) of | clinically
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clinical the University of appropriate, and

appropriateness Tokyo Hospital combining

of alarms. physiologic data
resulted in a 21.4%
reduction of
clinically irrelevant
alarms.

Joy . . .
2014 To address the | Observational Boston Medical The pilot study

issue of clinical | study Center successfully

alarm fatigue decreased audible

and patient alarms by 89%.

anxiety caused Nurses were

by frequent and satisfied with the

unnecessary alarm changes, with

cardiac 64% rating the noise

monitoring level as acceptable.

alarms and to

develop more

effective

monitoring

practices.

Honan et al. | 2015 To expand on Qualitative 410 nurses Six themes
previous studies | analysis emerged:

and identify
themes in
nurses'
comments
regarding
clinical alarm
management

dissonance and
desensitization,
pollution, panic and
pathology,
demanding
responsibility,
demanding the
authority of nurses,
and clinical alarm
management being
essential but not a
magic bullet.
Comments
emphasized worry
about potential
danger and
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recommended

enhancements.
McGuffin 2019 To investigate quantitative/comp | 36-bed adult The results
& Ortiz whether arative design. inpatient cardiac indicated a
changing ECG telemetry unit significant reduction
electrodes daily in telemetry alarms
could reduce the following the
frequency of implementation of
nuisance alarms daily electrode
changes. Post-
intervention data
showed a 74.15%
decrease in alarms
compared to pre-
intervention levels.
Medina, 1989 To evaluate Randomized Not specified in Preparing the skin
Clochesy, appropriate skin | control trial the article by cleaning it and
and Omery preparation for making it slightly
electrode rough helped to
placement reduce artifact,
which is known to
cause false alarms.
Ruppel et 2018 To examine the | convergent mixed | 27 nurses The interviews
al. approaches of methods design revealed that

ICU nurses
towards
customizing
electrocardiogra
ph (ECG)
monitor alarms
to reduce alarm
fatigue in
intensive care
units (ICUs).

customization
practices varied
greatly among
nurses and were
influenced by
factors such as
clinical expertise,
lack of education on
customization, and
negative
experiences.
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Sendelbach | 2015 To examine the | Pre post Not specified in The number of
et al. effects of interventional the article. alerts per monitored
bundle study bed per day
interventions on decreased by 61%
reducing alarms and 88.5%,
respectively,
because of the
bundle interventions
Speich 2017 To determine if | Quality Not specified in Daily electrode
daily electrode | improvement the article replacement and
replacement on | experiment following skin
patients may preparation
lower the protocols resulted in
frequency of a significant drop in
ECG technical alarms
alerts
Turmell et | 2017 Evaluate the quasi- 580 patients AACN bundle
al. effectiveness of | experimental measures reduced
AACN bundle alert rates by 30%
measures.
Walsh- 2015 To examine the | Pre-post 15 patients Hair was clipped as
Irwin and effect of intervention study necessary, the skin
Jurgens adequate was washed with
electrode soap and water,

positioning and
preparation of
the skin on the
number of ECG
alarms

dried with a
washcloth, and
electrodes were
attached to leads
and properly
positioned. The alert
rates dropped from
134110992 in 24
hours, or a 44%
decrease
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Wung et al

2018

Too determine
which
equipment
causes most
sensory
overload among
critical care
nurses

Qualitative study,
Focus group
interview

who worked for
more than 20 hours
per week for over
the past 6 months

The respondents
stated that the
alarms from cardiac
monitors,
ventilators, and
intravenous pumps
were the most
helpful and
contributed the most
to sensory overload.
Electronic health
record alerts and
medication delivery
systems'
alerts/alarms were
regarded as being
the least beneficial
and least likely to
cause sensory
overload.
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the experiences of nurses toward alarm responses and alarm fatigue in the ICU at tertiary care
hospital. This study is supervised by Dr. Rubina Barolia, Associate Professor, Assistant Dean,
and Clinical Practice, at Aga Khan University School of Nursing and Midwifery (AKU-

SONAM), Karachi Pakistan. | would like to invite you to participate in this research study.
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us to determine whether revision of clinical alarm policies is required to provide a patient safety

environment in a hospital setting.

Procedure

The data collection process will be conducted via non-participatory observation and
semi-structured interviews. To conduct observation, the researcher will be reviewing 20 camera
recordings of the ICU of 3 different shifts for the alarm to sound. These observations will take
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will take detailed field notes of the type and frequency of alarms, parameters set for individual
patients, and the way nurses responded to and managed those alarms. The observation will
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The interview guide and your response will be in Urdu or English language in whatever

language you are comfortable with. After data collection in Urdu, interviews will be translated
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interview would be audio recorded.
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There is no harm predicted to the participants in this study. There will be no financial
incentives for the participants. However, the study will provide you an opportunity to reflect
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Confidentiality

We will respect your privacy. The information provided by you will remain
confidential. Your name, address, and data produced during this study will be stored in a secure,
locked location. Only members of the research team will have access to the data. This could
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It is your choice to take part in this study. You must give written consent if you agree to
participate in this study. You may refuse to participate without any loss. You may also refuse
to answer some or all the questions if you do not feel comfortable with those questions. You may

also withdraw at any time from the study.

Authorization

| agree that | have read and understood this consent form by signing this form. |
undertake that the importance and the methods of the research study have been explained to
me and | voluntarily agree to participate in it after knowing all the terms and conditions. 1
understand that | will receive a copy of this form. | understand that my consent does not take
away any legal rights in case of negligence or other legal faults of anyone who is involved in

this study.

Printed Name of Participant:

Participant’s Signature

Date:

Printed Name of the person who obtain the consent:

Signature:

Date:
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Appendix F

Observation template

[Observation template:

Topic: Explormg experiences of alarm response and alam fatigne among nurses workims in

the ICTT of a tertiary care hogpital in Karachi Pakistan

Obzervation date and time: 18/5/2023

30032023

1100hrs- 1300 (camera racording)

1000-1300 hg,

Date Obzerved | Type of | Level of Mature of MNurze’s Time Taken
shift Alarm criticality | Alarm response to that | to respond to
Alamm Alarm
6/5/2023 Might HE Level 1 False Alarm Aszsessed and Iminutes
(artifacts) conduct (180
intervention seconds)
6/5/2023 Might Spol Level 1 True Alarm Ignored the
alarm
8/3/2023 Evening |EBP Lewvel 2 Falze Alarm Silenced the 7 minutes
alarm
8/3/2023 Might EP Lewvel 2 True Alarm Igncred the
Alarm
9/5/2023 Moming | BP Lewvel 2 True Alarm Silenced the 10 minutes
Alarm
9/5/2023 Evening | BP Lewvel 2 False Alarm Igncred the
Alarm
9/3/2023 Might BP Level 2 False Alarm Assessed and 5 minutes
conduct
intervention
1052023 | INight HE Lewvel 1 False Alarm Mo nurse
(patient’s HE. present at
was within bedszide, Alarm
limits bt auto switched
alarm was off
beeping as
alarms wers
not set
properly)
10/5/2023 | Evening | Bp Lewvel 2 True Alarm Aszsessed and 3 minutes
conduct
intervention
18/052023 | Moming | HRE Level 1 Technical Ignore the
Alarm Alarm
18/5/2023 | Evening | BP Lewvel 2 True alarm Ignored the
alarm
1%/05/2023 | Evening | SPol Level 1 True Alarm Assessed and 12 seconds
conduct
mtervention
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207022023 | Might HE Lewvel 1 Falze Alarm Aszzeszad and 3 minutes
(ECG shows zllence the (300
aszvatole while | alarm seconds)
petient was
stable)

21/5/2023 | Moming | HE Lewvel 1 True Alarm Ignored the

Alarm

22/5/2023 | Evening Spo2 Lewvel 1 Falze Alarms Silenced the 8 seconds
(limits not set Alarm
properiy)

25/3/2023 | Might HFE Lewvel 1 True Alarm Ienored the

Alarm

25/3/2023 | Might Spol Lewvel 1 True Alarm Silenced the 60 zeconds

alarm

28/5/2023 | Evening Spol Lewvel 1 Technical Alarm was
Alarm (probe ignored
was detatched)

29/05/2023 | Might HE Level 1 Falze Alarm Alarm was
(limits not set | ignored
properly)

29/05/2023 | MNight EP Leval 2 Technical Ignored the
Alarm (BP Alarm
cuff was
loosen and was
zlipped down)

Appendix G

Flowsheet Observation template

Actual Setting on the monitor

Recommended setting
mentioned in flowsheet

HR: <60 =120 HR: <51 =130
HR: <51 =130 HR: <51 =130
HR: <60 > 130 HR: <51 =130

BP (Systolic): <100 =160 mmhg BP (Systolic): <90 >160
mmbhg

BP (Systolic): <90 >140 mmhg BP (Systolic): <90 >160
mmbhg

BP (Systolic): <80 >170 mmhg BP (Systolic): <90 >160
mmbhg

BP (Systolic): <90 >160 mmhg BP (Systolic): <90 >160

mmbhg

BP (diastolic):

< 65 >95

BP (diastolic): < 65 >95

BP (diastolic):

< 60 >95

BP (diastolic): < 65 >95

BP (diastolic):

<70 >95

BP (diastolic): < 65 >95

BP (diastolic):

< 65 >95

BP (diastolic): < 65 >95

Spo2 : <90 %

Spo2 : <90 %

Spo2 : <92 %

Spo2 : <90 %

Spo2 : <94 %

Spo2 : <90 %

Spo2 : <88 %

Spo2 : <90 %
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Appendix H

Interview Guide.

Topic: Exploring experiences of alarm response and alarm fatipne among nurses working at the

ICU of a tertiary care hospital in Karachi Palastan.

1. In vour percepticn what do vou understand by clinical alarnms?

2. Bo, as per vour experience, how zlarmes are being used in the ICU?

3. Bo, if the alarmes ring how do nurses respond to the alarm? What is the usual practice of TCLT
nurses in responding to alamsT

4. In yvour experience, are there any instances when nurses fail to respond to the alarms, and if
wes what are the reasons?

3. How do you balance the need to respond promptly to clinical alarms with other competing
demands and pricrities in your role as an ICTT nurse?

Az we know there are geveral alarms in the ICT, and they may sometimes beep continuonsly
causing desensitization among nurses thiz|phencmenon is called alarm fatigue.

G, Bo 1 yvour experience does alarm fatizue prevail among nurses working at the ICTUT Please
elaborate.

7. Im yvour experience, what do you think are the poszible reasons for alarm fatigue among ICTT

nurzesT

8. As per vour perception, how mmportant it is to address alarm fatigue among ICTT nurses?
Q. As per vour experience what can be the strategies to reduce alarm fatipue among ICT nurses

at this hospital?

10. In vour experience, what factors contribute to effective alanm management and response?
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Appendix |

AKUH policy of Alarm Management.

Asnexure | Standard Clinical Alsros Limits
Stasdard Setting Wheis When Wheis
>n Level of Parameten D When Alarms Can Be
Clinical Device | Alarm gemerated lamthorized toset| ' o antharized to :
Alarm Peadiatric Neowate | Oheand Adalt R CanBe |70 nve Disabied
Lo Chamged
Mimute Veatilation <100 >258 . y "
(Tot)* Level 1 <158ml/kg >300mlhkg Twice of maximum settimg®
<1y <30 >50/ mism
2 12 yrsc <25 >40 | mim 2
“""'":‘-' et PR P 2.5 yrao< 22 >35 ) mim <30 >60 /min|  Half of minimum setting* Prionary
(T 512 <18 >30 / mim suning stafl} (.ly e Physician
12:18 yrs: <1630 / mim Physician' | Asper s orders m for patient
Ventil s T Respiratery | . wi of
ey | v Therapist on Aleart
<1 yrx:<118 >180 beatv'min Therapint ordens | @ hysician Life Sapport
v -2 yra:<99 >150 beaty/min P A oy o o
':"" o Level 1 2.5 yrx: <85 >140 beatv/nsin =24 =40 physician
_— 512 yrx:<$9 >138 beaty/'min
12-18 yrs: <60>100 beats/min
Apnez Alarm Levell 15-20 sec 1520 sec 15.20 Sec
) <4-Smlly _
Tidal Volwme {mly*|  Level 1 >5.10 mikg Nat Applicable
<1 yrs:<118 >180 beaty/min
1-2 yrx<99 >150 beaty/'min
HR Level 1 LS yos: <SS >140 banta/mia | 19022007 | <RI | <SI 2090 heatw!
512 yrs:<S9 > 130 beatxmin | et i
1218 yrx: <60>100 bents/min
<1ymc <30 >500 min
l-l,\n:<15>lll..‘- . 0825 / .
RR Level B 2.5 yrac< 22 35 / mim <40 >60 min i <08 >30 / min
512 yrye<1¥ >30 / mim -
1218 yrx: <1830 / mim
< 1 yrxiz <70 >95Smamhy Refor 8o
1-2 yrs: <75 >100 mmbg . 2. As per > -~
i Normative BP | <95>140 2 Primary Ounly e Physician
Cardine Monitor BP 1y Leri N ;"52-‘“:(:;1'::. ® Chert mmhg SN 210 maily Primary pay s sursing staff | erders ax for patient
12 It’m-tﬂﬂ). (Ammexure 8.2) Narsing Sealf or patient on physician | with withdrawi of
cabebiv'c .t Physici et | orderar Life Sappart
Refer tw =Y physician interevention
BP disstobic Ll ll NA Nosswwitso BP'| (<S558 | 45508 muiy
N
| (Ammezure 8.2)
Refer tw
Mar Level 1 NA Normative BF | cgoo110 | <s0>110
|{Amnexure £.2)
Refer to COD
SPO2 Level 1 <95% Profite <95% <90
(Anmexure 8.2)
Apnes Setup Level 1 >1520 sec
Apaca Moniter Delay Gme Levell >1520 sec
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