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Abstract

Background: Alarm fatigue is a prevalent issue in intensive care units (ICUs), where the incessant barrage
of auditory alerts can lead to desensitization among nursing staff. With 85-99% of alarms being false or
clinically irrelevant, this phenomenon poses significant risks to patient safety and care quality.

Methods: This literature review synthesizes current research on alarm fatigue among ICU nurses, focusing
on the causes, consequences, and management strategies associated with clinical alarms. A systematic
evaluation of qualitative and quantitative studies was conducted to assess nurses' perceptions and
experiences regarding alarm systems.

Results: The findings reveal that alarm fatigue is predominantly driven by excessive false alarms,
inadequate alarm configurations, and overwhelming workloads. Approximately 93% of nurses reported
that alarm fatigue could lead to muted or disregarded alerts, compromising patient safety. Additionally,
effective training and standardized protocols are identified as crucial factors in mitigating alarm fatigue and
improving response times.

Conclusion: To enhance patient safety and care quality in ICUs, it is essential to implement comprehensive
alarm management strategies. These should include standardized alarm settings, continuous education for
nursing staff, and the incorporation of advanced technologies to reduce false alarms. Addressing alarm
fatigue is vital for ensuring that critical alerts are appropriately heeded, ultimately improving outcomes in
acute care nursing.
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1. Introduction

In the intensive care unit (ICU), where patients are in severe condition, alarms are ubiquitous. Their
objective is to notify medical staff of changes in vital parameters and any device malfunctions. Auditory
signals may be produced by monitors, respirators, injection pumps, and several other apparatuses.
However, it seems that such signals are consistently incorrect or clinically inconsequential, constituting 85-
99% of all alarms [2]. Although alarms are a crucial component of treatment and theoretically intended to
ensure patient safety, their incessant presence may be overpowering. Nursing personnel, who dedicate the
majority of their time to patient care and continuous status monitoring, are especially susceptible to alarm
fatigue. The mean number of alerts triggered per patient, to which a nurse responds while on duty, ranges
from 150 to 400 [4]. Responding to alarms accounts for 35% of a nurse's working time in an ICU [5]. The
sensory overload resulting from an excessive number of sirens may result in delayed responses or full
disregard for them [6].

2. Emerging Technologies—Emerging Challenges for Nursing Personnel

The Emergency Care Research Institute (ECRI) is a worldwide organization that annually releases a rating
of the most significant dangers associated with medical technology. For several years, their list included the
topic of alarm risks. This danger is characterized by an insufficient response to alerts and inadequate
management of alarm systems or their configurations [7]. Nonetheless, the issue of alarm fatigue was
addressed just in 2020. Currently, nursing staff must allocate their focus between patient care and
responding to alerts from various medical equipment [8]. Approximately 40 years ago, the frequency of
alerts per critically ill patient was less than six. Currently, there are over forty such alerts [9,10].
Contemporary technology, with the proliferation of more sophisticated equipment, amplifies the noise
inside medical settings, while the illusion of security that technology is ostensibly meant to provide proves
to be false [11].

3. Nursing Staff Overload: Causes and Consequences

Fatigue is characterized by an absence of energy to do actions. It may be acute, subsiding after a period of
rest, or persistent, marked by irreparable physical and mental fatigue [12]. Alarm fatigue is characterized
by excessive exposure to stimuli produced by the monitoring device [13]. Researchers emphasize the need
of distinguishing between acute and chronic tiredness; nevertheless, the existing literature does not
explicitly classify alarm fatigue under either category [12]. Cognitive labor overload pertains to the need
for rapid information processing of nurses, whereas physical overload refers to the actual physical exertion
involved in their duties [14]. Alarms induce an excess of effort in terms of quantity, quality, cognitive, and
physical domains [15]. A significant component leading to weariness and alarm desensitization is noise.

The World Health Organization rules stipulate that hospital noise levels must not surpass 35 dB. Noise
disrupts communication and increases stress levels among staff [16]. Regrettably, such criteria are often
surpassed. Konkani et al. demonstrated in their study that the noise levels measured in an ICU ranged from
47 to 77 dB, with false alarms identified as one of the primary causes of noise [10]. The predominant and
most well researched subjective response to noise is annoyance, which may also include anxiety and mild
rage, stemming from the belief that one is being deliberately disrupted [17]. An excessively noisy workplace
might impede cooperation, exacerbate hostility, and obstruct the ability to interpret social cues [17]. Noise
may lead to feelings of dread and tension in a ward. Conversely, workers perform more effectively in an
atmosphere that offers a feeling of security, tranquility, and space [18]. Extended exposure to this sensory
component leads to stress, a key contributor to occupational burnout among critical care nurses [19].
Research indicates that individuals acclimate to loud work settings, exhibit less interpersonal and
introspective engagement, and have diminished care for patients and their surroundings [14].

The reasons of weariness resulting from monitoring device alerts are many. The need to identify the
warning and evaluate and verify its origin is onerous [20]. In ICU settings, several monitoring equipment
produce alerts of varying priority levels. Alarms induce cognitive stress in workers, mostly due to
interruptions in their tasks, distractions, and the need to prioritize the importance of the alert [20].
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Intensive care nurses experience frustration from incessant and erroneous alerts daily, prompting a natural
response of silencing or disabling them entirely. Consequently, critical signals requiring action may be
overlooked [21]. Malfunction, abuse, or improper alarm configuration of the monitoring equipment may
pose a risk to the patient [22]. From January 2009 to June 2012, 98 adverse events were documented in the
United States resulting from inaccurate or delayed responses to alarms, with 80 of these incidents resulting
in patient fatalities [2]. Alarm weariness poses a threat to patient safety. A scenario is presented in which
medical staff failed to react to the low-heart-rate alert, ultimately leading to the patient's death. The
examination subsequent to this occurrence revealed that the Centers for Medicare and Medicaid Services
stated: “Nurses not recalling low-heart-rate alarms indicated alarm fatigue, which contributed to the
patient’s death” [23]. Efforts to reduce alarm exposure from monitoring equipment result in the
suppression of alerts at the monitoring center, without directly assessing the patient's condition [23].

The existing research on alarm fatigue has three significant problems that need attention. Primarily,
ensuring a secure hospital environment for both patients and staff. Secondly, the rapid advancement of
technology. The rapidly evolving conditions of the critical care unit. The objective of the research is to
examine the existing literature about the perception of clinical alarms by nursing personnel in the critical
care unit. This report presents a contemporary synthesis of scientific research about alarm fatigue among
ICU nurses.

4, Onerous and Deceptive Alerts

In research conducted by Christensen et al.,, 59% of surveyed nurses said that the discomfort of alerts stems
from improperly configured alarm levels [24,25]. Moreover, 95% of nurses reported often experiencing the
burden of alerts [26]. The disruption caused by alarms interferes with patient care [9,11,26,27]. The
annoyance and inaccuracy of alerts lead to diminished faith in monitoring systems [11]. The high frequency
of false alarms impedes nursing workers from responding appropriately to them [27]. The surveyed nurses
said that contemporary technology are very complex, and that false alarms occur too often, diverting their
focus [26].

5. Alarm Fatigue

Ninety-three percent of nurses indicate that alarm fatigue may lead to alarms being overly muted or
disregarded. In the same survey, 81% of respondents said that alarm fatigue is caused by an excessive
number of false alarms [25]. It is significant that 52% of nurses are unaware of how to avoid alarm fatigue.
Some assert that the only method is to adjust the alerts of equipment displaying patients' vital signs to align
with their health status [27].

The research provide inconclusive data about the primary hurdle to alarm handling. Sowan et al. indicate
that nurses see the challenge of identifying the source and priority of an alert as the primary obstacle [26],
with the synthesized data yielding an average weighted value of .

Equals 3.55. A further obstacle is the inadequate staffing, which hinders appropriate responses to alerts
[11]. Respondents identified the following as minor impediments to responding to alerts: lack of training
in alarm system use, challenges in correctly configuring alarms, and interference from non-clinical noises,
a conclusion not entirely substantiated by the data synthesis.

Christensen et al. conducted a 10-item questionnaire among Australian nurses. Over 50% of respondents
said that irritating alarms stem from the accuracy and improper configurations of devices. Furthermore,
nurses indicate that over fifty percent of alerts are triggered by the lack of nurses present at a patient's
bedside. This elicited resentment and ignorance among some nurses; conversely, others exhibited a feeling
of professional co-responsibility and responded to the warning signals of a colleague's patient [25].

Nurses demonstrate a feeling of accountability for the accurate and personalized configuration of alarms in
quality studies [28,29]. Nevertheless, an overwhelming amount of responsibilities often relegates alarm
management to a low priority duty. American nurses see their workload as excessive and are reluctant to
assume sole responsibility for responding to alarms, anticipating assistance from other team members [28].
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German nurses, receptive to the integration of mobile technology, express challenges with modern
technology and several apprehensions over its deployment [29].

The study included two qualitative investigations and five quantitative studies. The findings of the quality
studies represent the perspectives of healthcare professionals evaluating alarm fatigue. They are an
essential component for articulating the ultimate outcomes; nonetheless, they may introduce bias, differing
in form from other articles.

6. Discussion

This literature study focuses on articles that articulate nurses' perspectives and sentiments around clinical
alarms. Following the examination of findings from research using the HTF questionnaire, a straightforward
conclusion may be reached. Nurses globally concur that excessive alerts are too frequent, disrupt patient
care, and diminish their confidence in alarm systems [9,11,26,27]. During a nurse's shift, the number of
alerts per patient may range from 150 to 400 or more, with a substantial proportion being false or clinically
irrelevant alarms [25]. In the research by Cho et al., an ICU produced 2,184 alarms for 48 hours, of which
36.2% were significant and 63.8% were erroneous.

The Healthcare Technology Foundation (HTF) is an organization dedicated to advocating for the safe use of
technology in the healthcare sector. In 2005-2006, a nationwide online survey was conducted to assess
medical personnel's perceptions of clinical alarms. The same investigation was conducted again in 2011
and 2016. The latter illustrates the frequency of such burdensome alerts, which are correlated with a rising
incidence of negative occurrences attributable to clinical alarms. In 2006, 81% of nurses perceived
bothersome alerts as too frequent, followed by 76% in 2011, and 87% in 2016 [28,30]. According to the
findings of research conducted by Ruppel et al., nurses’ express apprehension over the use of new
technology, fearing an increase in workload due to their constrained time and resources. Overwhelmed by
several responsibilities in patient care, they are reluctant to assume primary accountability for responding
to alarms. The engagement of a whole team in the management of clinical alarms may facilitate the
diminution of excessive and burdensome alerts. Nurses express dissatisfaction that physicians disregard
alerts and that nursing staff are only depended upon to validate the significance of an alarm [31].

Conversely, in the quality research conducted by Poncette et al. in Germany, nurses believed that the use of
supplementary technology, such as tablets or mobile phones, may enhance patient safety. The capacity to
annul clinically irrelevant warnings from any place may diminish tension and enhance job satisfaction [29].
Nurses from a TCICU in the U.S. (Sowan et al.), who are already using mobile technology like as cell phones
and pagers, have a contrary viewpoint. They see mobile devices as unstable, perhaps encountering delays
or signal loss [26]. According to the research conducted by Ruppel et al. in the United States, the use of
contemporary technology may provide challenges for senior nurses. Nurses with extensive clinical
knowledge and experience often exhibited higher ease in changing alarms, resulting in a reduced noise level
throughout their tasks. This pertained to an enhanced understanding of physiological alterations, the
identification of certain patient categories, and the capacity to anticipate various scenarios [28]. Research
conducted in Ireland (Casey et al.) yielded further insights. The extensive experience and education of
nurses had little influence on their understanding of alert fatigue prevention [27].

In 2013, the American Association of Critical-Care Nurses (AACN) issued recommendations for alert
handling. One proposal was the implementation of induction and ongoing training [32]. The education of
nurses and the execution of personalized nursing internships should play a crucial role in alarm
management. This rapidly evolving technology requires training. Additional critical recommendations from
the AACN include the proper preparation of the skin for daily electrode (ECG) exchanges, the replacement
of pulse oximeter sensors as needed, monitoring exclusively those patients with clinical indications, and
establishing a team accountable for the alarm system [6,32]. In 2018, the group released a new protocol
grounded on research and established ways to address issues pertaining to alert management. Following
these recommendations, Turmell et al. conducted research to evaluate the efficacy of techniques used at an
American hospital. The quantity of clinical alerts decreased by 30%. Nursing professionals and monitoring
technicians evaluated clinical alerts using the HTF questionnaire both before to and after the
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implementation of the approach. Following the implementation of the management plan, 12% fewer staff
believed that disruptive alarms happened too often. The responders exhibited increased awareness of alert
management protocols and engaged in more frequent discussions about patient monitoring with their
colleagues [33].

Assessing a patient's state is a fundamental responsibility of nursing staff. The findings of the quality studies
indicate that nurses recognize this obligation and see themselves as accountable for the appropriate
calibration of alarms. Regrettably, factors such as an excessive workload, inadequate nursing staff,
apprehension stemming from prior adverse experiences, deficiencies in knowledge and skills, and a general
lack of technological proficiency profoundly impact the proper configuration and management of alarms
[26,27,28]. In 2017, Sown et al. conducted research that established a list of competencies related to the
operation of monitors in an ICU and evaluated the abilities of nursing staff in this area. It has been shown
that 3-40% of nurses said they were unfamiliar with 27 fundamental monitoring tasks and did not use
them. The overall number of competencies included 54 basic and 5 advanced functions. The author asserts
that consistent training ensures the safe and appropriate use of monitoring while mitigating alarm fatigue.
Training must be thorough and include both fundamental and advanced functions [7].

The aforementioned literature analysis does not indicate the extent of alarm weariness but provides insight
into the perception of alerts by nursing staff and their impact on daily patient care. Only the research
conducted by Cho et al. developed a straightforward seven-element instrument tailored to the project's
requirements, independent of the HTF questionnaire, to evaluate alarm fatigue. The data indicate that
69.4% of Korean nurses had moderate to severe levels of weariness. Nonetheless, the tool lacked perfect
reliability [9]. A questionnaire was developed to evaluate alarm fatigue among nurses in an ICU in Iran. The
instrument demonstrated validity and reliability on this occasion. Notwithstanding favorable outcomes,
researchers emphasize the need for more investigations using a greater sample size. Alarm tiredness,
posing a significant risk to both patients and nurses, necessitates investigation and evaluation, requiring a
dependable instrument for this objective [34].

In summary of the studied research, it can be said that nurses encounter an excessive number of false
alarms. Nurses are inundated by the implementation of new technologies and a feeling of responsibility for
monitoring systems in the absence of help from medical personnel. Third, the extensive expertise of the
nursing staff enables the identification of hazardous circumstances involving patients; yet it does not
mitigate alarm-related weariness. It is essential to prioritize continuous training for nurses to enhance their
expertise of alert handling in ICU settings.

7. Pragmatic Consequences

Efforts should be undertaken to establish uniform rules for alert handling across all ICU facilities globally.
Given the diverse array of technology, each ICU must establish unit-specific protocols, including mandatory
training for novice nurses or anyone entering the field. At every educational level concerning the ICU,
training programs must include information on the advancement of new technologies, therefore aligning
with the worldwide demands of ICU sectors and current market requirements. This is particularly
applicable to the younger generation of nurses entering the field, who must remember that ICUs include
not just alarms but also patients, and that the alarms should not divert their attention from the patients’
issues.

The primary weakness of the research was its failure to identify the specific sort of weariness induced by
the alerts. No clear literature exists documenting acute and persistent weariness linked to warnings from
monitoring devices. A further drawback was the limited number of papers that satisfied the criteria,
necessitating the inclusion of both quantitative and qualitative studies in the evaluation. A proficient
research team attempted to organize the facts systematically. Matching an acceptable technique to evaluate
the quality of the research included in the evaluation was hard owing to their variety. Further investigation
on alarm fatigue is necessary. The preceding study indicated several deficiencies in this regard. Only
international study conducted by experts globally will facilitate the formulation of recommendations
grounded in scientific facts.
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8. Conclusions

Alarms are necessary in critical care units. The rapid advancement of technology significantly increases
their quantity, a trend that will surely continue in the future. Consequently, it is essential to implement
appropriate alarm management solutions without delay. Nursing staff have overwhelming workloads due
to an excessive number of responsibilities and a constant influx of clinical alerts. Nurses often fail to
recognize the need for education on alarms, a critical component of any alert management plan. In the
future, it is essential to evaluate the extent of alarm fatigue. This will enhance safety for both patients and
nursing staff while validating the efficacy of implemented techniques.
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