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Abstract 

Aim: Nurses in intensive care units are confronted with a multitude of alarms and noises every day, which can lead to alarm 

fatigue. Various interventions have already been investigated to reduce or prevent this. The aim of this review is to provide 

an overview of empirically investigated interventions to counteract alarm fatigue in critical care nurses. Design: A scoping 

review. Methods: We conducted a scoping review and carried out literature searches in Medline, Cochrane Library, 

and CINAHL. In addition, we performed manual searches in LIVIVO and Google Scholar, as well as citation searching. 

We included studies on interventions aimed at reducing existing alarm fatigue or preventing potential alarm fatigue among nurses 

working in intensive care units. Following title, abstract, and full-text screening, data were extracted and synthesized using 

an inductive approach. Results: Seventeen studies met the inclusion criteria. The included studies were categorized into six 

clusters: “process interventions” (n = 8), “technological interventions” (n = 7), “training courses” (n = 7), “alarm 

individualization” (n = 11), “memory aids” (n = 6), and “intervention bundles” (n = 11). The investigated outcomes were divided 

into alarm fatigue (n = 8) and etiological factors of alarm fatigue (n = 9). Conclusion: Current studies on interventions against 

alarm fatigue are heterogeneous and difficult to compare. Future research should rely on controlled experimental designs 

to ensure comparability between studies.  
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Introduction 

Worldwide, the number of patients in intensive care 

units (ICU) and the complexity of their care needs are 

increasing (Garland et al., 2013; Iwashita et al., 2018; 

Vincent, 2013). During their treatment, patients are 

usually monitored and receive infusions, nutrition, 

and organ support through various devices. 

The high occupancy rate of intensive care beds 

and the devices used lead to a significant number 

of alarms in the ICU. On average, between 150 

and 350 alarms are generated per patient per day 

(Sendelbach & Funk, 2013), which can be up to 87.4 

decibels (dB) in volume (Alduais & Salama, 2019). 

Frequent exposure to a large number of loud alarms 

can cause alarm fatigue. This is defined as “sensory 

overload when clinicians are exposed to an excessive 

number of alarms, which can result in desensitization 

to alarms and missed alarms” (Sendelbach & Funk, 

2013, p. 378). 

Today, alarm fatigue is an international problem.  
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Studies from various countries (e.g., China, Italy, 

Poland, and South Korea) indicate that critical care 

nurses – who are typically the first recipients 

of alarms – report medium to high scores on the Alarm 

Fatigue Questionnaire (AFQ) and other instruments 

(Carelli et al., 2022; Ding et al., 2023; Jeong & Kim, 

2023; Lewandowska et al., 2023; Regmi et al., 2023; 

Seok et al., 2023). In addition, men over 30 years 

of age and individuals with greater professional 

experience report higher levels of alarm fatigue 

(Alkubati et al., 2024). 

Missed alarm responses have different consequences 

for healthcare providers and patients. They can reduce 

confidence in alarm systems, negatively affect patient 

care, interrupt recovery, and lead to high levels 

of dissatisfaction with treatment (Casey et al., 2018; 

Lewandowska et al., 2023; Ruppel et al., 2023; Wilken 

et al., 2017). 

As a result, alarm fatigue has received increasing 

attention in recent years. Most studies have focused 

primarily on patient and provider safety (Albanowski 

et al., 2023). However, nursing staff have rarely been 

included in alarm research or in the development 

of related models (Agha-Mir-Salim et al., 2024).
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In addition, several interventions have been studied 

to reduce or prevent alarm fatigue among intensive 

care nurses. What is still missing, however, 

is a comprehensive overview of the existing evidence. 

Information on which interventions have already been 

developed and empirically evaluated remains limited. 

Aim  

The aim of this study was to provide an overview 

of empirically investigated interventions designed 

to counteract alarm fatigue in critical care nurses. 

In addition, these interventions were analyzed 

and categorized to gain insight into the underlying 

research logic. Finally, gaps in the literature 

and directions for future research were identified. 

To this end, the study addresses the following research 

question: “Which interventions against alarm fatigue 

in critical care nurses have already been 

investigated?”. 

Methods 

Design 

To achieve the aims of this study, we conducted 

a scoping review (ScR) following current 

methodological recommendations (Peters et al., 2020; 

2021). This design is particularly suitable because 

it allows researchers to map the existing body 

of knowledge on a specific topic and to identify 

research activities and emerging trends. 

The abstract of this review is presented in accordance 

with the recommendations of the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses 

(PRISMA) (Page et al., 2021). The main body follows 

the PRISMA-ScR reporting guidelines (Tricco et al., 

2018). 

In accordance with methodological recommendations 

(Page et al., 2021; Peters et al., 2022), we developed 

and registered a review protocol on the Open  

Science Framework in July 2024 

(https://doi.org/10.17605/OSF.IO/JQH7Z). 

Eligibility criteria 

The PCC framework (participants, concept, context) 

was used to define the inclusion criteria, 

as recommended for scoping reviews (Peters et al., 

2020). For this review, the population was defined 

as nurses and nursing assistants. Studies involving 

other healthcare professionals (e.g., physiotherapists, 

physicians) were excluded. 

The concept of interest was alarm fatigue. Consistent 

with the definition provided in the background, 

we included interventions aimed at reducing existing 

alarm fatigue or preventing its development. Articles 

focusing solely on prevalence, causal mechanisms, 

or consequences were excluded. 

Intensive care units in acute care hospitals were 

the context of interest for this review. Nurses 

with alarm fatigue included in the studies were 

required to work in an intensive care unit. Studies 

conducted exclusively in step-down units, 

intermediate care units, or general wards were 

consistently excluded. 

In addition, we included only peer-reviewed journal 

articles published in German or English. Grey 

literature, nonscientific articles, and studies that did 

not provide sufficient detail on their methodology 

were excluded.  

Search strategy 

To identify relevant studies, we searched three 

databases – Medline (via PubMed), Cochrane Library, 

and the Cumulative Index to Nursing  

and Allied Health Literature (CINAHL, via 

EBSCOhost) – initially in June 2024 and updated 

the search in September 2025. Relevant keywords 

and synonyms were identified through preliminary 

searches, and the final search strings were reviewed 

and approved by the research team in accordance 

with the PRESS guideline (McGowan et al., 2016). 

To complement our database search and identify 

potentially missed references, we conducted 

additional searches. First, we searched by hand 

(Page et al., 2021) in LIVIVO and Google Scholar. 

Second, we carried out citation searching (Hirt et al., 

2024) with 21 studies identified in the systematic 

searches. The final search strings and their results are 

to be found in Additional file 1 (https://h7.cl/1nw7n). 

Study selection inc. PRISMA flow diagram 

Two reviewers (MS, FS) conducted blinded screening 

of titles, abstracts, and full texts using the Rayyan web 

application. Any conflicts that arose during 

the screening process were resolved through 

discussion with a third reviewer (LB). 

Overall, our search yielded 491 records. 

The systematic search of Medline (via PubMed), 

Cochrane Library, and CINAHL (via EBSCOhost) 

produced 489 records, and the additional hand 

and citation searches identified two more. After 

removing duplicates and excluding 380 studies during 

title and abstract screening, 30 full-text articles were 

assessed. Of these, 13 were further excluded  

(see Additional File 2; https://h7.cl/1nw7n). 

Ultimately, 17 studies were included in this scoping 

review. The complete search and screening process 

is illustrated in Figure 1. 
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Figure 1 PRISMA flow diagram of the search and screening process (Page et al., 2021) 
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Evaluation of quality of articles 

As specified in the methodological guidelines, 

the analysis of study quality is optional in scoping 

reviews (Peters et al., 2020; Tricco et al., 2018). 

In line with our aim of presenting the current evidence 

base without comparing the effectiveness of individual 

interventions, we have refrained from assessing 

the quality of the studies in this review. 

Data extraction 

To extract data, we developed a table in Microsoft 

Excel. We initially analyzed three studies to ensure 

that all relevant information could be captured. After 

confirming this approach, two authors (MS, FS) 

reviewed the remaining studies and extracted the data. 

The extracted data were then compared 

for consistency, and the tables were merged. 

Any conflicts were resolved through consultation 

with a third reviewer (LB). 

Specifically, we extracted information on the authors, 

year of publication, and study design. In addition, 

we collected data on the study population, setting,  

and the interventions implemented. Finally,  

we extracted the investigated outcomes  

and the reported results. 

To analyze and synthesize the extracted data, we 

followed current methodological recommendations 

(Pollock et al., 2023), using an inductive approach. 

Specifically, we performed open coding of the results, 

developed a framework, organized the data, 

and ultimately categorized it into clusters (Pollock 

et al., 2023). 

Results 

Characteristics of sources of evidence 

The included studies were published between 2014 

and 2024 and are mostly from the United States 

of America (n = 12). Further studies were conducted 

in the Netherlands (n = 2), Egypt (n = 1), China 

(n = 1) and Iran (n = 1). The most frequently used 

study design was the quasi-experimental design 

(n = 15), followed by one randomized controlled trial 

and one quality improvement project. 

The number of nursing staff included in the studies 

ranged from 6 to 130. All participants worked in ICUs 

with various specializations (e.g., medical, surgical, 

neonatal, cardiac). Unit sizes also varied, ranging 

from 8 to 56 beds. Further details on the included 

studies are provided in Table 1. 

Synthesis of interventions 

In our data analysis, we grouped the interventions into 

six main clusters: process interventions, 

technological interventions, training courses, alarm 

individualization, memory aids, and intervention 

bundles. Detailed information on the interventions, 

outcomes, and results of the included studies can be 

found in Additional File 3 (https://h7.cl/1nw7n). 

The clusters are described in the following sections. 

Intervention cluster 1 – Process interventions 

Process interventions were examined in a total of eight 

studies and aimed to modify the organizational 

structure of clinical care by intervening directly in care 

processes. Examples included adapting workflows, 

changing ECG electrodes at the beginning of each 

shift (Bosma & Christopher, 2023; Leigher et al., 

2020; Lewis & Oster, 2019), updating organizational 

guidelines, or consistently communicating alarm data 

(Arkilic et al., 2024; Gorisek et al., 2021; Ketko et al., 

2015; Konkani et al., 2014; Varisco et al., 2021). 

Intervention cluster 2 – Technological interventions 

Changes to ICU software or hardware were examined 

in seven studies. These interventions involved 

adapting the use of technical devices, such as mobile 

pagers or handheld devices for displaying alarms 

(Allan et al., 2017; Broer et al., 2024; Ketko et al., 

2015; Konkani et al., 2014; Ruppel et al., 2018; Sowan 

et al., 2016; Varisco et al., 2021). 

Intervention cluster 3 – Training courses 

Training courses and staff education sessions, 

delivered using various methods and tools, 

were offered in ten studies to provide new or refresher 

information on alarm management (Ahmad 

& Younes, 2023; Allan et al., 2017; Arkilic et al., 

2024; Bi et al., 2020; Bosma & Christopher, 2023; 

Brantley et al., 2016; Gorisek et al., 2021; Lewis 

& Oster, 2019; Seifert et al., 2021; Varisco et al., 

2021). 

Intervention cluster 4 – Alarm individualization 

Eleven studies conducted in ICUs with frequently 

standardized alarm limits examined the effects 

of individualizing patient alarms, such as adjusting 

SpO₂ limits for patients with COPD (Allan et al., 2017; 

Arkilic et al., 2024; Bosma & Christopher, 2023; 

Gorisek et al., 2021; Ketko et al., 2015; Konkani et al., 

2014; Lewis & Oster, 2019; Seifert et al., 2021; Sowan 

et al., 2016; Varisco et al., 2021; Yousefinya et al., 

2021). 

Intervention cluster 5 – Memory aids 

To maintain awareness of targeted alarm management, 

six studies employed memory aids such as posters 

or information flyers (Arkilic et al., 2024; Gorisek 

et al., 2021; Konkani et al., 2014; Seifert et al., 2021; 

Varisco et al., 2021; Yousefinya et al., 2021). 
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Table 1 Characteristics of included studies 

Nr. Author, Year  Study design Population Setting 

01 Ahmad & Younes, 2023 Quasiexperimental study 30 ICU nurses 2 ICUs with 28 beds, Egypt 

02 Allan et al., 2017 Quasiexperimental study 23 ICU nurses 18-bed cardiac and vascular surgery ICU, USA 

03 Arkilic et al., 2024 Quality improvement project 24 ICU nurses pre-, 5 ICU nurses post-intervention 24-bed cardiovascular, thoracic surgical ICU, USA 

04 Bi et al., 2020 RCT 93 ICU nurses (47 intervention, 46 control) Department of critical care, China 

05 Bosma & Christopher, 2023 Quasiexperimental study 115 ICU nurses 27-bed surgical ICU, USA 

06 Brantley et al., 2016 Quasiexperimental study 22 ICU nurses 20-bed medical ICU, USA 

07 Broer et al., 2024 Quasiexperimental study 16 patients and 26 to 27 nurses per day over 180 days 25-bed NICU, Netherlands 

08 Gorisek et al., 2021 Quasiexperimental study ICU Nurses, nursing assistants 21-bed burn ICU, academic medical center, USA 

09 Ketko et al., 2015 Quasiexperimental study N = 69, no further data 46-bed NICU, USA 

10 Konkani et al., 2014 Quasiexperimental study 6 nurses 8-bed pediatric ICU, USA 

11 Leigher et al., 2020 Quasiexperimental study 62 patients (32 intervention, 30 control) Medical-surgical ICU, USA 

12 Lewis & Oster, 2019 Quasiexperimental study 74 Nurses in EP. Survey: 35 Pre, 18 Post 36-bed ICU, USA 

13 Ruppel et al., 2018 Quasiexperimental study 130 nurses (28 pre & post survey; 66 pre; 44 post) 56-bed medical ICU (15 step-down beds), USA 

14 Seifert et al., 2021 Quasiexperimental study 60 nurses, 5 ANPs; survey: 29 pre, 25 post 15-bed medical-surgical ICU, USA 

15 Sowan et al., 2016 Quasiexperimental study 39 nurses pre; 24 post 20-bed transplant-cardiac ICU, USA 

16 Varisco et al., 2021 Quasiexperimental study 33 nurses pre, 31 post 18-bed family NICU, Netherlands 

17 Yousefinya et al., 2021 Quasiexperimental study 60 nurses (12 students) ICU, Iran 
ANP – advanced nursing practitioners; EP – educational program; ICU – intensive care unit; NICU – neonatal intensive care unit; Nr. – number; RCT – randomized controlled trial
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Intervention cluster 6 – Intervention bundles 

An additional eleven studies combined at least two 

of the interventions described above to address alarm 

fatigue (Allan et al., 2017; Arkilic et al., 2024; Bosma 

& Christopher, 2023; Gorisek et al., 2021; Ketko et al., 

2015; Konkani et al., 2014; Lewis & Oster, 2019; 

Seifert et al., 2021; Sowan et al., 2016; Varisco et al., 

2021; Yousefinya et al., 2021). These  

interventions were implemented simultaneously, 

consecutively, or in combination, as exemplified 

by the CEASE bundle (Communication, Electrodes, 

Appropriateness, Setup, Education). 

Synthesis of outcomes 

In our data analysis, we grouped the investigated 

outcomes into two main clusters: alarm fatigue 

and etiological factors of alarm fatigue. The outcomes 

were assessed using various methods, including 

questionnaires, monitor evaluations, as well 

as measurements of volume levels and staff responses. 

These are described in the following sections. 

Outcomes cluster 1 – Alarm fatigue 

A total of eight studies examined alarm fatigue 

directly as an outcome (Ahmad & Younes, 2023; 

Allan et al., 2017; Arkilic et al., 2024; Bi et al., 2020; 

Bosma & Christopher, 2023; Ketko et al., 2015; 

Seifert et al., 2021; Sowan et al., 2016). This was 

assessed in seven studies using questionnaires 

and in one study using a multidisciplinary survey 

(Ketko et al., 2015). 

Specifically, two studies used the Nurses’ Alarm 

Fatigue Questionnaire (Ahmad & Younes, 2023; 

Seifert et al., 2021), one study applied the Alarm 

Fatigue Questionnaire (Bi et al., 2020), one study used 

the Clinical Alarm Survey from the Healthcare 

Technology Foundation (Bosma & Christopher, 

2023), one study used an adapted version 

of the Clinical Alarm Survey (Sowan et al., 2016), 

and three studies developed their own questionnaires 

(Ahmad & Younes, 2023; Allan et al., 2017; Arkilic 

et al., 2024). 

Outcomes cluster 2 – Etiological factors of alarm 

fatigue 

An additional nine studies examined etiological 

factors that contribute to alarm fatigue (Brantley et al., 

2016; Broer et al., 2024; Gorisek et al., 2021; Konkani 

et al., 2014; Leigher et al., 2020; Lewis & Oster, 2019; 

Ruppel et al., 2018; Varisco et al., 2021; Yousefinya 

et al., 2021). Data collected included alarm records, 

ward volume levels and their variations, patient data, 

and staff behavior and responses. 

Findings on the effectiveness of interventions 

The included studies suggested that the investigated 

interventions influenced alarm fatigue. Twelve 

of the 17 studies reported an overall reduction in alarm 

fatigue following implementation of the interventions 

(Ahmad & Younes, 2023; Allan et al., 2017; Bi et al., 

2020; Brantley et al., 2016; Gorisek et al., 2021; 

Leigher et al., 2020; Lewis & Oster, 2019; Ruppel 

et al., 2018; Seifert et al., 2021; Sowan et al., 2016; 

Varisco et al., 2021; Yousefinya et al., 2021). 

However, this reduction reached statistical 

significance in only three studies (Ahmad & Younes, 

2023; Bi et al., 2020; Bosma & Christopher, 2023). 

Findings regarding the number of alarms varied across 

studies. While most reported a decrease in the total 

number of alarms, three studies observed an overall 

increase (Arkilic et al., 2024; Broer et al., 2024; Lewis 

& Oster, 2019). 

Discussion 

Summary of evidence 

The aim of this study was to provide an overview 

of interventions investigated to counteract alarm 

fatigue in critical care nurses. To this end, we 

conducted a scoping review with comprehensive 

literature searches and ultimately included 17 studies 

reporting on empirically evaluated interventions. 

These interventions were grouped into six clusters: 

process interventions, technological interventions, 

training courses, alarm individualization, memory 

aids, and intervention bundles. The clusters differed 

in scope and in the studies included. While some 

addressed specific, individual interventions, 

the CEASE bundle, for example, incorporated all 

of the other interventions (Bosma & Christopher, 

2023; Lewis & Oster, 2019). 

This raised the question of whether these 

interventions addressed all relevant aspects of alarm 

fatigue. Considerable knowledge now exists 

regarding its etiology, manifestations, and potential 

outcomes (Michels et al., 2025). While important 

factors such as lack of knowledge, unnecessary 

alarms, or oversensitivity (Wilken et al., 2017) have 

already been addressed, the interventions identified 

in this review did not target causal factors such 

as psychosocial working conditions or individual 

traits described by Michels et al. (2025). 

An important factor that was not sufficiently 

addressed in the included intervention studies 

is the heterogeneity of the nursing staff. 

Nurses already differ considerably in their familial, 

socio-economic, and ethnic backgrounds during 

training (Salamonson et al., 2012). This diversity  
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is also reflected in the heterogeneity of care provision, 

as well as in variations in skills and grade mix. A more 

detailed analysis shows that individuals with different 

backgrounds and qualifications experience varying 

levels of compassion fatigue and burnout (Zhang 

et al., 2018). It remains unclear whether all nurses 

face the same risk of alarm fatigue and, consequently, 

the same need for interventions. 

As some of the included studies have shown, 

individualizing alarms is of central importance. 

Not every patient exhibits the same alarm patterns; 

even patients with the same condition may generate 

different alarms, and these differences are even 

greater across diverse populations (Harris et al., 

2017). This variability makes standardizing 

interventions in this area particularly challenging. 

The studies also examined a range of outcomes. 

In addition to etiological factors, such as alarm 

frequency and noise, alarm fatigue itself 

was assessed. However, no standardized approach 

was used; studies employed different validated 

instruments or self-developed questionnaires. 

This heterogeneity makes comparison of results 

difficult and limits the conclusions that can be drawn. 

The searches revealed that the relationship between 

alarm fatigue and nurses has been the primary focus 

of research to date. When matched with the NANDA 

classification, the nursing diagnoses Excessive 

Fatigue Burden and Ineffective Fatigue  

Self-Management are particularly relevant. These 

diagnoses identify individuals in demanding 

occupations as a high-risk population and highlight 

potential consequences such as delayed reactions, 

disengagement from the environment, and impaired 

motivation and sleep (Herdman et al., 2024). 

This underscores the importance of preventing 

and promptly addressing alarm fatigue. It also 

highlights that patients can be indirectly affected 

by alarm fatigue. Research indicates that nurses’ 

fatigue can compromise patient safety (Wilken et al., 

2017) and, in some cases, contribute  

to life-threatening situations (Alsuyayfi & Alanazi, 

2022). 

Limitation of study 

This review had several limitations. Only studies 

published in German and English were included, 

so relevant research in other languages may have been 

missed, potentially limiting the comprehensiveness 

of the review. Additionally, the authors did not assess 

study quality. Although this approach aligns 

with the methodological recommendations of Peters 

et al. (2020), it is important to acknowledge. 

Finally, although we sought the clearest possible 

eligibility criteria, the included studies were 

heterogeneous in terms of study design, setting, 

population, interventions, and outcomes. 

This heterogeneity also limits the interpretability 

and generalizability of the review’s findings. 

Conclusion 

This scoping review provides an important overview 

of interventions that have been investigated to reduce 

alarm fatigue in critical care nurses. However, these 

interventions differ substantially and demonstrate 

varying degrees of effectiveness. Assessment across 

the different outcomes also revealed notable 

differences. Based on this evidence, it is not yet 

possible to make clear recommendations for a specific 

intervention. 

To enable stronger conclusions and facilitate 

comparison between studies, larger randomized 

controlled trials are needed in this field. In addition, 

standardized assessment tools should be used 

to ensure comparable endpoints. The relationship 

between alarm fatigue and patient outcomes should 

also be investigated in greater detail to inform 

effective interventions. 

In addition, given its high prevalence, greater global 

awareness of alarm fatigue is strongly recommended. 

Targeted interventions to prevent and reduce alarm 

fatigue among nurses should be tested 

and implemented in every ICU. 
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