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ARTICLEINFO ABSTRACT

Keywords: Background: Alarm fatigue in nurses is a major patient safety concern in the intensive care unit. This is caused by Alarm fatigue exposure to high rates of false and non-actionable

False alarm

alarms. Despite decades of research, the problem persists, leading to stress, burnout, and patient harm resulting from true missed events. While engineering approaches to

Intensive care Nursin, . . . . . .
g Engineering  reduce false alarms have spurred hope, they appear to lack collaboration between nurses and engineers to produce real-world solutions. The aim of

this bibliometric analysis was to examine the relevant literature to

Interdisciplinary quantify the level of authorial collaboration between nurses, physicians, and engineers.
Methods: We conducted a bibliometric analysis of articles on alarm fatigue and false alarm reduction strategies in critical care
published between 2010 and 2022. Data were extracted at the article and author level. The percentages of author disciplines
per publication were calculated by study design, journal subject area, and other article-level factors.
Results: A total of 155 articles with 583 unique authors were identified. While 31.73 % (n = 185) of the unique authors had a
nursing background, publications using an engineering study design (n = 46), e.g., model development, had a very low
involvement of nursing authors (mean proportion at 1.09 %). Observational studies (n = 58) and interventional studies (n = 33)
had a higher mean involvement of 52.27 % and 47.75 %, respectively. Articles published in nursing journals (n = 32) had the
highest mean proportion of nursing authors (80.32 %), while those published in engineering journals (n = 46) had the lowest
(9.00 %), with 6 (13.04 %) articles having one or more nurses as co-authors.
Conclusion: Minimal involvement of nursing expertise in alarm research utilizing engineering methodologies may be one
reason for the lack of successful, real-world solutions to ameliorate alarm fatigue. Fostering a
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collaborative, interdisciplinary research culture can promote a common publication culture across fields and may yield
sustainable implementation of technological solutions in healthcare.

1. Introduction

Research on the phenomenon of ‘alarm fatigue’ dates back to the 1950s
and has received increasing scientific attention from various disciplines in
recent years. Alarm fatigue refers to the assimilation of clinical staff to alarms
in the intensve care unit (ICU) [1-3]. It occurs when a large number of clinical
alarms are either technically false (artifactual) or clinically irrelevant (non-
actionable). As ICU staff become desensitized (“fatigued”) to alarms, this can
cause serious harm to both patients, due to missed true events, and to
clinicians themselves. Among affected staff, nurses bear the greatest burden
of persistent audiovisual overload [4,5] from spending most of their shift in
close proximity to alarm sources, often resulting in stress and burnout [6,7].
Despite numerous attempts to reduce alarm fatigue, it remains a significant
patient safety concern.

The negative implications for patient safety stem from various types of
subpar alarm responses, including ignored alarms [8], delayed alarm responses
[9], lowered alarm volume, or muted alarms [10]. In the past, these responses
have had fatal consequences for patients as true alarms were unintentionally
missed [4,11,12]. Most recently available data (2005 to 2012) reveal over 1640
in-hospital deaths related to alarms [10,13]. Since these data are over a decade
old, it is plausible that alarm- related deaths have increased, given the
persisting issue with limited interventions tested and implemented in clinical
care [14]. In addition, patients are subjected to both psychological stress (e.g.,
fear, anxiety [15,16]) and physiological stress (e.g., increased heart rate and
blood pressure, sleep deprivation, delirium [17,18]) due to alarm noise. Several
patient safety organizations, such as The Joint Commission, have repeatedly
issued warnings about this problem [1,2,19,20].

The persistence of this problem compromises nurses’ efforts to ensure
patient safety in high-pressure environments such as the ICU. From a cognitive
standpoint, nurses operate in a constant cycle of assessing and rapidly
responding to stimuli. They must prioritize critical interventions by quickly
deciphering multiple alarms-a mental task that requires immediate decision-
making. Alarm fatigue can blur the line between urgent signals and background
noise, potentially causing critical delays. Juggling priorities such as patient
safety, workflow, and satisfaction undermines nurses’ ability to provide timely
care [21,22]. To ensure that they can provide effective care without
succumbing to cognitive overload, it is imperative to address and mitigate
alarm fatigue.

There is an assumption that alarm fatigue can be solved using clinical
interventions such as skin electrode changes or adjusting alarm settings.
However, these interventions have had limited success in reducing the
problem [14,23-25]. Studies suggest that algorithm deficiencies used in
bedside monitors are a major contributor to the high rate of false alarms
[3,8,26-28]. In view of these findings, some groups have applied engineering
approaches (e.g., machine learning, signal processing) to mitigate false alarms
[29-37]. Findings from these studies have spurred hope in alleviating the long-
standing problem, but their limitations, such as missed true events, residual
false positive alarms, and true non- actionable alarms, obstruct real-world
improvements [29,30]. One potential explanation for this issue may be the lack
of collaborative approaches between nurses and engineers (including
informaticists, data scientists, etc.) when developing and testing alarm
reduction strategies. Where nurses can provide contextualization of alarms
and understanding of alarm workflows in clinical practice, engineers can
develop methodological approaches for designing and improving alarm
algorithms. We hypothesize that there is a disconnect between the respective
involvement of these disciplines, in spite of their unique and important
perspectives for developing clinically viable alarm systems.

We conducted a bibliometric analysis to investigate the authors’ discipline
by analysis category (e.g., study design, journal/conference subject area) in
publications relating to false alarm reduction and alarm fatigue in ICU settings.

Bibliometric analyses can unveil publication- related attributes and patterns
associated with journals, authors, and articles in particular research areas,
serving to examine the intellectual structure of a given field [38]. Measuring
co-authorship based on author discipline can serve as a proxy for evaluating
interdisciplinary collaboration in a field of study. Findings may uncover
important gaps in collaboration, prompting future collaborations in the ICU
alarm research field.

2. Methods
2.1. Study design and search strategy

We conducted a bibliometric analysis to review medical, engineering,
nursing, interdisciplinary, and other articles reporting research in the field of
alarm fatigue and false alarm reduction published across six databases
(PubMed, CINAHL, EMBASE, Web of Science, IEEE Xplore, and Cochrane)
between 2010 and 2022. The complete search strategy, including the search
terms, is listed in Appendix A. We report in line with the Preferred Reporting
Items for Systematic Reviews and Meta- Analyses (PRISMA) 2020 guidelines
where applicable to bibliometric analyses [39]. The study protocol was
prospectively registered on the International Prospective Register of
Systematic Reviews (PROSPERO) under the identifying number
CRD42022323984.

2.2. Eligibility criteria

Studies investigating alarm fatigue or alarm reduction in ICU settings (both
adult and pediatric/neonatal) were considered for inclusion. All manuscripts
except non-full-text records in the English language were considered for
inclusion. The inclusion and exclusion criteria are listed in Appendix B.

2.3. Screening process and study selection

Publications were managed using EndNote20 (Clarivate, London, UK),
where duplicate articles were removed, and the remaining records imported
to Covidence systematic review software (Veritas Health Innovation,
Melbourne, Australia). Possible articles were screened by two reviewers
independently in line with the eligibility criteria. To ensure publications
identified were of relevance to the topic and met the eligibility criteria, we
screened the title and abstract of each publication. If deemed relevant, we
reviewed the full-text version. Conflicts at each stage were solved by a third
independent reviewer.

2.4. Data collection process and data items

We extracted the following data from each article: title, author, publication
year, journal, study design, study setting, funding source, funding body, and
journal/conference subject area (engineering/computer science, medicine,
nursing, interdisciplinary, other) (see Appendix C). The data extraction
template can be accessed on the Open Science Framework (see Data
availability statement). A separate list of all authors was created. For each
author, we extracted the full name, academic degrees, discipline (defined
below), first affiliation listed, country of first affiliation listed, and second
affiliation, if applicable (Appendix C). If a given author had more than two
affiliations, only the primary affiliation was used for analysis. An author’s
discipline was categorized as either engineering (incl. computer science, data
science), medicine, nursing, or other. Categorization was determined based on
academic degrees listed either in the respective publication or, if not available,
by internet search referring to academic, professional, or third-party websites
(e.g., LinkedIn). If an author’s discipline could not be determined due to a lack
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of information, they were assigned the category of “other”. Each publication
and each author were assigned a unique identifier (publication_id and
author_id). For each author, all applicable publication_id’s were recorded to
facilitate the analysis on a per-publication and per-author basis. The extracted
data per publication and per author were harmonized by a second reviewer.
Conflicts were resolved by a third reviewer.

2.5. Data analysis

Each record was assigned to a group based on having either no or any
number of nursing authors. Articles in the latter group were also grouped by
having nurses as either first and/or last authors. We also calculated the
percentage of each author group by discipline and journal/conference subject
area per-publication and calculated the overall mean. For the per-author
analysis, we conducted a descriptive analysis of author discipline by study
design, journal/conference subject area, intensive care setting, country of first
author, and year of publication. All analyses were performed using Google
Sheets (Google, Menlo Park, CA, United States) and R (R Foundation for
Statistical Computing, Vienna, Austria) [40].

2.6. Data availability

All data generated and/or analyzed during this study are included in this
published article, its appendices, or the Open Science Framework repository
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(https://osf.io/kh4gj/?view_only%20=%2018a704b8385
b484dbb0fa5d3fda27828).

3. Results
3.1. Overview

3.1.1. Study selection

We identified 2,894 studies for screening, of which 1,067 (36.87 %) were
duplicates and removed (Fig. 1). Of the remaining 1,827 records, 1,481 (81.06
%) were considered irrelevant after review of the abstract. A total of 338 full-
text studies were assessed for eligibility, of which 183 (54.14 %) were excluded
in the process. The remaining 155 articles were included in the final analysis.

3.1.2. Author discipline of included studies

The 155 included studies had a total of 773 authors; 583 were unique
authors. Of the 583 unique authors, 185 (31.73 %) of the authors had a
professional background in nursing, 177 (30.36 %) in engineering (e.g.,
computer science/data science), and 143 (24.53 %) in medicine. A total of 78
(13.38 %) were categorized as other, of which 32 (5.49 %) authors had
unknown professional backgrounds. While 185 (31.73 %) of the unique authors
had a nursing background, when the 155 articles we examined as the unit of
analysis, 77 (49.68 %) of the articles had no nursing author (Table 1). A total of
58 (37.42 %) of the articles had a

)
Records identified from:
CINAHL (n = 117)
5 Cochrane (n = 270)
E ﬁ;l\éBEAf IIEO(rr; ?n73133) Records removed before screening :
E PubMedp (n = 394) > Duplicate records removed via EndNote (n = 992)
= = B B ) z
8 Web of Science (n = 1259) Duplicate records removed via Covidence (n = 75)
Total records
(n = 2894)
—
)
Records screened | 5| Records excluded
(n=1827) (n=1481)
cn Reports sought for retrieval | 5| Reports not retrieved
j= (n = 346) (n=28)
c
(]
: I
(33
(%}
Reports excluded:
- Conference short abstract (n = 123)
Reports assessed for eligibility I ; _
(n = 338) Study aim (n = 51)
EHR/CDSS alarms/alerts (n = 2)
Study setting (n = 7)
—
°
o
5 Studies included in review
E:: (n = 155)
Fig. 1. PRISMA flow chart.
Table 1
Article-level factors and nursing authorship.
Analysis category Total (%) Article with any nursing author(s), n (%) Article without nursing author(s), n (%) Average proportion nursing authors, %
Overall # of articles 155 (100) 78 (50.32) 77 (49.68) 33.08
Nurse was first or last author 58 (37.42) N/A N/A 79.31
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Study design Interventional

33(21.29) 24 (15.48)
Modeling/engineering 50 (32.26) 2(1.29)
Observational 58 (37.42) 44 (28.39)
Other (e.g., comparative, review) 14 (9.03) 8(5.16)
Journal/conference subject area
Engineering

46 (29.68) 6(3.87)
Medicine 64 (41.29) 36 (23.23)
Multidisciplinary 11 (7.10) 3(1.94)
Nursing 32 (20.65) 32 (20.65)
Other 2(1.29) 1(0.65)
Intensive care setting  Adult*®

128 (82.58) 65 (41.94)
Pediatric/neonatal 27 (17.42) 13 (8.39)
Country of first author US

78 (50.32) 48 (30.97)
Non-US 77 (49.68) 30 (19.35)
Number of authors <5

73 (47.10) 31 (20.00)
5-10 80 (51.61) 46 (29.68)
>10 2(1.29) 1(0.65)
Year of publication 2010-2015

43 (27.74) 18 (11.61)
2016-2022 112 (72.26) 60 (38.71)

International Journal of

9(5.81) 47.75
48 (30.97) 1.09
14 (9.03) 52.27
6(3.87) 33.24
40 (25.81) 9.00
28 (18.06) 31.73
8 (5.16) 8.89
0(0.00) 80.32
1(0.65) 7.14
68 (43.87) 49.53
9(5.81) 17.20
30 (19.35) 39.64
47(30.32) 31.77
42(27.10) 27.75
34(21.94) 31.53
1(0.65) 8.33
25 (16.13) 25.98
52 (33.55) 36.75

*Including non-specified and other intensive care settings, considered adult if not specified as pediatric or neonatal intensive care setting.
TWith n = 2, the percentages of those two publications were 14.29 % (2013) and 40.00 % (2019).

nurse as first or last author with a mean of 79.31 % nursing authors.

3.1.3. Study design of included studies

The study design with the highest representation were observational
studies (n = 58, 37.42 %, Table 1). The second most common study design was
modeling/engineering studies (n =50, 32.25 %), designed to examine
engineering strategies to reduce false alarm rates (referring to technically
incorrect alarms). This was followed by 33 (21.29 %) intervention studies,
designed to reduce the number of alarms mostly by pre-post clinical
interventions. The remaining studies were retrospective observational studies
(n =17, 10.97 %), or other study designs, including comparative studies and
reviews (n =14, 9.03 %).

3.1.4. Journal/conference subject area of included studies

Of the 155 publications included, 64 (41.29 %) were published in journals
classified as medical journals. This was followed by 46 (29.68 %) studies
published in engineering journals/conferences, then 32 (20.65 %) in nursing
journals. The remaining 11 (7.10 %) were published in multidisciplinary
journals or other journal/conference subject areas (n =2, 1.29 %).

3.2. Author discipline by article-level factors

3.2.1. Author discipline per study design of included studies

Of the 50 included modeling/engineering studies on false alarm reduction,
two publications had authors with a nursing background (Table 1). The average
involvement of nursing authors across these 50 publications was at 1.09 % (Fig.
2). Engineering authors were most prevalent, with a mean of 75.34 % (Fig. 2).
Compared to nursing authors, medical authors had a higher average
involvement in modeling/ engineering studies at 16.03 % (Fig. 2).

Among the observational (n = 58) and interventional (n = 33) studies,
nursing involvement was higher with 44 (75.86 %) and 24 (72.72 %)
publications having at least one nursing author, respectively (Table 1). On
average, nursing authors made up 52.27 % to 47.75 %, respectively (Fig. 2). In
these studies, engineering authors’ average involvement was lower with 17.57
% to 14.77 % in non-modeling studies, similar to medical authors with 18.57 %
and 26.14 %, respectively.

3.2.2. Author discipline per journal subject area of included studies

While all 32 articles published by nursing journals or conferences had at
least one nurse co-author, 40 (86.96 %) of the 46 publications published by
engineering journals or conferences did not have at least one nurse co-author
(Table 1). While nursing journals had on average 80.32 % nursing co-authors,
other professional groups were negligible (Fig. 3). Publications in engineering
journals demonstrated the highest mean proportion of nursing authors
(68.06%), reflecting strong interdisciplinary collaboration between nursing and
engineering fields. The average proportion of medical authors was slightly
higher at 13.89 %. Publications in medical journals were found to be most
interdisciplinary and evenly weighted with a mean of 34.90 % medical authors,
23.03 % engineering authors, and 31.73 % nursing authors (Fig. 3). Given the
considerable mean proportion of nursing authorship across all articles
published in the medical field, a substantial proportion of articles — 28 of 64
publications (43.75 %) — did not include a single nursing author (Table 1).
Multidisciplinary and all other journal/conference subject areas were
neglected in further analysis due to the relatively low number of publications
in these two categories (n = 13).
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B Engineering
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B Nursing

11.59%

11.34%

Interventional study

Study design

Fig. 2. Colored. Distribution of mean author discipline (%) by study design.

B Other M Medicine W Engineering M Nursing

Mean author discipline (%)

Engineering/computer science

Medicine

Nursing

Journal/conference subject area

Fig. 3. Colored. Distribution of mean author discipline (%) by journal/conference subject area.

3.3. Other article-level factors

The average involvement of nursing authors varied considerably depending
on the ICU setting. In adult ICU settings, their involvement was 49.53 % while
in pediatric and neonatal intensive care settings it was 17.20 % (Table 1).
Furthermore, when we examined the affiliation of the first author by country,
the proportion of articles with at least one nursing author published with a US-
affiliation was higher (30.97 %) than non-US-based publications (19.35 %,
Table 1). Regarding the author group size, of the 73 articles with fewer than
five authors, 31 studies (42.47 %) had at least one nursing author. Articles with
larger numbers of co-authors (5 to 10 authors, n = 80), had a higher proportion
of articles with one or more nursing authors, accounting for 57.50 % (n = 46).
More recent articles, published in the second half of the review window
(between 2016 and 2022), showed higher involvement of nursing co-authors
at 36.75 %, compared to 25.98 % in articles published between 2010 and 2015.
3.4. Publishing patterns by study design

We grouped the number of publications per journal subject area by study
design. It illuminates substantial differences in the types of studies published
by certain journals and conference proceedings: Modeling studies were mostly
published by engineering journals. Observational studies were mostly
published by nursing and medical journals, similar to interventional studies,
which were mostly clinical pre-/post studies (Fig. 4).
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Multidisciplinary [l Nursing

Interventional study

Study design

Fig. 4. Colored. Number of publications (n) per journal/conference subject area by study design.

4. Discussion

This bibliometric analysis evaluated 155 publications about alarm fatigue
and false alarm reduction strategies in ICU settings, co-authored by 583 unique
authors. The analysis revealed substantial shortcomings in the involvement of
nursing domain experts in engineering publications. Out of 50 publications
with an engineering study design, only two included one or more nursing
authors. The mean involvement of nurse co-authors in this subset of
publications was 1.09 %. When stratified by journal or conference subject area,
13.04 % (n = 6 of n = 46) of articles published in engineering journals or
conference proceedings included one or more nurses as co-authors. In
contrast, all 32 nursing journals or conference publications had at least one
nurse as an author, with an average proportion of nursing authors of 80.32 %.
Although one-third of the unique authors had a nursing background, half (n =
77,49.69 %) of the 155 articles did not include any nursing authors. This points
to a lack of collaboration between nurses and engineers with regard to the
socio- technical problem of alarm fatigue.

There is evidence to suggest that interdisciplinary collaboration can notably
impact finding practical solutions and increasing the chance of sustainable and
translatable research findings [41-43]. This review’s results demonstrated that
only one third of false alarm reduction studies included nurses as authors for
a problem that is intrinsically tied to their practice. While some may argue that
studies utilizing an engineering methodology (e.g., model development) do not
necessitate domain expertise, design failures of alarm systems created without
input from clinical end-users are a real concern. Without a thorough appraisal
of the end-user interaction, they can even pose a significant risk to patient
safety. While nurses have historically been underrepresented in research and
system design, it is important to involve them for ensuring holistic and patient-
centered solutions that align with real-world healthcare workflows and needs.

What can nurses do to address this issue? It is crucial to acknowledge that
reducing alarm rates through traditional clinical interventions may only have a
limited impact in the context of alarm research. This is because algorithm
design flaws in bedside monitors are the primary cause of false and non-
actionable alarms [3,8,26,27,36,44]. Nursing scientists should collaborate with
engineers who can design models for false alarm reduction, as well as possess
the expertise to develop and test these models. Nurses can contribute by
annotating alarm data, such as stratifying alarm actionability, pointing out
algorithm deficiencies, and integrating their knowledge of real-world alarm
workflows. This would address an important limitation of engineering studies,
such as reducing missed true events and true non-actionable alarms. As
nursing academia shifts towards more technological literacy and the

application of quantitative methods (e.g., machine learning) [45], collaborating
with computer scientists becomes increasingly feasible and attractive.

What actions can engineers take to facilitate fruitful collaborations with
domain disciplines? It is important to recognize that interdisciplinary issues
necessitate cognitive diversity [46] for finding a solution. To avert design
failures, it is imperative to be inclusive of experts in a given application context.
“Datathons” (short for data hackathons) taking place around the world can
serve as a starting point for meeting domain experts, grouping research
interests, and building interdisciplinary teams [47,48]. Beyond collaborating
with other specialists, established frameworks for implementing technological
innovations in healthcare, such as the CFIR (Consolidated Framework for
Implementation Research) [49] or the NASSS (non-adoption, abandonment,
scale-up, spread, sustainability) framework [50], offer guidance in considering
critical meta-level aspects (e.g., the adopters, the organization, and the wider
system) at each phase to enhance likelihood of clinical adoption.

There are already lighthouse projects for this type of collaborative
approach, one example of which was recently published [30]. The study tested
a new alarm for ventricular tachycardia (VT) created by a biomedical
engineering team. Five nurse scientists with hospital-based ECG monitoring
expertise annotated potential VT alarms, demon-
strating the possibility and rationality of including nurses in this line of work
[30]. Positive side effects of these collaborative efforts involve utilizing a
shared language, allowing authors from all contributing disciplines to
communicate their discoveries to a broader range of readers and potentially
increasing the readership of academic journals.

Further work involves assessing interdisciplinary collaboration in other
fields. It is suspected that alarm research serves as a proxy for many areas of
siloed research that do not involve all experts. Following successful
implementation of models to reduce false alarms, research teams can measure
alarm fatigue in nurses longitudinally to assess the effectiveness of the
implementation [51]. Future publications in this research area should employ
ateam science approach to ensure broad adoption of solutions [41], regardless
of study design.

There are major limitations to this study. It may be positively biased
towards medical and nursing publications as non-full-text conference papers
were excluded. Engineering publishing practices rely heavily on conference
abstracts with fewer original journal articles (as compared to nursing/medical
publishing), which probably resulted in the exclusion of many engineering
conference abstracts. As the trend was evident, we did not modify our
eligibility criteria to include such publication types. Our analysis disregarded
any journal guideline restrictions that limit author count. We only
encompassed articles that explicitly stated they were conducted in an ICU
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setting. Thus, we might have missed other pertinent publications that did not
explicitly state ICU settings. The author annotation relied on some tertiary
sources, which could potentially result in inaccuracies regarding an author’s
discipline. Unique authors may have had varying academic degrees or
affiliations during different periods. As each author had only one unique entry
in the data collection table, we obtained only the most up-to-date information
from publications or online sources. Finally, we excluded non-English records
due to the reviewers’ language proficiencies.

5. Conclusions

This bibliometric analysis quantified the diversity of authors by discipline in
critical care alarm research and demonstrated minimal involvement of nurses
in publications using an engineering methodology. Involving all stakeholders in
interdisciplinary research, including clinical end-users, at all stages is
paramount to success. It has the potential to reduce system design failures,
increase user acceptance, and improve patient safety. Inclusive research offers
a promising path towards developing solutions to long-standing problems,
such as alarm fatigue. Interdisciplinary events (e.g., hackathons) can serve as a
starting point for engaging all relevant parties, but systemic measures are
needed to lower the barriers to participatory research, e.g., for clinically
employed nurses.

Using alarm research as a motif, cognitive diversity in science represents
an important strategy for producing sustainable solutions to other
multifaceted challenges in healthcare. Democratizing stakeholder engagement
will not only create a common language, but also make research more
equitable and inclusive. Summary table.

What was already known on the topic

What this study added to our knowledge

Constant exposure to clinical alarms in
intensive care units, most of which are
false or non-actionable, leads to alarm

Most false and non-actionable alarms are
due to algorithm deficiencies and require
the expertise of domain experts in

fatigue. engineering, medicine, and nursing to
resolve.

Publications in this research area lack
interdisciplinary collaboration between

engineering, medical, and nursing authors.

Alarm fatigue primarily affects nursing staff
and can result in the assimilation of alarms
into a nurse’s workflow. Consequences
include unsafe alarm adjustments, delayed
or missed alarm responses, and missed
true events.

Alarm fatigue is a threat to staff well- being
and a risk to patient safety. Decades of

Enforcing cognitive diversity in future
research may lead to more successful, real-
research have not been able to produce world solutions to reducing alarm fatigue.

clinically viable solutions.

CRediT authorship contribution statement

Louis Agha-Mir-Salim: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Software, Validation,
Visualization, Writing — original draft, Writing — review & editing. Lucas
McCullum: Investigation, Visualization, Writing — review & editing. Enrico
Dahnert: ~ Investigation, Writing — review & editing. Yanick-Daniel Scheel:
Investigation, Writing — review & editing. Ainsley Wilson: Investigation,
Writing — review & editing. Marianne Carpio: Investigation, Writing — review
& editing. Carmen Chan: Investigation, Writing — review & editing. Claudia Lo:
Investigation, Writing — review & editing. Lindsay Maher: Investigation,
Writing — review & editing. Corinna Dressler: Methodology, Writing — review
& editing. Felix Balzer: Supervision, Writing — review & editing. Leo Anthony
Celi: Conceptualization, Supervision, Writing — review & editing. Akira-
Sebastian Poncette: Resources, Supervision, Writing — review & editing.
Michele M. Pelter: Supervision, Validation, Writing — review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work
reported in this paper.

International Journal of Medical Informatics 181 (2024)

Acknowledgements

We would like to thank Megan McNichol and Diane Young, Knowledge
Services at Beth Israel Medical Center, for their continuous support during all
stages of this project.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijmedinf.2023.105285.

References

[1]  American Association of Critical Care Nurses. Alarm Fatigue. 2017. Available from:
https://www.aacn.org.

[2] M. Cvach, Monitor alarm fatigue: An integrative review, Biomed Instrum Technol 46 (4)
(2012) 268-277, https://doi.org/10.2345/0899-8205-46.4.268.

[3] B.J. Drew, P. Harris, J.K. Zegre-Hemsey, T. Mammone, D. Schindler, R. Salas-Boni,"

Y. Bai, A. Tinoco, Q. Ding, X. Hu, Insights into the problem of alarm fatigue with
physiologic monitor devices: A comprehensive observational study of consecutive
intensive care unit patients, PLoS One 9 (10) (2014) e110274.

[4]  D.A.Whalen, P.M. Covelle, J.C. Piepenbrink, K.L. Villanova, C.L. Cuneo, E.

H. Awtry, Novel approach to cardiac alarm management on telemetry units, J
Cardiovasc Nurs 29 (5) (2014) E13-E22, https://doi.org/10.1097/
JCN.0000000000000114.

[S] K. Lewandowska, M. Weisbrot, A. Cieloszyk, W. Medrzycka-Dabrowska, S. Krupa, D. Ozga,
Impact of alarm fatigue on the work of nurses in an intensive care environment—A
systematic review, Int J Environ Res Public Health 17 (22) (2020 Nov 13) 8409,
https://doi.org/10.3390/ijerph17228409.

[6]  J.Bi, X.Yin, H. Li, R. Gao, Q. Zhang, T. Zhong, T. Zan, B. Guan, Z. Li, Effects of monitor alarm
management training on nurses’ alarm fatigue: A randomised controlled trial, J Clin Nurs
29 (21-22) (2020) 4203-4216, https://doi.org/ 10.1111/jocn.15452.

[71 R. Gorisek, C. Mayer, W.B. Hicks, J. Barnes, An evidence-based initiative to reduce alarm
fatigue in a burn intensive care unit, Crit Care Nurse 41 (4) (2021) 29-37,
https://doi.org/10.4037/ccn2021166.

[8] S.C.Nguyen,S. Suba, X. Hu, M.M. Pelter, Double trouble: Patients with both true and false
arrhythmia alarms, Crit Care Nurse 40 (2) (2020) 14-23, https://doi.org/
10.4037/ccn2020363.

[9] C.Bonafide, R. Localio, J. Holmes, V. Nadkarni, S. Stemler, M. MacMurchy, M. Zander, K.
Roberts, R. Lin, R. Keren, Video analysis of factors associated with response time to
physiologic monitor alarms in a children’s hospital, JAMA Pediatr 171 (6) (2017) 524-531,
https://doi.org/10.1001/jamapediatrics.2016.5123.

[10] The Joint Commission Medical device alarm safety in hospitals Jt Comm Sentin Event Alert
5020131 2.

[11] AAMI Foundation. Clinical Alarm Management Compendium. 2015. Available from:
https://www.aami.org/docs/default-source/foundation/alarms/alarm- ~ compendium-
2015.pdf?sfvrsn=2d2b53bd_2 [accessed Jan 16, 2020].

[12] M. Wilken, D. Huske-Kraus, R. Rohrig, Alarm fatigue: Using alarm data from a ~ patient
data monitoring system on an intensive care unit to improve the alarm management, Stud
Health Technol Inf 267 (2019) 273-281, https://doi.org/ 10.3233/shti190838.

[13] K.J. Ruskin, D. Hueske-Kraus, Alarm fatigue: Impacts on patient safety, Curr Opin
Anesthesiol 28 (6) (2015) 685-690.

[14] B.D. Winters, M.M. Cvach, C.P. Bonafide, X. Hu, A. Konkani, M.F. O’Connor, J.

M. Rothschild, N.M. Selby, M.M. Pelter, B. McLean, S.L. Kane-Gill, Technological
distractions (Part 2): A summary of approaches to manage clinical alarms with intent to
reduce alarm fatigue, Crit Care Med 46 (1) (2018) 130-137, https://doi.
org/10.1097/CCM.0000000000002803.

[15] MJ. Holmberg, CE. Ross, GM. Fitzmaurice, PS. Chan, J. Duval-Arnould, AV. Grossestreuer,
T. Yankama, MW. Donnino, LW. Andersen, American heart association’s get with the
guidelines—resuscitation investigators. Annual incidence of adult and pediatric in-hospital
cardiac arrest in the United States, Circ Cardiovasc Qual Outcomes 12 (7) (2019) e005580.
PMID:31545574.

[16] L.W.Andersen, M.J. Holmberg, K.M. Berg, M.W. Donnino, A. Granfeldt, In-hospital cardiac
arrest: A review, JAMA 321 (12) (2019) 1200, https://doi.org/10.1001/ jama.2019.1696.

[17] K.A. Ellenbogen, C. Wan, D.M. Shavelle, Outcome of patients with in-hospital ventricular
tachycardia and ventricular fibrillation arrest while using a wearable cardioverter
defibrillator, Am J Cardiol 121 (2) (2018) 205-209, https://doi.org/
10.1016/j.amjcard.2017.10.007.

[18] Z.D. Goldberger, P.S. Chan, R.A. Berg, S.L. Kronick, C.R. Cooke, M. Lu, M. Banerjee, R.A.
Hayward, H.M. Krumholz, B.K. Nallamothu, Duration of resuscitation efforts and survival
after in-hospital cardiac arrest: An observational study, Lancet 380 (9852) (2012) 1473—
1481, https://doi.org/10.1016/50140- 6736(12)60862-9.

[19] The Joint Commission. National Patient Safety Goals Effective January 2022. 2022.
Available from: https://www.jointcommission.org/-/media/tjc/documents/
standards/national-patient-safety-goals/2022/npsg_chapter_hap_jan2022.pd [accessed
May 2, 2022].

[20] American Nurses Association. Medical Alarm Safety in Hospitals. 2015. Available from:
http://www.nursingworld.org/MainMenuCategories/
ThePracticeofProfessionalNursing/Improving-Your-Practice/One-Strong-Voice- Clinically-
Speaking/Medical-Alarm-Safety-in-Hospitals.html.


https://doi.org/10.1016/j.ijmedinf.2023.105285
https://doi.org/10.1016/j.ijmedinf.2023.105285
https://doi.org/10.1016/j.ijmedinf.2023.105285
https://doi.org/10.2345/0899-8205-46.4.268
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0015
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0015
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0015
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0015
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0015
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0015
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0015
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0015
https://doi.org/10.1097/JCN.0000000000000114
https://doi.org/10.1097/JCN.0000000000000114
https://doi.org/10.1097/JCN.0000000000000114
https://doi.org/10.1097/JCN.0000000000000114
https://doi.org/10.3390/ijerph17228409
https://doi.org/10.1111/jocn.15452
https://doi.org/10.1111/jocn.15452
https://doi.org/10.1111/jocn.15452
https://doi.org/10.4037/ccn2021166
https://doi.org/10.4037/ccn2020363
https://doi.org/10.4037/ccn2020363
https://doi.org/10.1001/jamapediatrics.2016.5123
https://doi.org/10.1001/jamapediatrics.2016.5123
https://doi.org/10.3233/shti190838
https://doi.org/10.3233/shti190838
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0065
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0065
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0065
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0065
https://doi.org/10.1097/CCM.0000000000002803
https://doi.org/10.1097/CCM.0000000000002803
https://doi.org/10.1097/CCM.0000000000002803
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0075
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0075
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0075
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0075
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0075
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0075
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0075
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0075
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0075
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0075
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0075
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0075
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0075
https://doi.org/10.1001/jama.2019.1696
https://doi.org/10.1001/jama.2019.1696
https://doi.org/10.1001/jama.2019.1696
https://doi.org/10.1016/j.amjcard.2017.10.007
https://doi.org/10.1016/j.amjcard.2017.10.007
https://doi.org/10.1016/j.amjcard.2017.10.007
https://doi.org/10.1016/j.amjcard.2017.10.007
https://doi.org/10.1016/S0140-6736(12)60862-9
https://doi.org/10.1016/S0140-6736(12)60862-9
https://doi.org/10.1016/S0140-6736(12)60862-9

L. Agha-Mir-Salim et al.
105285

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]
[43]

[44]

P.R. Ebright, E.S. Patterson, B.A. Chalko, M.L. Render, Understanding the complexity of
registered nurse work in acute care settings, JONA J Nurs Adm 33 (12) (2003) 630638,
https://doi.org/10.1097/00005110-200312000-00004.

P. Potter L. Wolf S. Boxerman D. Grayson J. Sledge C. Dunagan B. Evanoff An Analysis of
Nurses’ Cognitive Work: A New Perspective for Understanding Medical Errors. In: K.
Henriksen JB. Battles ES. Marks DI. Lewin editors. Adv Patient Saf Res Implement Vol 1 Res
Find Rockville (MD): Agency for Healthcare Research and Quality (US); 2005.
PMID:21249809.

T. Bourie, P. Folcarelli, J. Smith, J. Yang, Managing alarm systems: Progress and insights,
AAMI Foundation Seminar Presentation (2012).

C.M. Pater, T.K. Sosa, J. Boyer, R. Cable, M. Egan, T.K. Knilans, A.

C. Schondelmeyer, C.L. Schuler, N.L. Madsen, Time series evaluation of improvement
interventions to reduce alarm notifications in a paediatric hospital, BMJ Qual Saf 29 (9)
(2020) 717-726, https://doi.org/10.1136/bmjqs-2019- 010368.

M.M. Cvach, M. Biggs, K.J. Rothwell, C. Charles-Hudson, Daily electrode change and effect
on cardiac monitor alarms: An evidence-based practice approach, J Nurs Care Qual 28 (3)
(2013) 265271, https://doi.org/10.1097/ NCQ.0b013e31827993bc.

P.R. Harris, J.K. Z'egre-Hemsey, D. Schindler, Y. Bai, M.M. Pelter, X. Hu, Patient
characteristics associated with false arrhythmia alarms in intensive care, Ther Clin Risk
Manag 19 (13) (2017) 499-513. PMID:28458554.

M.M. Pelter, R. Fidler, X. Hu, Research: Association of low-amplitude QRSs with false-
positive asystole alarms, Biomed Instrum Technol 50 (5) (2016) 329-335,
https://doi.org/10.2345/0899-8205-50.5.329.

MM. Pelter, D. Mortara, F. Badilini, Computer assisted patient monitoring: associated
patient, clinical and ECG characteristics and strategy to minimize false alarms, Hearts
Multidisciplinary ~ Digital ~ Publishing  Institute 2 (4) (2021) 459-471,
https://doi.org/10.3390/hearts2040036.

J. Chromik, S.A.l. Klopfenstein, B. Pfitzner, Z.-C. Sinno, B. Arnrich, F. Balzer, A.- S. Poncette,
Computational approaches to alleviate alarm fatigue in intensive care medicine: A
systematic literature review, Front Digit Health 16 (4) (2022) 843747,
https://doi.org/10.3389/fdgth.2022.843747.

M.M. Pelter, M.G. Carey, S. Al-Zaiti, J. Zegre-Hemsey, C. Sommargren, L. Isola, P. Prasad,
D. Mortara, F. Badilini, An annotated ventricular tachycardia (VT) alarm database: Toward
a uniform standard for optimizing automated identification in hospitalized patients, Ann
Noninvasive Electrocardiol (2023), https://doi.org/ 10.1111/anec.13054.

L. Chen, A. Dubrawski, D. Wang, M. Fiterau, M. Guillame-Bert, E. Bose, A. M. Kaynar, D.J.
Wallace, J. Guttendorf, G. Clermont, M.R. Pinsky, M. Hravnak, Using supervised machine
learning to classify real alerts and artifact in online multi-signal vital sign monitoring data,
Crit Care Med 44 (7) (2016) e456—e463.

PMID:26992068.

F. Schmid, M.S. Goepfert, F. Franz, D. Laule, B. Reiter, A.E. Goetz, D.A. Reuter, Reduction
of clinically irrelevant alarms in patient monitoring by adaptive time delays, J Clin Monit
Comput 31 (1) (2017) 213-219, https://doi.org/10.1007/ s10877-015-9808-2.

M. Borowski, S. Siebig, C. Wrede, M. Imhoff, Reducing false alarms of intensive care
online-monitoring systems: an evaluation of two signal extraction algorithms, Comput
Math Methods Med 2011 (2011) 143480, https://doi.org/10.1155/2011/ 143480.

F. Scalzo, D. Liebeskind, X. Hu, Reducing false intracranial pressure alarms using
morphological waveform features, IEEE Trans Biomed Eng 60 (1) (2013) 235-239,
https://doi.org/10.1109/tbme.2012.2210042.

Q. Li, G.D. Clifford, Signal quality and data fusion for false alarm reduction in the intensive
care unit, J Electrocardiol 45 (6) (2012) 596-603, https://doi.org/
10.1016/j.jelectrocard.2012.07.015.

R. Salas-Boni, Y. Bai, P.R. Harris, B.J. Drew, X. Hu, False ventricular tachycardia alarm
suppression in the ICU based on the discrete wavelet transform in the ECG signal, J
Electrocardiol 47 (6) (2014) 775-780, https://doi.org/10.1016/j.
jelectrocard.2014.07.016.

C.P. Bonafide, P.W. Brady, R. Keren, P.H. Conway, K. Marsolo, C. Daymont, Development
of heart and respiratory rate percentile curves for hospitalized children, Pediatrics 131 (4)
(2013) e1150-e1157, https://doi.org/10.1542/ peds.2012-2443.

J. Ng, S. Haustein, S. Ebrahimzadeh, C. Chen, M. Sabe, M. Solmi, D. Moher, Guidance list
for reporting bibliometric AnalLyses (GLOBAL), Open Science Framework 12 (2023),
https://doi.org/10.17605/0SF.I0/MTXBF.

M.J. Page, J.E. McKenzie, P.M. Bossuyt, |. Boutron, T.C. Hoffmann, C.D. Mulrow, L.
Shamseer, J.M. Tetzlaff, E.A. Akl, S.E. Brennan, R. Chou, J. Glanville, J.

M. Grimshaw, A. Hrobjartsson, M.M. Lalu, T. Li, E.W. Loder, E. Mayo-Wilson, *

S. McDonald, L.A. McGuinness, L.A. Stewart, J. Thomas, A.C. Tricco, V.A. Welch, P. Whiting,
D. Moher, The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews, Syst Rev 10 (1) (2021) 89, https://doi.org/10.1186/ s13643-021-01626-4.

R Core Team R: A language and environment for statistical computing 2022 R Foundation
for Statistical Computing Vienna, Austria Available from.

B. Bozeman, C. Boardman, Research collaboration and team science: A state-of-the- art
review and agenda, Cham: Springer International Publishing (2014), https://
doi.org/10.1007/978-3-319-06468-01SBN:978-3-319-06467-3.

R.R. Brown, A. Deletic, T.H.F. Wong, Interdisciplinarity: How to catalyse collaboration,
Nature 525 (7569) (2015) 315-317, https://doi.org/10.1038/ 525315a.

H. Ledford, How to solve the world’s biggest problems, Nature 525 (7569) (2015) 308—
311, https://doi.org/10.1038/525308a.

G.D. Clifford, I. Silva, B. Moody, Q. Li, D. Kella, A. Shahin, T. Kooistra, D. Perry, R. G. Mark,
The physionet/computing in cardiology challenge 2015: Reducing false arrhythmia alarms
in the Icy, Comput Cardiol 2010 (2015) (2015) 273-276,
https://doi.org/10.1109/cic.2015.7408639.

[45]

[46]

[47]

(48]

[49]

[50]

[51]

International Journal of Medical Informatics 181 (2024)

J. Shi, S. Wei, Y. Gao, F. Mei, J. Tian, Y. Zhao, Z. Li, Global output on artificial intelligence
in the field of nursing: A bibliometric analysis and science mapping, J Nurs Scholarsh
(2022), https://doi.org/10.1111/jnu.12852.

J. Gallifant J. Zhang S. Whebell J. Quion B. Escobar J. Gichoya K. Herrera R. lJina S.
Chidambaram A. Mehndiratta R. Kimera A. Marcelo PG. Fernandez-Marcelo JS. Osorio C.
Villanueva L. Nazer |. Dankwa-Mullan LA. Celi A new tool for evaluating health equity in
academic journals; the Diversity Factor. Zeinali Z, editor. PLOS Glob Public Health 3 8 2023
0002252 10.1371/journal.pgph.0002252.

A.-S. Poncette, P.-D. Rojas, J. Hofferbert, A. Valera Sosa, F. Balzer, K. Braune, Hackathons
as stepping stones in health care innovation: Case study with systematic
recommendations, J Med Internet Res 22 (3) (2020) e17004. PMID: 32207691.

J. Aboab, L.A. Celi, P. Charlton, M. Feng, M. Ghassemi, D.C. Marshall, L. Mayaud,

T. Naumann, N. McCague, K.E. Paik, T.J. Pollard, M. Resche-Rigon, J.D. Salciccioli, D.J.
Stone, A “datathon” model to support cross-disciplinary collaboration, Sci Transl Med 8
(333) (2016), https://doi.org/10.1126/scitransimed.aad9072.

L. Damschroder CM. Reardon MAO. Widerquist JC. Lowery The Updated Consolidated
Framework for Implementation Research: CFIR 2.0. 2022.

T. Greenhalgh, J. Wherton, C. Papoutsi, J. Lynch, G. Hughes, C. A’Court, S. Hinder, N. Fahy,
R. Procter, S. Shaw, Beyond adoption: A new framework for theorizing and evaluating
nonadoption, abandonment, and challenges to the scale-up, spread, and sustainability of
health and care technologies, J Med Internet Res 19 (11) (2017) e367.

M.M. Wunderlich, S. Amende-Wolf, H. Krampe, J. Kruppa, C. Spies, B. Weil, B. Memmert,
F. Balzer, A.-S. Poncette, A brief questionnaire for measuring alarm fatigue in nurses and
physicians in intensive care units, In Review (2023), https:// doi.org/10.21203/rs.3.rs-
2424801/v1.


https://doi.org/10.1097/00005110-200312000-00004
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0115
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0115
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0115
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0115
https://doi.org/10.1136/bmjqs-2019-010368
https://doi.org/10.1136/bmjqs-2019-010368
https://doi.org/10.1136/bmjqs-2019-010368
https://doi.org/10.1097/NCQ.0b013e31827993bc
https://doi.org/10.1097/NCQ.0b013e31827993bc
https://doi.org/10.1097/NCQ.0b013e31827993bc
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0130
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0130
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0130
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0130
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0130
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0130
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0130
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0130
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0130
https://doi.org/10.2345/0899-8205-50.5.329
https://doi.org/10.2345/0899-8205-50.5.329
https://doi.org/10.3390/hearts2040036
https://doi.org/10.3390/hearts2040036
https://doi.org/10.3389/fdgth.2022.843747
https://doi.org/10.3389/fdgth.2022.843747
https://doi.org/10.1111/anec.13054
https://doi.org/10.1111/anec.13054
https://doi.org/10.1111/anec.13054
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0155
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0155
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0155
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0155
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0155
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0155
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0155
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0155
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0155
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0155
https://doi.org/10.1007/s10877-015-9808-2
https://doi.org/10.1007/s10877-015-9808-2
https://doi.org/10.1007/s10877-015-9808-2
https://doi.org/10.1155/2011/143480
https://doi.org/10.1155/2011/143480
https://doi.org/10.1155/2011/143480
https://doi.org/10.1109/tbme.2012.2210042
https://doi.org/10.1016/j.jelectrocard.2012.07.015
https://doi.org/10.1016/j.jelectrocard.2012.07.015
https://doi.org/10.1016/j.jelectrocard.2012.07.015
https://doi.org/10.1016/j.jelectrocard.2012.07.015
https://doi.org/10.1016/j.jelectrocard.2014.07.016
https://doi.org/10.1016/j.jelectrocard.2014.07.016
https://doi.org/10.1016/j.jelectrocard.2014.07.016
https://doi.org/10.1016/j.jelectrocard.2014.07.016
https://doi.org/10.1542/peds.2012-2443
https://doi.org/10.1542/peds.2012-2443
https://doi.org/10.17605/OSF.IO/MTXBF
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.1007/978-3-319-06468-0ISBN:978-3-319-06467-3
https://doi.org/10.1007/978-3-319-06468-0ISBN:978-3-319-06467-3
https://doi.org/10.1038/525315a
https://doi.org/10.1038/525315a
https://doi.org/10.1038/525308a
https://doi.org/10.1038/525308a
https://doi.org/10.1109/cic.2015.7408639
https://doi.org/10.1109/cic.2015.7408639
https://doi.org/10.1111/jnu.12852
https://doi.org/10.1111/jnu.12852
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0235
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0235
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0235
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0235
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0235
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0235
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0235
https://doi.org/10.1126/scitranslmed.aad9072
https://doi.org/10.1126/scitranslmed.aad9072
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0250
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0250
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0250
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0250
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0250
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0250
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0250
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0250
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0250
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0250
http://refhub.elsevier.com/S1386-5056(23)00303-9/h0250
https://doi.org/10.21203/rs.3.rs-2424801/v1
https://doi.org/10.21203/rs.3.rs-2424801/v1
https://doi.org/10.21203/rs.3.rs-2424801/v1

