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Abstract

Background: Knowledge decay can be present in a lot of different careers but
it is especially important when affecting the anesthesia provider. Knowledge
decay can lead to skill decay. Therefore, it leads to worse patient outcomes. It
is important to know how knowledge decay occurs and to know how to pre-
vent it. Purpose: The purpose of this review was to explore the contributing
factors of knowledge decay while also examining how different learning ac-
tivities can be used to prevent it from occurring. Methods: A systematic lite-
rature search was performed in PubMed, Cochrane databases, and Embase.
The American Association of Nurse Anesthesiology website was also examined.
Findings: Knowledge decay usually occurs when either the anesthesia pro-
vider is in a new area of practice or when the provider has had a significant
amount of time pass since the latest implementation of an anesthesia skill. The
type of activity shown to best combat knowledge decay is the use of a simula-
tion-based learning activity. Classroom learning can also help combat know-
ledge decay, but not to the same extent. Conclusions: The most significant way
to prevent knowledge decay in the anesthesia provider is to implement simu-
lation-based learning activities, as well as keep anesthesia providers comfort-
able with the skills that they practice.
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1. Introduction

Knowledge decay, in general, can mean many different things regarding health-
care professionals. It can be referring to the lack of retention of knowledge from
an academic institution, or it could be a lapse of knowledge or skills since start-

ing clinical practice. Knowledge decay is a measure of the degradation of know-
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ledge integrity [1]. For example, in an anesthesia provider, this could be a decay
in knowledge integrity surrounding anesthetic medications, techniques, or crisis
scenarios. Current strategies used to combat knowledge decay in the healthcare
setting mostly centers around the requirement of continuing education hours to
renew licenses to practice, such as with registered nurses. Although this is a re-
quirement, there is no guidance on the kind of continuing education hours needed
to be obtained, such as a simulation activity, online learning modules, or hospit-
al-based training programs. For this reason, continuing education hours are vastly
different in scope and knowledge obtained from individual to individual.

It is well-known that knowledge reinforcement can be helpful in retaining
skills related to the job. Examining which reinforcement strategies is most in-
fluential in knowledge retention would be a beneficial way to find out how to
prevent knowledge decay. One knowledge reinforcement theme is the use of a
simulation activity. Simulation activities can be high-fidelity or low-fidelity,
meaning they can take place in a highly technical simulation lab with scena-
rio-based learning, or they can be a bedside skills test administered by a repre-
sentative that is knowledgeable of the topic. Blanie et al [2] constructed a high-
fidelity simulation activity with both active participant and observer roles and
saw promising results when knowledge decay was assessed later on. Another
method in examining knowledge decay was a survey given to both residents and
faculty members who had been redeployed to different areas of practice in order
to help with the COVID-19 pandemic [3].

While knowledge decay is well-recognized, there is a significant lack of re-
search on how to prevent it in the anesthesia provider specifically—given that
these individuals need to know how to manage a wide variety of clinical situa-
tions and crisis scenarios. Knowledge decay affects many healthcare providers
globally; however, the following review will aim to examine knowledge decay in
anesthesia providers in primarily the United States. One study was examined that

took place in another country, as detailed below.

2. Methods

The search strategy was directed by the question, “How does knowledge decay
affect the practice of an anesthesia provider?” A comprehensive search of litera-
ture was conducted in September 2022, using the databases of PubMed, the Coch-
rane Library, and Embase. These databases were utilized due to their availability of
resources under the topic of knowledge decay regarding anesthesia providers. The
detailed search strategy for databases used a combination of Medical Subject
Heading (MeSH) keywords and associated terms (found in Table 1 below). MeSH
keywords and associated terms were kept vague for several reasons, one being
that the literature surrounding this topic is limited. Additionally, different tasks
required of the nurse anesthetist sometimes parallel the physician anesthesiolo-
gist’s tasks, making knowledge decay a risk for both. Therefore, the search term

“anesthesia” was used alongside a more extensive manual review to find relevant
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Table 1. Search criteria.

Database Search Terms or Keywords # Filters # After
Filter
PubMed Knowledge decay AND anesthesia 21 Publication dates (within 10 years) 15
Embase ((“knowledge decay” OR ((“skill”/exp OR skill) 15 Publication dates (within 10 years) 13

AND decay)) AND anesthesia) AND (2013:py OR
2016:py OR 2017:py OR 2018:py OR 2019:py OR
2020:py OR 2021:py OR 2022:py)

Cochrane Library Knowledge decay AND anesthesia 12 Publication dates (within 10 years) 9

Total

and Trials

48 37

topics. One article found on the American Association of Nurse Anesthesiology
(AANA) website was excluded due to irrelevance.

Initially, 48 articles were attained and evaluated. Titles and abstracts were fur-
ther evaluated for relevancy, applicability, and inclusion criteria. Inclusion criteria
consisted of knowledge decay relating to anesthesia providers, preferably a trial
or study evaluating the effects of simulation on knowledge decay. Exclusion cri-
teria consisted of non-English language, non-provider studies, publications be-
fore 2012, and articles without abstracts or full-text availability. Exclusion crite-
ria of publications before 2012 were implemented to keep all sources within ten
years of the search date, while exclusions of articles without abstracts or full-text
availability were implemented to ensure studies examined would not be lacking
sufficient content to make adequate comparisons. After searching with these crite-
ria, 37 articles were identified. Two were removed due to duplication. Abstract
screening was performed by a single reviewer. After evaluating the remaining 35
articles, 30 were excluded after manual review due to lack of relevancy to the
topic being researched. A breakdown of exclusions can be found in Appendix 1
below.

Five articles remained after all exclusion criteria had been implemented. These
articles were both reviews and trials of knowledge decay for the anesthesia pro-

vider.

3. Findings

Five articles published between 2018 and 2022 met the inclusion criteria and
were included in the final analysis. The articles were categorized according to
evidence level and quality. The Johns Hopkins Nursing Evidence-Based Practice
Evidence Rating Scale was used to evaluate the level and quality of the evidence
as specified in Table 2 [4]. Four studies took place in the United States, while
one took place in France. The sample size varied from 10 - 281 participants. Si-
mulation activities for each study took place in a single simulation center. One
article was an online survey and examined knowledge decay over time due to the

COVID-19 pandemic. Two articles were level I evidence, two were level II, and
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Table 2. Of evidence.

Article Authorand Evidence Sample, Sample Findings That Help Observable Limitations Evidence
Number Date Type Size, Setting Answer the EBP Measures Level,
Question Quality
1. Blanie, Prospective (N =109) third and Immediate A1l6 Non-technical skills  Level: 1
Benhamou, randomized fourth-year improvement of multiple-choice  and learning transfer Quality: B
Figueiredo,  study anesthesia residents learning outcomes  questionnaire was were assessed by
Gorse, in Paris. for both active constructed and  using self-reported
Roulleau, participant and used to measure  questionnaires.
2018 [2] observer roles after  learning Non-technical skills
immersive outcomes. might be different
simulation according to the role
contributed to of the participants.
avoidance of In the active group,
knowledge decay. active players were
active participants
during one scenario
but observers in the 3
others.
2. Gisriel, Research A convenience Knowledge retention A 25-question test Small sample size (N Level: 1
Dalley, study sample of 15 Student and absence of was administered = 15) Quality: B
Walker, 2020 Registered Nurse knowledge decay was right after the All students were
[5] Anesthetists (SRNAs) observed in SRNAs  simulation activity enrolled in the same
was obtained. A that utilized a and one month  nurse anesthesia
university skills lab ~ simulation activity  after. Students program.
and adjacent compared to those ~ who did not
conference room who did not. participate in the
were used for simulation were
simulation and given the test on
debriefing activities. the same days as
those that did.
3. Kumar, Single arm, (N =10) Repeated simulations Individual The absence of video Level: 2
Purva, prospective, anesthesiology over a longer period performance and recording may have Quality: B
Chander, intervention residents underwent help in better the total score influenced the
Parameswari, al, preand simulation-based reinforcement, obtained against  capture of
2019 [6] post design education at a single retention of the assessment information during
study simulation center. knowledge, tool. the scenario as the

recapitulation and
implementation of
technical and
non-technical skills.

assessors may have
been distracted and
not captured the
adherence to the
assessment protocol
in a consistent and
rigorous manner.
Results cannot be
definitively proven to
be from the
simulation-based
scenario and not
from more exposure
in the clinical setting.
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Continued
4, Miller, Quasi-exper 281 first-year Self-efficacy A 25 question, Evaluation of Level: 2
Jackson, Lee, imental anesthesia providers improved after 5-point Likert self-efficacy, not Quality: B
Gottschalk,  study at Johns Hopkins simulation in every  scale survey response times,
Shiavi, 2022 Hospital technical skill assessed accurate symptom
[7] Simulations surveyed and self-efficacy in 25 recognition, or
conducted in the remained stable over anesthesia related provider performance
operating room a decade crises Does not compare
simulation center simulation style
learning to other
methods
5. Nofi, Roberts, Web-based 91 residents and 36  The redeployment of An online survey Recall bias could Level: 4
Demyan, cross-sectio faculty members residents due to was sent to potentially affect Quality: B
Sodhi, nal survey across all specialties. COVID-19 into residents and findings.
DePeralta, Two large academic  specialties they were faculty members Perceived skill decay
Zimmern, tertiary medical not familiar with that consisted of and improvement in
Aronsohn, centers, North Shore affected how they multiple-choice  other competencies
Molmenti, University Hospital handle crisis questions. are self-reported by
Patel, 2022 [3] and Long Island situations. residents.
Jewish Medical Knowledge decay
Center, of the was present in these
Northwell Health situations.
System in New York.

one was level IV. All four articles were quality B evidence. Main themes have
emerged that suggest simulation activities, whether used alone or coupled with di-
dactic learning, improve immediate learning outcomes as well as long-term reten-
tion of knowledge on the situations being simulated. Another theme emerged
suggesting that knowledge decay is abundantly present when examining providers
who moved to different specialty areas to help with the COVID-19 pandemic [3].

Improved Learning Outcomes

Four studies reported increased learning outcomes when using simula-
tion-based learning activities [3] [5] [6] [7]. Blanie et al [2] measured learning
outcomes by using a multiple-choice questionnaire. Kumar et al [6] imple-
mented an assessment tool to measure learning outcomes. Gisriel ef al [5] used
a test that was administered immediately after the simulation activity and one
month after the simulation activity had been completed. Miller et al [7] reported
that the use of simulation-based learning activities would help with immediate
learning outcomes of anesthesia residents in crisis situations. While the defini-
tion of “learning outcomes” may vary between these studies, it is generally as-
sumed that this refers to higher academic performance that can therefore lead to
knowledge retention. The most promising learning activity, as examined by the
various learning tools, would be simulation-based learning activities.

Augmented Long-Term Knowledge Retention

Three of the studies involving simulation-based learning examined whether
the participants had retained knowledge from the learning activities [6] [5].
Kumar et al [6] focused on how repeated simulation activities would help anes-

thesia residents more fully retain the knowledge from the activities for long-term
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use. Gisriel ef al. [5] conducted a follow-up assessment one month after the ini-
tial simulation activity to see if knowledge decay was present. Gisriel et al [5]
found that students who had completed the simulation-based learning activity
had better knowledge retention when compared to those who had learned in the
traditional didactic setting by examining the test scores one month after learning
had ended. Miller et al [7] reported that long-term knowledge retention was seen
as much as a decade after simulation activities involving anesthesia residents.

Knowledge Decay in Unfamiliar Environments

One study examined the perceived knowledge decay of residents and faculty
members who had been redeployed due to the COVID-19 pandemic [3]. Nofi et
al [3] found that the redeployment of residents and faculty members due to the
COVID-19 pandemic often led to unfamiliar environments as well as unfamiliar
crisis situations. This was examined through an online, multiple-choice survey
[3]. The data showed that knowledge decay was present in these redeployment
situations, especially in individuals who were in their residency and were redep-

loyed to a different specialty than one they were accustomed to [3].

4. Discussion

This integrated review examined knowledge decay in the anesthesia provider by
looking at a variety of studies with the key findings being the retention of know-
ledge when simulation activities were implemented. Notably, several studies in-
volved more of how to prevent knowledge decay from happening in the first
place by involving healthcare providers with simulation-based learning activities
[2] [5] [6] [7]. There was also one study that examined knowledge decay involv-
ing the COVID-19 pandemic and how it may have put healthcare providers in
unfamiliar or completely new situations [3]. The literature described in this re-
view also represents the limited available evidence on knowledge decay specifi-
cally the anesthesia provider.

This review gives insight into which learning activities may be best for com-
bating knowledge decay in general. Several studies showed strong, long-term re-
tention of knowledge with simulation activities specifically [2] [5] [6] [7]. It is
important to note that not all learning activities are equal in terms of outcomes,
test results, or participant engagement. For instance, didactic learning activities
involved in the classroom setting will have different outcomes than activities in-
volved in hands-on learning. This review provides evidence-based practice guide-
lines for the prevention of knowledge decay in the anesthesia provider.

Evidence-Based Practice Recommendations/Synthesis

Several recommendations are identified for how to combat knowledge decay
in the anesthesia provider. Anesthesia providers, particularly those early in
training, should be involved in simulation-based learning scenarios that enable
them to experience less likely events related to the care of patients undergoing
anesthesia [2] [5] [6] [7]. Moreover, anesthesia providers should work in situa-

tions and surgeries that they are familiar with, if possible [3]. Knowledge decay
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is seen mostly in an unfamiliar environment and when simulation-based scena-
rios have not been utilized along with didactic learning [2] [5] [6] [7]. Anesthesia
providers must be adequately and continuously educated on unfamiliar situations
they may encounter in the operating room, such as malignant hyperthermia.

Gaps in Literature

Although knowledge decay literature for healthcare providers, in general, has
an abundance of literature, knowledge decay in the anesthesia provider specifi-
cally does not have as much in-depth examination. One could argue that know-
ledge decay in the healthcare provider is directly correlated with knowledge de-
cay in the anesthesia provider. However, a specific focus was put on the anesthe-
sia provider due to the unique nature of these individuals in the operating room.
Research that would examine more closely the causes and effects of knowledge
decay in the anesthesia provider would deliver evidence-based practice on how

to combat knowledge decay in the first place.

5. Limitations

This review had several limitations. Notably, there were only five articles ob-
tained that were of relevance to this topic after reviewing several databases. This
was due to the search for knowledge decay in the anesthesia provider and not all
healthcare professionals. This methodology in obtaining relevant articles severe-
ly limited the number of relevant studies. Several of the studies were measured
using self-evaluation tools, which is open to bias. One article was also open to re-
call bias since the survey was sent well after the events had occurred [3]. There
was also a small sample size in one study [5]. Additionally, several studies admi-
nistered the same test to the same students, the only difference being the time

from the first administration to the second. This method was open to bias.

6. Conclusion

The aim of this integrative review was to examine research involving knowledge
decay in the anesthesia provider and provide evidence-based strategies for how
to combat this decay. The findings of this review indicate that knowledge decay
occurs when anesthesia providers are in unfamiliar situations, and simulation-
based learning activities help combat knowledge decay over time. Future research
is needed to expand on these conclusions, such as examining different learning
activities or studying knowledge decay over an extended period of time. Health-
care workers can examine these recommendations in order to promote learning

and prevent knowledge decay.
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Appendix 1. PRISMA flow diagram

Identification

Screening

Included

Identification of studies via databases and registers

[ Identification of studies via other methods J

Records identified from*:
Databases (n = 48)

Records removed before
screening:
Duplicate records removed (n
=2)
Records marked as ineligible
by automation tools (n = 11)
Records removed for other
reasons (n = 0)

Records identified from:
Websites (n=0)
Organizations (n = 1)
Citation searching (n = 0)

}

Records screened
(n =46)

Records excluded by automation
tool
(n=11)

A4

Reports sought for retrieval
(n=237)

v

Reports not retrieved
(n=0)

Reports sought for retrieval
(n=1)

- (h=0)

Reports not retrieved

Reports assessed for eligibility
(n=237)

A4

Reports excluded:
Not relevant for anesthesia
practitioners (n = 19)
Unrelated to knowledge
decay (n =13)

Reports assessed for eligibility
(n=1)

Reports excluded
because of relevancy to
practicing anesthesia

Studies included in review
(n=9)

Reports of included studies
(n=9)

providers:
(n=1)
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