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(" ABSTRACT A

Aim: Simulation-based learning programs have become increasingly popular over the past 20 years to improve
healthcare professionals’ knowledge, skills, and attitudes while protecting patients from unnecessary risks and
errors. However, recommended practices for simulations in healthcare are still unknown; hence this systematic
review aimed to assess whether human simulations or machine stimulations programs would help prevent
medical errors and improve patient safety.

Methods: We searched for all the publications in the Medline, Web of Science, and Google Scholar databases
from January 2000 (when the idea of simulation in healthcare to prevent Medical Errors (ME) was employed
for the first time by the Institute of Medicine) to Feb 2022 with only English language-based literature. The
risk of bias from A randomized controlled trial (RCTs) was assessed through Cochrane’s collaboration tool.
The Newcastle-Ottawa Scale was used to evaluate the quality of the cohort studies. The main outcome of this
review was the improvement in professional skills among healthcare professionals and reduction in medical
errors by employing simulation-based training.

Results: Overall, the participants who received simulation-based training for the management of different clinical
conditions and for the performance of various diagnostic, therapeutic, and surgical procedures showed better
learning than those who were given traditional education and training. Moreover, the studies showed that simula-
tion-based training can improve self-efficacy, confidence, and perceptions among medical professionals. Different
simulated adult and pediatric scenarios were created to assess the errors and delays during drug infusion-prepa-
ration and administration. The simulation was demonstrated to be an effective way of reducing medical errors.

Conclusions: By incorporating simulation-based training into medical education curricula, the acquisition of
knowledge and professional skills can be improved. Moreover, this can help improve patient outcomes and
reduce medical errors. Based on our findings, we suggest that simulation can be best used as a complement to
the other methods of healthcare professionals’ teaching and training.
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Introduction

The term “simulation” refers to the application of technologies
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simulation technology has continued to flourish [1]. Full list of author information is available at the end of

the article.

A medical simulation session is characterized by the Received: 05 March 2022 | Accepted: 17 April 2022

presence of four core components (Figure 1). The first
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Figure 1. Core components of medical simulation.

component is “exposure” or “briefing,” which prepares
and orientates participants before the start of the
simulation. The second element is “sequence”, defined by
a progressively escalating complexity during the session;
the third one “feedback”, which refers to the continuous
providing of negative and positive reflections between
trainer and trainee. The last component is “repetition”,
which provides improved retaining of knowledge learned
during a session [2].

Beginning in the late 1960s, the development of human
patient simulators notably accelerated during the
1980s and 1990s. With the emergence of automatically
controlled physiological and pharmacological features,
the present-day simulators have got a remarkable
magnitude of realism and are extensively used in
healthcare professionals’ education and training [3].

During the medical education and training, trainees deal
with real-life clinical scenarios; often before the time,
they become fully competent in doing so. Although this
is necessary for transforming acquired knowledge into
skills, this compromises patient safety and results in
malpractice [4].

Preventable errors that often lead to adverse patient
outcomes and sometimes even the death of patients
are substantially attributable to system failures and
inadequate situation handling. Such errors persist despite
ongoing efforts to ensure patient safety [5]. Simulation-
based training allows unhazardous exposure of healthcare
providers of any level of experience to a standardized
learning environment with the hope of improving
physician performance without risking patient safety
[5]. It has been demonstrated that various simulation
methods can be employed for reducing medical errors
and increasing patient safety [6].

In the traditional system of bedside teaching, patients
often seem bothered about residents and students
“practicing” on them, and students also feel that they
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are not adequately trained. Medical simulation is a good
technique to bridge this gap [7]. When used appropriately
and efficiently, simulation provides benefits for learners
as well as for patients. It helps in reducing medical errors
and improving patient safety, in addition to enhancing
learners’ confidence and competence [8]. With the
advantage of providing students with the opportunity
to learn and practice skills in realistic scenarios without
compromising patient safety, simulation technology has
emerged as a safe method of overcoming many of the
drawbacks associated with patient-based training [9].

The techniques involved in healthcare simulation make
use of considerable human, logistical, and financial
investments, and this might be a potential barrier to
their spread in developing countries. Despite this fact,
healthcare simulation seems feasible and encouraging in
developing countries as well [10]. Our current state of
knowledge recognizes simulation programs employed in
the hospital environment as a prevention tool, focusing
on medical errors related to decision-making at each
step of the medication process. This systematic review
aimed to assess whether human simulations or machine
stimulations programs would help to prevent medical
errors and improve patient safety.

Material and Methods
Eligibility criteria

We used PICOS to help formulate our inclusion criteria:
P (Population): healthcare professionals, nurses, medical
interns, and students; I (Intervention) simulations; C
(Control): traditional teaching or other stimulations
scenarios; O (Outcome): medical errors, patient safety,
and professional performance; and S (Studies): clinical
trials and cohort studies published in English. The
eligibility criteria for inclusion in the review required
original articles in English (we excluded letters, case
reports, abstracts, conference papers, and reviews); we



included studies that have the main outcome focused
on medical error, patient safety, and improved clinical
skills by simulation-based learning programs such as
prescribing, dispensing, and administering medication.
We included only those studies conducted in hospitals
or universities. Also, we had all the articles on technical
and electronic simulation, surgery, intubation or students
or nursing, or technology (serious games, virtual reality,
and 3D environments).

Search strategy

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Review and
Meta-analyses (PRISMA) guidelines [11]. We used
three targeted Medical Subject Headings (MeSH) terms
that are particularly useful in finding articles related to
improving patient safety and error prevention by medical
simulation: (1) risk management; (2) patient safety;
(3) medical errors; and (4) medical simulation. We
combined these terms, “Risk Management” [Mesh] OR
“Patient Safety” [Mesh] OR “Medical Errors” [Mesh]
AND*“Medical Simulation” [Mesh], to be as specific and
selective as possible. We searched for all the publications
in the Medline database, Web of Science, Cochrane
Database, Embase, and Google Scholar from 2000 (when
the idea of simulation in healthcare to prevent ME was
employed for the first time by the Institute of Medicine)
to Feb 2022 with only English language-based literature.

Study selection and data extraction

The reviewers searched electronic databases and
registers. Studies searched were exported to the EndNote
Reference Library software version 20.0.1 (Clarivate
Analytics) and duplicates were screened and removed.

We extracted data by entering them into a computer
spreadsheet. Discrepancies were resolved through
consensus discussions among investigators. The
following data were tried to extract from each eligible
study: first author’s name, year of publication, location of
study, date of study, and sample size. This was performed
by one investigator Qasem Ahmed Almulihi (QAA) and
checked by another Duaa Abdulkadir Al Muslim (DAA)
and Aminah Raad Alturki (ARA) blindly.

Quality assessment of studies

The investigators assessed the quality of each of the included
studies. The risk of bias from RCTs was assessed through
Cochrane’s collaboration tool in seven domains: adequate
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective outcome reporting, and
free of other bias. The individual domains and overall risk
of bias judgment were expressed on one of three levels:
low risk of bias, unclear risk of bias, and high risk of bias.
Based on these factors, the overall quality of evidence
was deemed low, moderate, or high risk of bias (details of
quality assessment is provided in Table 1). The Newcastle-
Ottawa Scale (NOS) was used to assess the quality of the
cohort studies. NOS score 1-5 were considered as high risk
for bias, 6-7 was moderate and a score >7 was considered
low risk of bias (details of scoring are provided in Table 2).
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Table 1. Quality assessment of randomized controlled trial using Cochrane’s collaboration tool.
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Table 2. Quality assessment of a cohort study using the NOS.
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Statistical analysis

The results were analyzed using narrative analysis. A
textual approach was used to combine and summarize
the findings from different studies and subsequently
explain the synthesized findings. It was selected as it
systematically evaluates and incorporates the results
from across the studies and explores the similarities and
dissimilarities between the study findings. Since the
included studies demonstrated heterogeneity regarding
their evaluation criteria and study results, performing a
meta-analysis was not considered appropriate, as it would
have yielded potentially insignificant and misleading
results [27].

Results

Literature search results

The initial search of the databases and registers yielded
1,322 potential studies. After exclusions based on titles
and abstracts, the full text of 70 studies was read for
possible inclusion. A total of 15 studies remained for
qualitative and quantitative analysis. Figure 2 summarizes
the results of our literature search.

Study characteristics

Table 3 provides the basic characteristics of the included
studies [12-25].

Result of the quality assessment

The risk of bias from RCTs was assessed
through Cochrane’s collaboration tool. NOS
was used to assess the quality of the cohort
studies.

Out of the 15 included studies, 11 studies had
a low risk of bias [12-17,19,20,24,25,26] and 4
had a moderate risk of bias [18,21,22,23].

Preventing errors by simulation for healthcare
professionals

Five studies [17-19,22,23] employed simulations to
evaluate medical errors. In these studies, different
simulated adult and pediatric scenarios were created
to assess the errors and delays during drug infusion-
preparation and administration. The studies also
evaluated the effect of different ampule labeling on drug
dosing errors, the impact of label design on medication
safety, and the impact of CLC on medical errors.
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In the simulated pediatric anaphylaxis scenario [17],
providers using mass concentration labels administered
the dose more accurately and in a shorter time. The
simulated scenario of septic shock [18] demonstrated that
the availability of prefilled syringes for drug infusions
can prevent medication errors and treatment delays. In the
simulated scenario of vascular injury [19], participants
who used redesigned labels selected and administered
correct medications more frequently. Implementation of
a CLC simulation training curriculum [22] was found
to be associated with a significant reduction in medical
errors. Simulation-based training for CCU nurses [23]
led to a reduction in medication administration errors.

The results can help healthcare professionals minimize
medical errors while dealing with real patients.

Improving patient safety and professionals’ skills
by simulation for healthcare professional

Ten studies [12-16,20,21,24,25,26] demonstrated the
positive impact that simulation-based training can have
on the acquisition of professional knowledge and skills
required for optimal management of various clinical
conditions and for ensuring appropriate patient care.
Overall, the participants who received simulation-
based training for the management of different
clinical conditions and for the performance of various
diagnostic, therapeutic, and surgical procedures showed
better learning than those who were given traditional
education and training. Moreover, the studies showed
that simulation-based training can improve self-
efficacy, confidence, and perceptions among medical
professionals.

Residents who received simulation training for TTE
[12] were able to obtain better quality imaging and more
efficient interpretations of the acquired views. Residents
receiving the simulation-based cardiac training [13]
performed better CPB weaning. Similarly, simulation-
based training of invasive diagnostic procedures, such
as nasolaryngoscopy [15] and airway management
skills [16], resulted in better clinical performance. The
improved performance was also seen in simulation-based
training of surgical skills in cricothyroidotomy [14],
cataract surgery [24], and glaucoma surgery [25].

Discussion

Our systematic review demonstrates that simulation-
based training proves to be beneficial in all aspects of
healthcare performance, i.e., diagnostic procedures,
surgical interventions, and emergency management of
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various clinical conditions. Moreover, it is an efficient
tool for addressing medical errors to ensure patient safety.

The increasing adoption of this methodology of medical
training for teaching basic, as well as advanced, clinical
skills across the globe reflects the benefits of simulation
[3]. A meta-analysis by Beal et al. [28] showed that
simulation-based learning resulted in the better
acquisition of skills but was not superior to other teaching
methods in terms of knowledge acquisition. They also
demonstrated greater effectiveness of high-fidelity
simulations as compared to low-fidelity simulations.

With simulations becoming more realistic, simulation-
based surgical training allows better integration of
knowledge and practical skills [29]. A systematic review
of surgical simulation training showed that participants
who received simulation-based training prior to
undergoing patient-based assessment showed improved
performance than their counterparts who did not get prior
simulation training [29]. Simulation not only provides a
safe environment for hands-on experience, but it also
provides an opportunity for reflection and improvement
of mental models [30]. The challenge point framework
[31] and the cognitive load theory [32] reinforce the idea
that simulation has a distinctive impact on the learning
process.

Although high-fidelity and low-fidelity simulations
can provide notable improvements in performance,
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low-fidelity simulation can provide this benefit at
considerably lower costs [33]. Low-cost simulation
can be a good economical alternative to high-fidelity
simulation [34]. These findings are important for the
healthcare education and training institutes that strive to
ensure quality learning in the face of finite resources and
budgets.

Despite being an efficient tool for medical training,
simulation is associated with certain weaknesses and
limitations which cannot be neglected. It has been
demonstrated that simulation may not accurately recreate
the stress that is encountered in the real environment
[35]. Moreover, the financial costs and resource
utilization associated with simulation-based teaching
are high, and this may limit its implementation into the
medical school curriculum [36]. Potential barriers to the
development of effective simulation programs include
inadequate financial resources and a lack of sufficiently
experienced faculty to maintain the simulation programs
[37]. This systematic review provides ample evidence
that simulation is an effective method for teaching
and training healthcare professionals. It is particularly
effective in augmenting the practical skills of healthcare
professionals, improving patient care, and preventing
iatrogenic risk related to ME, if the program is well
designed. Furthermore, simulation programs offer an
encouraging advantage over other methods of teaching
and training [38].
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To maximize the cost-benefit impact of this resource-
consuming education technique, it is necessary to
define the optimal contexts in which simulators can be
employed. Our systematic review can help meet this
requisite.

Strength

To the best of our knowledge, our paper is one of the fewest
systemic reviews that discusses the details of numerous
studies that have medical stimulation for comprehensive
and practical training, and safer patient care. Also, the
strengths of the review include the exhaustive search,
inclusion of multiple English articles encompassing a
broad range of participants (doctors, nurses, interns,
and students), outcomes (patient safety, medical errors,
medical skills, and professional performance), and
different study designs.

Limitations

Firstly, the variability of methods used in the studies limits
the generalizability of our results. Each study employed
a different clinical scenario and included participants
from specific fields of the healthcare profession. On
that account, inferences cannot be made regarding the
specific field of the healthcare profession that can get the
greatest benefit from simulation-based training.

Moreover, many of the included studies evaluated
participants in simulated scenarios. Although the
simulated scenarios closely resembled the real ones, they
were not actually identical to the real scenarios. This
may have altered the behaviors of the participants and
they may have been less cautious while performing the
assigned tasks.

Conclusion

By incorporating simulation-based training into medical
education curricula, the acquisition of knowledge and
professional skills can be improved. Moreover, this
can help improve patient outcomes and reduce medical
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errors. Based on our findings, we suggest that simulation
can be best used as a complement to the other methods of
healthcare professionals’ teaching and training.
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