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Background: Conducting simulations of rapidly decompensating patients are a key part of
internal medicine (IM) residency training. Traditionally, mannequins have been the simulation
tool used in these scenarios.

Objective: To compare IM residents’ performance and assess realism in specific-simulated
decompensating patient scenarios using standardized patients (SPs) as compared to mannequin.
Methods: Nineteen IM residents were randomized to undergo simulations using either a man-
nequin or an SP. Each resident in the two groups underwent four different simulation scenarios
(calcium channel blocker overdose, severe sepsis, severe asthma exacerbation, and acute bacterial
meningitis). Residents completed pretest and post-test evaluations as well as a questionnaire to
assess the reality perception (realism score).

Results: Nine residents completed mannequin-based scenarios, whereas 10 completed SP-
based scenarios. Improvement in the post-test scores was seen in both groups. However, there
were significantly higher post-test scores achieved with SP simulations in three out of the four
scenarios (P=0.01). When compared with the mannequin group, the SP simulation group showed
a significantly higher average realism score (P=0.002).

Conclusions: Applying SP-based specific-simulation scenarios in IM residency training may
result in better performance and a higher sense of a realistic experience by medical residents.
Keywords: simulation, standardized patient, satisfaction, mannequin, assessment, resident education

Introduction

Simulation-based training (SBT) in medical education has grown tremendously over
the last 5 years. It has been reported to be an effective method of teaching internal
medicine (IM) residents both procedural and nonprocedural skills without practicing
on actual patients.' Historically, SBT has utilized standardized patients (SPs), man-
nequins, or web-based virtual scenarios.*’ Traditionally, simulation mannequins are
used for teaching procedural skills, surgical skills, and team training.® Mannequins
can also be used to simulate a patient with clinical deterioration. In contrast, SPs —
typically medically trained actors or medical personnel — are often used to teach both
physical examination and patient communication skills.”® SPs have also been employed
to teach residents in high-stakes scenarios such as delivering difficult news and patient
behavioral emergencies.”!?

Early recognition of patients with clinical deterioration is an essential skill for IM
residents. Medical learners must be able to identify severe illness and initiate appropriate
lifesaving treatment in a timely manner. Such early recognition requires the integration
and synthesis of multiple patient factors, including vital signs, symptoms, comorbid
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conditions, and response to treatment. Moreover, IM residents
must be ready to treat catastrophic medical events, some of
which they read about, but may never physically encounter
during the course of their residency training. To achieve this
goal, SBT is a safe and effective method for teaching crisis
resource management for a variety of medical and surgical
learners, as well as practicing physicians and other medical
personnel.!'"1* Regular participation in simulated deteriorat-
ing patients’ scenarios translates into earlier recognition and
treatment of such emergencies in the hospital setting.'* Despite
most residency programs utilizing both mannequins and SPs
in training, studies in surgical and trauma situations have dem-
onstrated significant differences in performance, competency,
and realism perception when mannequins are compared with
SPs in teaching crisis resource management.'*!® However,
no differences between the two modalities were found when
comparing communication, leadership, and cooperation
outcomes.!” Most of these comparison studies focus on either
procedural skills or communication and teamwork skills;
there is a lack of material comparing simulation mannequins
to SPs in teaching medical learners clinical reasoning skills
in scenarios involving decompensating patients.

At our institution, the traditional IM curriculum in clinical
reasoning and critical thinking skills focused on the learner
interacting with a simulation mannequin. Feedback from this
experience was mixed, with the learners often pointing out
that the interaction with the mannequin was unrealistic. We
hypothesized that using an SP instead of a mannequin would
not only give a more realistic experience but would also
improve medical knowledge acquisition. Therefore, the aim of
this study was to compare residents’ performance in manage-
ment of four scenarios depicting patient clinical deterioration
utilizing either a high-fidelity simulation mannequin or SP.

Methods
Study design and participants

Our prospective, randomized cohort study was approved by
the Mayo Clinic Institutional Review Board. The study took
place at the J. Wayne and Delores Barr Weaver Simulation
Center at Mayo Clinic in Jacksonville, FL, USA, between
January 1, 2014 and June 30, 2014. A total of 19 IM residents
in their second and third year of training participated in four
decompensating patient simulation scenarios: calcium chan-
nel blocker overdose, severe sepsis, severe asthma exacerba-
tion, and acute bacterial meningitis.

The residents were advised that their involvement in the
study was optional; all 19 residents agreed to participate. All
participating residents signed the Mayo Clinic Simulation

Center informed consent form which gave consent both to be
involved in simulation research and to be recorded on film if
necessary. The residents were randomly assigned to either the
mannequin group or the SP group. Residents in each group
underwent the four simulation scenarios sequentially. All of
the scenarios occurred within the same day or two concurrent
days, and they were supervised by one attending physician
experienced in SBT.

The deteriorating patient scenarios were developed using
evidence-based practice and guidelines for simulation sce-
narios. Between January and March 2014, 9 of the 19 total
residents participated in the four simulated scenarios utilizing
a SimMan 3G mannequin (Laerdal Medical Ltd, Orpington,
UK), as shown in Figure 1. Between April and June 2014, the
other 10 residents participated in the same simulated scenarios
under the supervision of the same attending physician utilizing
SPs along with computer-simulated vital signs on a monitor.
A total of three SPs were used for the four scenarios, with
each scenario utilizing the same SP. Each SP received detailed
training in the specific deteriorating patient scenario, pertinent
physical examination findings, and answers to the potential
residents’ questions.

Each resident completed the same five-question medical
knowledge test immediately before and after each scenario.
Supplementary material shows the questionnaire used for the
calcium channel blocker toxicity scenario. In addition, each
resident completed a form to rate realism of the simulation
using a 5-point Likert scale questionnaire.

Outcome measures

Outcome measures for this study were the differences in
pretest, post-test, and realism scores between the SP and
mannequin groups.

Figure | A SimMan 3G Mannequin (Laerdal Medical Ltd, Orpington, UK) at
the J. Wayne and Delores Barr Weaver Simulation Center at the Mayo Clinic in
Jacksonville, FL, USA. The room is equipped with all the necessary supplies to
simulate real-life scenarios to ensure optimum training.
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Statistical analysis

A Mann—Whitney U-test was used to compare the two
unevenly distributed groups. A standard ¢-test was performed
on collected data of the different scenarios and on the real-
ism score. A P-value of <0.05 was considered statistically
significant.

Results
Eight (42%) of the 19 residents were female, 10 (54%) were
in their second year of IM training, and 9 (46%) were in
their third year. The mean (SD) age of the participants was
29 (4) years.

Residents in both groups (with all scenarios combined)
had equivalent scores on the pretests with an average of
2.56/5 points (51%) in the mannequin group and 2.53/5 points
(50%) in the SP group. Residents in the SP group scored
higher on the post-test than those in the mannequin group
(4.53/5 points [90%] vs 3.69/5 points [73%], P=0.01). The
improvement of the SP group scores compared to the man-
nequin group reached statistical significance in all scenarios
except for the acute bacterial meningitis scenario (Table 1).
The highest score improvement in the SP group was in the
calcium channel blocker overdose simulation with 2.4/5
points (48%) improvement from the original score while the
mannequin group in the same scenario had 1.3/5 points (26%)
improvement from the original score (P=0.03). Overall score
improvement was 1.2/5 points (24%) in the mannequin group
and 1.8/5 points (36%) in the SP group (P=0.01).

The residents who experienced the deteriorating patient
scenarios utilizing SPs also gave a higher realism score than
those who underwent the mannequin scenarios (4.73/5 vs
2.00/5, P=0.002; Table 2 and Figure 2). The difference in the
realism score was ranked highest in the severe sepsis scenario
with 2.56/5 points in the mannequin group and 4.8/5 in the
SP group (P=0.009).

Discussion

Our study results suggest that the employment of SPs is
associated with better post-test scores and higher realism
perception by IM residents. IM trainees had higher post-
test scores when the simulation of decompensating patient
scenarios utilized SPs rather than a mannequin. Our results
are consistent with previously conducted studies on surgical
SBT'>1%!% and highlight the role of SP in providing a more
real-life experience within simulation training.

Although both the mannequin and SP groups demon-
strated the improved understanding of decompensating
patient management after the scenarios, residents who
underwent SP-based simulation exhibited better knowledge
acquisition reflected by their higher post-test score, in addi-
tion to receiving a more realistic experience than residents
who underwent the mannequin simulation.

The development of contemporary teaching methods has
mandated integration between real-time and simulation, or vir-
tual patient training. With the progression of simulation tech-
niques, the expectations of simulation training have increased

Table | Comparison of the test scores of the two simulation groups among the four clinical scenarios

Clinical scenario Pretest score® Post-test score® Score improvement?® P-value
Mannequin Standardized Mannequin Standardized Mannequin Standardized
group patient group group patient group group patient group
CCB overdose 222 22 3.56 4.6 1.3 2.4 0.03
Severe sepsis 2.11 24 3.33 44 1.2 2.0 0.04
Status asthmaticus 2.78 2.6 4.11 4.6 1.3 2.0 0.02
Acute bacterial meningitis  3.11 29 3.78 4.5 0.7 1.6 0.17
All scenarios combined 2.56 2.53 3.69 453 1.2 1.8 0.01
Notes: *Scores reported as average for 9 residents in the mannequin group and 10 residents in the standardized patient group. Full score (100%) is 5.
Abbreviation: CCB, calcium channel blocker.
Table 2 Realism score (reported by residents) among the four different clinical scenarios
Clinical scenario Realism score® P-value
Mannequin group Standardized patient group
CCB overdose 2.11 4.70 0.001
Severe sepsis 2.56 4.80 0.009
Status asthmaticus 1.78 4.70 0.001
Acute bacterial meningitis 1.56 4.70 0.002
All scenarios combined 2.00 4.73 0.002
Notes: *Numbers reported as average for 9 residents in the mannequin group and 10 residents in the standardized patient group. Highest score is 5.
Abbreviation: CCB, calcium channel blocker.
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Figure 2 Comparing pretest, posttest, and realism score in the four clinical simulation scenarios.
Notes: The simulation scenarios are (A) calcium channel blocker overdose; (B) severe sepsis; (C) severe asthma exacerbation; and (D) acute bacterial meningitis.

Abbreviations: SP, standardized patient.

to include almost all the residency training programs in the
USA.7 Although most of the studies on simulation training
come from trauma or surgical education programs, a few stud-
ies have included medicine trainees and nursing students.'®!°
These studies provided contradicting results between SP and
mannequin simulation. In one study of nursing students assess-
ing clinically decompensating patients, SP simulation was not
superior to the mannequin simulation in terms of clinical per-
formance.? However, both simulation strategies were equally
effective in enhancing the clinical experience for the trainees.

An important merit of our study is that it was conducted
on medical residents. To our knowledge, this is one of the
first studies to compare SP and mannequin simulation for
medical trainees, particularly IM residents. In a previous
study, trainees rated a simulation mannequin as being very
realistic to a patient scenario.”! However, the realism of a
mannequin was not compared to that of SP. It is logical that
IM residents responded more effectively to live patients
rather than to a mannequin because of the interactive nature
of human beings. Such interaction mimics the real-life physi-
cian—patient experience in a more realistic manner. On the
basis of these results, the use of SPs in our residency program
was determined to be a more effective and realistic teaching

tool than the use of a mannequin in simulated decompen-
sating patient scenarios. We initiated a focused simulation
curriculum for IM residents where SPs replaced mannequin
use as the main training resource.

Another important factor to consider when discussing the
use of a high-fidelity simulation mannequin versus an SP is
the monetary advantage. High-fidelity simulators such as our
SimMan 3G, along with all the support software and optional
packages, can cost over $70,000 per device. Using profes-
sional SPs can be much more cost effective and medical and
academic staff can serve as SPs at no cost to the institution.
We encourage institutions to review their curriculum first
before purchasing any simulation equipment. If the goals of
the curriculum can be achieved through the use of inexpensive
equipment or staff on hand, then using those means to achieve
curricular goals and using simulation funds elsewhere is rec-
ommended. In our study, our IM residents appeared to have a
better-learning experience with the less-expensive resource.

Our study has several limitations. The study was con-
ducted at a single academic medical center and may not be
applicable to different simulation settings. In addition, the
sample size is relatively small (19 residents) due to the small
capacity of our residency program. Another limitation was
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that the study groups were assessed in series, the SP group
3 months after the mannequin group, instead of having both
groups participating in parallel. This limitation would add
the risk of the mannequin group passing on the content of
the scenarios to the SP group who participated later in the
year. We tried to eliminate this bias by asking all residents
participating to keep the scenario content to themselves until
the data collection was complete. Residents were assessed
using an objective post-test rather than a checklist of actions
that showed mastery in recognizing deteriorating patients and
initiating appropriate clinical interventions. Also, the scope
of this study did not extend to the evaluation of potential
cognitive skills transference gained by the SP group to actual
patient care. Moreover, when residents took a pretest, they
became aware of the clinical scenario rather than indepen-
dently determining the decompensating patient’s diagnosis.
The scenarios used in this study are critical to IM training and
may not apply to procedural or surgical specialties. However,
the results of this study may be applicable to nonprocedural
crisis resource management scenarios in other specialties.
This study has similar results to the suggested guidelines
for writing technical reports for simulation in education
for health professionals that supported the use of SPs as an
effective teaching tool in medical education.?!

Conclusion

Our study results indicate that utilizing SPs was more effec-
tive and better mimicked realistic patient care than the use
of a mannequin in acutely decompensating patient scenarios
for IM residents. Our study only focused on level 1 of the
Kirkpatrick model of training (reaction) and only looked at
immediate retention of information, not long-term learning
and retention. Future research in this field is needed as there
are only a few studies comparing the use of mannequin to
SPs in graduate medical education. These studies could evalu-
ate both long-term knowledge retention and patient quality
outcomes to see if simulation training with SPs enhances
health care education. Such studies could shift the focus of
medical education in the future.

Acknowledgments

The authors acknowledge the role of Mayo Clinic Scientific
Publications in organizing and preparing the manuscript
for submission. The Mayo Clinic does not endorse specific
products or services included in this article.

Disclosure
The authors report no conflicts of interest in this work.

References

1.

20.

21.

McGaghie WC, Siddall VJ, Mazmanian PE, Myers J. Lessons for con-
tinuing medical education from simulation research in undergraduate
and graduate medical education: effectiveness of continuing medical
education: American College of Chest Physicians Evidence-Based
Educational Guidelines. Chest. 2009;135 (Suppl 3):62S—-68S.

. Silverman J, Kinnersley P. Calling time on the 10-minute consultation.

BrJ Gen Pract. 2012;62(596):118-119.

. Cook DA, Brydges R, Zendejas B, Hamstra SJ, Hatala R. Mastery learn-

ing for health professionals using technology-enhanced simulation: a
systematic review and meta-analysis. Acad Med. 2013;88(8):1178-1186.

. Kneebone R, Nestel D, Wetzel C, et al. The human face of simulation:

patient-focused simulation training. Acad Med. 2006;81(10):919-924.

. Smith CC, Huang GC, Newman LR, et al. Simulation training and its

effect on long-term resident performance in central venous catheteriza-
tion. Simul Healthc. 2010;5(3):146-151.

. Motolal, Devine LA, Chung HS, Sullivan JE, Issenberg SB. Simulation

in healthcare education: a best evidence practical guide. Med Teach.
2013;35(10):e1511-e1530.

. Willett TG, Kirlew M, Cardinal P, Karas P. An evaluation of the Acute

Critical Events Simulation (ACES) course for family medicine residents.
Can J Rural Med. 2011;16(3):89-95.

. Ho J, Bidwal MK, Lopes IC, Shah BM, Ip EJ. Implementation of an

accelerated physical examination course in a doctor of pharmacy pro-
gram. Am J Pharm Educ. 2014;78(10):182.

. Dawson S. Procedural simulation: a primer. Radiology. 2006;241(1):

17-25.

. Steadman RH, Coates WC, Huang YM, et al. Simulation-based train-

ing is superior to problem-based learning for the acquisition of critical
assessment and management skills. Crit Care Med. 2006;34(1):151-157.

. Giuliani M, Gillan C, Wong O, et al. Evaluation of high-fidelity simu-

lation training in radiation oncology using an outcomes logic model.
Radiat Oncol. 2014;9:189.

. Udani AD, Kim TE, Howard SK, Mariano ER. Simulation in teach-

ing regional anesthesia: current perspectives. Local Reg Anesth.
2015;8:33-43.

. Liaw SY, Wong LF, Lim EY, et al. Effectiveness of a web-based

simulation in improving nurses’ workplace practice with deteriorating
ward patients: a pre- and postintervention study. J Med Internet Res.
2016;18(2):e37.

. Kinnersley P, Pill R. Potential of using simulated patients to

study the performance of general practitioners. Br J Gen Pract.
1993;43(372):297-300.

. Vyas D, Bray BS, Wilson MN. Use of simulation-based teaching meth-

odologies in US colleges and schools of pharmacy. Am J Pharm Educ.
2013;77(3):53.

. Savage EC, Tenn C, Vartanian O, et al. A comparison of live tissue train-

ing and high-fidelity patient simulator: a pilot study in battlefield trauma
training. J Trauma Acute Care Surg. 2015;79 (4 Suppl 2):S157-S163.

. Miyasaka KW, Martin ND, Pascual JL, Buchholz J, Aggarwal R. A

simulation curriculum for management of trauma and surgical critical
care patients. J Surg Educ. 2015;72(5):803-810.

. Wisborg T, Brattebo G, Brinchmann-Hansen A, Hansen KS. Manne-

quin or standardized patient: participants’ assessment of two training
modalities in trauma team simulation. Scand J Trauma Resusc Emerg
Med. 2009;17:59.

. Liaw SY, Rethans JJ, Scherpbier A, Piyanee KY. Rescuing A Patient

In Deteriorating Situations (RAPIDS): a simulation-based educational
program on recognizing, responding and reporting of physiological
signs of deterioration. Resuscitation. 2011;82(9):1224-1230.

Liaw SY, Chan SW, Chen FG, Hooi SC, Siau C. Comparison of virtual
patient simulation with mannequin-based simulation for improving
clinical performances in assessing and managing clinical deterioration:
randomized controlled trial. J Med Internet Res. 2014;16(9):e214.
Dubrowski A, Alani S, Bankovic T, Crowe A, Pollard M. Writing
technical reports for simulation in education for health professionals:
suggested guidelines. Cureus. 2015;7(11):e371.

Advances in Medical Education and Practice 2017:8

submit your manuscript

485

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Alsaad et al Dove

Supplementary material

A: Pretest/post-tests

Date PGY Year

Presimulation or postsimulation?

1. What is the initial antidote for calcium channel blocker overdose?
a. Atropine
b. IV steroids
c. IV calcium
d. IV metoprolol
2. Which of the following medications overdoses would NOT present with bradycardia and hypotension?
a. Clonidine
b. Digoxin
c. Amlodipine
d. Verapamil
3. Calcium channel blocker overdose results in what changes to serum blood glucose?
a. Hyperglycemia
b. Hypoglycemia
c. Euglycemia
d. No change
4. Which of the following is NOT a current recommended therapy for calcium channel blocker overdose?
a. High-dose insulin therapy
b. Lipid emulsion therapy
c. Aggressive IVFs to initially correct hypotension
d. Activated charcoal administration
5. Can a calcium channel blocker overdose be corrected with hemodialysis?
a. Yes, all drugs can be removed with hemodialysis
b. Yes, because the drug is not lipid bound
c. No, because of the activated coagulation cascade
d. No, because the drug is lipid bound

Date PGY Year

Realism score:
How realistic did this simulation feel to you (how likely were you to suspend disbelief?

1 2 3 4 5
Very fake (Did not Not realistic Realistic (> 50% Very realistic Real (I could not tell
seem real at all) (Minimal parts of the simulation (Almost all the the difference from
felt real) felt real) simulation felt real) reallife)
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