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Abstract
Objectives: To investigate acute stress response in residents 
playing nurse and physician roles during emergency simula-
tions. 
Methods: Sixteen second-year internal medicine residents 
participated in teams of four (two playing physician roles 
and two playing nurse roles). Stress markers were assessed 
in 24 simulations at baseline (T1) and immediately after the 
scenario (T2), using heart rate, systolic and diastolic blood 
pressure, salivary α-amylase, salivary cortisol and salivary 
interleukin-1β. The State-Trait Anxiety Inventory was 
applied at T2. Continuous data were summarized for the 
median (1st-3rd interquartile ranges), and the Mann-
Whitney U Test was used to compare the groups. 
Results: The percent variations of the stress markers in the 
physician and nurse roles, respectively, were the following: 
heart rate: 70.5% (46.0-136.5) versus 53.0% (29.5-117.0), 
U=89.00, p=0.35; systolic blood pressure: 3.0% (0.0-10.0) 
versus 2.0% (-2.0-9.0), U=59.50, p=0.46; diastolic blood 

pressure: 5.5% (0.0-13.5) versus 0.0% (0.0-11.5), U=91.50, 
p=0.27; α-amylase: -5.35% (-62.70-73.90) versus 42.3% 
(12.4-133.8), U=23.00, p=0.08; cortisol: 35.3% (22.2-83.5) 
versus 42.3% (12.4-133.8), U=64.00, p=0.08); and interleu-
kin-1β: 54.4% (21.9-109.3) versus 112.55% (29.7-263.3), U= 
24.00, p=0.277. For the physician and nurse roles, respec-
tively, the average heart rate was 101.5 (92.0-104.0) versus 
91.0 (83.0-99.5) beats per minute, U=96.50, p=0.160; and 
the state anxiety inventory score was 44.0 (40.0-50.0) versus 
42.0 (37.50-48.0) points, U= 89.50, p=0.319. 
Conclusions: Different roles during emergency simulations 
evoked similar participants’ engagement, as indicated by 
acute stress levels. Role-play strategies can provide high 
psychological fidelity for simulation-based training, and 
these results reinforce the potential of role-play methodolo-
gies in medical education.  
Keywords: Simulation, acute stress, multidisciplinary 
training, role-play 

 

 

Introduction 
Healthcare simulation-based education has become an 
essential component in undergraduate, graduate and 
continuing medical training.1,2 High-fidelity simulation 
(HFS) is an indispensable tool in virtually every field of 
medicine.3,4 The primary benefit of using HFS is that 
learners can practice on multiple levels (cognitive, proce-
dural and affective) in a safe environment, where errors will 
not harm real patients.5,6 

There is a growing body of research demonstrating that 
simulated emergency scenarios are able to induce substan-
tial acute stress levels in medical students, residents and 
attending physicians.7-10 Despite this evidence, the impact of 
acute stress on the health, performance and quality of care 
of physicians remains highly controversial.11-13 Regardless of 

the positive or negative effects of acute stress, the potential 
for simulated scenarios to provoke a stress response in 
learners has been suggested as an indicator of immersion, 
realism, engagement and/or fidelity.14-20  

In acute care medicine, patient care almost always in-
volves a multiprofessional team practice.21 Among the 
various professionals that participate in an emergency team, 
physicians and nurses have inspired an increasing number 
of studies related to their relationship and collaboration 
while working together.22-24 The responsibilities of doctors 
and nurses are inherently different, and these differences 
have led to negative stereotypes of each profession, disrup-
tive communication and confusion regarding the roles that 
each team member should play.25,26 In fact, some studies 
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indicate that simulation-based training involving role-play 
strategies may improve confidence, attitudes and patient 
safety culture in multidisciplinary teams.27-30  

To our knowledge, no previous research has investigat-
ed acute stress response in residents playing nurse roles in 
comparison to physician roles in simulated emergency 
scenarios. Assessing the acute stress levels evoked by 
different roles during simulations can provide relevant 
understanding regarding training immersion and engage-
ment. The hypothesis of the present study is that acute 
stress levels induced in residents during an emergency 
simulation are equivalent between nurse and physician 
roles, indicating that both roles lead to similar engagement.  

Methods 

Study design and participants 
This was a cross-sectional study carried out at the Simula-
tion Center of University of São Paulo Medical School in 
São Paulo, Brazil. This study was approved by the Ethics 
and Research Committee of the University of São Paulo, 
and a written informed consent was obtained from all 
subjects. All second-year internal medicine residents 
rotating in an internal medicine ward were invited to 
voluntarily participate. Exclusion criteria were the follow-
ing: pregnancy, infections of any kind, disease of the im-
mune system, endocrine or metabolic diseases, use of any 
kind of medication (except for oral contraceptives) and 
inadequate salivary samples. The participation of the same 
resident in both simulated scenarios was allowed on differ-
ent days. A total of 16 unique residents were enrolled in this 
study, and 8 of these participated in both scenarios. There-
fore, a total of 24 observations (6 simulations) were  
analyzed. The median age of residents was 26.0 (IQR: 25.0-
26.0) years, and 13 (54.2%) of them were female. At the time 
of the study enrollment, the participants had completed 
15.5 (IQR: 15.0-16.0) months of residency. The emergency 
scenarios had a median duration of 25.0 (IQR: 23.0-27.0) 
minutes. 

Setting 
In the simulation center, the scenarios were performed 
using a high-fidelity computer-based mannequin simulator, 
with the possibility of remote control of vital signs. All 
medications and equipment required during the scenarios 
were available, and the simulation room was set up similar 
to a real-life emergency room. The mannequin had a 
peripheral venous catheter already placed at the beginning 
of each scenario. Standardized physiologic responses to 
anticipated management steps were programmed into the 
scenario and activated by a physician facilitator. During the 
scenario, the facilitator remained in a one-way mirrored 
glass control room.  

The scenarios used in this study were elaborated by 
three experienced simulation facilitators of the Clinical 

Emergency Discipline of University of São Paulo Medical 
School and were tested for two years prior to this study. The 
following emergency scenarios were applied: 

− A fifty-five-year-old patient was admitted to the ER 
with precordial pain, with evidence of right ventricu-
lar myocardial infarction. During care, the patient de-
velops cardiogenic shock and third-degree atrioven-
tricular block, requiring volemic expansion, vasoactive 
drug and a transcutaneous cardiac pacing. 

− A twenty-six-year-old patient was admitted to the ER 
with signs and symptoms of cocaine intoxication and 
develops unstable ventricular tachycardia. The patient 
presents with hypotension and acute pulmonary  
edema, requiring electrical cardioversion and invasive 
ventilation. 

Data collection methods 
The researcher collected the following demographic varia-
bles after stress marker collection during T2: age, gender, 
time of residency and scenario duration. Acute stress levels 
were assessed using the following parameters: 
Heart rate: This parameter was continuously measured 
using a heart rate monitor. The maximum between T1 and 
T2 was recorded from the watch system. Heart rate re-
sponse was calculated as the percentage of variation from 
baseline to T2. For heart rate response, the maximum heart 
rate value was considered as T2. Average heart rate during 
overall simulation was also recorded. 
Systolic blood pressure (SBP): This measure was obtained 
using an aneroid sphygmomanometer, and the mean of 
three measures was considered. Systolic blood pressure 
response was calculated as the percentage of variation from 
baseline to T2. 
Diastolic blood pressure (DBP): This measure was obtained 
using an aneroid sphygmomanometer, and the mean of 
three measures was considered. Diastolic blood pressure 
response was calculated as the percentage of variation from 
baseline to T2. 
Salivary analyses: Saliva samples were obtained by placing a 
specific swab under the tongue for 2 minutes. The samples 
were centrifuged at 1500 x g for 15 minutes at 4 °C and 
stored in a freezer at – 80 °C. The participants were required 
to abstain from eating, drinking (except water) and brush-
ing teeth 1 hour before the material collection. Acute stress 
responses were calculated as the percentage of variation 
from baseline to T2, relating to the following markers: 

 Salivary α-amylase (AA): measured using a kinetic 
colorimetric kit  

 Salivary interleukin-1 β (IL-1β): measured using an 
immunoenzymatic kit 

 Salivary cortisol (cortisol): measured using an immu-
noenzymatic kit 

State component of State-Trait Anxiety Inventory: this 
widely used self-report inventory was applied to partici
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pants immediately after the end of the simulated scenario 
(T2), and its value score was considered as an acute stress 
indicator. 

Procedures 
Each emergency team was formed by four residents, two 
playing the role of a nurse and two playing the role of a 
physician. The roles and scenarios were randomly chosen at 
the beginning of the simulation. The facilitator asked 
residents playing the nurse role to perform in the same way 
as nurses do in a real-life setting. The facilitator also stated 
that all decisions about task management should be defined 
by the team, without facilitator interference. Residents 
equally participated in both simulated scenarios (12 partici-
pants in each scenario). During simulated scenarios, all of 
the following procedures were performed exclusively by 
residents playing the physician role: orotracheal intubation, 
transcutaneous pacing and synchronized cardioversion. On 
the other hand, residents playing the nurse role performed 
exclusively the following procedures: medication prepara-
tion and infusion, infusion pump preparation and intuba-
tion material preparation. Residents playing the physician 
role took the leadership position in all simulations.  

Residents were placed in a sitting position at rest for 5 
minutes, and their baseline (T1) stress levels were measured 
between 1:30 pm and 2:00 pm. Before starting the scenario, 
all participants were oriented for 15 minutes by a physician 
facilitator about the simulation room setup, mannequin 
features and simulation methodology. Immediately after the 
end of the simulated emergency scenario (T2), stress levels 
were measured again. During the period between T1 and 
T2, participants remained with a heart rate monitor on. The 
end of the emergency care situation (T2) was considered 
when a) the mean arterial pressure was greater than 65 
mmHg; b) oxygen saturation by pulse oximetry was greater 
than 90% after confirmed endotracheal tube position; c) 
there was return of spontaneous circulation maintained for 
at least 5 minutes or when terminated efforts and death was 
confirmed; or d) the patient was hemodynamically stable 
after therapeutic measures. Regardless of the clinical man-
agement, the scenario was finalized 30 minutes after its 
start. 

Statistical analysis 
The sample size was calculated based on the nomogram 
proposed by Altman31 and the results of a similar previous 
study.32 A total of 24 observations (12 in each group) were 
required to detect a difference of 15% in heart rate response 
between residents performing the nurse and physician roles.  
The Shapiro-Wilk test was used to assess normality. Data 
were expressed as median and interquartile ranges (1st-3rd 
IQR) for continuous variables and as number and percent-
age for categorical variables. The Mann-Whitney U test was 
used to compare acute stress levels between the different 
roles. The U statistic value, difference between medians and 

95% confidence interval (CI) for this difference were 
provided. Acute stress levels were defined as the percentage 
of variation from baseline (T1) to T2 regarding each param-
eter measuring stress. State component of State-Trait 
Anxiety Inventory was measured only during T2, and the 
average heart rate was measured during the entire period 
between T1 and T2. The level of statistical significance for 
this study was set at 0.05 (two-sided). All analyses were 
conducted using the SPSS Statistics software. 

Results 
Comparing the group of residents playing the physician role 
with those playing the nurse role, we observed that the 
average heart rate during simulation was 101.5 (IQR: 92.0-
104.0) versus 91.0 (IQR: 83.0-99.5) beats per minute, 
respectively, and this difference did not present statistical 
significance, diff: 10.5 (95%CI -2.0 to 23.0), U = 96.5, p = 
0.16. Residents presented a State Anxiety Inventory score of 
44.0 (IQR: 40.0-50.0) in the physician role versus 42.0 (IQR: 
37.5-48.0) points in the nurse role, and this difference was 
not statistically significant, diff: 2.0 (95%CI -5.7 to 9.7), U = 
89.5, p = 0.32.  

In relation to the percent variation of the stress markers 
between baseline (T1) and T2, residents playing physician 
and nurse roles, respectively, presented the following: heart 
rate: 70.5% (IQR: 46.0-136.5) versus 53.0% (IQR: 29.5-
117.0), diff: 17.50 (95%CI -50.9 to 85.9), U = 89.0, p=0.35; 
systolic blood pressure: 3.0% (IQR: 0.0-10.0) versus 2.0% 
(IQR: -2.0-9.0), diff: 1.0 (95%CI -6.8 to 8.8), U = 59.5, 
p=0.46; diastolic blood pressure: 5.5% (IQR: 0.0-13.5) 
versus 0.0% (IQR: 0.0-11.5), diff: 5.5 (95%CI -5.9 to 16.9), U 
= 91.5, p=0.27; cortisol: 35.3% (IQR: 22.2-83.5) versus 
42.3% (IQR: 12.4-133.8), diff: -7.0 (95%CI -80.5 to 66.5), U 
= 64.0, p=0.08; α-amylase: -5.4% (IQR: -62.70-73.90) versus 
37.5% (IQR: 11.0-186.8), diff: -42.9 (95%CI -186.3 to 100.6), 
U = 23.0, p=0.08; and interleukin-1 β: 54.4% (IQR: 21.9-
109.3) versus 112.5% (IQR: 29.7-263.3), diff: -58.1 (95%CI -
216.6 to 100.4), U = 24.0, p=0.27 (Figure 1). 
 

 

Figure 1. Variation of acute stress markers from baseline (T1) to 
T2 in both groups 
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Discussion 
The present study assessed acute stress levels in residents 
playing physician and nurse roles during two different 
simulated emergency scenarios. Since acute stress meas-
urement presents an intricate complexity and there is no 
gold standard parameter to measure stress response,33 

various markers involving cardiovascular, endocrine, 
immune and psychological parameters were used. The 
hypothesis was that both nurse and physician roles evoke 
similar acute stress in residents during emergency scenarios. 
The findings shown equivalent stress levels between both 
roles, indicating similar engagement.  

A growing number of studies have reported that simu-
lated scenarios may provoke substantial acute stress in 
doctors, nurses and other allied professionals.7-10,34-36 Some 
authors have suggested that the potential of a simulated 
scenario to induce acute stress in learners may be an indica-
tor of realism, fidelity and engagement,15,16 especially in 
regards to what some authors have defined as psychologi-
cal,20 phenomenal19 or high emotional and experiential 
fidelity.17 

Despite this evidence, few studies have investigated 
stress levels in physicians playing different roles in simulat-
ed scenarios. Girzadas and colleagues,32 for instance, as-
sessed acute stress levels in doctors while playing different 
roles (procedure chief, team leader or team member) during 
difficult airway scenarios. The authors observed that resi-
dents and medical students presented a significant increase 
in heart rate and self-reported stress level, but there was no 
correlation between the participant’s role and acute stress. 
In the present study, using a role-play strategy, it was 
observed that acute stress levels assessed by six different 
markers were not significantly different between residents 
playing nurse and physician roles. To our knowledge, this is 
the first study that assessed acute stress in doctors playing 
the nurse role.  

In our experience using simulation in medical educa-
tion, we have incorporated role-play and role reversal 
strategies for two different reasons. First, because the 
relationship between doctors and nurses in acute care 
settings has long been known to present many conflicts, 
misunderstandings and potential negative impact on quality 
of care.22-26 Additionally, some studies have suggested that 
simulation-based training involving role-play strategies may 
improve these interpersonal issues, as well as aspects related 
to patient safety.27-30,37 The immersion into the role of 
another professional allows doctors to gain familiarity with 
nurse perspectives,38,39 and this training may be very im-
portant for residents, who are still building their mental 
models related to working in multidisciplinary teams.  

The second reason for using role-play is to enhance 
learner engagement in simulated scenarios. In fact, some 
studies have suggested that for teamwork training, the 
physical and environmental fidelities are less important 
than the psychological fidelity.40 Nikendei and colleagues 

reported that role-play activities provide an opportunity for 
improving the realism of training situations, while at the 
same time allowing learners to become more involved. The 
authors have added that, in an effort to create a more 
realistic training situation, role-playing proved to be a 
valuable learning tool.38 In accordance with these state-
ments, the present research demonstrated that different 
roles may evoke similar acute stress in residents during 
emergency simulations, and it may indicate that both roles 
present similar simulation engagement.  

The relationship between realism or fidelity and training 
effectiveness, as well as the factors that lead to a more 
realistic learning environment, are highly controversial.40,41 
Likewise, the scientific literature has presented ambiguous 
findings regarding the impact of acute stress on perfor-
mance and knowledge retention.9,11,42 Regardless of this wide 
range of controversial findings, the present study may 
contribute significantly to future research related to simula-
tion and stress. Future studies may investigate, for instance, 
if similar stress levels found in both nurse and doctor roles 
are accompanied by similar performance and long-term 
knowledge retention. Research may also investigate if the 
learning related to the doctor-nurse relationship is trans-
ferred from simulation to real-life settings. 

This study presents important limitations. First, the vol-
unteer nature of inclusion may have favored the occurrence 
of selection bias. Second, since this study was carried out in 
a single center and included only second-year internal 
medicine residents, the findings may not necessarily gener-
alize to other settings. In addition, the sample size of this 
study was relatively small. In future studies, larger samples 
may identify differences between groups that this research 
could not find.  

Conclusions 
The findings of the present study suggest that different roles 
during emergency simulations evoke similar participants’ 
engagement, as indicated by acute stress levels. Role-play 
strategies can provide high psychological fidelity for simula-
tion-based training, and these results reinforce the potential 
of role-play methodologies in medical education. Future 
studies can address the impact of acute stress on knowledge 
and skills retention as well as performance of residents. 
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