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Abstract 
Background: Both technical and nontechnical skills are important factors in 
cardiac emergency incident. The effects of structured framework on these skills 
have not been thoroughly studied. We hypothesized that structured frame-
work can improve the clinical performance and reduce errors to improve pa-
tients’ safety. Methodology: A total of 24 teams composed of cardiac resi-
dents, attending surgeons and ICU nurses performed simulated emergency 
incident tasks in cardiopulmonary resuscitation (CPR) and tracheal intuba-
tion (TI) scenarios. Framework education was introduced to the assigned groups 
in two separate semesters. All the scenarios were recorded by video for fur-
ther evaluation by cardiologist and emergency medicine specialist. Clinical 
performance, time consumption in simulated scenarios, correlation between 
framework training and nontechnical skills performance were assessed. Re-
sults: The average percentages of CPR completed in the Group 1 (G1) with 
framework education and the Group 2 (G2) were 85% (SEM: 6.20%) and 53% 
(SEM: 5.77%) respectively (P < 0.001). And the average percentages of TI 
completed in G2 with framework education was 87% (SEM: 3.96%), higher 
than G1 (50%, SEM: 5.64%) (P < 0.001). As for time consumption, the mean 
time to complete CPR in groups with framework education was shorter than 
in groups without framework education (P < 0.005). Similarly, the mean time 
to complete TI in groups with framework education was shorter than in 
groups without framework education (P < 0.005). Further, there was a signif-
icant correlation between framework training and communication in simu-
lated scenarios. Conclusion: The framework provides the whole procedure of 
the task to every participant. Structured framework education can improve  
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nontechnical skills as well as technical skills of doctors and nurses. Further, 
researches should be conducted to evaluate the clinical performance and cor-
relation between technical skills and nontechnical skills in cardiothoracic 
training. 
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1. Introduction 

Cardiothoracic residents may encounter life-threatening emergency from the 
first day they start training in hospital. Residents learn technical and clinical skills 
from various emergent cases. However, promoting patients’ safety is a challenge 
at the forefront of cardiothoracic resident training. Recently, the American col-
lege of Surgeons developed a simulation-based education program to enhance 
patient safety for surgical training through technologies and practice [1]. This 
program considered simulation training as an important part of educational 
process in cardiac surgeon. Besides, simulation-based education promotes mea-
ningful experiences and enhances residents’ abilities of crisis management, deci-
sion making and teamwork [2].  

Dexterity and deliberative practice are of great importance in cardiac emer-
gency as well as cardiac surgery. Many training programs and simulators based 
on cardiac surgery have been developed since the call for educational reform in 
2008 [3], while the cardiac emergency in intensive care unit (ICU) cannot attract 
people’s attention. Proficient technology, skilled cooperation and critical think-
ing are closely associated with patient’s prognosis. To conduct accurate and timely 
treatment for patient in cardiac emergent case, nontechnical skills such as com-
munication and teamwork become increasingly essential. Cardiac residents and 
ICU nurses must be very familiar with the process of emergent treatment. Thus, 
the standard structured framework plays a critical role in shortening operation 
time and smoothen the procedure. 

To promote the clinical skills of the participants, the Simulation-Based Train-
ing Program (SBT Program) has been launched from 2017 in Naval Medical 
University in China, as an important component of the education reform. In this 
settings, simulation-based clinical skills training, mainly based on structured frame- 
works, has been applied for residents and nurses. The aim of this study was to 
assess the role of structured framework in simulated emergency accident train-
ing for cardiac residents and the relationship between structured framework and 
technical or nontechnical skills performance. 

2. Methodology 
2.1. Simulated Training and Video Review 

All the residents, attending surgeons and ICU nurses included in this study were 
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from Changzheng Hospital. The team was composed of one cardiac resident, one 
attending surgeon and two ICU nurses. There were 24 teams dividing into two 
groups by lot: the Group 1 (G1) and the Group 2 (G2). Each group has 12 teams. 
We conducted the simulation training in two separate semesters: the first seme-
ster was from January, 2017 to April, 2017 and the second was from August, 2017 
to November, 2017.  

Two high-fidelity cardiac emergent scenarios were included in our simulation 
training. We created two different emergent scenarios: the first involved a car-
diac arrest occurred in a postoperative patient. In this case, cardiopulmonary 
resuscitation (CPR) is required to save patient’s life. The second involved an 
acute respiratory failure from a patient with severe lung infection. In this case, 
tracheal intubation (TI) is recommended to perform in patient to keep breath-
ing. Before the simulation, an introduction of cardiac emergency was given to all 
the residents, attending surgeons and emergency department nurses through a 
lecture. In the first semester, G1 completed a three-hour interactive education 
about the framework applied in CPR, while G2 received a two-hour framework 
training about TI. In the second semester, G1 received the framework training 
about TI and G2 completed interactive education about framework in CPR 
(Figure 1). 

In the first case, the doctors and nurses were asked to perform CPR based on 
American Heart Association (AHA) guidelines during cardiac arrest occurred in 
ICU suddenly [4]. In the second case, the doctors and nurses were asked to per-
form TI based on the guideline established by the New England Journal of Medi-
cine [5]. The participants conducted these two cases consecutively. Simulations 
used the Emergency Care Simulator (ECS, METI, Sarasota, Florida), which can 
provide operating conditions for both CPR and TI procedures. All the procedures 
were recorded by cameras. One cardiologist and one emergency medicine spe-
cialist reviewed all the videos to evaluate the trainers’ performance independently. 

2.2. Structured Framework 

For each case, a comprehensive structured framework was taught to residents, 
attending surgeons and ICU nurses. In every section, doctors and nurses are wor- 
king together based on framework or their experience. In CPR scenario, the pro-
cedure is divided into 3 sections (Figure 2). In Section 1, when cardiac arrest 
occurs in ICU, doctors or nurses should evaluate patient immediately. Then, in 
Section 2, doctors and nurses should put the patient in supine position, establish 
venous access and monitor patient’s vital signs. If the patient encounters ventri-
cular fibrillation or pulseless ventricular tachycardia, defibrillation is required 
for the patient immediately. And then, CPR cycles are needed. In Section 3, va-
soactive drugs are used to support patient’s heart function. In TI scenario, the 
procedure is also divided into 3 sections (Figure 3). In the first section, doctors 
or nurses should evaluate the patient’s airway and oral condition. And put the 
patient in supine position, choose the tube for TI. Before TI, vital sign monitor-
ing is required. In Section 2, doctor should put in the laryngoscope before TI. At 
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last, mechanical ventilation is carried on. 

2.3. Clinical Scoring 

To assess the effect of framework on simulated cardiac emergency, we evaluate 
the percentage of completed task, the mean time of completed the procedure and 
the score of scenarios. The score of scenarios was evaluated by cardiologist and 
emergency medicine specialist during video review. If there is any discrepancy 
between cardiologist and emergency medicine specialist, the disagreement was 
discussed in the final evaluating meeting by all the cardiologists and emergency 
medicine specialists. As for nontechnical skills, there are 4 categories including 
situation awareness, decision making, communication and resource manage-
ment. Every category has a scale of 1 to 10. The assessment of nontechnical skills 
focuses on the entire team rather than on single individual. The progression of 
framework during simulated scenarios was assessed mainly based on nontech-
nical skills. 

 

 
Figure 1. The framework training flow of cardiopulmonary resuscitation (CPR) and tra-
cheal intubation (TI) in two groups. 

 

 

Figure 2. The three sections of procedure flow of car-
diopulmonary resuscitation (CPR). 
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Figure 3. The three sections of procedure flow of tra-
cheal intubation (TI). 

2.4. Statistics 

The percentage of critical tasks completed was calculated. The mean time of 
CPR and tracheal intubation was showed as mean ± SEM (min). The score of 
scenarios for each team was evaluated by student t test. All the statistical analysis 
was performed by SPSS 20.0 (SPSS, Inc.; Chicago, IL). P < 0.05 was considered as 
statistically significant. 

3. Results 
3.1. Clinical Performance 

In every scenario, the percentage of tasks completed in two semesters was as-
sessed. In the first semester, G1 received a three-hour interactive education about 
the framework applied in CPR, and G2 received a two-hour framework training 
about TI. The average percentages of CPR completed in G1 and G2 were 85% 
(SEM: 6.20%) and 53% (SEM: 5.77%) respectively. The completed percentage of 
CPR in G1 was higher than in G2 (P < 0.001). The average percentages of TI 
completed in G2 was 87% (SEM: 3.96%), higher than G1 (50%, SEM: 5.64%) (P 
< 0.001). In the second semester, G1 received a two-hour framework training 
about TI, and G2 received a three-hour interactive education about the frame-
work applied in CPR. The average percentages of CPR completed in G2 was 87% 
(SEM: 5.36%), compared with G1 (79%, SEM: 5.82%) (P < 0.001). The average 
percentages of TI completed in G1 and G2 were 85% (SEM: 3.69%) and 66% 
(SEM: 8.48%) (P < 0.001). The result of clinical performance was show in Figure 
4. 

3.2. Time of Framework during Simulated Scenarios 

Time consumption is calculated to assess the effect of framework in simulated 
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scenarios. In the first semester, the mean time to complete CPR in G1 was 488 
seconds, shorter than in G2 (637s) (P = 0.025). The mean time to complete TI in 
G2 was 464s, shorter than in G1 (579s) (P = 0.003). In the second semester, the 
mean time to complete CPR in G2 was 517s, shorter than in G1 (550s) (P = 
0.076). The mean time to complete TI in G1 was 485s, shorter than in G2 (534s) 
(P = 0.024). The result of time consumption of CPR and TI was show in Figure 
5. 

3.3. Correlation between Framework Training and Nontechnical  
Skill Performance 

The correlation between framework training and nontechnical skill performance 
was analyzed using combined data from two semesters. We analyzed the correla-
tion between framework training and nontechnical skill performance by four 
categories: situation awareness, decision making, communication and resource 
management (Table 1). There was a significant correlation between framework 
training and communication in simulated scenarios. However, there was no sig-
nificant correlation for situation awareness, decision making and resource man-
agement. 
 

 
Figure 4. The average percentages of two tasks in two 
groups. 

 

 
Figure 5. The time consumption of two groups to complete the cardiopulmonary resus-
citation (CPR) and tracheal intubation (TI) tasks. 
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Table 1. Correlation between framework training and nontechnical skill performance after framework training. 

 
G1 CPR G1 TI G2 CPR G2 TI 

Correlation 
coefficient 

P value 
Correlation 
coefficient 

P value 
Correlation 
coefficient 

P value 
Correlation 
coefficient 

P value 

Situation awareness 0.372 0.066 0.286 0.091 0.282 0.108 0.195 0.196 

Decision making 0.256 0.137 0.302 0.067 0.362 0.071 0.307 0.064 

Communication 0.432 0.012 0.416 0.023 0.408 0.034 0.298 0.041 

Resource management 0.275 0.089 0.354 0.074 0.122 0.298 0.248 0.156 

CPR, cardiopulmonary resuscitation; TI, tracheal intubation. 

4. Discussion 

Our study performed a preliminary analysis to assess the effect of framework in 
simulated cardiac emergency for cardiothoracic training. We evaluated the effect 
of framework by three dimensions: clinical performance, time consumption and 
correlation between framework training and technical skill performance. The 
average percentage of tasks completed in teams which received framework edu-
cation was higher than the ones which did not receive training in both CPR and 
TI simulated scenarios. What is more, the mean time to complete CPR and TI in 
framework trained teams was shorter than non-trained teams. Further, to inves-
tigate the correlation between framework training and nontechnical skills per-
formance, we analyzed it by four categories: situation awareness, decision mak-
ing, communication and resource management. The result showed that there 
was a significant correlation between framework training and communication in 
simulated scenarios. 

Cardiac arrest is a common public health problem after heart surgery. High- 
quality CPR contributes to patient’s prognosis and recovery of nervous system 
function after cardiac arrest [6]. Even with standard training, health care pro-
viders cannot perform CPR during cardiac arrest according to established Ameri-
can Heart Association (AHA) guidelines [7]. Emergency airway management is 
another important issue to avoid life-threatening hypoxia for patient in ICU. 
The time to intubation is associated with patient’s life. Time constraints, com-
peting paperwork and poor engagement are the main barriers to Implementa-
tion of TI [8]. Thus, simulated training is necessity for doctor and nurse to per-
form a high-quality TI during cardiac emergency incident in ICU.  

Technical and nontechnical skills are equally essential to effectively as a team 
in cardiac emergencies. Previous studies showed that teamwork training can re-
duce errors to improve patient safety [9] [10]. Nontechnical skills including 
communication, situational awareness, managing workload and decision making 
are important factors to reduce error in the emergency department [11]. How-
ever, there is limited evidence to assess these factors’ effect after framework train-
ing to improve patient safety and reduce error in cardiac emergency incidence. 
In this study, we created a framework based on four categories to improve the 
performance of teamwork and evaluate the relationship between framework 
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training and nontechnical skill performance. 
Among these nontechnical skills, situation awareness requires the doctor or 

nurse can pick up cues that may need medical action in a sudden incidence and 
relay the massage to the whole team [11]. Besides, doctor and nurse should con-
sider the big picture of patient care in emergency to recover errors [12]. In 
another study, lack of situation awareness, such as insufficient patient monitor-
ing is a critical incident to cardiac arrest [13]. Thus, doctor and nurse should not 
miss any critical illness and keep alert in the ICU, especially for patient who is at 
high risk. Clinical supervision is considered to be important for improving clin-
ical care and enhancing professional confidence [14]. Decision making is a criti-
cal thinking process closely related to professional knowledge and clinical expe-
rience. Decision making has association with surgical adverse events in hospita-
lized patients [15]. Previous studies showed decision making plays increasingly 
important role in cardiac patients care. Shared decision-making could improve 
the quality and experience of care in cardiac patients [16]. Decision making is of 
importance in out of hospital cardiac arrest as well as emergency department. 
Brandling et al conducted a study on UK Emergency Medical Services and found 
that protocol, guidance and confidence could improve the patient outcomes [17]. 
This research emphasized the effect of protocol and guidance on cardiac arrest. 
However, in our study, there was no significant difference between decision mak-
ing and framework training. Communication is a critical nontechnical skill to 
perform high-quality resuscitation. Failure to communicate effectively may lead 
to misunderstanding, resulting in adverse events and poor patient prognosis. 
Our study showed that communication performance was related to framework 
training. Communication between doctor and nurse is an essential component 
of patient safety and error reduction [18]. Resource management is one of the 
five categories in nontechnical skills (NOTECHS) scale for trauma resuscitations 
in teamwork [19]. Resource management skill is a progressive ability and it can 
be improved by simulated training. In our study, the percentage of task com-
pleted increased in educated groups, compared to non-educated groups. After 
framework training, team members clearly filled roles and performed effectively 
in the simulated tasks. 

Technical skills and nontechnical skills are important factors to improve pa-
tient safety and reduce errors. Framework training is a practical approach that 
allows our study performed a preliminary analysis to assess the effect of frame-
work in simulated cardiac emergency for cardiothoracic training. We evaluated 
the effect of framework by three dimensions: clinical performance, Time con-
sumption and correlation between framework training and nontechnical skill 
performance. The average percentage of task completed in teams which received 
framework education was higher than the ones which did not receive training in 
both CPR and TI simulated scenarios. What is more, the mean time to complete 
CPR and TI in framework trained teams was shorter than non-trained teams. 
Further, to investigate the correlation between framework training and nontech-
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nical skill performance, we analyzed it by four categories: situation awareness, 
decision making, communication and resource management. The result showed 
that there was a significant correlation between communication and framework 
training in simulated scenarios. 

Our study had several limitations. First of all, we compared the performance 
of different teams, of which results might be affected by other factors, such as the 
baseline characteristics of different grades. Second, the sample size in our study 
should be increased for more accurate data analysis. Last, since the education 
program was only initiated in recent years, the trainings required further im-
provement and enhancement. 

5. Conclusion 

The framework provides the whole procedure of the task to every participant in 
cardiothoracic training of simulated cardiac emergency. Structured framework 
education can improve nontechnical skills as well as technical skills of doctors 
and nurses. Further, researches should be conducted to evaluate the clinical per-
formance and correlation between technical skills and nontechnical skills in car-
diothoracic training. 
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