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ABSTRACT

Objectives To analyse the short- and long-term effectiveness of simulation training to 

acquire a structured Airway Breathing Circulation Disability Exposure (ABCDE) approach for 

medical emergencies; and to analyse which skills were learned and maintained best.

Design a blinded longitudinal intervention study.

Setting The skills center of the University Medical Centre Groningen. 

Participants Thirty voluntary participants of a simulation-based course were included in this 

study. Their mean age was 27 years. Twenty-one female, nine male.

Intervention The intervention consisted of a two day ABCDE-teaching course for residents 

and non-residents. The course encompasses 24 simulations with a patient simulator in which 

participants perform primary assessments of acute ill patients.

Video recordings were taken of each participant performing a primary assessment, before 

(T1), directly after (T2) and three months after the intervention (T3). 

Main outcome measures  The performance on the primary assessment was measured by 

the mean total rank score, based on video recordings that were taken before (T1), directly 

after (T2) and three months after the intervention (T3). Two observers scored the videos 

using an assessment form, in random order and blinded to the measurement moment.

Results The Wilcoxon signed rank test showed that the performance on the primary 

assessment was much better directly after the course (mean total rank score T2 vs T1 p 

0.000) and this persisted till three months after the course for most skills. The skills that 

deteriorated 3 months after the course, remained significant better than before the course. 

Strikingly, most skills that decrease over time are skills related to communication and 

leadership.

Conclusion
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Simulation training is an effective educational tool to teach doctors the ABCDE primary 

assessment. Communication skills decrease over time, so it could be useful to organize 

refresher courses, team training or another kind of training with a focus on communication 

and leadership. 

Strengths and limitations of this study

Strengths

 This is a longitudinal intervention study using the same environment for 

intervention and  study. 

 The observers rated the videos in random order and were blinded to the 

measurement moment.

Limitations

 A few skills were often scored as “does not apply”, which rendered the number of 

observations for those skills too few to analyse reliable differences. This was 

probably caused by the fact that scenarios contained a life threatening condition 

only in 3 of the 5 main items from the ABCDE. We think that this limitation wasn’t 

of any influence on the results because when an item is scored often as “does not 

apply” it doesn’t help to discriminate in quality of performance. 

 The participants knew they were a study subject. We do not know if they have 

prepared for the study scenario. This might have influenced the study scores at T1 

and T3.
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Key messages

What is already known on this subject?

 Using a structured “Airway-Breathing-Circulation-Disability-Exposure” (ABCDE) 

approach in the primary assessment for early recognition and immediate 

treatment of life threatening conditions has become the standard approach in 

Medical Emergencies. 

 Competence in the ABCDE approach is mainly trained using simulation training, 

while little research has been done to analyse the effectiveness of simulation 

training in acquiring this structural approach.

What this study adds?

 This is the first study investigating the effectiveness of simulation training aimed at 

teaching doctors a systematic primary assessment using the ABCDE approach. 

 This study demonstrated that simulation training is effective in teaching the ABCDE 

approach.

 Strikingly, analysis of all separate skills showed that communications kills 

deteriorate the most over time.
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INTRODUCTION

Background

In emergency medicine, assessing incoming patients in life threatening conditions following 

a structured approach is considered essential for successful resuscitation. A structured 

approach facilitates optimal use of time and resources for early recognition of deterioration, 

especially in the so-called 'golden hour', which refers to a time period of one hour or less 

following traumatic injury or medical emergency,[1, 2]. This golden hour during which 

resuscitation could be most beneficial has been recognized in several emergencies such as 

trauma, stroke, sepsis and shock,[3-5]. Using the structured approach “Airway-Breathing-

Circulation-Disability-Exposure” (ABCDE) in the primary assessment for early recognition and 

immediate treatment of life threatening conditions has been the standard approach in 

trauma for decades and the use of the ABCDE primary assessment has also increased in 

other medical emergencies in recent years. 

Importance

Solid empirical evidence for the usefulness of the ABCDE approach and its clinical benefits to 

patients is limited,[5, 6]. Despite this, the Dutch inspection for healthcare (IGZ) requires that 

physicians treating non-trauma patients in the emergency department are ABCDE 

trained,[7].Therefore, completing an ABCDE course is mandatory for working on the ED. 

These courses usually contain lectures and simulation scenario training. Despite the wide 

use of simulation training for teaching the systematic ABCDE approach, little research has 

been done to analyse the effectiveness of simulation training in acquiring this structural 

approach. Simulation training has been proven to be effective for learning technical skills 

and maintaining skills that are not frequently used in daily practice, like airway management 
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and surgical skills,[8-10]. Simulation training can also improve communication, efficiency and 

safety during teamwork,[11-13]. A few studies based on self-perceptions showed that 

simulation training improved, participants confidence levels; they felt more competent in 

applying the ABCDE approach and several other skills,[14-16].

To our knowledge, it has not been investigated before whether simulation training actually 

improves the doctors’ skills in performing this structured approach. 

Our study focused on the effectiveness of simulation training for learning the systematic 

ABCDE approach. Our main goal was to analyse the short- and long-term effectiveness of 

simulation training to acquire a structured ABCDE approach. Furthermore, we wanted to 

analyse which skills and competences were acquired and maintained best.

METHODS

Study design  

We conducted an interventional cohort study. The intervention consisted of a two day 

simulation-based ABCDE-teaching course for residents and non-residents. The 

measurements through video recordings were obtained before (T1), directly after (T2) and 

approximately three months after the intervention (T3).

Three simulation scenario’s  (I,II and III) with different medical emergencies were specifically 

designed for this study, but were of comparable difficulty as the course simulation 

scenario’s. All simulations contained a life threatening condition in 3 of the 5 main items 

from the ABCDE to offer variable and realistic scenarios with the same degree of difficulty. 

The simulations were offered in random order, to prevent bias caused by the type or 
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difficulty of the simulation. This means that each participant received three different 

simulations and the three simulations were equally divided over the three different time 

measurements.

We developed an assessment form (Figure 1) to evaluate the participants' performance with 

regard to skills and competences essential to medical emergencies. The assessment form 

was divided in 5 categories according to the ABCDE structure. In each category, the skills or 

competences could be rated on a 2 (agree, not agree) or 5-point scale (agree, partially agree, 

partially not agree, not agree or does not apply).

Intervention

The ABCDE course is a  two-day course which exists for ten years now.  It includes mainly 

simulation training and two theoretical lectures about airway management and ALS. 

Previous to this course, the participants receive a book with mandatory chapters describing 

the ABCDE approach and various acute medical emergencies. The course encompasses 24 

simulations with a patient simulator in which participants perform primary assessments of 

acute ill patients. In 8 scenarios, they participate in the role as a physician; in the other 

scenarios, they are in the role of “non-obstructing nurse” or observer.

The participants receive a certificate if they pass the theoretical test and if they are, 

according to the instructors, capable of performing a structured primary assessment of an 

acute ill patient, with recognition and resuscitation of life-threatening conditions and clear 

communication.

Study setting and population
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We approached all participants of this two-day course to voluntarily participate in the study 

between August 2012 and March 2014.

The study participants were invited to act in a simulation as physician at three different 

moments, separate from the course. We instructed them to perform a primary assessment 

following the ABCDE approach. 

This study used the patient simulator Laerdal Resusci Anne SkillTrainer with an upgrade 

Vitale Signs Sim Software Complete package, which is also used during the course. This 

simulator features heart and lung sounds, chest excursions, pulses and can show all vital 

signs on a separate monitor. With a separate computer, the sounds and vital signs can be 

changed during the scenario, to simulate several acute medical conditions.

During the video recordings, the simulator, materials and environment were the same as 

during the course.  

Study Protocol

The first recording (T1) was taken 1-2 weeks prior to the course. The second recording (T2) 

was taken within 1 week after the course. The third and last recording (T3) was taken 

approximately three months after the course. 

The research team consisted of 5 physicians, who were also course instructors. They were all 

instructed in detail to only facilitate the simulation and not help the participant in any way. 

Two emergency physicians, who were also course instructors but who were not involved in 

the recordings, independently rated the recorded primary assessments on the assessment 

form (Figure 1). The observers rated the videos in random order and were blinded to the 

measurement moment.
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Measurements

The primary outcome of this study was the improvement in primary assessment scores of 

participants as a result of the ABCDE simulation training. We also investigated whether the 

skills acquired were maintained over a period of three months and which skills and 

competences were learned and maintained best.

Data analysis

To perform the statistical analysis, IBM SPPSS version 23.0 was used. In all analyses, a p-

value of < 0.05 was regarded as significant. 

Each skill or competence on the assessment form had a lowest score of 0 and a highest score 

of 1, so the weight of each item was the same, independent of the 2 or 5 point scale 

(agree=1, partially agree=0.67, partially not agree=0.33, not agree=0).

Because some skills or competences were marked as not applicable, we calculate mean 

scores in each category (A, B, C, D, E and remaining items). In each category the maximal 

score to obtain was 1. Therefore the maximal total score to obtain on the primary 

assessment was 6. 

The interobserver reliability between the scores given by the two observers for the three 

different time measurements was calculated using the Spearman’s rank correlation test (for 

T1, T2 and T3 (resp. R 0.81, 0.61, and 0.80). This interobserver reliability was generally high 

enough to average the mean scores of the two observers for each participant at T1, T2 and 

T3 for use in further analyses.
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We used the Friedman test for three related samples to compare the mean rank total score 

of the whole group on the primary assessment at T1, T2 and T3. 

We used the Wilcoxon signed rank test to compare the mean rank total scores on the 

primary assessment and to compare each scored item separately between T1 and T2, 

between T2 and T3 and between T1 and T3, based on the performance of each individual 

participant.

RESULTS

Characteristics of study subjects

We enrolled thirty participants in this study. Twenty-one were female, nine were male. Their 

mean age was 27 years (range 24-35, SD 2.77), their mean work experience was 11 months 

(range 0-48, SD14.4).

The video recording of T3 of one participant was last due to technical problems. 

Main results

The mean total scores on the primary assessment of the whole group at T1, T2 and T3 were 

2.90, 5.06, and 4.67 respectively (Table 1 and Figure 2).

Table 1: Total scores on the primary assessment of the whole group at T1, T2 and T3

Time Mean  SD Median

1 2.90  0.88 2.79

2 5.06  0.48 5.22

3 4.67  0.75 4.70
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Friedmans test showed that the mean rank total scores of the whole group on the primary 

assessment at T1, T2 en T3 were 1.14, 2.62 and 2.24, respectively. Wilcoxon signed rank test 

showed that the mean rank total score on the primary assessment at T2 (directly after the 

course) was significantly higher than the mean rank total score at T1 (before the course, 

table 2). The mean rank total score on the primary assessment at T3 (three months after the 

course) was significantly lower than the mean rank total score at T2, but remained 

significantly higher than the mean rank total score at T1 (Table 2).

Table 2: Wilcoxon rank test for the mean rank total score on the primary assessment

Difference Significance

T1 < T2 P = 0.000

T2 > T3 P = 0.035

T3 > T1 P = 0.000

The separate skills or competences were almost all scored significantly higher at T2 than at 

T1 (36 out of 41). Only the score on “resuscitates adequately in the E” did not differ 

significantly between T1 and T2. The other 4 skills could not be analysed as they were scored 

too often as “does not apply” (Table 3).  

The separate skills most often showed no significant difference between T2 and T3 (30 out 

of 41).  The skills (7 out of 41), “mentions deviating findings in the C”,  “recognizes life 

threatening conditions in the C”, “ mentions conclusions in the C”, “examines D completely”, 

“communicates clearly”, “shows confidence” and “shows good leadership” were scored 
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significantly lower at T3 than at T2, but significant higher than at T1 (Table 4). Again, the 

other 4 skills could not be analysed as they were scored too often as “does not apply” (Table 

3).  

Table 3:  Skills and competences that were not possible to analyse due to low numbers

Skill/Competence

recognizes life-threatening conditions in the B

resuscitate adequately in the B

orders right additional diagnostics in the D

orders right additional diagnostics in the E

Table 4: Wilcoxon signed rank test for separate skills and competences that decreased 

between T2 and T3

Skill/Competence Difference Significance

mentions deviating findings in the C T2 > T3 and T1 < T3 P = 0.004 and P = 0.003

recognizes live-threatening conditions in the C T2 > T3 and T1 < T3 P = 0.035 and P = 0.005

mentions conclusions in the C T2 > T3 and T1 < T3 P = 0.044 and P = 0.002

examines the D completely T2 > T3 and T1 < T3 P = 0.001 and P = 0.000

communicates clearly T2 > T3 and T1 < T3 P = 0.010 and P = 0.000

shows confidence T2 > T3 and T1 < T3 P = 0.019 and P = 0.000

shows good leadership T2 > T3 and T1 < T3 P = 0.049 and P = 0.000
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DISCUSSION

Our study is the first to demonstrate the positive effect of teaching the ABCDE approach for 

medically ill patients using simulation. This effect persists even 3 months after completing 

the course although some decline in participant performance on the primary assessment 

was seen. 

We found that most skills and competences are learned and maintained very well. 

Strikingly, most skills (five out of seven) that decrease over time are skills related to 

communication and leadership (Table 4). This is illustrated by a decrease in time of 

“recognition of life threatening conditions in the C”, while the scores on the resuscitation 

skills did not decline. It is possible that the lower score reflect ‘not thinking out loud’ rather 

than failing to recognize a life threatening condition.  

This decrease in communication suggests that focusing on communication and leadership by 

refresher courses or team training, after completing a simulation course, may be an 

important topic for physicians to maintain their skills. The positive effect of team training for 

these non-technical skills has already been shown,[11-13].    

Another skill that does not yield scores as high as most other skills after three months, is a 

complete examination of the Disability. A possible explanation for this finding is that the 

participants decide on the level of consciousness of the patient, determined by the EMV 

(Glascow coma score), whether it is necessary to examine certain components of the 

Disability. The performance of the EMV does not decrease over time. This finding is in line 
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with previous research from our group on primary assessment completeness showing that 

during the primary assessment in the emergency department, residents and experienced 

staff have equal, but not maximum ABCDE completeness scores (83 instead of 100),[17]. This 

outcome may reflect that a score of 100 is not necessary to exclude potential life 

threatening diseases or stabilize the patients. 

Limitations

It was not possible to assess all specific skills in each simulation due to reality of the 

scenario. A few skills were often scored as “does not apply”, which rendered the number of 

observations for those skills too few to analyse reliable differences. This was probably 

caused by the fact that scenarios contained a life threatening condition only in 3 of the 5 

main items from the ABCDE. 

We think that this limitation wasn’t of any influence on the results because when an item is 

scored often as “does not apply” it doesn’t help to discriminate in quality of performance. 

Finally, the participants knew they were a study subject. We do not know if they have 

prepared for the study scenario. This might have influenced the study scores at T1 and T3.

 

Conclusion

Simulation training is an effective educational tool to teach doctors to perform a structured 

primary assessment using the ABCDE. Communication skills tend to decrease over time, so it 

will be useful to organize refresher courses, team training or another kind of training with a 

focus on communication and leadership. 
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Figure 1: ABCDE Assessment Form

Primary assessment

A - examines the airway
- mentions  threatened airway 
- applies airway maneuvers
- applied oxygen

agree / disagree
agree / disagree/ d.n.a.
agree / partially agree / partially disagree / disagree / d.n.a. 
agree / disagree/ d.n.a.

B - examines B completely (color, trachea, resp. rate, excursions,   
  accessory muscle, percussion, auscultation, saturation                                                        
- gives nurse the right orders 
- mentions deviating findings 
- recognizes life-threatening conditions
- orders right additional diagnostics
- mentions conclusions/interpretation
- resuscitate adequately

1 - 2 - 3 - 4 - 5 - 6 - 7 – 8

agree / partially agree / partially disagree / disagree / d.n.a.
agree / partially agree / partially disagree / disagree / d.n.a.
agree / disagree / d.n.a.
agree / disagree / d.n.a.
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree / d.n.a.

C - examines C completely (acra, central pulse, heartrate,  
  bloodpressure, cap.refill, CVD, heartsounds)                                               
- gives nurse the right orders 
- mentions deviating findings 
- recognizes life-threatening conditions
- orders right additional diagnostics
- mentions conclusions/interpretation
- resuscitate adequately 

1 - 2 - 3 - 4 - 5 - 6 - 7

agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree 
agree / disagree / d.n.a.
agree / disagree / d.n.a.
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree / d.n.a.

D - examines D completely  (EMV, pupils, meningitis, glucose)
- applies EMC correctly
- mentions deviating findings 
- recognizes life-threatening conditions
- orders right additional diagnostics
- mentions conclusions/interpretation
- resuscitate adequately

1 - 2 - 3 – 4
agree / partially agree / partially disagree / disagree
agree / partially agree / partially disagree / disagree/ d.n.a.
agree / disagree / d.n.a.
agree / disagree / d.n.a.
agree / partially agree / partially disagree / disagree
agree / partially agree / partially disagree / disagree / d.n.a.

E - examines E completely (temperature, head-to toe)
- gives nurse the right orders 
- mentions deviating findings 
- orders right additional diagnostics
- mentions conclusions/interpretation
- resuscitate adequately

1 – 2 
agree / partially agree / partially disagree / disagree/ d.n.a.  
agree / partially agree / partially disagree / disagree/ d.n.a.  
agree / disagree / d.n.a.
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree / d.n.a.

R
E
M
A
I
N
I
N
G

- adequately asks for help
- communicates clearly 
- summarizes adequately 
- draws the right conclusions
- clinical reasoning is adequately 
- works structured
- stays calm 
- shows confidence
- shows good leadership

agree / partially agree / partially disagree  / disagree 
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree
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Figure 2: Boxplot comparing Total score on primary assessment at T1, T2 and T3.
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Supplemental file: Wilcoxon signed rank test for all separate skills and competences

Wilcoxon

Skill/Competence Difference Significance

examines the airway T1<T2, T2=T3 and T1=T3 p=0.034,p=0.157 and p=0.206

mentions threatened airway T1<T2, T2=T3 and T1<T3 p=0.008, p=1.000 and p=0.007

applies airway maneuvers T1<T2, T2=T3 and T1<T3 p=0.000, p=0.281 and p=0.001

applies oxygen T1<T2, T2=T3 and T1<T3 p=0.006, p=0.739 and p=0.001

examines B completely T1<T2, T2=T3 and T1<T3 p=0.001, p=0.210 and p=0.015

gives nurse the right orders in the B T1<T2, T2=T3 and T1<T3 p=0.003, p=0.317 and p=0.003

mentions deviating findings in the B T1<T2, T2=T3 and T1<T3 p=0.000, p=0.119 and p=0.002

recognizes life-threatening conditions in B T1<T2, T2=T3 and T1<T3 N= to low

orders right additional diagnostics in the B T1<T2, T2=T3 and T1<T3 p=0.020 (n=15), p=1.000 
(N=13) and p=0.031 N=14

mentions conclusions/interpretation in the B T1<T2, T2=T3 and T1<T3 p=0.000, p=0.192 and p=0.000

resuscitate adequately in the B T1<T2, T2=T3 and T1<T3 N= to low

examines C completely T1<T2, T2=T3 and T1<T3 p=0.000, p=0.774 and p=0.001

gives nurse the right orders in the C T1<T2, T2=T3 and T1<T3 p=0.000, p=0.381 and p=0.000

mentions deviating findings in the C T1<T2, T2>T3 and T1<T3 p=0.000, p=0.004 and p=0.003

recognizes life-threatening conditions in C T1<T2, T2>T3 and T1<T3 p=0.000, p=0.035 and p=0.005

orders right additional diagnostics in the C T1<T2, T2=T3 and T1=T3 p=0.016, p=0.083 and p=0.052

mentions conclusions/interpretation in the C T1<T2, T2>T3 and T1<T3 p=0.000, p=0.044 and p=0.002

resuscitate adequately in the C T1<T2, T2=T3 and T1<T3 p=0.000, p=0.637 and p=0.002

examines D completely                                                     T1<T2, T2>T3 and T1<T3 p=0.000, p=0.001 and p=0.000

applies EMV (Glascow coma score) correctly T1<T2, T2=T3 and T1<T3 p=0.000, p=0.200 and p=0.021

mentions deviating findings in the D T1<T2, T2=T3 and T1<T3 p=0.000, p=0.117 and p=0.001

recognizes life-threatening conditions in D T1<T2, T2=T3 and T1<T3 p=0.000, p=0.108 and p=0.008

orders right additional diagnostics in the D T1<T2, T2=T3 and T1<T3 N=to low

mentions conclusions/interpretation in the D T1<T2, T2=T3 and T1<T3 p=0.000, p=0.141 and p=0.000

resuscitate adequately in the D T1<T2, T2=T3 and T1<T3 p=0.000, p=0.230 and p=0.001

examines E completely                                            T1<T2, T2=T3 and T1<T3 p=0.003,p=0.465 and p=0.015

gives nurse the right orders in the E T1<T2, T2=T3 and T1<T3 p=0.000,p=0.059 and p=0.000

mentions deviating findings in the E T1<T2, T2=T3 and T1<T3 p=0.000, p=0.360 and p=0.000

orders right additional diagnostics in the E T1<T2, T2=T3 and T1<T3 p=0.564 (N=5), N= to low 
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mentions conclusions/interpretation in the E T1<T2, T2=T3 and T1<T3 p=0.000, p=0.245 and p=0.000

resuscitate adequately in the E T1<T2, T2=T3 and T1<T3 p=0.10 (N=13), p=0.139 
(N=11), p=0.324 (N=13)

adequately asks for help T1<T2, T2=T3 and T1<T3 p=0.005, p=0.768 and p=0.039

communicates clearly T1<T2, T2>T3 and T1<T3 p=0.000, p=0.010 and p=0.000

summarizes adequately T1<T2, T2=T3 and T1<T3 p=0.000, p=0.062 and p=0.000

draws the right conclusions T1<T2, T2=T3 and T1<T3 p=0.000, p=0.527 and p=0.000

clinical reasoning is adequately T1<T2, T2=T3 and T1<T3 p=0.000, p=0.398 and p=0.000

works structured T1<T2, T2=T3 and T1<T3 p=0.000, p=0.490 and p=0.000

stays calm T1<T2, T2=T3 and T1<T3 p=0.000, p=1.000 and p=0.000

shows confidence T1<T2, T2>T3 and T1<T3 p=0.000, p=0.010 and p=0.000

shows good leadership T1<T2, T2>T3 and T1<T3 p=0.000, p=0.019 and p=0.000
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item 
No Recommendation

(a) Indicate the study’s design with a commonly used term in the title or the abstract    Page 1   Title and abstract 1
(b) Provide in the abstract an informative and balanced summary of what was done and what was found   Page 4

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported   Page 7 and 8
Objectives 3 State specific objectives, including any prespecified hypotheses   Page 8

Methods
Study design 4 Present key elements of study design early in the paper   Page 8-9
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection   Page 9-10

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up Page 9
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control selection. Give the rationale 
for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants                                    

Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable Page 8-
10

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment 
methods if there is more than one group   Page 11-12

Bias 9 Describe any efforts to address potential sources of bias Page 8-11
Study size 10 Explain how the study size was arrived at   (no effectsize known)
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why  

(a) Describe all statistical methods, including those used to control for confounding    Page 11-12
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed    Page 11

Statistical methods 12

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
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(e) Describe any sensitivity analyses    Page 11 (interobserver reliability)
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Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the 
study, completing follow-up, and analysed   Page 12
(b) Give reasons for non-participation at each stage   

Participants 13*

(c) Consider use of a flow diagram   
(a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential confounders  Page 11
(b) Indicate number of participants with missing data for each variable of interest   Page 12 and supplemental file 

Descriptive 
data

14*

(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Cohort study—Report numbers of outcome events or summary measures over time Page 12-14
Case-control study—Report numbers in each exposure category, or summary measures of exposure

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary measures    
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which 
confounders were adjusted for and why they were included    Page 12-14, Table 1-4
(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses   Page 11  (interobserver reliability)

Discussion
Key results 18 Summarise key results with reference to study objectives  Page 15-16
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias 

Page 16
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant 

evidence  Page 15-16
Generalisability 21 Discuss the generalisability (external validity) of the study results  Page 16

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based   

Page 3

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
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Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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ABSTRACT

Objectives To investigate short- and long-term effectiveness of simulation training to 

acquire a structured Airway Breathing Circulation Disability Exposure (ABCDE) approach for 

medical emergencies; and to examine which skills were learned and maintained best.

Design an observational intervention study with a 3-months follow-up.

Setting Skills centre of the University Medical Center Groningen. 

Participants Thirty voluntary participants (mean age 27 years, 21 females, 9 males) of a 

simulation-based course. 

Intervention A two-day ABCDE-teaching course for residents and non-residents. The course 

encompasses 24 simulations in which participants perform primary assessments of acute ill 

patients. Video recordings were taken of each participant performing a primary assessment, 

before (T1), directly after (T2) and three months after the intervention (T3). 

Main outcome measures Physicians’ performance in the ABCDE primary assessment at T1, 

T2 and T3. Two observers scored the primary assessments, blinded to measurement 

moment, using an assessment form to evaluate the performance with regard to skills 

essential for a structured ABCDE approach. The Friedman and Wilcoxon signed-rank test 

were used to compare physicians’ performances on the subsequent measurement 

moments. 

Results The mean rank scores on the primary assessment at T1, T2 and T3 were 1.14, 2.62 

and 2.24, respectively (Table 1), and were significantly different, (p< 0.001). 

The mean rank scores on the total primary assessment directly after the course (T2 vs T1 

p<0.001) and three months after the course (T3 vs T1 p<0.001) were significantly better than 

before the course. Certain skills deteriorated during the three months follow-up.  Strikingly, 

most skills that decrease over time are Crew Resources Management (CRM)-skills.

Page 5 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

5

5

Conclusion

A course using simulation training is an effective educational tool to teach physicians the 

ABCDE primary assessment. Certain CRM-skills decrease over time, so we recommend 

organizing refresher courses, simulation team training or another kind of simulation training 

with a focus on CRM-skills. 

Strengths and limitations of this study

Strengths

 This is an observational intervention study measuring the 3-months effect of a 

simulation course. 

 This study used the same environment for intervention and study. 

 The observers were blinded to measurement moment during this study on 

participants’ performance on the primary assessment using the ABCDE approach.

Limitations

 The fact that the observers might have been also the instructor of some study 

participants, may have influenced their ratings for a few participants, but potential 

bias was minimized by offering the videos in random order and blinded to 

measurement moment and our study focused on the outcomes at group level and 

not individual outcomes. 

 There might be bias in the fact that we do not know if the participants have 

prepared for the study scenario at T1 and T3 (the Hawthorne effect), whereas 

preparation for T3 might result in an overestimation of the actual course 

effectiveness at follow-up, preparation at T1 might result in an underestimation of 

the effectiveness of the course on both T2 and T3. 
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INTRODUCTION

Background

In emergency medicine, assessing incoming patients in life-threatening conditions according 

to a structured approach is considered essential for successful resuscitation. The most 

widely used structured approach for early recognition and immediate treatment of life-

threatening conditions is the “Airway-Breathing-Circulation-Disability-Exposure” (ABCDE) 

approach. The ABCDE approach is taught in the Advanced Trauma Life Support (ATLS) since 

1978 and has been the standard approach in trauma since [1-3].

The use of the ABCDE primary assessment has also increased in other medical emergencies 

in recent years [4-7]. 

Using the ABCDE approach likely improves outcomes by helping health care professionals 

focus on the most life-threatening clinical problems and perform immediate resuscitation. 

Although solid empirical evidence for the usefulness of the ABCDE approach and its clinical 

benefits to patients is limited[1, 2], the importance of early treatment in the so-called 'golden 

hour' – which refers to a time period of one hour or less following traumatic injury or 

medical emergency during which resuscitation could be most beneficial – has been 

recognized in several emergencies such as trauma, stroke, sepsis and shock [1-5, 8-11].

Importance

The Dutch inspection for healthcare (IGZ) requires that physicians treating non-trauma 

patients in the emergency department are ABCDE qualified [12]. Therefore, completing an 

ABCDE course is mandatory for physicians who work at the Emergency Department (ED). 

These courses usually contain lectures and simulation scenario training. Despite the wide 

use of simulation training for teaching the systematic ABCDE approach, little research has 
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been done to analyse the effectiveness of simulation training in acquiring this structural 

approach. Simulation training has been proven to be effective for learning technical skills 

and maintaining skills that are not frequently used in daily practice, like airway management 

and surgical skills [13-15]. Simulation training can also improve communication, efficiency and 

safety during teamwork [16-18]. A few studies based on self-perceptions showed that 

simulation training improved participants’ confidence levels; they felt more competent in 

applying the ABCDE approach and several other skills [3, 19-21].

To our knowledge, it has not been investigated before whether simulation training actually 

improves physicians’ skills in performing the structured ABCDE approach. 

Our study focused on the effectiveness of simulation training to acquire a structured ABCDE 

approach. Our main goal was to analyse the short- and long-term effectiveness of simulation 

training to acquire a structured ABCDE approach. We analysed the improvement in 

physicians’ primary assessment scores as a result of the ABCDE simulation training. 

We also investigated whether the skills acquired were maintained over a period of three 

months and which skills and competences were learned and maintained best.

METHODS

Study design  

We conducted an observational intervention study. The intervention consisted of a two-day 

simulation-based ABCDE teaching course. The measurements through video recordings were 

obtained before (T1), directly after (T2) and approximately three months after the 

intervention (T3).
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Three simulation scenarios (I, II and III) with different medical emergencies were specifically 

designed for this study. Scenario I was a case with pneumosepsis and hypoglycaemia, a 

partially obstructed airway due to low consciousness and shock. Scenario II concerned a case 

with obstructive shock caused by pulmonary embolism and an opioid overdose with altered 

consciousness. Scenario III was a case with meningococcal sepsis with a partially obstructed 

airway due to low consciousness, bronchospasm and shock. We have designed three 

different and realistic scenarios with comparable difficulty by creating a life-threatening 

condition which needs resuscitation in three of the five main items from the ABCDE. 

To prevent bias caused by the type or difficulty of the simulation, we varied the order in 

which participants had to complete the three simulation scenarios in such a way that the 

different scenario sequences were equally divided over T1, T2 and T3 (participant 1: T1 

scenario A, T2 scenario B, T3 scenario C; participant 2: T1 scenario B, T2 scenario C, T3 

scenario A; participant 3: T1 scenario C, T2 scenario A, T3 scenario B, etcetera). We made a 

schedule in which the order of the scenarios was prescribed for each participant and 

participants were divided over the schedule in order of inclusion. 

We developed an assessment form (Figure 1) to evaluate the participants' performance 

regarding skills and competences essential to assess medical emergencies. The assessment 

form was divided in six categories; five concerned the ABCDE structure and the sixth one 

contained remaining items. The remaining items focus on some Crew Resources 

Management (CRM) skills, like collaboration, communication, acknowledge own boundaries, 

and leadership. In each category, the skills or competences could be rated on a two- (agree, 

not agree, does not apply) or four-point scale (agree, partially agree, partially not agree, not 

agree or does not apply). We have added the option “does not apply”, because some skills 

were not required in some simulation scenarios. In the categories B, C, D and E also the 
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number of examined items during the physical examination were scored. The following 

items could be scored; in the B: skin color, trachea position, respiratory rate, thorax 

excursions, breathing effort, lung percussion, lung auscultation and saturation; in the C: 

circulation of extremities, central pulse, heart rate, blood pressure, capillary refill, central 

venous pressure, heart sounds; in the D: Glasgow Coma Scale (EMV), pupils, neck stiffness, 

glucose; in the E: temperature, head to toe examination (Figure 1).

Intervention

The ABCDE course is a two-day course for non-residents and first year residents which exists 

for ten years now. For most participants, it is a mandatory course that they need to pass 

before they are allowed to work in the ED. The course consists mainly of simulation training 

and two theoretical lectures about airway management and Advanced Life Support (ALS). 

Previous to this course, the participants receive a book with chapters describing the ABCDE 

approach and various acute medical emergencies. 

The course focuses on learning to recognize and treat life-threatening conditions, but also 

pays attention to some CRM-skills necessary for an efficient ABCDE approach.

This course is given in the skills centre in a room similar to a resuscitation room in the ED. 

The patient simulator used is a Laerdal Resusci Anne SkillTrainer with an upgrade Vitale Signs 

Sim Software Complete package. This simulator features heart and lung sounds, chest 

excursions, pulse and can show all vital signs on a separate monitor. With a separate 

computer, the sounds and vital signs can be changed during the scenario, to simulate several 

acute medical conditions.
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Each course group consists of six participants and two instructors. During the simulation 

rounds the group is split in half and two scenarios are run simultaneously in two separate 

rooms.

The course encompasses a total of 24 simulations with a patient simulator in which 

participants perform the primary assessment of acute ill patients. In each scenario, the role 

of physician, “non-obstructive nurse” and observer are assigned to the three participants. 

One of the instructors operates the simulator and leads the debriefing afterwards.  

In eight scenarios, the participants fulfil the role of physician; in the other scenarios, they 

take up the role of “non-obstructing nurse” or observer. 

The participants receive a certificate if they pass the theoretical test and if they are, 

according to the instructors, capable of performing a structured primary assessment of an 

acute ill patient, with recognition and resuscitation of life-threatening conditions and 

adequate CRM-skills.

All course instructors are experts in the field of acute medicine, and experienced and 

certified course instructors.  

Study setting and population

This study was conducted in the same skills centre as were the course took place. During the 

video recordings, the simulator, materials and environment were also the same as during 

the course. 

We approached all participants prior to this two-day course by e-mail and invited them to 

participate voluntarily in the study between August 2012 and December 2013. We 

endeavoured to achieve a save response environment by a statement in the invitation e-mail 

that declining to participate in the study would not influence their course results.
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The three measurement moments were scheduled in consultation with the participants, 

separate from the course. For each measurement moment, study participants were 

instructed to act in a simulation scenario as physician and to perform a primary assessment 

according to the ABCDE approach. One of the researchers participated as “non-obstructive” 

nurse and one researcher operated the simulator and computer.

Patient and public involvement 

Participants of this study were not involved in the development of the research question, 

design or outcome measures. All participants of the study participated voluntarily. 

Study Protocol

The first recording (T1) took place one to two weeks prior to the course. The second 

recording (T2) took place within one week after the course. The third recording (T3) took 

place between three to four months after the course.

The research team consisted of five physicians, who were also course instructors. They were 

all instructed in detail to only facilitate the simulation and not help the participant in any 

way. 

The observers were two emergency physicians, who were also course instructors, but who 

were not part of the research team and therefore not involved in the recordings. The 

observers received specific instructions how to score each item on the assessment form. 

They independently rated the recorded primary assessments in random order and were 

blinded to the measurement moment.
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Measurements

Each skill or competence on the assessment form had a lowest score of 0 and a highest score 

of 1, so the weight of each item was the same, independent of the two- (0 = not agree, 1 = 

agree, not applicable = missing value) or four-point scale (agree=1, partially agree=0.67, 

partially not agree=0.33, not agree=0, not applicable = missing value) or the number of 

examined items during the physical examination. 

Because some skills or competences were marked as not applicable, we calculated mean 

scores in each category (A, B, C, D, E and remaining items) based on the skills and 

competences which actually were applicable. In each category the maximal score to obtain 

was 1. Therefore, the maximal total score to obtain on the primary assessment for each 

scenario was 6 and the minimal score was 0. 

Data analysis

To perform the statistical analysis, IBM SPPSS version 23.0 was used. In all analyses, a p-

value of < 0.05 was regarded as significant. 

The inter-observer reliability between the scores given by the two observers for the three 

different time measurements was calculated using the Spearman’s rank correlation test (for 

T1, T2 and T3 (resp. R 0.81, 0.61, and 0.80). This inter-observer reliability was generally high 

enough to average the mean scores of the two observers for each participant at T1, T2 and 

T3 for use in further analyses.

We used the Friedman test for three related samples to analyse whether the total primary 

assessment scores of the entire group of participants differed between the three 

measurement moments. The Friedman test compares the mean rank scores at T1, T2 and 
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T3.  The mean rank score is calculated by ranking the score of each participant on T1, T2 and 

T3 and then calculating the mean rank of the entire group on T1, T2 and T3. 

We used the Wilcoxon signed-rank test for two related samples to analyse whether the total 

primary assessment scores of the entire group of participants differed between two 

measurement moments and whether each skill or competence differed between two 

measurement moments. The Wilcoxon signed-rank test also uses the mean rank scores. 

RESULTS

Characteristics of study subjects

Between August 2012 and December 2013, 27 courses were given to six participants each. 

From the total of 162 course participants 30 participants volunteered for this study. 21 were 

female, nine were male. Their mean age was 27 years (range 24-35, SD 2.77), their mean 

work experience was 11 months (range 0-48, SD14.4). Most participants did not have any 

experience with simulation training at all (18 out of 30), some participants had done some 

training in their own department, like ALS or Basic Life Support (BLS) (7 out of 30), from five 

participants we do not know whether they had any experience with simulation training.

The video recording of T3 of one participant was lost due to technical problems. 

Main results

The mean scores on the total primary assessments were 2.90, 5.06, and 4.67 at T1, T2 and 

T3 respectively (Table 1 and Figure 2). The maximal score possible was 6.

The mean rank scores of the entire group on the total primary assessments at T1, T2 en T3 

were 1.14, 2.62 and 2.24, respectively (Table 1), and they were significantly different, (p< 

0.001). 
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The mean rank score on the total primary assessment at T2 (directly after the course) was 

significantly higher than the mean rank score at T1 (before the course, table 1). The mean 

rank score on the total primary assessment at T3 (three months after the course) was 

significantly lower than the mean rank score at T2, but remained significantly higher than 

the mean rank score at T1 (Table 1).

Table 1: Scores on the total primary assessment of the whole group at T1, T2 and T3

Time N Mean SD Median Mean rank score Wilcoxon signed-rank test

1 30 2.90 0.88 2.79 1.14 T1 < T2, p<0.001

2 30 5.06 0.48 5.22 2.62 T2 > T3, p<0.05

3 29 4.67 0.75 4.70 2.24 T3 > T1, p<0.001

The separate skills or competences were almost all scored significantly higher at T2 than at 

T1 (36 out of 41). With respect to the remaining skills, four could not be included in our 

analyses as they were scored too often as “does not apply”, which rendered the number of 

observations for those skills < N=10, which was too low to ascertain differences in a reliable 

way. For only one skill – “resuscitates adequately in the E” – we did not find a significant 

difference between T1 and T2.

Most of the separate skills did not show significant differences between T2 and T3 (30 out of 

41). The skills (7 out of 41), “mentions abnormal findings in the C”, “recognizes life 

threatening conditions in the C”, “mentions conclusions in the C”, “examines D completely”, 

“communicates clearly”, “shows confidence” and “shows good leadership” were scored 

significantly lower at T3 than at T2, but significantly higher than at T1 (Table 2).  
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Table 2: Outcomes for separate skills and competences that decreased between T2 and T3

Skill/Competence Mean SD Wilcoxon signed-rank test

T1 T2 T3 T1 T2 T3 N=

mentions abnormal 
findings in the C

0.52 0.94 0.82 0.33 0.11 0.18 29 T2 > T3 
T1 < T3

p<0.01 
p<0.01

recognizes live-
threatening 
conditions in the C

0.50 0.95 0.84 0.42 0.15 0.31 28 T2 > T3 
T1 < T3

p<0.05
p<0.01

mentions conclusions 
in the C

0.27 0.78 0.64 0.29 0.23 0.35 28 T2 > T3 
T1 < T3

p<0.05
p<0.01

examines the D 
completely

0.36 0.87 0.70 0.34 0.17 0.26 29 T2 > T3
T1 < T3

p<0.01
p<0.001

communicates 
clearly

0.52 0.87 0.78 0.19 0.14 0.15 29 T2 > T3 
T1 < T3

p<0.05
p<0.001

shows confidence 0.43 0.86 0.75 0.23 0.14 0.15 29 T2 > T3 
T1 < T3

p<0.05
p<0.001

shows good 
leadership

0.54 0.89 0.82 0.22 0.13 0.13 29 T2 > T3 
T1 < T3

p<0.05
p<0.001

DISCUSSION

Our study is the first to show the effectiveness of a course using simulation to teach 

physicians the ABCDE approach for the assessment of medically ill patients. We found that 

the positive effect on performing a primary assessment according the ABCDE approach 

persisted even three months after completing the course. 

Our findings corroborate outcomes of other studies showing that simulation training in 

health professions education was consistently associated with large effects on knowledge, 

skills and behaviour [22, 23]. Our findings are also in line with previous research showing that 

simulation training establishes, corrects, and confirms knowledge and skills of the ABCDE 
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approach and afterwards participants felt more competent in applying the ABCDE approach 

[3, 19-21].

In the follow-up we found decline in participant performance on some skills of the primary 

assessment. Strikingly, most skills that decrease over time are CRM-skills (Table 2). This is 

illustrated by a decrease in time of “recognition of life-threatening conditions in the C”, 

while the scores on the resuscitation skills did not decline. It is possible that this lower score 

reflects ‘not thinking out loud’ rather than failing to recognize a life-threatening condition.  

This decrease in CRM-skills suggests that focusing on CRM-skills by refresher courses or team 

training, after completing a simulation course, may be an important topic for physicians to 

maintain their skills. The positive effect of team training for these non-technical skills has 

already been shown [16-18].    

Another skill that does not yield scores as high as most other skills after three months, is a 

complete examination of the Disability. A possible explanation for this finding is that the 

participants decide on the level of consciousness of the patient, determined by the EMV, 

whether it is necessary to examine certain components of the Disability. The performance of 

the EMV does not decrease over time. This finding is in line with previous research from our 

group on primary assessment completeness showing that during the primary assessment in 

the emergency department, residents and experienced staff have equal, but not maximum 

ABCDE completeness scores (83 instead of 100) [7]. Fernandez et al. also showed that 

professional lifeguards failed to fully perform the ABCDE sequence after simulation training 

and spend more time in the Circulation step, because they spent more time in steps 

considered most important [5].

These outcomes may reflect that a score of 100 on the ABCDE approach is not necessary to 

exclude potential life-threatening diseases or stabilize the patients. 
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Limitations

It is not possible to define the impact of the book and the lectures that are also part of the 

course, on the measured improvements in performance on the primary assessment. 

Outcomes from the regular course evaluation – not part of this study – indicated that the 

simulation training was the most powerful educational tool and accounted for most of the 

improvements. This feedback is in line with previous research showing that adding 

simulation training to a curriculum with lectures of medical students is associated with 

higher oral exam scores and higher overall course grades [22]. 

This study evaluated a course with instructors who are experts in the field of acute medicine, 

and experienced and certified course instructors. It is known that simulation-based 

education is most effective if guided by a safe and efficient debriefing and that debriefing 

can be challenging [23, 24]. We do not know if simulation training with debriefing by less 

experienced instructors may have less effect.  

Another limitation of this study is that it was not possible to assess all specific skills in each 

simulation scenario, because they were often scored as “does not apply”. This limitation 

probably did not influence the results because items scored often as “does not apply” do not 

impact on discriminating in quality of performance. 

The observers may have been the instructor during the course of some study participants 

and we cannot exclude that this may have influenced their ratings for some of them. This 

potential bias was minimized by offering the videos in random order and blinding the 

observers to measurement moment. Also, our study focused on the outcomes at group level 

and not individual outcomes. 
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Finally, the participants knew they were a study subject and when the recordings were 

scheduled. We do not know if they prepared for the study scenarios. Modifying behaviour in 

response to the awareness of being observed is known as the Hawthorne effect. This may 

have influenced the study scores at T1 and T3, whereas preparation for T3 might result in an 

overestimation of the actual course effectiveness at follow-up, preparation at T1 might 

result in an underestimation of the effectiveness of the course on both T2 and T3. 

Conclusion

A course with simulation training is an effective educational tool to teach physicians to 

perform a structured primary assessment using the ABCDE. This competence is largely 

remained after three months. CRM-skills tend to decrease over time, so we recommend 

organizing refresher courses, simulation team training or another kind of simulation training 

with a focus on CRM-skills. 

Figure legend

Figure 1  Assessment form used by the observers.

Figure 2  Boxplot comparing mean score on primary assessment at T1, T2 and T3.
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Figure 1 Assessment form used by the observers. 

 

Primary assessment 
 

A 
 
- examines the airway 
- mentions obstructed airway  
- applies airway maneuvers 
- applies oxygen 

 
agree / disagree 
agree / disagree/ d.n.a. 
agree / partially agree / partially disagree / disagree / d.n.a.  
agree / disagree/ d.n.a. 
 

 
B 

 
- examines B completely (color, trachea, resp. rate, excursions,    
  breathing effort, percussion, auscultation, saturation)                                                         
- gives nurse the right orders  
- mentions abnormal findings  
- recognizes life-threatening conditions 
- orders right additional diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately 
 

 
1 - 2 - 3 - 4 - 5 - 6 - 7 – 8 
 
agree / partially agree / partially disagree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree / d.n.a. 

 
C 

 
- examines C completely (circulation of extremities, central pulse,   
  heart rate, blood pressure, cap.refill, CVP, heart sounds)                                                
- gives nurse the right orders  
- mentions abnormal findings  
- recognizes life-threatening conditions 
- orders right additional diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately  
 

 
1 - 2 - 3 - 4 - 5 - 6 - 7 
 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree / d.n.a. 

 
D 

 
- examines D completely  (Glasgow Coma Scale, pupils, neck stiffness, 
glucose) 
- applies EMC correctly 
- mentions  abnormal  findings  
- recognizes life-threatening conditions 
- orders right additional  diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately 
 

 
1 - 2 - 3 – 4 
 
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree/ d.n.a. 
agree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree / d.n.a. 

 
E 

 
- examines E completely (temperature, head to toe) 
- gives nurse the right orders  
- mentions  abnormal  findings  
- orders right additional diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately 
 

 
1 – 2  
agree / partially agree / partially disagree / disagree/ d.n.a.   
agree / partially agree / partially disagree / disagree/ d.n.a.   
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree / d.n.a. 

 
R 
E 
M 
A 
I 
N 
I 
N 
G 
 

 
- asks for help adequately 
- communicates clearly  
- summarizes adequately  
- draws the right conclusions 
- clinical reasoning is adequate  
- works structured 
- stays calm  
- shows confidence 
- shows good leadership 

 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree 
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Figure 2 Boxplot comparing mean score on total primary assessment at T1, T2 and T3. 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

Page 24 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

1

STROBE Statement—checklist of items that should be included in reports of observational studies

Item 
No Recommendation

(a) Indicate the study’s design with a commonly used term in the title or the abstract    Page 1   Title and abstract 1
(b) Provide in the abstract an informative and balanced summary of what was done and what was found   Page 4

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported   Page 6 and 7
Objectives 3 State specific objectives, including any prespecified hypotheses   Page 7

Methods
Study design 4 Present key elements of study design early in the paper   Page 7-9
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection   Page 9-10

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up Page 
7-11
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control selection. Give the rationale 
for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants                                    

Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable Page 7-
12

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment 
methods if there is more than one group   Page 7-12

Bias 9 Describe any efforts to address potential sources of bias Page 7-12
Study size 10 Explain how the study size was arrived at   (no effectsize known)
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why  

(a) Describe all statistical methods, including those used to control for confounding    Page 12-13
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed    Page 12

Statistical methods 12

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
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Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
(e) Describe any sensitivity analyses    Page 12 (interobserver reliability)
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Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the 
study, completing follow-up, and analysed   Page 13
(b) Give reasons for non-participation at each stage   

Participants 13*

(c) Consider use of a flow diagram   
(a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential confounders  Page 13
(b) Indicate number of participants with missing data for each variable of interest   Page 13 and supplemental file Outcome

Descriptive 
data

14*

(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Cohort study—Report numbers of outcome events or summary measures over time Page 13-15
Case-control study—Report numbers in each exposure category, or summary measures of exposure

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary measures    
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which 
confounders were adjusted for and why they were included    Page 13-15, Table 1 and 2
(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses   Page 12  (interobserver reliability)

Discussion
Key results 18 Summarise key results with reference to study objectives  Page 15-16
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias 

Page 17-18
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant 

evidence  Page 15-18
Generalisability 21 Discuss the generalisability (external validity) of the study results  Page 15-18

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based   

Page 3

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
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ABSTRACT

Objectives To investigate short- and long-term effectiveness of simulation training to 

acquire a structured Airway Breathing Circulation Disability Exposure (ABCDE) approach for 

medical emergencies; and to examine which skills were learned and maintained best.

Design an observational study with a 3-months follow-up.

Setting Skills centre of the University Medical Center Groningen. 

Participants Thirty voluntary participants (21 females & 9 males; 27±2.77 years) of a 

simulation-based course. 

Intervention A two-day ABCDE-teaching course for residents and non-residents. The course 

encompasses 24 simulations in which participants perform primary assessments of acute ill 

patients. Video recordings were taken of each participant performing a primary assessment, 

before (T1), directly after (T2) and three months after the intervention (T3). 

Main outcome measures Physicians’ performance in the ABCDE primary assessment at T1, 

T2 and T3. Two observers scored the primary assessments, blinded to measurement 

moment, using an assessment form to evaluate the performance with regard to skills 

essential for a structured ABCDE approach. The Friedman and Wilcoxon signed-rank test 

were used to compare physicians’ performances on the subsequent measurement 

moments. 

Results The mean rank scores on the total primary assessment at T1, T2 and T3 were 1.14, 

2.62 and 2.24, respectively, and were significantly different, (p< 0.001). 

The mean rank scores on the total primary assessment directly after the course (T2 vs. T1 

p<0.001) and three to four months after the course (T3 vs. T1 p<0.001) were significantly 

better than before the course. Certain skills deteriorated during the follow-up.  Strikingly, 

most skills that decrease over time are Crew Resources Management (CRM)-skills.
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Conclusion

A course using simulation training is an effective educational tool to teach physicians the 

ABCDE primary assessment. Certain CRM-skills decrease over time, so we recommend 

organizing refresher courses, simulation team training or another kind of simulation training 

with a focus on CRM-skills. 

Strengths and limitations of this study

Strengths

 This is an observational intervention study measuring the 3-months effect of a 

simulation course. 

 This study used the same environment for intervention and study. 

 The observers were blinded to measurement moment during this study on 

participants’ performance on the primary assessment using the ABCDE approach.

Limitations

 The fact that the observers might have been also the instructor of some study 

participants, may have influenced their ratings for a few participants, but potential 

bias was minimized by offering the videos in random order and blinded to 

measurement moment, analysis showed a generally high inter-observer reliability 

and our study focused on the outcomes at group level and not individual 

outcomes. 

 There might be bias in the fact that we do not know if the participants have 

prepared for the study scenario at T1 and T3 (the Hawthorne effect), whereas 

preparation for T3 might result in an overestimation of the actual course 

effectiveness at follow-up, preparation at T1 might result in an underestimation of 

the effectiveness of the course on both T2 and T3. 
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INTRODUCTION

Background

In emergency medicine, assessing incoming patients in life-threatening conditions according 

to a structured approach is considered essential for successful resuscitation. The most 

widely used structured approach for early recognition and immediate treatment of life-

threatening conditions is the “Airway-Breathing-Circulation-Disability-Exposure” (ABCDE) 

approach. The ABCDE approach is taught in the Advanced Trauma Life Support (ATLS) since 

1978 and has been the standard approach in trauma since [1-3].

The use of the ABCDE primary assessment has also increased in other medical emergencies 

in recent years [4-7]. 

Using the ABCDE approach likely improves outcomes by helping health care professionals 

focus on the most life-threatening clinical problems and perform immediate resuscitation. 

Although solid empirical evidence for the usefulness of the ABCDE approach and its clinical 

benefits to patients is limited[1, 2], the importance of early treatment has been recognized in 

several emergencies such as trauma, stroke, sepsis and shock [1-5, 8-11].

Importance

The Dutch inspection for healthcare requires that physicians treating non-trauma patients in 

the emergency department are ABCDE qualified [12]. Therefore, completing an ABCDE course 

is mandatory for physicians who work at the Emergency Department (ED). These courses 

usually contain lectures and simulation scenario training. Despite the wide use of simulation 

training for teaching the systematic ABCDE approach, little research has been done to 

analyse the effectiveness of simulation training in acquiring this structural approach. 

Simulation training has been proven to be effective for learning technical skills and 
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maintaining skills that are not frequently used in daily practice, like airway management and 

surgical skills [13-15]. Simulation training can also improve communication, efficiency and 

safety during teamwork [16-18]. A few studies based on self-perceptions showed that 

simulation training improved participants’ confidence levels; they felt more competent in 

applying the ABCDE approach and several other skills [3, 19-21].

To our knowledge, it has not been investigated before whether simulation training actually 

improves physicians’ skills in performing the structured ABCDE approach. 

Our study focused on the effectiveness of simulation training to acquire a structured ABCDE 

approach. Our main goal was to analyse the short- and long-term effectiveness of simulation 

training to acquire a structured ABCDE approach. We analysed the improvement in 

physicians’ primary assessment scores as a result of the ABCDE simulation training. 

We also investigated whether the skills acquired were maintained over a period of three 

months and which skills and competences were learned and maintained best.

METHODS

Study design  

We conducted an observational intervention study. The intervention consisted of a two-day 

simulation-based ABCDE teaching course. The measurements through video recordings were 

obtained before (T1), directly after (T2) and 3-4 months after the intervention (T3).

Three simulation scenarios (A, B and C) with different medical emergencies were specifically 

designed for this study. Scenario A was a case with pneumosepsis and hypoglycaemia, a 

partially obstructed airway due to low consciousness and shock. Scenario B concerned a case 

with obstructive shock caused by pulmonary embolism and an opioid overdose with altered 
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consciousness. Scenario C was a case with meningococcal sepsis with a partially obstructed 

airway due to low consciousness, bronchospasm and shock. We have designed three 

different and realistic scenarios with comparable difficulty by creating a life-threatening 

condition which needs resuscitation in three of the five main items from the ABCDE. 

To prevent bias caused by the type or difficulty of the simulation, we varied the order in 

which participants had to complete the three simulation scenarios in such a way that the 

different scenario sequences were equally divided over T1, T2 and T3 (participant 1: T1 

scenario A, T2 scenario B, T3 scenario C; participant 2: T1 scenario B, T2 scenario C, T3 

scenario A; participant 3: T1 scenario C, T2 scenario A, T3 scenario B, etcetera). We made a 

schedule in which the order of the scenarios was prescribed for each participant and 

participants were divided over the schedule in order of inclusion. 

We developed an assessment form (Figure 1) to evaluate the participants' performance 

regarding skills and competences essential to assess medical emergencies. The assessment 

form was divided in six categories; five concerned the ABCDE structure and the sixth one 

contained remaining items. The remaining items focus on some Crew Resources 

Management (CRM) skills, like collaboration, communication, acknowledge own boundaries, 

and leadership. In each category, the skills or competences could be rated on a two- (agree, 

not agree, does not apply) or four-point scale (agree, partially agree, partially not agree, not 

agree or does not apply). We have added the option “does not apply”, because some skills 

were not required in some simulation scenarios. In the categories B, C, D and E also the  

scored. The following items could be scored; in the B: skin color, trachea position, 

respiratory rate, thorax excursions, breathing effort, lung percussion, lung auscultation and 

saturation; in the C: circulation of extremities, central pulse, heart rate, blood pressure, 
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capillary refill, central venous pressure, heart sounds; in the D: Glasgow Coma Scale (EMV), 

pupils, neck stiffness, glucose; in the E: temperature, head to toe examination (Figure 1).

Intervention

The ABCDE course is a two-day course for non-residents and first year residents which exists 

for ten years now. For most participants, it was a mandatory course that they need to pass 

before they were allowed to work in the ED. The course consisted mainly of simulation 

training and two theoretical lectures about airway management and Advanced Life Support 

(ALS). Previous to this course, the participants received a book with chapters describing the 

ABCDE approach and various acute medical emergencies. 

The course focused on learning to recognize and treat life-threatening conditions, but also 

paid attention to some CRM-skills necessary for an efficient ABCDE approach.

This course was given in the skills centre in a room similar to a resuscitation room in the ED. 

The patient simulator used was a Laerdal Resusci Anne SkillTrainer with an upgrade Vitale 

Signs Sim Software Complete package. This simulator features heart and lung sounds, chest 

excursions, pulse and can show all vital signs on a separate monitor. With a separate 

computer, the sounds and vital signs can be changed during the scenario, to simulate several 

acute medical conditions.

Each course group consisted of six participants and two instructors. During the simulation 

rounds the group was split in half and two scenarios were run simultaneously in two 

separate rooms.

The course encompassed a total of 24 simulations with a patient simulator in which 

participants perform the primary assessment of acute ill patients. In each scenario, the role 
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of physician, “non-obstructive nurse” and observer were assigned to the three participants. 

One of the instructors operated the simulator and led the debriefing afterwards.  

In eight scenarios, the participants fulfilled the role of physician; in the other scenarios, they 

carried out the role of “non-obstructing nurse” or observer. 

The participants received a certificate if they passed the theoretical test and if they were, 

according to the instructors, capable of performing a structured primary assessment of an 

acute ill patient, with recognition and resuscitation of life-threatening conditions and 

adequate CRM-skills.

All course instructors have to follow a formalized educational program to become an 

instructor: First they have to pass the course as participant and have to work in the field of 

emergency medicine or acute care. Second they need to follow a two-day generic instructor 

course specifically developed for simulation training. Then they have to act as assistant-

trainer for at least two courses and they need to write a report reflecting on their own role 

as instructor. Finally they are observed by an experienced instructor to become certified. As 

instructor, they have to teach the course least twice a year to stay competent and they need 

to follow the course-specific instructors day each year.   

Study setting and population

This study was conducted in the same skills centre as were the course took place. During the 

video recordings, the simulator, materials and environment were also the same as during 

the course. 

We approached all participants prior to this two-day course by e-mail and invited them to 

participate voluntarily in the study between August 2012 and December 2013. We 
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endeavoured to achieve a save response environment by a statement in the invitation e-mail 

that declining to participate in the study would not influence their course results.

The three measurement moments were scheduled in consultation with the participants, 

separate from the course. For each measurement moment, study participants were 

instructed to act in a simulation scenario as physician and to perform a primary assessment 

according to the ABCDE approach. One of the researchers participated as “non-obstructive” 

nurse and one researcher operated the simulator and computer.

Patient and public involvement 

Participants of this study were not involved in the development of the research question, 

design or outcome measures. All participants of the study participated voluntarily they knew 

all information about the investigation and they could withdraw from the study at any 

moment, all provided verbal consent. 

Study Protocol

The first recording (T1) took place one to two weeks prior to the course. The second 

recording (T2) took place within one week after the course. The third recording (T3) took 

place between three to four months after the course.

The research team consisted of five physicians, who were also course instructors. They were 

all instructed in detail to only facilitate the simulation and not help the participant in any 

way. 

The observers were two emergency physicians, who were also course instructors, but who 

were not part of the research team and therefore not involved in the recordings. The 

observers received specific instructions how to score each item on the assessment form. 
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They independently rated the recorded primary assessments in random order and were 

blinded to the measurement moment.

Measurements

Each skill or competence on the assessment form had a lowest score of 0 and a highest score 

of 1, so the weight of each item was the same, independent of the two- (0 = not agree, 1 = 

agree, not applicable = missing value) or four-point scale (agree=1, partially agree=0.67, 

partially not agree=0.33, not agree=0, not applicable = missing value). This was the same for 

the number of examined items during the physical examination 

Because some skills or competences were marked as not applicable, we calculated mean 

scores in each category (A, B, C, D, E and remaining items) based on the skills and 

competences which actually were applicable. In each category the maximal score to obtain 

was 1. Therefore, the maximal total score to obtain on the primary assessment for each 

scenario was 6 and the minimal score was 0. 

Data analysis

To perform the statistical analysis, IBM SPPSS version 23.0 was used. In all analyses, a p-

value of < 0.05 was regarded as significant. 

The inter-observer reliability between the scores given by the two observers for the three 

different time measurements was calculated using the Spearman’s rank correlation test (for 

T1, T2 and T3 (resp. R 0.81, 0.61, and 0.80). This inter-observer reliability was generally high 

enough to average the mean scores of the two observers for each participant at T1, T2 and 

T3 for use in further analyses.
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We used the Friedman test for three related samples to analyse whether the total primary 

assessment scores of the entire group of participants differed between the three 

measurement moments. The Friedman test compares the mean rank scores at T1, T2 and 

T3.  The mean rank score is calculated by ranking the score of each participant on T1, T2 and 

T3 and then calculating the mean rank of the entire group on T1, T2 and T3. 

We used the Wilcoxon signed-rank test for two related samples to analyse whether the total 

primary assessment scores of the entire group of participants differed between two 

measurement moments and whether each skill or competence differed between two 

measurement moments. The Wilcoxon signed-rank test also uses the mean rank scores. 

Finally, we applied the Holm correction to reduce the possibility of getting a statistically 

significant result (Type I error) when performing multiple tests. 

RESULTS

Characteristics of study subjects

Between August 2012 and December 2013, 27 courses were given to six participants each. 

From the total of 162 course participants 30 participants volunteered for this study. 21 were 

female, nine were male. Their mean age was 27 years (range 24-35, SD 2.77), their mean 

work experience was 11 months (range 0-48, SD14.4). Most participants did not have any 

experience with simulation training at all (18 out of 30), some participants had done some 

training in their own department, like ALS or Basic Life Support (BLS) (7 out of 30), from five 

participants we do not know whether they had any experience with simulation training.

The video recording of T3 of one participant was lost due to technical problems. 

Main results
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The mean rank scores of the entire group on the total primary assessments at T1, T2 en T3 

were 1.14, 2.62 and 2.24, respectively (Table 1), and they were significantly different, (p< 

0.001). 

The mean rank score on the total primary assessment at T2 (directly after the course) was 

significantly higher than the mean rank score at T1 (before the course, table 1). The mean 

rank score on the total primary assessment at T3 (three months after the course) was 

significantly lower than the mean rank score at T2, but remained significantly higher than 

the mean rank score at T1 (Table 1).

Table 1: Scores on the total primary assessment of the whole group at T1, T2 and T3

Time N Median Mean rank score Wilcoxon signed-rank test

1 30 2.79 1.14 T1 < T2, p<0.001

2 30 5.22 2.62 T2 > T3, p<0.05

3 29 4.70 2.24 T3 > T1, p<0.001

The separate skills or competences were almost all scored significantly higher at T2 than at 

T1 (34 out of 41). With respect to the remaining skills, four could not be included in our 

analyses as they were scored too often as “does not apply”, which rendered the number of 

observations for those skills < N=10, which was too low to ascertain differences in a reliable 

way. For only three skills – “examines the airway”, “orders additional diagnostics in the B” 

and “resuscitates adequately in the E”– we did not find a significant difference between T1 

and T2.

Most of the separate skills did not show significant differences between T2 and T3 (30 out of 

41). Some skills (7 out of 41) were scored significantly lower at T3 than at T2, but 

significantly higher than at T1 (Table 2).  
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Table 2: Outcomes for separate skills and competences that decreased between T2 and T3

Skill/Competence Wilcoxon signed-rank test

N=

mentions abnormal 
findings in the C

29 T2 > T3 
T1 < T3

p<0.01 
p<0.01

recognizes live-
threatening 
conditions in the C

28 T2 > T3 
T1 < T3

p<0.05
p<0.01

mentions conclusions 
in the C

28 T2 > T3 
T1 < T3

p<0.05
p<0.01

examines the D 
completely

29 T2 > T3
T1 < T3

p<0.01
p<0.001

communicates 
clearly

29 T2 > T3 
T1 < T3

p<0.05
p<0.001

shows confidence 29 T2 > T3 
T1 < T3

p<0.05
p<0.001

shows good 
leadership

29 T2 > T3 
T1 < T3

p<0.05
p<0.001

DISCUSSION

Our study is the first to show the effectiveness of a course using simulation to teach 

physicians the ABCDE approach for the assessment of medically ill patients. We found that 

the positive effect on performing a primary assessment according the ABCDE approach 

persisted even 3-4 months after completing the course. 

Our findings corroborate outcomes of other studies showing that simulation training in 

health professions education was consistently associated with large effects on knowledge, 

skills and behaviour [22, 23]. Our findings are also in line with previous research showing that 

Page 16 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

16

16

simulation training establishes, corrects, and confirms knowledge and skills of the ABCDE 

approach and afterwards participants felt more competent in applying the ABCDE approach 

[3, 19-21].

In the follow-up we found decline in participant performance on some skills of the primary 

assessment. Strikingly, most skills that decrease over time are CRM-skills (Table 2). This is 

illustrated by a decrease in time of “recognition of life-threatening conditions in the C”, 

while the scores on the resuscitation skills did not decline. It is possible that this lower score 

reflects ‘not thinking out loud’ rather than failing to recognize a life-threatening condition.  

This decrease in CRM-skills suggests that focusing on CRM-skills by refresher courses or team 

training, after completing a simulation course, may be an important topic for physicians to 

maintain their skills. The positive effect of team training for these non-technical skills has 

already been shown [16-18].    

Another skill that does not yield scores as high as most other skills after three months, is a 

complete examination of the Disability. A possible explanation for this finding is that the 

participants decide on the level of consciousness of the patient, determined by the EMV, 

whether it is necessary to examine certain components of the Disability. The performance of 

the EMV does not decrease over time. This finding is in line with previous research from our 

group on primary assessment completeness showing that during the primary assessment in 

the emergency department, residents and experienced staff have equal, but not maximum 

ABCDE completeness scores (83 instead of 100) [7]. Fernandez et al. also showed that 

professional lifeguards failed to fully perform the ABCDE sequence and spend more time in 

the Circulation step, because they spent more time in steps considered most important [5].

These outcomes may reflect that a score of 100 on the ABCDE approach is not necessary to 

exclude potential life-threatening diseases or stabilize the patients. 
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Limitations

It is not possible to define the impact of the book and the lectures that are also part of the 

course, on the measured improvements in performance on the primary assessment. 

Outcomes from the regular course evaluation – not part of this study – indicated that the 

simulation training was the most powerful educational tool and accounted for most of the 

improvements. This feedback is in line with previous research showing that adding 

simulation training to a curriculum with lectures of medical students is associated with 

higher oral exam scores and higher overall course grades [22]. 

This study evaluated a course with instructors who are experts in the field of acute medicine, 

and experienced and certified course instructors. It is known that simulation-based 

education is most effective if guided by a safe and efficient debriefing and that debriefing 

can be challenging [23, 24]. We do not know if simulation training with debriefing by less 

experienced instructors may have less effect.  

During the study we have deliberately chosen for a researcher participating as “non-

obstructive nurse” in the measurement to minimize potential bias caused by help form the 

“non-obstructive nurse”. The researcher knew the research questions and was instructed in 

detail to only follow instructions from the participant and not help in any way.

We did not schedule the researchers and operators with an equal distribution over the 

measurement moments, but all five researchers rotated between roles of the nurse and 

operator on own initiative. We therefor think that the bias of the non-obstructive nurse 

influencing the participant is negligible.

Another limitation of this study is that it was not possible to assess all specific skills in each 

simulation scenario, because they were often scored as “does not apply”. The amount of not 
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applicable rated items was between 0-3 in ten items, between 3-10 in five items, between 

10-20 and in four items the not applicable rated items was > 20. This limitation probably did 

not influence the results because items often scored as “does not apply” do not impact 

discriminating in quality of performance. 

The sample size was chosen without power analysis, because we didn’t know the expected 

effect. This relative small sample size of 30 participants already showed large significant 

differences. In our statistical analysis we accounted for a small sample size by using the 

Wilcoxon signed-rank test.

The observers may have been the instructor during the course of some study participants 

and we cannot exclude that this may have influenced their ratings for some of them. This 

potential bias was minimized by offering the videos in random order and blinding the 

observers to the measurement moment. Also, our study focused on the outcomes at group 

level and not individual outcomes and the inter-observer reliability was generally high. 

The measurement moment of T3 varied between 3-4 months after T2. We do not know if 

this range of one month between T2 and T3 have caused a variation in performance at T3.

Some participants had experience with simulation training. These participants might have 

had a higher score on T1 what might have caused an underestimation of the difference 

between T1 and T2. 

Finally, the participants knew they were a study subject and when the recordings were 

scheduled. We do not know if they prepared for the study scenarios. Modifying behaviour in 

response to the awareness of being observed is known as the Hawthorne effect. This may 

have influenced the study scores at T1 and T3, whereas preparation for T3 might result in an 

overestimation of the actual course effectiveness at follow-up, preparation at T1 might 

result in an underestimation of the effectiveness of the course on both T2 and T3. 
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Conclusion

A course with simulation training is an effective educational tool to teach physicians to 

perform a structured primary assessment using the ABCDE. This competence is largely 

remained after three months. CRM-skills tend to decrease over time, so we recommend 

organizing refresher courses, simulation team training or another kind of simulation training 

with a focus on CRM-skills. 

Figure legend

Figure 1  Assessment form used by the observers.

Figure 2  Boxplot comparing mean score on primary assessment at T1, T2 and T3.
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Figure 1 Assessment form used by the observers. 

 

Primary assessment 
 

A 
 
- examines the airway 
- mentions obstructed airway  
- applies airway maneuvers 
- applies oxygen 

 
agree / disagree 
agree / disagree/ d.n.a. 
agree / partially agree / partially disagree / disagree / d.n.a.  
agree / disagree/ d.n.a. 
 

 
B 

 
- examines B completely (color, trachea, resp. rate, excursions,    
  breathing effort, percussion, auscultation, saturation)                                                         
- gives nurse the right orders  
- mentions abnormal findings  
- recognizes life-threatening conditions 
- orders right additional diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately 
 

 
1 - 2 - 3 - 4 - 5 - 6 - 7 – 8 
 
agree / partially agree / partially disagree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree / d.n.a. 

 
C 

 
- examines C completely (circulation of extremities, central pulse,   
  heart rate, blood pressure, cap.refill, CVP, heart sounds)                                                
- gives nurse the right orders  
- mentions abnormal findings  
- recognizes life-threatening conditions 
- orders right additional diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately  
 

 
1 - 2 - 3 - 4 - 5 - 6 - 7 
 
agree / partially agree / partially disagree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree / d.n.a. 

 
D 

 
- examines D completely  (Glasgow Coma Scale, pupils, neck stiffness, 
glucose) 
- applies EMC correctly 
- mentions  abnormal  findings  
- recognizes life-threatening conditions 
- orders right additional  diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately 
 

 
1 - 2 - 3 – 4 
 
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree/ d.n.a. 
agree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree / d.n.a. 

 
E 

 
- examines E completely (temperature, head to toe) 
- gives nurse the right orders  
- mentions  abnormal  findings  
- orders right additional diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately 
 

 
1 – 2  
agree / partially agree / partially disagree / disagree/ d.n.a.   
agree / partially agree / partially disagree / disagree/ d.n.a.   
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree / d.n.a. 

 
R 
E 
M 
A 
I 
N 
I 
N 
G 
 

 
- asks for help adequately 
- communicates clearly  
- summarizes adequately  
- draws the right conclusions 
- clinical reasoning is adequate  
- works structured 
- stays calm  
- shows confidence 
- shows good leadership 

 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree 

Page 24 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

 

 

Figure 2 Boxplot comparing mean score on total primary assessment at T1, T2 and T3. 
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Data sources/ 
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8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment 
methods if there is more than one group   Page 7-12

Bias 9 Describe any efforts to address potential sources of bias Page 7-12
Study size 10 Explain how the study size was arrived at   (no effectsize known)
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why  

(a) Describe all statistical methods, including those used to control for confounding    Page 12-13
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed    Page 12

Statistical methods 12

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
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Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
(e) Describe any sensitivity analyses    Page 12 (interobserver reliability)
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Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the 
study, completing follow-up, and analysed   Page 13
(b) Give reasons for non-participation at each stage   

Participants 13*

(c) Consider use of a flow diagram   
(a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential confounders  Page 13
(b) Indicate number of participants with missing data for each variable of interest   Page 13 and supplemental file Outcome

Descriptive 
data

14*

(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Cohort study—Report numbers of outcome events or summary measures over time Page 13-15
Case-control study—Report numbers in each exposure category, or summary measures of exposure

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary measures    
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which 
confounders were adjusted for and why they were included    Page 13-15, Table 1 and 2
(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses   Page 12  (interobserver reliability)

Discussion
Key results 18 Summarise key results with reference to study objectives  Page 15-16
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias 

Page 17-18
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant 

evidence  Page 15-18
Generalisability 21 Discuss the generalisability (external validity) of the study results  Page 15-18

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based   

Page 3

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
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Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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ABSTRACT

Objectives To investigate short- and long-term effectiveness of simulation training to 

acquire a structured Airway Breathing Circulation Disability Exposure (ABCDE) approach for 

medical emergencies; and to examine which skills were learned and maintained best.

Design an observational study with a 3-4 months follow-up.

Setting Skills centre of the University Medical Center Groningen. 

Participants Thirty voluntary participants (21 females & 9 males; 27±2.77 years) of a 

simulation-based course. 

Intervention A two-day ABCDE-teaching course for residents and non-residents. The course 

encompasses 24 simulations in which participants perform primary assessments of acute ill 

patients. Video recordings were taken of each participant performing a primary assessment, 

before (T1), directly after (T2) and three to four months after the intervention (T3). 

Main outcome measures Physicians’ performance in the ABCDE primary assessment at T1, 

T2 and T3. Two observers scored the primary assessments, blinded to measurement 

moment, using an assessment form to evaluate the performance with regard to skills 

essential for a structured ABCDE approach. The Friedman and Wilcoxon signed-rank test 

were used to compare physicians’ performances on the subsequent measurement 

moments. 

Results The mean ranks on the total primary assessment at T1, T2 and T3 were 1.14, 2.62 

and 2.24, respectively, and were significantly different, (p< 0.001). 

The mean ranks on the total primary assessment directly after the course (T2 vs. T1 p<0.001) 

and three to four months after the course (T3 vs. T1 p<0.001) were significantly better than 

before the course. Certain skills deteriorated during the follow-up.  Strikingly, most skills that 

decrease over time are Crew Resources Management (CRM)-skills.
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Conclusion

A course using simulation training is an effective educational tool to teach physicians the 

ABCDE primary assessment. Certain CRM-skills decrease over time, so we recommend 

organizing refresher courses, simulation team training or another kind of simulation training 

with a focus on CRM-skills. 

Strengths and limitations of this study

Strengths

 This is an observational intervention study measuring the 3-months effect of a 

simulation course. 

 This study used the same environment for intervention and study. 

 The observers were blinded to measurement moment during this study on 

participants’ performance on the primary assessment using the ABCDE approach.

Limitations

 The fact that the observers might have been also the instructor of some study 

participants, may have influenced their ratings for a few participants, but potential 

bias was minimized by offering the videos in random order and blinded to 

measurement moment, analysis showed a moderate to high inter-observer 

reliability and our study focused on the outcomes at group level and not individual 

outcomes. 

 There might be bias in the fact that we do not know if the participants have 

prepared for the study scenario at T1 and T3 (the Hawthorne effect), whereas 

preparation for T3 might result in an overestimation of the actual course 

effectiveness at follow-up, preparation at T1 might result in an underestimation of 

the effectiveness of the course on both T2 and T3. 
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INTRODUCTION

Background

In emergency medicine, assessing incoming patients in life-threatening conditions according 

to a structured approach is considered essential for successful resuscitation. The most 

widely used structured approach for early recognition and immediate treatment of life-

threatening conditions is the “Airway-Breathing-Circulation-Disability-Exposure” (ABCDE) 

approach. The ABCDE approach is taught in the Advanced Trauma Life Support (ATLS) since 

1978 and has been the standard approach in trauma since [1-3].

The use of the ABCDE primary assessment has also increased in other medical emergencies 

in recent years [4-7]. 

Using the ABCDE approach likely improves outcomes by helping health care professionals 

focus on the most life-threatening clinical problems and perform immediate resuscitation. 

Although solid empirical evidence for the usefulness of the ABCDE approach and its clinical 

benefits to patients is limited[1, 2], the importance of early treatment has been recognized in 

several emergencies such as trauma, stroke, sepsis and shock [1-5, 8-11].

Importance

The Dutch inspection for healthcare requires that physicians treating non-trauma patients in 

the emergency department are ABCDE qualified [12]. Therefore, completing an ABCDE course 

is mandatory for physicians who work at the Emergency Department (ED). These courses 

usually contain lectures and simulation scenario training. Despite the wide use of simulation 

training for teaching the systematic ABCDE approach, little research has been done to 

analyse the effectiveness of simulation training in acquiring this structural approach. 

Simulation training has been proven to be effective for learning technical skills and 
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maintaining skills that are not frequently used in daily practice, like airway management and 

surgical skills [13-15]. Simulation training can also improve communication, efficiency and 

safety during teamwork [16-18]. A few studies based on self-perceptions showed that 

simulation training improved participants’ confidence levels; they felt more competent in 

applying the ABCDE approach and several other skills [3, 19-21].

To our knowledge, it has not been investigated before whether simulation training actually 

improves physicians’ skills in performing the structured ABCDE approach. 

Our study focused on the effectiveness of simulation training to acquire a structured ABCDE 

approach. Our main goal was to analyse the short- and long-term effectiveness of simulation 

training to acquire a structured ABCDE approach. We analysed the improvement in 

physicians’ primary assessment scores as a result of the ABCDE simulation training. 

We also investigated whether the skills acquired were maintained over a period of three to 

four months and which skills and competences were learned and maintained best.

METHODS

Study design  

We conducted an observational intervention study. The intervention consisted of a two-day 

simulation-based ABCDE teaching course. The measurements through video recordings were 

obtained before (T1), directly after (T2) and 3-4 months after the intervention (T3).

Three simulation scenarios (A, B and C) with different medical emergencies were specifically 

designed for this study. Scenario A was a case with pneumosepsis and hypoglycaemia, a 

partially obstructed airway due to low consciousness and shock. Scenario B concerned a case 

with obstructive shock caused by pulmonary embolism and an opioid overdose with altered 
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consciousness. Scenario C was a case with meningococcal sepsis with a partially obstructed 

airway due to low consciousness, bronchospasm and shock. We have designed three 

different and realistic scenarios with comparable difficulty by creating a life-threatening 

condition which needs resuscitation in three of the five main items from the ABCDE. 

To prevent bias caused by the type or difficulty of the simulation, we varied the order in 

which participants had to complete the three simulation scenarios in such a way that the 

different scenario sequences were equally divided over T1, T2 and T3 (participant 1: T1 

scenario A, T2 scenario B, T3 scenario C; participant 2: T1 scenario B, T2 scenario C, T3 

scenario A; participant 3: T1 scenario C, T2 scenario A, T3 scenario B, etcetera). We made a 

schedule in which the order of the scenarios was prescribed for each participant and 

participants were divided over the schedule in order of inclusion. 

We developed an assessment form (Figure 1) to evaluate the participants' performance 

regarding skills and competences essential to assess medical emergencies. The assessment 

form was divided in six categories; five concerned the ABCDE structure and the sixth 

contained remaining items. The remaining items focus on some Crew Resources 

Management (CRM) skills, like collaboration, communication, acknowledge own boundaries, 

and leadership. In each category, the skills or competences could be rated on a two- (agree, 

not agree, does not apply) or four-point scale (agree, partially agree, partially not agree, not 

agree or does not apply). We have added the option “does not apply”, because some skills 

were not required in some simulation scenarios. In the categories B, C, D and E also the  

number of examined items during the physical examination was scored. The following items 

could be scored; in the B: skin color, trachea position, respiratory rate, thorax excursions, 

breathing effort, lung percussion, lung auscultation and saturation; in the C: circulation of 

extremities, central pulse, heart rate, blood pressure, capillary refill, central venous 
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pressure, heart sounds; in the D: Glasgow Coma Scale (EMV), pupils, neck stiffness, glucose; 

in the E: temperature, head to toe examination (Figure 1).

Intervention

The ABCDE course is a two-day course for non-residents and first year residents which exists 

for ten years now. For most participants, it was a mandatory course that they need to pass 

before they were allowed to work in the ED. The course consisted mainly of simulation 

training and two theoretical lectures about airway management and Advanced Life Support 

(ALS). Previous to this course, the participants received a book with chapters describing the 

ABCDE approach and various acute medical emergencies. 

The course focused on learning to recognize and treat life-threatening conditions, but also 

paid attention to some CRM-skills necessary for an efficient ABCDE approach.

This course was given in the skills centre in a room similar to a resuscitation room in the ED. 

The patient simulator used was a Laerdal Resusci Anne SkillTrainer with an upgrade Vitale 

Signs Sim Software Complete package. This simulator features heart and lung sounds, chest 

excursions, pulse and can show all vital signs on a separate monitor. With a separate 

computer, the sounds and vital signs can be changed during the scenario, to simulate several 

acute medical conditions.

Each course group consisted of six participants and two instructors. During the simulation 

rounds the group was split in half and two scenarios were run simultaneously in two 

separate rooms.

The course encompassed a total of 24 simulations with a patient simulator in which 

participants perform the primary assessment of acute ill patients. In each scenario, the role 
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of physician, “non-obstructive nurse” and observer were assigned to the three participants. 

One of the instructors operated the simulator and led the debriefing afterwards.  

In eight scenarios, the participants fulfilled the role of physician; in the other scenarios, they 

carried out the role of “non-obstructing nurse” or observer. 

The participants received a certificate if they passed the theoretical test and if they were, 

according to the instructors, capable of performing a structured primary assessment of an 

acute ill patient, with recognition and resuscitation of life-threatening conditions and 

adequate CRM-skills.

All course instructors have to follow a formalized educational program to become an 

instructor: First they have to pass the course as participant and have to work in the field of 

emergency medicine or acute care. Second they need to follow a two-day generic instructor 

course specifically developed for simulation training. Then they have to act as assistant-

trainer for at least two courses and they need to write a report reflecting on their own role 

as instructor. Finally they are observed by an experienced instructor to become certified. As 

instructor, they have to teach the course least twice a year to stay competent and they need 

to follow the course-specific instructors day each year.   

Study setting and population

This study was conducted in the same skills centre as were the course took place. During the 

video recordings, the simulator, materials and environment were also the same as during 

the course. 

We approached all participants prior to this two-day course by e-mail and invited them to 

participate voluntarily in the study between August 2012 and December 2013. We 
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endeavoured to achieve a save response environment by a statement in the invitation e-mail 

that declining to participate in the study would not influence their course results.

The three measurement moments were scheduled in consultation with the participants, 

separate from the course. For each measurement moment, study participants were 

instructed to act in a simulation scenario as physician and to perform a primary assessment 

according to the ABCDE approach. One of the researchers participated as “non-obstructive” 

nurse and one researcher operated the simulator and computer.

Patient and public involvement 

Participants of this study were not involved in the development of the research question, 

design or outcome measures. All participants of the study participated voluntarily, they 

knew all information about the investigation and they could withdraw from the study at any 

moment, all provided verbal consent. 

Study Protocol

The first recording (T1) took place one to two weeks prior to the course. The second 

recording (T2) took place within one week after the course. The third recording (T3) took 

place between three to four months after the course.

The research team consisted of five physicians, who were also course instructors. They were 

all instructed in detail to only facilitate the simulation and not help the participant in any 

way. 

The observers were two emergency physicians, who were also course instructors, but who 

were not part of the research team and therefore not involved in the recordings. The 

observers received specific instructions how to score each item on the assessment form. 
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They independently rated the recorded primary assessments in random order and were 

blinded to the measurement moment.

Measurements

Each skill or competence on the assessment form had a lowest score of 0 and a highest score 

of 1, so the weight of each item was the same, independent of the two- (0 = not agree, 1 = 

agree, not applicable = missing value) or four-point scale (agree=1, partially agree=0.67, 

partially not agree=0.33, not agree=0, not applicable = missing value). This was the same for 

the number of examined items during the physical examination. For example in the B there 

was a maximum of 8 items to examine during physical examination. If one item was 

examined the score was 1/8 =0.125, if two items were examined the score was 2/8=0.25, if 

three items were examined, the score was 3/8=0.375, etc. So, the highest possible score on 

complete examination in the B was 8/8= 1. 

Because some skills or competences were marked as not applicable, we calculated mean 

scores in each category (A, B, C, D, E and remaining items) based on the skills and 

competences which actually were applicable. In each category the maximal score to obtain 

was 1. Therefore, the maximal total score to obtain on the primary assessment for each 

scenario was 6 and the minimal score was 0. 

Data analysis

To perform the statistical analysis, IBM SPPSS version 23.0 was used. In all analyses, a p-

value of < 0.05 was regarded as significant. 

The inter-observer reliability between the scores given by the two observers for the three 

different time measurements was calculated using the Spearman’s rank correlation test (for 
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T1, T2 and T3 (resp. R 0.81, 0.61, and 0.80). This inter-observer reliability was generally high 

enough to average the scores of the two observers for use in further analyses, as a 

correlation coefficient lower than 0.5 is considered as weak correlation, a correlation 

coefficient between 0.5 and 0.7 is considered as moderate correlation, a correlation 

coefficient between 0.7 and 0.9 is considered as high correlation and a correlation 

coefficient between 0.9 and 1 is considered as very high correlation.

We used the Friedman test for three related samples to analyse whether the total primary 

assessment scores of the entire group of participants differed between the three 

measurement moments. The Friedman test calculates and compares the mean ranks at T1, 

T2 and T3.  The mean rank is calculated by ranking the score of each participant on T1, T2 

and T3 and then calculating the mean rank of the entire group on T1, T2 and T3. 

We used the Wilcoxon signed-rank test for two related samples to analyse whether the total 

primary assessment scores of the entire group of participants differed between two 

measurement moments and whether each skill or competence differed between two 

measurement moments. The Wilcoxon signed-rank test also uses the mean ranks. 

Finally, we applied the Holm correction to reduce the possibility of getting a statistically 

significant result (Type I error) when performing multiple tests. 

RESULTS

Characteristics of study subjects

Between August 2012 and December 2013, 27 courses were given to six participants each. 

From the total of 162 course participants 30 participants volunteered for this study. 21 were 

female, nine were male. Their mean age was 27 years (range 24-35, SD 2.77), their mean 

work experience was 11 months (range 0-48, SD14.4). Most participants did not have any 
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experience with simulation training at all (18 out of 30), some participants had done some 

training in their own department, like ALS or Basic Life Support (BLS) (7 out of 30), from five 

participants we do not know whether they had any experience with simulation training.

The video recording of T3 of one participant was lost due to technical problems. 

Main results

The mean ranks of the entire group on the total primary assessments at T1, T2 en T3 were 

1.14, 2.62 and 2.24, respectively (Table 1), and they were significantly different, (p< 0.001). 

The mean rank on the total primary assessment at T2 (directly after the course) was 

significantly higher than the mean rank at T1 (before the course, table 1). The mean rank on 

the total primary assessment at T3 (3-4 months after the course) was significantly lower 

than the mean rank at T2, but remained significantly higher than the mean rank at T1 (Table 

1 and Figure 2 ).

Table 1: Scores on the total primary assessment of the whole group at T1, T2 and T3

Time N Median Mean rank Wilcoxon signed-rank test

1 30 2.79 1.14 T1 < T2, p<0.001

2 30 5.22 2.62 T2 > T3, p<0.05

3 29 4.70 2.24 T3 > T1, p<0.001

The mean ranks of the separate skills or competences were almost all significantly higher at 

T2 than at T1 (34 out of 40). With respect to the remaining skills, four could not be included 

in our analyses as they were scored too often as “does not apply”, which rendered the 

number of observations for those skills < N=10, which was too low to ascertain differences in 

a reliable way. For only three skills – “examines the airway”, “orders additional diagnostics in 
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the B” and “resuscitates adequately in the E”– we did not find a significant difference 

between T1 and T2.

Most of the separate skills did not show significant differences between mean rank at T2 and 

T3 (30 out of 40). Some skills (7 out of 40) had a significantly lower mean rank at T3 than at 

T2, but significantly higher than at T1 (Table 2).  

Table 2: Outcomes for separate skills and competences that decreased between T2 and T3

Skill/Competence Wilcoxon signed-rank test

N=

mentions abnormal findings in the C 29 T2 > T3 
T1 < T3

p<0.01 
p<0.01

recognizes live-threatening conditions in the C 28 T2 > T3 
T1 < T3

p<0.05
p<0.01

mentions conclusions in the C 28 T2 > T3 
T1 < T3

p<0.05
p<0.01

examines the D completely 29 T2 > T3
T1 < T3

p<0.01
p<0.001

communicates clearly 29 T2 > T3 
T1 < T3

p<0.05
p<0.001

shows confidence 29 T2 > T3 
T1 < T3

p<0.05
p<0.001

shows good leadership 29 T2 > T3 
T1 < T3

p<0.05
p<0.001
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DISCUSSION

Our study is the first to show the effectiveness of a course using simulation to teach 

physicians the ABCDE approach for the assessment of medically ill patients. We found that 

the positive effect on performing a primary assessment according the ABCDE approach 

persisted even 3-4 months after completing the course. 

Our findings corroborate outcomes of other studies showing that simulation training in 

health professions education was consistently associated with large effects on knowledge, 

skills and behaviour [22, 23]. Our findings are also in line with previous research showing that 

simulation training establishes, corrects, and confirms knowledge and skills of the ABCDE 

approach and afterwards participants felt more competent in applying the ABCDE approach 

[3, 19-21].

In the follow-up we found decline in participant performance on some skills of the primary 

assessment. Strikingly, most skills that decrease over time are CRM-skills (Table 2). This is 

illustrated by a decrease in time of “recognition of life-threatening conditions in the C”, 

while the scores on the resuscitation skills did not decline. It is possible that this lower score 

reflects ‘not thinking out loud’ rather than failing to recognize a life-threatening condition.  

This decrease in CRM-skills suggests that focusing on CRM-skills by refresher courses or team 

training, after completing a simulation course, may be an important topic for physicians to 

maintain their skills. The positive effect of team training for these non-technical skills has 

already been shown [16-18].    

Another skill that does not yield scores as high as most other skills after three to four 

months, is a complete examination of the Disability. A possible explanation for this finding is 

that the participants decide on the level of consciousness of the patient, determined by the 

EMV, whether it is necessary to examine certain components of the Disability. The 
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performance of the EMV does not decrease over time. This finding is in line with previous 

research from our group on primary assessment completeness showing that during the 

primary assessment in the emergency department, residents and experienced staff have 

equal, but not maximum ABCDE completeness scores (83 instead of 100) [7]. Fernandez et al. 

also showed that professional lifeguards failed to fully perform the ABCDE sequence and 

spend more time in the Circulation step, because they spent more time in steps considered 

most important [5].

These outcomes may reflect that a score of 100 on the ABCDE approach is not necessary to 

exclude potential life-threatening diseases or stabilize the patients. 

Limitations

It is not possible to define the impact of the book and the lectures that are also part of the 

course, on the measured improvements in performance on the primary assessment. 

Outcomes from the regular course evaluation – not part of this study – indicated that the 

simulation training was the most powerful educational tool and accounted for most of the 

improvements. This feedback is in line with previous research showing that adding 

simulation training to a curriculum with lectures of medical students is associated with 

higher oral exam scores and higher overall course grades [22]. 

This study evaluated a course with instructors who are experts in the field of acute medicine, 

and experienced and certified course instructors. It is known that simulation-based 

education is most effective if guided by a safe and efficient debriefing and that debriefing 

can be challenging [23, 24]. We do not know if simulation training with debriefing by less 

experienced instructors may have less effect.  

Page 16 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

16

16

During the study we have deliberately chosen for a researcher participating as “non-

obstructive nurse” in the measurement to minimize potential bias caused by help form the 

“non-obstructive nurse”. The researcher knew the research questions and was instructed in 

detail to only follow instructions from the participant and not help in any way.

We did not schedule the researchers and operators with an equal distribution over the 

measurement moments, but all five researchers rotated between roles of the nurse and 

operator on own initiative. We therefor think that the bias of the non-obstructive nurse 

influencing the participant is negligible.

Another limitation of this study is that it was not possible to assess all specific skills in each 

simulation scenario, because they were often scored as “does not apply”. The amount of not 

applicable rated items was between 0-3 in ten items, between 3-10 in five items, between 

10-20 in two items and in four items the not applicable rated items was > 20. This limitation 

probably did not influence the results because items often scored as “does not apply” do not 

impact discriminating in quality of performance. 

The sample size was chosen without power analysis, because we didn’t know the expected 

effect. This relative small sample size of 30 participants already showed large significant 

differences. In our statistical analysis we accounted for a small sample size by using the 

Wilcoxon signed-rank test.

The observers may have been the instructor during the course of some study participants 

and we cannot exclude that this may have influenced their ratings for some of them. This 

potential bias was minimized by offering the videos in random order and blinding the 

observers to the measurement moment. Also, our study focused on the outcomes at group 

level and not individual outcomes and the inter-observer reliability was generally high. 
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The measurement moment of T3 varied between 3-4 months after T2. We do not know if 

this range of one month between T2 and T3 have caused a variation in performance at T3.

Some participants had experience with simulation training. These participants might have 

had a higher score on T1 what might have caused an underestimation of the difference 

between T1 and T2. 

Finally, the participants knew they were a study subject and when the recordings were 

scheduled. We do not know if they prepared for the study scenarios. Modifying behaviour in 

response to the awareness of being observed is known as the Hawthorne effect. This may 

have influenced the study scores at T1 and T3, whereas preparation for T3 might result in an 

overestimation of the actual course effectiveness at follow-up, preparation at T1 might 

result in an underestimation of the effectiveness of the course on both T2 and T3. 

Conclusion

A course with simulation training is an effective educational tool to teach physicians to 

perform a structured primary assessment using the ABCDE. This competence is largely 

remained after three to four months. CRM-skills tend to decrease over time, so we 

recommend organizing refresher courses, simulation team training or another kind of 

simulation training with a focus on CRM-skills. 

Figure legend

Figure 1  Assessment form used by the observers.

Figure 2 Line chart for total score on primary assessment for each participant on T1, T2 and 

T3.
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Figure 1 Assessment form used by the observers. 

 

Primary assessment 
 

A 
 
- examines the airway 
- mentions obstructed airway  
- applies airway maneuvers 
- applies oxygen 

 
agree / disagree 
agree / disagree/ d.n.a. 
agree / partially agree / partially disagree / disagree / d.n.a.  
agree / disagree/ d.n.a. 
 

 
B 

 
- examines B completely (color, trachea, resp. rate, excursions,    
  breathing effort, percussion, auscultation, saturation)                                                         
- gives nurse the right orders  
- mentions abnormal findings  
- recognizes life-threatening conditions 
- orders right additional diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately 
 

 
1 - 2 - 3 - 4 - 5 - 6 - 7 – 8 
 
agree / partially agree / partially disagree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree / d.n.a. 

 
C 

 
- examines C completely (circulation of extremities, central pulse,   
  heart rate, blood pressure, cap.refill, CVP, heart sounds)                                                
- gives nurse the right orders  
- mentions abnormal findings  
- recognizes life-threatening conditions 
- orders right additional diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately  
 

 
1 - 2 - 3 - 4 - 5 - 6 - 7 
 
agree / partially agree / partially disagree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree / d.n.a. 

 
D 

 
- examines D completely  (Glasgow Coma Scale, pupils, neck stiffness, 
glucose) 
- applies EMC correctly 
- mentions  abnormal  findings  
- recognizes life-threatening conditions 
- orders right additional  diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately 
 

 
1 - 2 - 3 – 4 
 
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree/ d.n.a. 
agree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree / d.n.a. 

 
E 

 
- examines E completely (temperature, head to toe) 
- gives nurse the right orders  
- mentions  abnormal  findings  
- orders right additional diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately 
 

 
1 – 2  
agree / partially agree / partially disagree / disagree/ d.n.a.   
agree / partially agree / partially disagree / disagree/ d.n.a.   
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree / d.n.a. 

 
R 
E 
M 
A 
I 
N 
I 
N 
G 
 

 
- asks for help adequately 
- communicates clearly  
- summarizes adequately  
- draws the right conclusions 
- clinical reasoning is adequate  
- works structured 
- stays calm  
- shows confidence 
- shows good leadership 

 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree 
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Figure 2: Line chart for total score on primary assessment for each participant on T1, T2 and T3. 
(p=participant) 
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1

STROBE Statement—checklist of items that should be included in reports of observational studies

Item 
No Recommendation

(a) Indicate the study’s design with a commonly used term in the title or the abstract    Page 1   Title and abstract 1
(b) Provide in the abstract an informative and balanced summary of what was done and what was found   Page 4

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported   Page 6 and 7
Objectives 3 State specific objectives, including any prespecified hypotheses   Page 7

Methods
Study design 4 Present key elements of study design early in the paper   Page 7-9
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection   Page 9-10

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up Page 
7-11
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control selection. Give the rationale 
for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants                                    

Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable Page 7-
12

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment 
methods if there is more than one group   Page 7-12

Bias 9 Describe any efforts to address potential sources of bias Page 7-12
Study size 10 Explain how the study size was arrived at   (no effectsize known)
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why  

(a) Describe all statistical methods, including those used to control for confounding    Page 12-13
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed    Page 12

Statistical methods 12

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
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Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
(e) Describe any sensitivity analyses    Page 12 (interobserver reliability)
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3

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the 
study, completing follow-up, and analysed   Page 13
(b) Give reasons for non-participation at each stage   

Participants 13*

(c) Consider use of a flow diagram   
(a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential confounders  Page 13
(b) Indicate number of participants with missing data for each variable of interest   Page 13 and supplemental file Outcome

Descriptive 
data

14*

(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Cohort study—Report numbers of outcome events or summary measures over time Page 13-15
Case-control study—Report numbers in each exposure category, or summary measures of exposure

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary measures    
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which 
confounders were adjusted for and why they were included    Page 13-15, Table 1 and 2
(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses   Page 12  (interobserver reliability)

Discussion
Key results 18 Summarise key results with reference to study objectives  Page 15-16
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias 

Page 17-18
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant 

evidence  Page 15-18
Generalisability 21 Discuss the generalisability (external validity) of the study results  Page 15-18

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based   

Page 3

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
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Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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ABSTRACT

Objectives To investigate short- and long-term effectiveness of simulation training to 

acquire a structured Airway Breathing Circulation Disability Exposure (ABCDE) approach for 

medical emergencies; and to examine which skills were learned and maintained best.

Design an observational study with a three to four months follow-up.

Setting Skills centre of the University Medical Center Groningen. 

Participants Thirty voluntary participants (21 females & 9 males; 27±2.77 years) of a 

simulation-based course. 

Intervention A two-day ABCDE-teaching course for residents and non-residents. The course 

encompasses 24 simulations in which participants perform primary assessments of acute ill 

patients. Video recordings were taken of each participant performing a primary assessment, 

before (T1), directly after (T2) and three to four months after the intervention (T3). 

Main outcome measures Physicians’ performance in the ABCDE primary assessment at T1, 

T2 and T3. Two observers scored the primary assessments, blinded to measurement 

moment, using an assessment form to evaluate the performance with regard to skills 

essential for a structured ABCDE approach. The Friedman and Wilcoxon signed-rank test 

were used to compare physicians’ performances on the subsequent measurement 

moments. 

Results The mean ranks on the total primary assessment at T1, T2 and T3 were 1.14, 2.62 

and 2.24, respectively, and were significantly different, (p< 0.001). 

The mean ranks on the total primary assessment directly after the course (T2 vs. T1 p<0.001) 

and three to four months after the course (T3 vs. T1 p<0.001) were significantly better than 

before the course. Certain skills deteriorated during the follow-up.  Strikingly, most skills that 

decrease over time are Crew Resources Management (CRM)-skills.
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Conclusion

A course using simulation training is an effective educational tool to teach physicians the 

ABCDE primary assessment. Certain CRM-skills decrease over time, so we recommend 

organizing refresher courses, simulation team training or another kind of simulation training 

with a focus on CRM-skills. 

Strengths and limitations of this study

Strengths

 This is an observational study to investigate the short- and long-term  effect of a 

simulation course. 

 This study used the same environment for course and study. 

 The observers were blinded to measurement moment during this study on 

participants’ performance on the primary assessment using the ABCDE approach.

Limitations

 The fact that the observers might have been also the instructor of some study 

participants, may have influenced their ratings for a few participants, but potential 

bias was minimized by offering the videos in random order and blinded to 

measurement moment, analysis showed a moderate to high inter-observer 

reliability and our study focused on the outcomes at group level and not individual 

outcomes. 

 There might be bias in the fact that we do not know if the participants have 

prepared for the study scenario at T1 and T3 (the Hawthorne effect), whereas 

preparation for T3 might result in an overestimation of the actual course 

effectiveness at follow-up, preparation at T1 might result in an underestimation of 

the effectiveness of the course on both T2 and T3. 
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INTRODUCTION

Background

In emergency medicine, assessing incoming patients in life-threatening conditions according 

to a structured approach is considered essential for successful resuscitation. The most 

widely used structured approach for early recognition and immediate treatment of life-

threatening conditions is the “Airway-Breathing-Circulation-Disability-Exposure” (ABCDE) 

approach. The ABCDE approach is taught in the Advanced Trauma Life Support (ATLS) since 

1978 and has been the standard approach in trauma since [1-3].

The use of the ABCDE primary assessment has also increased in other medical emergencies 

in recent years [4-7]. 

Using the ABCDE approach likely improves outcomes by helping health care professionals 

focus on the most life-threatening clinical problems and perform immediate resuscitation. 

Although solid empirical evidence for the usefulness of the ABCDE approach and its clinical 

benefits to patients is limited[1, 2], the importance of early treatment has been recognized in 

several emergencies such as trauma, stroke, sepsis and shock [1-5, 8-11].

Importance

The Dutch inspection for healthcare requires that physicians treating non-trauma patients in 

the emergency department are ABCDE qualified [12]. Therefore, completing an ABCDE course 

is mandatory for physicians who work at the Emergency Department (ED). These courses 

usually contain lectures and simulation scenario training. Despite the wide use of simulation 

training for teaching the systematic ABCDE approach, little research has been done to 

analyse the effectiveness of simulation training in acquiring this structural approach. 

Simulation training has been proven to be effective for learning technical skills and 
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maintaining skills that are not frequently used in daily practice, like airway management and 

surgical skills [13-15]. Simulation training can also improve communication, efficiency and 

safety during teamwork [16-18]. A few studies based on self-perceptions showed that 

simulation training improved participants’ confidence levels; they felt more competent in 

applying the ABCDE approach and several other skills [3, 19-21].

To our knowledge, it has not been investigated before whether simulation training actually 

improves physicians’ skills in performing the structured ABCDE approach. 

Our study focused on the effectiveness of simulation training to acquire a structured ABCDE 

approach. Our main goal was to analyse the short- and long-term effectiveness of simulation 

training to acquire a structured ABCDE approach. We analysed the improvement in 

physicians’ primary assessment scores as a result of the ABCDE simulation training. 

We also investigated whether the skills acquired were maintained over a period of three to 

four months and which skills and competences were learned and maintained best.

METHODS

Study design  

We conducted an observational study to investigate short- and long-term effectiveness of a 

two-day simulation-based ABCDE teaching course. The measurements through video 

recordings were obtained before (T1), directly after (T2) and three to four months after the 

intervention (T3).

Three simulation scenarios (A, B and C) with different medical emergencies were specifically 

designed for this study. Scenario A was a case with pneumosepsis and hypoglycaemia, a 

partially obstructed airway due to low consciousness and shock. Scenario B concerned a case 
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with obstructive shock caused by pulmonary embolism and an opioid overdose with altered 

consciousness. Scenario C was a case with meningococcal sepsis with a partially obstructed 

airway due to low consciousness, bronchospasm and shock. We have designed three 

different and realistic scenarios with comparable difficulty by creating a life-threatening 

condition which needs resuscitation in three of the five main items from the ABCDE. 

To prevent bias caused by the type or difficulty of the simulation, we varied the order in 

which participants had to complete the three simulation scenarios in such a way that the 

different scenario sequences were equally divided over T1, T2 and T3 (participant 1: T1 

scenario A, T2 scenario B, T3 scenario C; participant 2: T1 scenario B, T2 scenario C, T3 

scenario A; participant 3: T1 scenario C, T2 scenario A, T3 scenario B, etcetera). We made a 

schedule in which the order of the scenarios was prescribed for each participant and 

participants were divided over the schedule in order of inclusion. 

We developed an assessment form (Figure 1) to evaluate the participants' performance 

regarding skills and competences essential to assess medical emergencies. The assessment 

form was divided in six categories; five concerned the ABCDE structure and the sixth 

contained remaining items. The remaining items focus on some Crew Resources 

Management (CRM) skills, like collaboration, communication, acknowledge own boundaries, 

and leadership. In each category, the skills or competences could be rated on a two- (agree, 

not agree, does not apply) or four-point scale (agree, partially agree, partially not agree, not 

agree or does not apply). We have added the option “does not apply”, because some skills 

were not required in some simulation scenarios. In the categories B, C, D and E also the  

number of examined items during the physical examination was scored. The following items 

could be scored; in the B: skin color, trachea position, respiratory rate, thorax excursions, 

breathing effort, lung percussion, lung auscultation and saturation; in the C: circulation of 
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extremities, central pulse, heart rate, blood pressure, capillary refill, central venous 

pressure, heart sounds; in the D: Glasgow Coma Scale (EMV), pupils, neck stiffness, glucose; 

in the E: temperature, head to toe examination (Figure 1).

Intervention

The ABCDE course is a two-day course for non-residents and first year residents which exists 

for ten years now. For most participants, it was a mandatory course that they need to pass 

before they were allowed to work in the ED. The course consisted mainly of simulation 

training and two theoretical lectures about airway management and Advanced Life Support 

(ALS). Previous to this course, the participants received a book with chapters describing the 

ABCDE approach and various acute medical emergencies. 

The course focused on learning to recognize and treat life-threatening conditions, but also 

paid attention to some CRM-skills necessary for an efficient ABCDE approach.

This course was given in the skills centre in a room similar to a resuscitation room in the ED. 

The patient simulator used was a Laerdal Resusci Anne SkillTrainer with an upgrade Vitale 

Signs Sim Software Complete package. This simulator features heart and lung sounds, chest 

excursions, pulse and can show all vital signs on a separate monitor. With a separate 

computer, the sounds and vital signs can be changed during the scenario, to simulate several 

acute medical conditions.

Each course group consisted of six participants and two instructors. During the simulation 

rounds the group was split in half and two scenarios were run simultaneously in two 

separate rooms.

The course encompassed a total of 24 simulations with a patient simulator in which 

participants perform the primary assessment of acute ill patients. In each scenario, the role 
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of physician, “non-obstructive nurse” and observer were assigned to the three participants. 

One of the instructors operated the simulator and led the debriefing afterwards.  

In eight scenarios, the participants fulfilled the role of physician; in the other scenarios, they 

carried out the role of “non-obstructing nurse” or observer. 

The participants received a certificate if they passed the theoretical test and if they were, 

according to the instructors, capable of performing a structured primary assessment of an 

acute ill patient, with recognition and resuscitation of life-threatening conditions and 

adequate CRM-skills.

All course instructors have to follow a formalized educational program to become an 

instructor: First they have to pass the course as participant and have to work in the field of 

emergency medicine or acute care. Second they need to follow a two-day generic instructor 

course specifically developed for simulation training. Then they have to act as assistant-

trainer for at least two courses and they need to write a report reflecting on their own role 

as instructor. Finally they are observed by an experienced instructor to become certified. As 

instructor, they have to teach the course least twice a year to stay competent and they need 

to follow the course-specific instructors day each year.   

Study setting and population

This study was conducted in the same skills centre as were the course took place. During the 

video recordings, the simulator, materials and environment were also the same as during 

the course. 

We approached all participants prior to this two-day course by e-mail and invited them to 

participate in the study between August 2012 and December 2013 
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We endeavoured to achieve a save response environment by a statement in the invitation e-

mail that declining to participate in the study would not influence their course results.  All 

participants participated voluntarily, they knew all information about the investigation and 

they could withdraw from the study at any moment, all provided verbal consent. 

The three measurement moments were scheduled in consultation with the participants, 

separate from the course. For each measurement moment, study participants were 

instructed to act in a simulation scenario as physician and to perform a primary assessment 

according to the ABCDE approach. One of the researchers participated as “non-obstructive” 

nurse and one researcher operated the simulator and computer.

Ethics approval

Ethical approval was waived by our medical ethics committee (METc UMC Groningen) as this 

research is educational research. We have received an independent review board 

declaration from our medical ethics committee, which declares that this study fulfills all the 

requirements for patient anonymity and is in agreement with regulations of our University 

Hospital. 

Patient and public involvement 

Participants of this study were not involved in the development of the research question, 

design or outcome measures. Some participants of the study encouraged others to 

participate, but they were all voluntarily included. The results of the study will be available 

for the participants on request.

Study Protocol
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The first recording (T1) took place one to two weeks prior to the course. The second 

recording (T2) took place within one week after the course. The third recording (T3) took 

place between three to four months after the course.

The research team consisted of five physicians, who were also course instructors. They were 

all instructed in detail to only facilitate the simulation and not help the participant in any 

way. 

The observers were two emergency physicians, who were also course instructors, but who 

were not part of the research team and therefore not involved in the recordings. The 

observers received specific instructions how to score each item on the assessment form. 

They independently rated the recorded primary assessments in random order and were 

blinded to the measurement moment.

Measurements

Each skill or competence on the assessment form had a lowest score of 0 and a highest score 

of 1, so the weight of each item was the same, independent of the two- (0 = not agree, 1 = 

agree, not applicable = missing value) or four-point scale (agree=1, partially agree=0.67, 

partially not agree=0.33, not agree=0, not applicable = missing value). This was the same for 

the number of examined items during the physical examination. For example in the B there 

was a maximum of eight items to examine during physical examination. If one item was 

examined the score was 1/8 =0.125, if two items were examined the score was 2/8=0.25, if 

three items were examined, the score was 3/8=0.375, etc. So, the highest possible score on 

complete examination in the B was 8/8= 1. 

Because some skills or competences were marked as not applicable, we calculated mean 

scores in each category (A, B, C, D, E and remaining items) based on the skills and 
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competences which actually were applicable. In each category the maximal score to obtain 

was 1. Therefore, the maximal total score to obtain on the primary assessment for each 

scenario was 6 and the minimal score was 0. 

Data analysis

To perform the statistical analysis, IBM SPPSS version 23.0 was used. In all analyses, a p-

value of < 0.05 was regarded as significant. 

The inter-observer reliability between the scores given by the two observers for the three 

different time measurements was calculated using the Spearman’s rank correlation test (for 

T1, T2 and T3 (resp. R 0.81, 0.61, and 0.80). This inter-observer reliability was generally high 

enough to average the scores of the two observers for use in further analyses, as a 

correlation coefficient lower than 0.5 is considered as weak correlation, a correlation 

coefficient between 0.5 and 0.7 is considered as moderate correlation, a correlation 

coefficient between 0.7 and 0.9 is considered as high correlation and a correlation 

coefficient between 0.9 and 1 is considered as very high correlation.

We used the Friedman test for three related samples to analyse whether the total primary 

assessment scores of the entire group of participants differed between the three 

measurement moments. The Friedman test calculates and compares the mean ranks at T1, 

T2 and T3. The mean rank is calculated on a scale from 1-3, because three measurements 

are ranked, 1 is the best rank and 3 the worst. The mean rank is calculated by ranking the 

score of each participant on T1, T2 and T3 and then calculating the mean rank of the entire 

group on T1, T2 and T3. 

We used the Wilcoxon signed-rank test for two related samples to analyse whether the total 

primary assessment scores of the entire group of participants differed between two 
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measurement moments and whether each skill or competence differed between two 

measurement moments. The Wilcoxon signed-rank test also uses the mean ranks. 

Finally, we applied the Holm correction to reduce the possibility of getting a statistically 

significant result (Type I error) when performing multiple tests. 

RESULTS

Characteristics of study subjects

Between August 2012 and December 2013, 27 courses were given to six participants each. 

From the total of 162 course participants 30 participants volunteered for this study. 21 were 

female, nine were male. Their mean age was 27 years (range 24-35, SD 2.77), their mean 

work experience was 11 months (range 0-48, SD14.4). Most participants did not have any 

experience with simulation training at all (18 out of 30), some participants had done some 

training in their own department, like ALS or Basic Life Support (BLS) (7 out of 30), from five 

participants we do not know whether they had any experience with simulation training.

The video recording of T3 of one participant was lost due to technical problems. 

Main results

The median total score on the primary assessment was 2,79 at T1, 5.22 at T2 and  4.70 at T3 

(Table 1 and Figure 2).

The mean ranks of the entire group on the total primary assessments at T1, T2 en T3 were 

1.14, 2.62 and 2.24, respectively (Table 1), and they were significantly different, (p< 0.001). 

The mean rank on the total primary assessment at T2 (directly after the course) was 

significantly higher than the mean rank at T1 (before the course, table 1). The mean rank on 

the total primary assessment at T3 (three to four months after the course) was significantly 
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lower than the mean rank at T2, but remained significantly higher than the mean rank at T1 

(Table 1).

Table 1: Scores on the total primary assessment of the whole group at T1, T2 and T3

The mean ranks of the separate skills or competences were almost all significantly higher at 

T2 than at T1 (34 out of 40). With respect to the remaining skills, four could not be included 

in our analyses as they were scored too often as “does not apply”, which rendered the 

number of observations for those skills < N=10, which was too low to ascertain differences in 

a reliable way. For only three skills – “examines the airway”, “orders additional diagnostics in 

the B” and “resuscitates adequately in the E”– we did not find a significant difference 

between T1 and T2.

Most of the separate skills did not show significant differences between mean rank at T2 and 

T3 (30 out of 40). Some skills (7 out of 40) had a significantly lower mean rank at T3 than at 

T2, but significantly higher than at T1 (Table 2).  

Table 2: Outcomes for separate skills and competences that decreased between T2 and T3

Skill/Competence Wilcoxon signed-rank test

N=

Time N Median 25 
percentile

75 
percentile

Mean rank Wilcoxon signed-rank 
test

1 30 2.79 2.31 3.53 1.14 T1 < T2, p<0.001

2 30 5.22 4.57 5.43 2.62 T2 > T3, p<0.05

3 29 4.70 4.20 5.30 2.24 T3 > T1, p<0.001
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mentions abnormal findings in the C 29 T2 > T3 
T1 < T3

p<0.01 
p<0.01

recognizes live-threatening conditions in the C 28 T2 > T3 
T1 < T3

p<0.05
p<0.01

mentions conclusions in the C 28 T2 > T3 
T1 < T3

p<0.05
p<0.01

examines the D completely 29 T2 > T3
T1 < T3

p<0.01
p<0.001

communicates clearly 29 T2 > T3 
T1 < T3

p<0.05
p<0.001

shows confidence 29 T2 > T3 
T1 < T3

p<0.05
p<0.001

shows good leadership 29 T2 > T3 
T1 < T3

p<0.05
p<0.001

DISCUSSION

Our study is the first to show the effectiveness of a course using simulation to teach 

physicians the ABCDE approach for the assessment of medically ill patients. We found that 

the positive effect on performing a primary assessment according the ABCDE approach 

persisted even three to four months after completing the course. 

Our findings corroborate outcomes of other studies showing that simulation training in 

health professions education was consistently associated with large effects on knowledge, 

skills and behaviour [22, 23]. Our findings are also in line with previous research showing that 

simulation training establishes, corrects, and confirms knowledge and skills of the ABCDE 

approach and afterwards participants felt more competent in applying the ABCDE approach 

[3, 19-21].

In the follow-up we found decline in participant performance on some skills of the primary 

assessment. Strikingly, most skills that decrease over time are CRM-skills (Table 2). This is 

illustrated by a decrease in time of “recognition of life-threatening conditions in the C”, 
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while the scores on the resuscitation skills did not decline. It is possible that this lower score 

reflects ‘not thinking out loud’ rather than failing to recognize a life-threatening condition.  

This decrease in CRM-skills suggests that focusing on CRM-skills by refresher courses or team 

training, after completing a simulation course, may be an important topic for physicians to 

maintain their skills. The positive effect of team training for these non-technical skills has 

already been shown [16-18].    

Another skill that does not yield scores as high as most other skills after three to four 

months, is a complete examination of the Disability. A possible explanation for this finding is 

that the participants decide on the level of consciousness of the patient, determined by the 

EMV, whether it is necessary to examine certain components of the Disability. The 

performance of the EMV does not decrease over time. This finding is in line with previous 

research from our group on primary assessment completeness showing that during the 

primary assessment in the emergency department, residents and experienced staff have 

equal, but not maximum ABCDE completeness scores (83 instead of 100) [7]. Fernandez et al. 

also showed that professional lifeguards failed to fully perform the ABCDE sequence and 

spend more time in the Circulation step, because they spent more time in steps considered 

most important [5].

These outcomes may reflect that a score of 100 on the ABCDE approach is not necessary to 

exclude potential life-threatening diseases or stabilize the patients. 

Limitations

It is not possible to define the impact of the book and the lectures that are also part of the 

course, on the measured improvements in performance on the primary assessment. 

Outcomes from the regular course evaluation – not part of this study – indicated that the 
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simulation training was the most powerful educational tool and accounted for most of the 

improvements. This feedback is in line with previous research showing that adding 

simulation training to a curriculum with lectures of medical students is associated with 

higher oral exam scores and higher overall course grades [22]. 

This study evaluated a course with instructors who are experts in the field of acute medicine, 

and experienced and certified course instructors. It is known that simulation-based 

education is most effective if guided by a safe and efficient debriefing and that debriefing 

can be challenging [23, 24]. We do not know if simulation training with debriefing by less 

experienced instructors may have less effect.  

During the study we have deliberately chosen for a researcher participating as “non-

obstructive nurse” in the measurement to minimize potential bias caused by help form the 

“non-obstructive nurse”. The researcher knew the research questions and was instructed in 

detail to only follow instructions from the participant and not help in any way.

We did not schedule the researchers and operators with an equal distribution over the 

measurement moments, but all five researchers rotated between roles of the nurse and 

operator on own initiative. We therefor think that the bias of the non-obstructive nurse 

influencing the participant is negligible.

Another limitation of this study is that it was not possible to assess all specific skills in each 

simulation scenario, because they were often scored as “does not apply”. The amount of not 

applicable rated items was between 0-3 in ten items, between 3-10 in five items, between 

10-20 in two items and in four items the not applicable rated items was > 20. This limitation 

probably did not influence the results because items often scored as “does not apply” do not 

impact discriminating in quality of performance. 
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The sample size was chosen without power analysis, because we didn’t know the expected 

effect. This relative small sample size of 30 participants already showed large significant 

differences. In our statistical analysis we accounted for a small sample size by using the 

Wilcoxon signed-rank test.

The observers may have been the instructor during the course of some study participants 

and we cannot exclude that this may have influenced their ratings for some of them. This 

potential bias was minimized by offering the videos in random order and blinding the 

observers to the measurement moment. Also, our study focused on the outcomes at group 

level and not individual outcomes and the inter-observer analysis showed a moderate to 

high inter-observer reliability. 

The measurement moment of T3 varied between three to four months after T2. We do not 

know if this range of one month between T2 and T3 have caused a variation in performance 

at T3.

Some participants had experience with simulation training. These participants might have 

had a higher score on T1 what might have caused an underestimation of the difference 

between T1 and T2. 

Finally, the participants knew they were a study subject and when the recordings were 

scheduled. We do not know if they prepared for the study scenarios. Modifying behaviour in 

response to the awareness of being observed is known as the Hawthorne effect. This may 

have influenced the study scores at T1 and T3, whereas preparation for T3 might result in an 

overestimation of the actual course effectiveness at follow-up, preparation at T1 might 

result in an underestimation of the effectiveness of the course on both T2 and T3. 

Conclusion

Page 18 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

18

18

A course with simulation training is an effective educational tool to teach physicians to 

perform a structured primary assessment using the ABCDE. This competence is largely 

remained after three to four months. CRM-skills tend to decrease over time, so we 

recommend organizing refresher courses, simulation team training or another kind of 

simulation training with a focus on CRM-skills. 

Figure legend

Figure 1  Assessment form used by the observers.

Figure 2  Boxplot showing median and interquartile range of total score on primary 

assessment at T1, T2 and T3.
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Figure 1 Assessment form used by the observers. 

 

Primary assessment 
 

A 
 
- examines the airway 
- mentions obstructed airway  
- applies airway maneuvers 
- applies oxygen 

 
agree / disagree 
agree / disagree/ d.n.a. 
agree / partially agree / partially disagree / disagree / d.n.a.  
agree / disagree/ d.n.a. 
 

 
B 

 
- examines B completely (color, trachea, resp. rate, excursions,    
  breathing effort, percussion, auscultation, saturation)                                                         
- gives nurse the right orders  
- mentions abnormal findings  
- recognizes life-threatening conditions 
- orders right additional diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately 
 

 
1 - 2 - 3 - 4 - 5 - 6 - 7 – 8 
 
agree / partially agree / partially disagree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree / d.n.a. 

 
C 

 
- examines C completely (circulation of extremities, central pulse,   
  heart rate, blood pressure, cap.refill, CVP, heart sounds)                                                
- gives nurse the right orders  
- mentions abnormal findings  
- recognizes life-threatening conditions 
- orders right additional diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately  
 

 
1 - 2 - 3 - 4 - 5 - 6 - 7 
 
agree / partially agree / partially disagree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree / d.n.a. 

 
D 

 
- examines D completely  (Glasgow Coma Scale, pupils, neck stiffness, 
glucose) 
- applies EMC correctly 
- mentions  abnormal  findings  
- recognizes life-threatening conditions 
- orders right additional  diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately 
 

 
1 - 2 - 3 – 4 
 
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree/ d.n.a. 
agree / disagree / d.n.a. 
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree / d.n.a. 

 
E 

 
- examines E completely (temperature, head to toe) 
- gives nurse the right orders  
- mentions  abnormal  findings  
- orders right additional diagnostic tests 
- mentions conclusions/interpretation 
- resuscitates adequately 
 

 
1 – 2  
agree / partially agree / partially disagree / disagree/ d.n.a.   
agree / partially agree / partially disagree / disagree/ d.n.a.   
agree / disagree / d.n.a. 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree / d.n.a. 

 
R 
E 
M 
A 
I 
N 
I 
N 
G 
 

 
- asks for help adequately 
- communicates clearly  
- summarizes adequately  
- draws the right conclusions 
- clinical reasoning is adequate  
- works structured 
- stays calm  
- shows confidence 
- shows good leadership 

 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree 
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree  
agree / partially agree / partially disagree / disagree 
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Figure 2:  Boxplot showing median and interquartile range of total score on primary assessment 
at T1, T2 and T3. 
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1

STROBE Statement—checklist of items that should be included in reports of observational studies

Item 
No Recommendation

(a) Indicate the study’s design with a commonly used term in the title or the abstract    Page 1   Title and abstract 1
(b) Provide in the abstract an informative and balanced summary of what was done and what was found   Page 4

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported   Page 6 and 7
Objectives 3 State specific objectives, including any prespecified hypotheses   Page 7

Methods
Study design 4 Present key elements of study design early in the paper   Page 7-9
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection   Page 9-10

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up Page 
7-11
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control selection. Give the rationale 
for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants                                    

Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable Page 7-
12

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment 
methods if there is more than one group   Page 7-12

Bias 9 Describe any efforts to address potential sources of bias Page 7-12
Study size 10 Explain how the study size was arrived at   (no effectsize known)
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why  

(a) Describe all statistical methods, including those used to control for confounding    Page 12-13
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed    Page 12

Statistical methods 12

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
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Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
(e) Describe any sensitivity analyses    Page 12 (interobserver reliability)
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3

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the 
study, completing follow-up, and analysed   Page 13
(b) Give reasons for non-participation at each stage   

Participants 13*

(c) Consider use of a flow diagram   
(a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential confounders  Page 13
(b) Indicate number of participants with missing data for each variable of interest   Page 13 and supplemental file Outcome

Descriptive 
data

14*

(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Cohort study—Report numbers of outcome events or summary measures over time Page 13-15
Case-control study—Report numbers in each exposure category, or summary measures of exposure

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary measures    
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which 
confounders were adjusted for and why they were included    Page 13-15, Table 1 and 2
(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses   Page 12  (interobserver reliability)

Discussion
Key results 18 Summarise key results with reference to study objectives  Page 15-16
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias 

Page 17-18
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant 

evidence  Page 15-18
Generalisability 21 Discuss the generalisability (external validity) of the study results  Page 15-18

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based   

Page 3

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
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4

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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