
 

 

 

 

Abstract—Newly developed mHealth tools need to be tested 

in standardized conditions without possible patient harm before 

implementation. One possible approach to secure these two 

conditions is to analyze the mHealth tool in a medical 

simulation center. Medical simulation centers create realistic 

routine or emergency scenarios with the aid of computer-

operated mannequins. Medical simulation is widely established, 

especially in emergency medicine, because it combines 

theoretical knowledge and practical skills. To evaluate a 

mHealth concept in the field of prehospital emergency medicine 

in a medical simulation center, distinctive scenarios should be 

used. The mHealth concept in this study was a mobile, high 

definition, real-time video connection between the emergency 

site and a remote medical expert. Since all participants in this 

study confirmed that the chosen scenarios were realistic and 

relevant, a medical simulation center appears to be a suitable 

model for testing mHealth concepts in prehospital emergency 

medicine. 

 

I. INTRODUCTION 

EWLY developed mHealth tools need to be tested in 

standardized conditions without possible patient harm 

before implementation. One possible approach to secure 

these two conditions is to analyze the mHealth tool in a 

medical simulation center. 

As AMMENWERTH and co-workers have explained [1], 

there are three ways of testing a new health information 

technology. The first way is to evaluate it in a laboratory, but 

the results are limited by a low external validity. The second 

way is a field evaluation test, but for this, both software and 

hardware have to be sufficiently mature to not possibly harm 

any person. So the solution is often the third way: a study in 

a medical simulation center, which combines good internal 

and external validity [1]. Usability studies in medical 

simulation centers are ideal for objective, structured analysis 

of new technical devices [2]. 

                                                           
 The present article has been structured in the context of the LiveCity 

(“Live Video-to-Video Supporting Interactive City Infrastructure”) 
European Research Project and has been supported by the Commission of 

the European Communities - DG CONNECT (FP7-ICT-PSP, Grant 
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Simulations in general provide the facility to evaluate 

complex systems and the interaction of the different 

variables [3], [4]. MHealth concepts in emergency scenarios 

can be tested in computer generated simulation or in medical 

simulation centers. It could be shown that the former, for 

instance in the form of virtual reality, is a successful way of 

analyzing for instance fire emergencies [5]. This paper aims 

to analyze how the latter can be used to test mHealth 

concepts. In medical simulation centers (study) participants 

encounter realistic routine or emergency scenarios, which are 

created with the aid of computer-operated mannequins  [6].  

These scenarios are based on predefined, structured 

protocols, but are adapted dynamically, depending on the 

action of the participants. Thus, the participants see and feel 

the consequences of their individual actions [7]. Because 

medical simulation combines theoretical knowledge and 

practical skills, it is widely established, especially in 

emergency medicine [8], [9], [10]. It is frequently and 

successfully used in training at all stages of medical 

education and in research [11], [12]. It can be used for both 

individual settings and group settings and offers the 

opportunity to standardize while minimizing negative 

consequences of potential errors [9], [13]. 

Simulation studies offer the opportunity to conduct 

experimental cross-over trials with high internal validity. The 

external validity depends on how realistic the simulated 

scenarios are. The perception of how realistic a scenario in a 

simulation centre is, is influenced by three different aspects: 

the equipment fidelity, the environment fidelity and the 

psychological fidelity [14]. The equipment fidelity is 

characterized by the used hardware and software. The 

environment fidelity is mostly created by the appropriate 

surrounding for every scenario. Psychological fidelity is the 

ability of the individual participant to immerse into the 

simulated situation. Psychological fidelity can be increased 

by enhancing equipment and environment fidelity [15]. 

To evaluate a mHealth concept in the field of prehospital 

emergency medicine in a medical simulation center, 

distinctive scenarios should be used. Hence, it is important to 

generate scenarios of emergencies, which occur often and in 
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which an early start of the right therapy has a huge impact on 

morbidity and mortality.  Three paramount examples are 

stroke, myocardial infarction and trauma. These emergencies 

belong to the “First Hour Quintet”, termed by the European 
Resuscitation Council. It describes five emergencies, which 

are life-threatening diseases, which require fast treatment  

[16], [17]. Stroke, myocardial infarction and trauma are also 

among the main causes of death in Europe [18]. Worldwide, 

they belonged to the group of top 10 leading causes of death 

in 2004 and prognosis for 2030 predicts them to be within 

the top 5 leading causes of death worldwide [19]. Thus, there 

are many approaches to improve the therapy of these 

emergencies; among them the application of mHealth. It 

could be shown, that mHealth for stroke in prehospital 

emergency medicine is feasible and beneficial [20]. 

To reflect the broad spectrum of emergencies, it is also 

important to include emergencies, which are especially 

challenging. Examples for those emergencies could be rare 

diseases and difficulties during pregnancy. The treatment of 

rare diseases often lacks standard operating procedures. 

Additionally, the emergency personnel might not have 

encountered a similar situation before, which increases the 

stress level. The complexity of difficulties during pregnancy 

is caused by the fact that the unborn child has to be 

considered, too. For instance, there are only a limited 

number of pharmaceuticals, for which it could be proven, 

that they can be administered during pregnancy without 

teratogenic or negative long-term effects for the unborn child 

[21]. Additionally, pregnancy changes many physiological 

parameters in women, which have to be kept in mind.  

 

 

II. MATERIAL AND METHODS 

 

To test the hypothesis, that medical simulation centers are 

ideal for testing mHealth concepts in prehospital emergency 

medicine, ten typical emergency scenarios were prepared 

from five different categories: “Stroke”, “Myocardial 
infarction”, “Trauma”, “Rare diseases” and “Difficulties 
during pregnancy”. All scenarios were structured to be 
handled according to the worldwide used “ABCDE”-

approach to rapidly evaluate the emergency situation: “A” 
for airway, “B” for breathing, “C” for circulation, “D” for 
disability, “E” for exposure. Relevant details of the case 
have been included to be recognised by “SAMPLE”-history: 

“S” for symptoms, “A” for allergies, “M” for medication, 
“P” for past medical history, “L” for last oral intake and “E” 
for events leading to the illness/injury [22], [23]. 

The mHealth concept in this study was a mobile, high 

definition, real-time video connection between the 

emergency site and a remote medical expert. For this 

purpose a camera called LiveCity camera was used, which 

was developed in the European Union funded research 

project LiveCity [24], [25], [26]. 

According to usual guidelines in German emergency 

medicine two paramedics worked together as a team. 

Together they handled ten scenarios, five of them with a 

remote medical expert and five of them without. The 

sequence of the case scenarios and the assignment to the two 

cross-over categories was randomized. 

When paramedics are alerted by the emergency 

dispatcher, they are provided with information about the 

location of the emergency, age and gender of the patient and 

the operation key word. The operation key word is based on 

the callers description of the emergency and indicates the 

kind of emergency [27], [28]. For all 10 scenarios in this 

study operation key words were developed. In general, every 

scenario followed this pattern:  

The paramedics were presented with the operation key 

words and age and gender of the patient. After that, they 

entered the simulation room, where the mannequin was 

postured with additional props, to illustrate the specific 

emergency scenario. The paramedics then started to ask the 

mannequin questions regarding the emergency, took the 

medical history, measured the vital signs and examined the 

patient. According to the predefined case description, which 

was developed specifically for every scenario, questions 

were answered and the vital signs and findings in the 

physical examination shown. They were dynamically 

adjusted according to the actions of the paramedics. In the 

simulation cases with a remote medical expert, the 

paramedics could decide at which point during the 

simulation they wanted to start the video consultation. 

Depending on features of the emergency case (for instance 

the severeness and the urgency to start the treatment) and on 

traits of the paramedic (like level of experience and wish for 

reassurance) the consultation could start either right after 

hearing the operation key word or after finishing the 

diagnostics and initial treatment just for confirmation or at 

any given moment between that, as would be the case after 

the implementation of this mHealth system. All the scenarios 

ended, when the paramedics decided to start the transport to 

the hospital. That endpoint was chosen, because before the 

beginning of the transport, all major decisions regarding 

diagnostics and treatment have to be made. If the paramedics 

did not start transport within 27 minutes, the scenarios were 

terminated. This time limit was set, because in Germany in 

95% the emergency doctor reaches the emergency site within 

26.6 minutes [29]. Thus, in the majority of cases there would 

be an emergency doctor at the emergency site after 27 

minutes to take over from the remote medical expert.  

For the simulation in this study, the equipment of the 

paramedics contained all medical devices, that are statutory 

for an ambulance car in Germany according to DIN EN 1789 

Typ C [30], [31]. These are, for instance, monitor of medical 

parameters (including body temperature, blood sugar level 

and 12-lead-ECG) and defibrillator, ventilator machine, 

medical suction machine, stiff neck and medical bag with 
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drugs, dressing and devices to secure the airway and blood 

circulation. 

The study was performed in the fully equipped high 

fidelity medical simulation center of the Department of 

Anaesthesiology at Greifswald University Medicine. To 

assess the outcome in practical, technical and psychological 

aspects, paramedics and doctors were interviewed by use of 

semi-structured questionnaires. 

 

 

III. RESULTS 

 

A total of 10 emergency doctors and 21 paramedics took 

part. Among the many aspects assessed by questionnaires in 

the LiveCity project, three key findings for this study will be 

presented. Table I shows how doctors and paramedics rated 

the statement “The scenarios were realistic." Table II shows 

how doctors and paramedics rated the statement “The 
scenarios were relevant." Table III shows how doctors and 

paramedics rated the statement “I took the simulation work 
seriously.” 

 
 

Table I: “The scenarios were realistic.” 

 Agree Partly 

agree 

Partly 

disagree 

Disagree 

Doctors (10) 4 5 1 0 

Paramedics (21) 9 11 1 0 

 

Table II: “The scenarios were relevant.” 

  Agree Partly 

agree 

Partly 

disagree 

Disagree 

Doctors (10) 7 3 0 0 

Paramedics (21) 14 7 0 0 

 

 

Table III: “I took the simulation work seriously.” 

 Agree Partly 

agree 

Partly 

disagree 

Disagree 

Doctors (10) 6 4 0 0 

Paramedics (21) 18 3 0 0 

 

 

IV.  DISCUSSION 

 

 In this study, the majority of emergency doctors and 

paramedics confirmed that the simulation of the scenarios 

was realistic. They also acknowledged that the chosen 

scenarios were relevant examples of emergency situations. 

All paramedics and emergency doctors agreed or partly 

agreed that they took the simulation work seriously.  

Great emphasis was put on high verifiability, fidelity and 

validity, which are three of the most important concepts of 

evaluating the quality of simulation [32]. These three 

concepts are interconnected. To achieve high verifiability, all 

10 developed scenarios were tested and adapted beforehand. 

As mentioned above, the fidelity can be divided into 

equipment fidelity, environment fidelity and psychological 

fidelity. To increase the equipment fidelity in this study, the 

Laerdal mannequin Resusci Anne® (Laerdal Medical 

GmbH, Puchheim, Germany) was used and the vital signs 

were dynamically simulated with the monitor iSimulate 

ALSi® (Skillqube GmbH, Wiesloch, Germany). The Laerdal 

Resusci Anne is globally used in education and research 

[33], [34], [35]. To enhance environment fidelity, every 

scenario had different characteristic accessories, e.g. in one 

case of simulated heart attack, a patient was watching sports 

sitting on a sofa with a football flag while eating potato 

crisps.  Psychological fidelity is the ability of the individual 

participant to immerse into the simulated situation. Because 

the psychological fidelity depends on equipment and 

environment fidelity, huge emphasis has to be on increasing 

both of the latter. In the concept, that the behaviour in the 

simulated scenario mirrors the behaviour in a real case, high 

authenticity is essential [36]. In this study all participants 

took their work very seriously during the simulation, and the 

majority rated the simulated scenarios as realistic. Thus, the 

possibility of the participants behaving in the study 

environment similar to their normal behaviour is very high. 

This implies a good external validity. Furthermore, all 

emergency doctors and paramedics partly agreed or agreed 

that the chosen scenarios were relevant. This is also an 

indicator for a good external validity.  

 

V. CONCLUSION 

 

 Since all paramedics and emergency doctors confirmed 

that the chosen scenarios were realistic and relevant, a 

medical simulation center appears to be a suitable model for 

testing mHealth concepts in prehospital emergency 

medicine. It offers the opportunity to evaluate mHealth 

concept without potential patient harm. 
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