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initially placed high demands on user operation, the modular architecture proved
effective in adapting scenarios to specific learning objectives.
Discussion: The study concludes that dynamic digital simulations represent
a scalable and valid supplement to practical exercises, serving to sustainably
strengthen operational confidence in disaster medicine.
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1 Introduction

Simulation training has long been an integral component
of education, advanced training, and continuous professional
development in emergency medical services (EMS) and emergency
medicine. It facilitates experience-based and case-oriented learning
within a controlled environment. Its deployment in EMS and
medical education aims to develop and consolidate practical
competencies through simulation before they are applied in real-
life emergency missions. Errors in decision-making or execution do
not result in actual harm during simulation training. Consequently,
simulation training is regarded as the gold standard for conveying
action-oriented, practical operational competencies (1).

The preparation, execution, and technical setup of classical,
non-digital simulation training for major incidents involving mass
casualties are highly resource-intensive and demanding. As a
result, the workflows and performance of the emergency forces
cannot be captured in sufficient detail for fact-based evaluation
and debriefing, often rendering the training only partially effective.
Furthermore, these exercises are typically associated with a high
degree of artificiality.

Moreover, such exercises are often limited in terms of scalability
and systematic evaluation. Due to the high organizational
and significant financial effort involved, full-scale exercises are
conducted only at long intervals. From the perspective of
sustainable experience and competence acquisition, they effectively
occur too infrequently. Participating organizations, such as regular
EMS providers, are often involved only occasionally and to a
limited extent, as maintaining regular service operations takes
priority (2). Consequently, in practice, specific units usually train
only isolated concepts—such as “first arriving ambulance” or
“triage in an Managing Mass Casualty Incidents (MCI) situation”—
separately or via (online) courses (3, 4). Volunteer emergency
forces generally receive their primary training through basic helper
courses, specialized modules, and practice evenings, while incident
command personnel are trained via scenario-based exercises which,
compared to full-scale exercises, possess a higher degree of
artificiality (5).

A significant disadvantage of live field exercises is that training
success can rarely be reliably tracked, as the learning objectives for
individual actors are often inadequately formulated or cannot be
reliably traced (6). A detailed description of learning objectives,
down to the level of granular goals for specific roles within a live
exercise, could concretize the horizon of expectations. Providing
a sufficient number of trained and technically proficient exercise

observers for the respective roles is another frequently challenging
task in the preliminary planning of live exercises. Even if this task
is successful, observers must be provided with detailed evaluation
forms to limit their scope for subjective interpretation. The quality
of data collection is then subject to the individual limitations of
the observer during the live exercise, which in turn complicates
a uniform and systematically structured evaluation. Consequently,
cross-actor, cross-interface, and cross-sectoral training domains are
often not adequately represented, despite their critical importance
in the casualty care process (7).

Despite the steadily increasing availability of digital training
environments on the market, these systems generally are limited
to specific training objectives and scenarios, offering insufficient
adaptability to the needs and operational constraints of the trainees.

Studies by Bauer and Loose (1), García Ulerio et al. (8),
and Zhang et al. (9) demonstrate how simulation approaches are
establishing themselves as effective teaching and learning methods
in the field of emergency medicine. This development is notably
reflected in the revised Training and Examination Ordinance for
Emergency Paramedics (Notfallsanitäter) in Germany (10). In its
initial 2014 version, this regulation permitted simulation-based
training solely in the field of gynecology. With the 2023 revision,
topic-specific simulations are now permissible in the fields of
anesthesia and intensive care medicine, accounting for up to 25%
of the required hours (11).

Complementing classical, non-digital simulation approaches,
digitalization offers opportunities to provide more cost-efficient
training variants, particularly through modular and hybrid
approaches (9, 12). Specifically, regarding the practice of Mass
Casualty Incidents, very few offerings are currently known in the
German market. Computer-based tabletop exercises for various
disaster and accident scenarios are currently found primarily on
the US market (e.g., Virtual Heroes). In the realm of Virtual
(VR) and Augmented Reality (AR), the DRK Rheinhessen-
Nahe (German Red Cross) presented MANV3D in 2018, a pilot
project featuring a VR environment specifically designed for
MCI situations. Furthermore, a solution tailored specifically to
emergency situations in a military-tactical environment (known
as Ersthelfer Alpha) was developed for the German Armed Forces
(Bundeswehr). However, this high-investment solution is not yet
available for civilian use.

Within the domain of digital exercise environments, a
distinction can be made between computer-based tabletop exercises
and Virtual Reality (VR) or Augmented Reality (AR) based
training environments. In both categories, systems exist or are
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emerging predominantly for general EMS and emergency medical
training. Examples include XVR Simulation for tactical training of
emergency services, i:medtasim for VR-supported pre-hospital and
intra-hospital emergency scenarios, or UbiSim from Switzerland,
which focuses on nursing education. A non-exhaustive overview
of further available systems, including their training focus, can be
found in Table 1.

Looking at Germany, the largest group of potential simulation
users consists of primarily volunteer personnel (approximately
90%) within the civil protection framework (13). These forces
are distributed across the four major aid organizations—the
German Red Cross (Deutsches Rotes Kreuz), the Order of Malta
Volunteers (Malteser Hilfsdienst), St. John Accident Assistance
(Johanniter-Unfall-Hilfe), and the Workers’ Samaritan Federation
(Arbeiter-Samariter-Bund)—as well as the Federal Agency for
Technical Relief (Technisches Hilfswerk), fire departments, and
other institutions involved in civil protection. None of the
current digital training concepts consistently integrates hospitals.
Emergency departments and hospital command staff, in particular,
would benefit significantly from a digital system offering cross-
interface and cross-sectoral training, as intra-hospital care and
resource utilization are currently neglected within that context.

2 Materials and methods: training with
the D2PuLs digital simulation
environment

The fundamental concept behind “Digital Dynamic Patient
and Scene Simulation” (D2PuLs) was the development of a
highly adaptive and scalable digitally supported simulation system,
enabling emergency services and hospital units to train for major

incidents with mass casualties. The project is currently in the
second phase of funding by the Federal Ministry for Research,
Technology, and Space (BMFTR) under the program “Research
for Civil Security,” funding measure “Innovations in Application—
Practical Beacons of Civil Security” (Grant numbers: 13N15503
and 13N17018).

D2PuLs combines previously separate approaches to pre-
hospital and clinical scene simulation with medical patient
simulation to create a system that supports various simulation
techniques through its modular design. This system can be aligned
with both operational and command/tactical training objectives.
When all components are utilized, it is particularly effective for
the interprofessional and cross-sectoral training essential during
an MCI.

Based on its modular architecture (building-block principle),
the training environment provides a high degree of adaptability
and scalability. This allows the system to facilitate diverse use
cases-ranging from simple individual training on a smartphone
at the station (e.g., patient simulation without situational display
for training triage algorithms) to complex, cross-sectoral large-
group training in Virtual Reality, featuring situational dynamics,
command structures, and a patient flow extending from the
incident site to the trauma room.

D2PuLs consists of several, partially optional components
(Figure 1). The primary focus lies on the patient and (patho-
)physiology model simulation, in which participants can observe,
examine, and treat virtual patients. The entire system is built
upon this training element, including situation and equipment
management (prior to the actual training) and the evaluation
component (post-training). Patient data can be linked by the system
to third-party scene simulators, as D2PuLs itself provides only a
rudimentary 2D scene simulation. This enables the parallel use of
third-party scene simulation and the associated D2PuLs patient

TABLE 1 Overview of selected digital training platforms for pre-hospital and clinical emergency training.

Provider Weblink Training focus

EMERGE (DE) emerge-game.com Virtual emergency room simulation for medical students; training in clinical
decision-making and organizational skills under time pressure

FwESi (DE) fwesi.de Training simulation for fire departments; training within tactical units according to
German standards (FwDV)

i:medtasim (DE) tricat.net/imedtasim Multi-user VR training for pre-hospital and in-hospital emergency care;
emergency medical services personnel and healthcare professionals

MediTrain VR (DE) meditrainvr.com VR-based medical training applications; multi-user scenarios for emergency
medicine

ONEBONSAI (BE) onebonsai.com/cases/projects/vr-paramedical-training Paramedic training for preclinical emergency situations; VR first aid and
emergency training

Oxford Medical
Simulation (UK)

oxfordmedicalsimulation.com Multi-user VR simulations for nursing, medicine, and allied health; clinical
training and assessment

UbiSim (CH/USA) ubisimvr.com VR nursing simulation for nursing education; development of clinical judgment
and communication skills

Virtual Heroes (USA) virtualheroes.com Immersive training solutions and serious games for the military and healthcare
sectors; focus on realistic physiology simulation and tactical medicine

VRPatients (USA) vrpatients.com No-code platform for customizable VR/MR patient simulations; preclinical and
clinical training with AI-supported patients

XVR Simulation (NL) xvrsim.com Tactical VR training for fire departments, police, and emergency medical services;
incident command and resource management in major disaster situations
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FIGURE 1

Schematic overview of the D2PuLs system architecture. Interaction between the Core System, Patient Simulation, and Scene Simulation. Screenshots
of the software “D2PuLs Patient Simulation” reprinted with permission of nVista technologies GmbH, screenshot of the software “XVR On Scene”
reprinted with permission of XVR Simulation B.V., and screenshot of “FwESI” reprinted with permission of Cybertrain Solutions GmbH.

simulation. During development, the scene simulators “On Scene”
by the company XVR Simulation B.V. and “FwESI” by Cybertrain
Solutions GmbH were integrated for scene visualization.

2.1 Didactic concept and implementation

The implementation and design of the D2PuLs simulation
platform is centered on the concept of experiential learning, as
described by Kolb (14), among others. Simulations facilitate
“learning by doing,” thereby anchoring knowledge more
sustainably. Experiential learning conveys knowledge through the
act of experiencing. The opportunity for “learning by experience”
is a central element of practice-oriented competence development.
The fundamental assumption of this didactic model is that effective
learning occurs primarily when learners engage directly and
practically with the subject matter. The moment new knowledge is
linked to a personal experience, it is stored based on that experience
and can be recalled and retrieved significantly more easily.

Accordingly, teaching and learning concepts based on
experiential learning rely on the goal-oriented design of
situations into which learners fully “immerse” themselves.
These are situations that learners experience as real (presence),
in which real emotions are triggered, and in which realistic
action is possible. In the healthcare sector, it is now generally
recognized that simulation training enables safe, adaptive, and

competence-oriented preparation for the demands of daily patient
care (15).

The D2PuLs simulation environment focuses on promoting
the pre-hospital and clinical operational competencies required
to manage major incidents involving an MCI. The simulation
environment is designed so that the depicted training scenarios
can be adapted at any time to the learners’ level of competence
and map individual learning objectives (12). The training scenarios
incorporate decision-making processes, team interactions, and
communicative workflows under conditions that mimic real
operations as closely as possible.

The integration of structured reflection phases supports the
sustainable retention of learned material and fosters metacognitive
learning processes. Furthermore, the digital logging of all measures
carried out in chronological order in the background also allows
for detailed follow-up, enabling learners to critically reflect on their
actions once again.

The training system focuses on fostering operational
competencies that extend beyond mere knowledge transfer.
Training scenarios are developed to depict decision-making
processes, team interactions, and communicative workflows under
operational conditions. For the reflection phase, a deliberate
decision was made against an automatic assessment concept;
instead, a trainer is always required for the final evaluation of
actions. This ensures the necessary flexibility to accommodate
various learning objectives as well as the cross-sectoral applicability
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of the system in different teaching and learning contexts. The
developed digital format also opens up new possibilities for flexible,
location-independent training concepts. A central aspect here is
strengthening interdisciplinary cooperation between emergency
medical services, fire departments, and clinical partners in order to
optimize interfaces and establish common operational protocols.

2.2 The physiology model

To ensure simulation participants are confronted with an
operational situation that is as realistic as possible, it is insufficient
to merely simulate a large number of patients. Patients must also
possess a dynamically changing health status. Statically simulated
injuries lacking temporal evolution are unrealistic and fail to
account for the dynamics resulting specifically from the instability
of individual emergency patients. Depending on the learning
objective, experience level, and training stage, a portion of the
patients should present with severe or life-threatening injuries.
This is necessary to appropriately challenge the trainees and, for
instance, to conduct goal-oriented training on the allocation of
scarce resources.

Current recommendations from Triage Consensus
Conferences, based on the analysis of real major incidents, provide
concrete planning foundations for this purpose (16). Recent data
from evaluations of major incidents indicate a distribution ratio of
20% life-threateningly injured patients (Immediate Treatment/SK
I), 30% severely injured (Delayed Treatment/SK II), and 50%
minorly injured (Non-urgent Treatment/SK III).

To address the resulting challenges, as well as the requirements
for interprofessional and cross-sectoral simulation and training,
it is essential to provide users with a treatment course that is
as realistic as possible, along with extensive therapeutic options
within the patient simulation. The objective here is not to train
the correct manual execution of medical measures, but rather the
correct selection and sequencing of interventions. The complexity
of patient care arises from the multitude of available medications
and devices, the sequence of application and treatment, and the
variability of injuries.

Classical approaches utilizing static vital signs and predefined
(“scripted”) parameter trends (e.g., for heart rate, blood pressure,
oxygen saturation, etc.) are therefore unsuitable for adequately
representing the required degrees of freedom. To address this
complexity, a proprietary digital physiology model was developed
within the project. This constitutes a mathematical simulation
primarily based on preliminary scientific work—particularly at the
University of the Bundeswehr Munich (17)—which was further
developed within the scope of the project. The physiology model
autonomously represents the functions and processes of the human
organism required for patient simulation, as well as the effects
of injuries and medical interventions, largely independent of
predefined trends and treatment pathways.

The physiology model simulates the body’s real-time reactions
to injuries and illnesses, as well as its response to treatments
performed by the user. It accounts for measurable parameters—
such as blood pressure, respiratory rate, and pulse—as well as
subjective factors like pain levels and states of consciousness.
To automatically calculate all required values, it is necessary

to incorporate additional parameters that influence the overall
system. Only through the dynamic interactions between individual
parameters can a change in respiratory rate, for example, influence
oxygen saturation, which in turn impacts pulse and level of
consciousness. Conversely, changes in blood pressure, medication
administration, or potential traumatic brain injuries can also alter
the state of consciousness.

For each patient, it is possible to create arbitrary combinations
of currently over 20 different types of injuries and illnesses
with varying degrees of severity. Abstracting and reducing the
complexity of human physiology into a mathematical model—
while capturing the dynamic interactions resulting from injury
and illness based on pathophysiological changes and verifying
their plausibility—required constant adjustment of the possible
parameter combinations. This adjustment is achieved through
extensive system testing and trials with actors from pre-hospital
and clinical emergency medicine. Crucially, it involves detailed and
rigorous validation of individual injury/illness combinations at an
expert level within the project consortium.

Within the overall context of the patient simulation, the
physiology model represents just one component running in the
background. Data exchange occurs via appropriate interfaces both
within the simulation itself and with external tools. The entire
system was designed from the outset to facilitate connection to
third-party scene simulators. A further element currently under
development is an interface to a chat component utilizing Large
Language Models (LLMs, similar to ChatGPT). This is intended
to enable participants to practice communication with patients
and further reduce exercise artificiality through natural interaction.
Figure 2 illustrates the schematic architecture of the application’s
various components: ranging from the actual patient visualization
with which the user interacts, through the physiology model and
the experimental patient communication interface, to the third-
party scene simulation tool.

2.2.1 Model validation tools
Due to the vast number of different physiological parameter

combinations and their interactions, a complex web of
dependencies emerges, the interrelationships of which are difficult
to trace. To counteract this, a suite of tools was developed in parallel
with the core model to visualize and trace these dependencies.
Figure 3 shows a section of the development environment created
specifically for this purpose. Visible here is the internal vascular
system, featuring arterial vessels (red boxes), venous vessels (blue
boxes), and the intervening microcirculation areas within the
tissue (red ovals). The connection of these components forms the
circulatory system through which blood flows within the body. The
surrounding numerical values and menus illustrate the multitude
of calculated parameters and interaction possibilities with the
model. Within this environment, it is also possible to execute all
interactions, external influences, and data collections that trainees
can perform in the actual simulation environment. This makes it
possible to perform a wide variety of actions during the validation
phase and trace the physiology model’s reactions, thereby testing
and adjusting the system to ensure that the reactions are medically
accurate and realistic.
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The development environment shown in Figure 3 represents
just one of the developed tools. However, since this tool
can only display the current state of the model rather than
its temporal progression, an additional visualization tool was
developed (Figure 4). This graphical interface allows for the
observation of parameter changes at any specific point during the
simulation. This enables the assessment of rates of change and
a more effective verification of temporal dynamics—for instance,
determining whether a hemorrhage results in realistic blood loss or
an appropriate progression through shock stages.

To facilitate discussion of physiological progressions, the
system provides the option to save and export all physiology model
values at any given timestamp. Using this data, the simulation
can be restarted multiple times from that specific point to test
system stability or to observe varying outcomes resulting from
the application of different interventions. Furthermore, all external
inputs to the model (injuries, environmental properties, and
performed examinations/treatments) can be exported following
a simulation run. This data allows for the future automated
replication of the scenario at any given time. This functionality is
critical for observing and verifying changes in model behavior; the
corresponding tool re-simulates the original scenario conditions
following codebase modifications and clearly highlights any
(temporal) deviations. This ensures that modifications do not lead
to unforeseen consequences in the model’s behavior.

The described tools are utilized to generate possible
physiological progressions for virtual patients, to analyze
anomalies, and to discuss findings with subject matter experts.
Quality control is conducted through the simulation of
various injury patterns and subsequent treatments within the
aforementioned environments. This process involves a detailed
examination of individual parameters, both those accessible to

the user (e.g., respiratory rate, peripheral perfusion, etCO2) and
internal parameters used solely to sustain the simulation (e.g.,
oxygen supply-to-demand ratios in specific tissue sections, blood
flow in individual vessels, pulmonary gas composition). Simulation
results are evaluated by subject matter experts (Emergency
Paramedics, Emergency Physicians) and benchmarked against
both literature values and practical experience from pre-
hospital and clinical settings. This ensures the generation of
realistically aligned progressions across all available injury and
treatment combinations.

2.2.2 Injury patterns
The calculation of pathological changes in vital signs resulting

from injuries is always based on a model of a healthy patient. This
model represents the normal physiological state of an average adult
male, defined according to medical textbooks and the practical
experience of the participating medical experts. Upon the start
of the simulation, a copy of this base model is generated for
each patient, to which specific injury parameters are subsequently
applied. The external influences introduced in this manner, such
as blood loss and its sequelae caused by severe hemorrhage, alter
various parameters, which in turn mutually influence one another
through dynamic interactions.

Although the system attempts automatic physiological
compensation for certain parameters, it is designed to reach its
limits of compensation over time, depending on the severity
of the injury. For example, blood loss can only be adequately
compensated for a limited duration before the patient progresses
through the four stages of shock. In the event of insufficient or
absent intervention, the patient enters the decompensation phase,
ultimately reaching the irreversible phase resulting in death.

FIGURE 2

Schematic architecture of the patient simulation. The system connects the 3D patient avatar with the underlying digital physiological model and an
AI-based communication interface (LLM, work in progress), while integrating external scene simulation. Screenshot of the software “D2PuLs Patient
Simulation” reprinted with permission of nVista technologies GmbH and screenshot of the software “XVR On Scene” with permission of XVR
Simulation B.V.
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FIGURE 3

Development and validation environment of the D2PuLs physiology model. This tool visualizes the complex physiological interdependencies within
the model. It enables the detailed analysis of parameters and the verification of physiological reactions to simulated trauma. The control panel on the
right allows developers to trigger specific injury patterns and pathologies as well as interventions to validate the model’s dynamic response.
Reprinted with permission of nVista technologies GmbH, © nVista technologies GmbH.

Within the patient simulation, participants can perform
a diverse range of diagnostic and therapeutic measures to
stabilize the patients’ condition. The system includes the most
frequent procedures and diagnostic techniques employed in pre-
hospital settings and trauma rooms. These include manually
assessable parameters and treatments, oxygen administration,
various medications, fluid resuscitation, blood gas analyses, diverse
imaging modalities, a multitude of hemostatic measures, and
many others.

Furthermore, all physiology model parameters can be
transmitted to external simulation manikins and monitors via
corresponding interfaces. This makes it possible to utilize the
physiology model in the background while conducting parameter
assessment and, to some extent, patient treatment through external
hardware or applications.

2.3 Programming and system architecture
of D2PuLs

The patient simulation constitutes the primary application with
which the participants interact. The physiology model is integrated
into the system and simulates the behavior of each individual
casualty in the background. Consequently, direct user interaction

with the model is minimal and occurs primarily indirectly during
the training evaluation.

The patient simulation is designed to run on mobile devices
such as tablets as well as on laptops. This design aims specifically to
lower entry barriers, ensuring that no major hardware investment
is required before deployment, depending on the specific use case.
This ensures that smaller departments or volunteer organizations
can easily afford to acquire the system.

2.3.1 Training modes
Training can be conducted in single-player or multiplayer

modes. In group training, multiple individuals working on their
own devices can train on a scenario jointly. Similar to managing
real operations, this allows for the definition of different areas of
responsibility (e.g., triage and treatment) and enables action based
on a division of labor. Group training does not need to take place
at a single location; it can be distributed across various sites and
organizations. For example, the pre-hospital part of the incident
management can take place at an ambulance station, while the
clinical part occurs in the training rooms or simulation centers of
participating hospitals.

Group training offers several options for interaction between
participants. In one setting, all participants are located in the
same area, can see one another, and support each other in
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FIGURE 4

Developer Time-series analysis interface of the physiology model. This view plots multiple physiological parameters simultaneously to validate
stability and reaction times. It enables developers to trace the specific impact of trauma and interventions on the patient’s vital signs over time. Event
markers on the time axis (bottom) indicate critical state changes, such as the onset of different shock classes or physiological reactions like vomiting.
The interface is shown in the original German language used during the Development. Reprinted with permission of nVista technologies GmbH, ©
nVista technologies GmbH.

treatment. A second option represents a hybrid of group and
single-player modes. Here, all participants receive the same patient
simultaneously but treat them completely independently. This
makes it possible, for instance in a classroom setting, to conduct
individual patient treatments in a structured manner, followed by
a joint discussion of the measures taken. This facilitates the rapid
identification and discussion of differing approaches and potential
errors in judgment.

2.3.2 Hardware
Individual training has minimal hardware requirements

beyond the specific device used for training. To view the
graphics and text instructions clearly, a laptop or larger tablet
is recommended. For group training, every participant and the
operator (acting as the training coordinator) requires their own
device. Furthermore, all participants require a stable internet
connection. Since the operator’s device may need to simulate a large
number of physiology models (up to one model per patient for each
participant, depending on the mode), a high-performance laptop
(e.g., a gaming laptop) is recommended for this role.

If a third-party scene simulation tool is used, requirements
increase significantly. In the “One scene simulation for all players”
setting, a highly visible presentation medium such as a projector
is suitable for sharing the scene visualization with participants. In
this case, the operator’s laptop can manage both the D2PuLs group
session and the external scene simulation. If every participant is to

play their own scene simulation, all participants require a suitable
computer, an appropriate license for the simulator, and potentially
a controller. These computers should meet the system requirements
of the respective situation simulators.

In addition to digital devices, the training setting can be
didactically enriched to a hybrid simulation setting using physical
simulation manikins and other analog and visual aids. For
instance, triage algorithms can be distributed as printed “cognitive
aids” or visualized via projection in the room. This enables
scalable support that can be flexibly adapted to the respective
competence level of the learners. The use of physical simulation
manikins does not further alter requirements, apart from the
necessary compatibility of the manikin and its corresponding
control software.

2.3.3 Training capabilities
It is possible to train both the pre-hospital and clinical phases

of incident management. This encompasses the situation at the
incident site from the arrival of the first responders, through
transport to the hospital, and finally triage and/or treatment in the
trauma room. Depending on the scenario, different interventions
and environments are available. In the clinical phase, facilities such
as laboratory or blood gas analysis and a multitude of imaging
modalities are available, which are absent in the pre-hospital
setting. In the pre-hospital phase, patients are untreated and
injuries are very fresh, representing the initial stages of the
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simulation. Conversely, in the hospital setting, patients arrive after
a delay, as primary triage, initial care, and transport have already
occurred. Consequently, injury presentations may have already
evolved, and the physiology model has been running for several
minutes. The focus here shifts to more precise diagnosis, further
treatment, and potential surgery.

These two components can be played completely independently
or as a single comprehensive training unit. When played
jointly, the same patients treated in the pre-hospital phase—
including the applied interventions—are handed over to the
clinical phase, where other participants assume responsibility
for secondary care, examinations, and triage. The simulated
transport time to the hospital bridges these phases. If only
one component is played, patients are transported to a virtual
hospital and subsequently leave the simulation. In clinical-
only scenarios, it is possible to inject pre-treatments performed
by virtual first responders, allowing pre-treated patients to
arrive at the hospital without requiring prior treatment by
actual participants.

2.4 Simulation training workflow

Within the D2PuLs system, it is possible to conduct all stages of
simulation training: from scenario and incident creation, through
the definition of injury patterns and patients (Configuration), to the
actual exercise (Training) and the subsequent analysis (Debriefing
and Evaluation). An overview of the required activities is provided
in Figure 5, and these steps are detailed below.

2.4.1 Scenario creation
The core of every exercise is the simulated incident scenario.

This can be defined within the scenario editor. Here, it is
possible to define background information, select the map
on which participants will move, and define the starting
positions and injuries of the patients. The system is designed
to allow the deactivation of the application’s integrated 2D
scene simulation in favor of connecting and utilizing third-
party full-scale scene simulators. Thus, the scene simulators XVR
and FwESI can be connected to the platform, replacing the
movement on the map with these simulators. These simulators
offer a fully featured 3D environment through which the
participant can move using a controller. The internal scene
simulation within D2PuLs is limited to an abstract 2D map
(see Figure 6). When a user approaches a patient in the third-
party scene simulation, the treatment view within the patient
simulation opens.

2.4.2 Patient configuration
The application allows for the creation of patients and their

assignment to various scenarios. These patients are then displayed
in the simulation within a 3D environment where they can be
examined and treated. When creating a patient, the appearance
of the 3D avatar can be determined (body proportions, skin tone,
hair, clothing; randomized or manually), and injury patterns can be
defined and assigned to affected body parts. Visible injuries such
as hemorrhages or burns are displayed on the patient’s skin and
may generate dynamic blood pools and bleeding effects. Injuries are

FIGURE 5

Phases of a D2PuLs training session. The diagram illustrates the necessary steps for the operator/instructor, ranging from scenario configuration to
the final evaluation. Reusable templates (marked with diamonds) support the configuration and role assignment process.
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FIGURE 6

Built-in 2D scene simulation (in a clinical setting). The interface displays the floor plan of a partner hospital to facilitate spatial orientation. The
minimal scene simulation enables the management of patient flow to the colored operational areas, such as triage area (blue) and the shock room
(yellow). Reprinted with permission of nVista technologies GmbH, © nVista technologies GmbH.

categorized by type (laceration, stab wound, burn, pneumothorax,
organ injuries, etc.), each of which can be selected in varying
degrees of severity (mostly mild, moderate, and severe, or classified
according to specific standards such as the Organ Injury Scale).
Furthermore, for clinical scenarios, it is possible to add pre-
treatments performed by virtual first responders at the scene or
during transport (for scenarios where only the clinical part is to be
simulated). The resulting combinations of measures can be seen in
Figure 7.

The physiology model also simulates body position, skin
characteristics, and other assessable properties of the patient and
their effects. A deteriorating condition causes the patient to first sit
down and eventually lie down. This is visually represented in the
3D avatar during the simulation, showing corresponding changes
in posture and skin color (becoming pale or turning blue/cyanotic),
which can be recognized by the participant.

2.4.3 Materials configuration
In addition to limited personnel resources, the availability of

materials and equipment represents one of the major challenges
in an MCI situation. Consequently, the application includes an
inventory system that can be stocked individually. This allows
for the definition and stocking of various containers, cabinets,
or backpacks for the pre-hospital phase. Users can create their
own combinations of supplies tailored to the specific mission or
deployment site from dozens of available items. During treatment,
participants must identify and select the correct item from the

appropriate backpack pocket or cabinet. This system can also be
deactivated if desired.

2.4.4 Role and permission configuration
Each participant must be assigned a role. The simulation

can be conducted assuming roles such as Emergency Paramedic,
Emergency Physician, Hospital Physician, etc. The qualification
associated with the role influences both the equipment carried
(different backpacks) and the authorization to perform specific
medical interventions. It is also possible to configure the system to
permit all actions for all participants.

2.4.5 Training
The core application is the training session itself. Prior to

training, a role is selected or assigned. In a group exercise, the
instructor’s task involves moderating the scenario, providing
assistance, and observing the participants. Following the
training, these observations should be discussed alongside
the system recordings.

During training, participants can move across the 2D overview
map (Figure 6) or within the third-party scene simulation tool to
view the situation and the patients. Upon approaching a patient,
they can select them. This opens the 3D view, where the actual
examination and treatment takes place. The 3D environment differs
depending on the scenario and patient location. For instance, the
clinical setting displays a treatment room or hospital corridor (right
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