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ABSTRACT

Workflow driven support systems in the peri-operative area have the potential to optimize
clinical processes and to allow new situation-adaptive support systems. We started to develop
a workflow management system supporting all involved actors in the operating theatre with
the goal to synchronize the tasks of the different stakeholders by giving relevant information
to the right team members. Using the OMG standards BPMN, CMMN and DMN gives us the
opportunity to bring established methods from other industries into the medical field.

The system shows each addressed actor their information in the right place at the right time
to make sure every member can execute their task in time to ensure a smooth workflow. The
system has the overall view of all tasks. Accordingly, a workflow management system
including the Camunda BPM workflow engine to run the models, and a middleware to
connect different systems to the workflow engine and some graphical user interfaces to show
necessary information or to interact with the system are used. The complete pipeline is
implemented with a RESTful web service. The system is designed to include different systems
like hospital information system (HIS) via the RESTful web service very easily and without
loss of data. The first prototype is implemented and will be expanded.

Keywords: surgical workflow, integrated operating room, workflow management system,
BPM

1. PURPOSE

The operating room (OR) is a stressful working environment for all involved actors.
Surgeons, scrub- nurses, OR-managers, cleaning persons or the hospital wards staff need to
fulfill their tasks without mistakes and in time. The tasks of each team member in the OR
need to be synchronized during a procedure even without one another knowing the task of the
whole team. As of today, the OR staff benefits from their experience, using direct or
telephone conversation to synchronize with other team members or even walk long distances
within the facility to collect all needed information[1][2]. Often, the OR-manager is the
person who calls all persons in charge, collecting data manually going around and asking
each individual their status quo and figuring out how to handle everything efficiently in time.
Organizational tasks often have to be fulfilled by clinical staff who are not qualified for these
tasks. This leads to a lot of time pressure in patient care.

To help them to synchronize and work in the most efficient way and to allow situation-
adaptive assist systems in the peri-operative environment, we are developing a workflow
management system that is based on industry standards to enable a rapid adoption in the
medical domain. We built a communication tool to interact with the workflow engine and
designed a way to formalize clinical pathways using the Object Management Group (OMG)
[3] standards Business Process Model and Notation (BPMN), Decision Model and Notation
(DMN) and Case Management Model and Notation (CMMN).
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2. METHODS

We use the OMG standards BPMN, CMMN and DMN to model medical processes. CMMN
allows us to use adaptive case management (ACM) techniques [4] to handle complex
situations, which might appear during an intervention [5].

The workflow models shall be executed by a workflow engine. After an evaluation process
[6] considering over 40 systems including IBM Business Process Manager, Signavio,
Edorasware and the Camunda BPM workflow engine, which were chosen for a closer
evaluation, we decided to use the Camunda BPM workflow engine [7] to deploy and run the
model. The Camunda BPM Workflow Engine is a free to use Workflow Engine supporting
BPMN, CMMN and DMN. We installed the workflow engine on an in-house server to run
the models. By default, the engine was controlled via a website hosted by the engine and
every completed activity of a process had to be confirmed manually using the web interface.
As of today, the engine only interacts with RESTful interfaces — a standardized web
architecture.

To connect other systems to the workflow engine and to have a better interaction with it, we
implemented a communication middleware (for a first description see [8]) with interfaces, as
well as control panels for the actors. Using the middleware, data can be sent and received
between the workflow engine and other systems, like a Hospital Information System (HIS) or
a situation recognition system. The data cannot only be transferred, but also extended with
relevant content and sent to the identified person in charge via the preferred communication
tool, as email, pager, phone call etc...

2.1 Workflow Engine

Camunda provides a “Tasklist” web application , which gives the user an overview and an
option to control tasks assigned to them (Figure 1). Another web application is the Cockpit,
which can be used to monitor workflow and decisions. The Admin web application is used to
organize permissions, Users or groups.

To integrate Camunda BPM Workflow Engine into your own business environment,
Camunda offers a REST service. All interaction with the workflow engine can be handled via
the REST service. You can start or delete process instances, complete task and many more.
There is no need to use the given web application anymore.

Camunda offers as well an external Modeler to edit BPMN processes as well as DMN tables.
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Figure 1. Camunda Tasklist web application
2.2 Middleware

The self-implemented middleware is written in python and has no graphical user interface. It
offers a RESTful web service to interact with it (see Figure 2). Every interaction with the
Camunda Workflow Engine is managed via the middleware. All sub-systems, like the control
panels or the situation recognition system, need to send their queries or data to the
middleware. The middleware analyzes the requests and forwards the data to the workflow
engine. Information from the Workflow Engine to other systems is also sent through the
middleware. All tasks are identified with a unique id, version, name and key. Every request to
or from the middleware needs to provide this information to ensure that the correct task is
addressed. The middleware verifies all requests to the workflow engine, if all information is
provided and the sender is allowed to manipulate or get the data in case there is a need to
collect more data e.g. from other systems. If all restrictions are met, the middleware sends the
data to the workflow engine. Otherwise, the request will not be forwarded to the workflow
engine and nothing happened. Using the middleware as a transmitter and translator gives the
possibility to add systems with different protocols in future and to react to protocol changes
of individual systems without changing the main interface to the Camunda engine. So, the
workflow engine can be implemented easily in existing infrastructures only being connected
via one interface to the middleware.
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Figure 2. Workflow Management System

2.3 Control Panels

The control panels were used to display information and control the workflow engine. They
are connected to the workflow engine via the middleware. You can load all deployed
interventions, start a process instance of a deployed intervention, delete a process instance
and interact with the process instance through runtime. Some functions of the control panel
can and will be replaced later by other systems, for example the situation recognition.
Currently a button simulates this. In Figure 3 is s screenshot of a control panel.
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Figure 3. Process Control panel

3. RESULTS

We were able to model clinical pathways with OMG standards like BPMN, CMMN or DMN.
Furthermore, we used the free Camunda BPM Workflow Engine to automatically run our
modelled processes. The models and the workflow engine follow the OMG standard
completely. By implementing a middleware, it offers a RESTful web service, to connect
different systems to the workflow engine. This enables an easy implementation into existing
infrastructure and easy adoption in future when interfaces of different systems or systems
may change or may be added. We were able to interact with the workflow engine as well as
to connect different software systems to the workflow engine like a control panel for the
actors or a HIS. We modeled a cataract intervention using BPMN, CMMN and DMN [4] to
run this model in our prototype.

4. CONCLUSION

The first prototype of the workflow management system is implemented. All OMG standards
were implemented and demonstrated in this prototype. Now we need to record more data to
test our system. The next step is to connect more systems to our prototype like the situation
recognition to reduce the interaction for all actors. The system shall work more or less
automatically without a lot of human input. Another step will be to model more clinical
processes.
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