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Abstract: Access to clinical information during interventions
is an important aspect to support the surgeon and his team in
the OR. The OR-Pad research project aims at displaying
clinically relevant information close to the patient during
surgery. With the OR-Pad system, the surgeon shall be able to
access case-specific information, displayed on a sterile-
packaged, portable display device. Therefore, information
shall be prepared before surgery and also be available
afterwards. The project follows an user-centered design
process. Within the third iteration, the interaction concept was
finalized, resulting in an application that can be used in two
modes, mobile and intraoperative, to support the surgeon
before/after and during surgery, respectively. By supporting
the surgeon perioperatively, it is expected to improve the
information situation in the OR and thereby the quality of
surgical results. Based on this concept, the system architecture
was designed in detail, using a client-server architecture.
Components, communication interfaces, exchanged data, and
intended standards for data exchange of the OR-Pad system
including connecting systems were conceived. Expert
interviews by using a clickable prototype were conducted to
evaluate the concepts.
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1 Introduction

Providing access to clinical information in the operating room
(OR) is an important aspect in terms of supporting the surgeon
and his team during surgery. Easy access to electronic patient
records is not possible in most ORs [1]. Monitors are often too
far away [2] from the surgical area. Therefore, relevant
information for the surgeon, like preoperative images, is hard
to read. Moreover, the surgeon needs assistance to view
desired information [3] or to change information on monitors.
Taking supportive materials like handwritten notes or surgical
planning into and out of the OR is also difficult.

Several research groups already deal with supporting the
surgeon within the OR, e.g. by providing clinical information
in form of intraoperative usage of the electronic patient record
[4] or displaying context-relevant information [5][6]. The
demand of the surgeon to have clinical and helpful personal
information, like notes, nearby, directly interact with the
system and also be supported by automatically presented
information, is not focused.

The idea of the application-oriented research project OR-
Pad [7] is the improvement of the information flow for the
surgeon in the perioperative area. Before surgery, the surgeon
should be able to preselect relevant information such as X-ray
images or personal notes to be available during the
intervention. In the OR, all clinically relevant information
should be displayed close to the surgeon. Due to a sterile
touch-display, direct interaction with the system is possible.
During the intervention, new information such as
intraoperative images or spoken notes can be acquired and is
accessible after surgery. This paper describes the OR-Pad
system, focusing on the interaction concept and system
architecture, leaving aside details of the other concepts.

2 Methods

The OR-Pad system is developed iteratively using an user-
centered design process. In each development cycle, clinical
observations, qualitative or quantitative surveys with
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clinicians are conducted. The collected data is analyzed and
used to specify and update the requirements for the system.
These requirements resulted in interaction concepts which
were implemented as a clickable prototype. Usability and
functionality are evaluated with our clinical partners from
departments of urology and anatomy at the University
Hospital Tibingen as well as with other clinicians.

The first concept was very static and the user interface
was structured along with functionalities, like show patient
data, view preoperative images or make notes. The second
approach focused more on process-accompanying support and
linked functionalities (e.g. make notes in images). In the third
iteration, the process-based approach was discarded as well
due to the user test results. In accordance with these results, a
new vision was pursued that focused on the original core idea
of information sharing: Supporting the surgeon by providing
access to information and improve the information flow. The
third iteration combined the advantages of both concepts and
all knowledge achieved through the cycles before, to provide
static but linked functionalities. Furthermore, the system was
reduced to core functionalities due to information overload,
which was perceived in iteration two.

Via requirements analysis, the vision and goals of the
system were specified as follows:

1. Access available case information of an intervention
fast and uncomplicated.

2. Create materials and transfer them to/from the OR.

3. Provide materials and case information close by the
surgeon during surgery.

4. View and highlight materials and case information.

5. Support the surgeon with context-relevant
information during surgery.

A quantitative user survey, comprising the specification of the
planned system, was conducted to verify readiness for use and
usability in order to subsequently create new concepts. 46
surgeons from twelve disciplines participated. The demand for
use was recognizable, but other functions were also requested.

On basis of the requirements analysis and quantitative
survey, the OR-Pad system was redesigned. Concepts for
interaction design, communication interfaces to relevant
external systems, standards to be used for data exchange,
infrastructure  with  components, data and their
communication, graphical user interface, hardware, and
situation recognition were created.

To develop the interaction concept, knowledge from the
iterations before, like requirements, were taken into account.
For the system architecture, main  components,
communication interfaces to external systems, data to be

exchanged, and the communication standards to be used were
identified.

The system architecture was designed in detail based on
the concepts before by defining structure, components,
interactions, and data model. The goal was to develop an
emergent design that is easily maintainable and easy to follow.
Components should be separated to ensure independent
development and expandability for further requested
functions. Seven example use cases from orthopaedics were
chosen because of the diversity of information to demonstrate
the system’s functionalities.

3 Results

3.1 Interaction concept

The OR-Pad system was designed to support the surgeon
during the three phases before, during, and after surgery.
Therefore, the system consists of a mobile and an
intraoperative mode.

The mobile application can be used before and after an
intervention, consisting of the same functionalities, and is
designed to run on the personal device (e.g. smartphone) of the
surgeon or any desktop computer in a web browser. After login
with his personal login data, the surgeon can see an overview
of upcoming interventions in a calendar. For each intervention,
all available case information, e.g. patient data or radiological
images, is loaded from clinical systems. The surgeon has now
the opportunity to mark important information he wants to be
highlighted during surgery. He also can enrich information,
e.g. highlight a tumor, as well as add new content like notes or
schematic diagrams useful for the upcoming intervention. In
addition, the surgeon can specify, in which surgical phase he
wants to automatically see this information. This information
is persisted to be present during the intervention.

In the intraoperative phase, the intraoperative application
is used on a tablet PC near the patient and directly at the
surgical field. Therefore, a flexible holding arm, e.g. attached
to the operating table, is applied to ensure information to be in
immediate vicinity to the surgeon and in ergonomic visual
axis. Sterile packaging is used to ensure that direct interaction
by the surgeon via touch in the sterile environment is feasible.
After login with the OR associated login data, an overview of
the intervention is displayed. For this intervention, all case
information from clinical systems as well as prepared content
is made available. Information marked as important can be
filtered for faster retrieval. Information is displayed
automatically depending on the actual operating phase if this
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was specified in advance. During the intervention, the surgeon
also can create and add new content like notes, photos, or voice
recordings as well as edit information. This additional
information is persisted to be present after the intervention.

Figure 1: Main view of the mobile and intraoperative application
modes of the OR-Pad, displaying information in a timeline.

For follow-up, the mobile application can be used again by
personal login to get an overview of past interventions. For
each intervention, all case information as well as content
prepared before and created during intervention is displayed.
The surgeon can use this data for follow-up, e.g. the creation
of the surgical documentation. He also can edit and add
content like in the two phases before.

Both, the mobile and the intraoperative application, share
the same design concept (see Figure 1). General patient
information and data from the situation recognition are shown
at the top. The central element is the timeline in the large
central area of the interface. It displays the available case
information of the intervention chronologically, and
categorizes this information by color coding. In addition, at the
very bottom of the timeline a function field is visible to add
materials to the timeline.

3.2 System architecture

Figure 2 visualizes the main components of the OR-Pad
system, its communication interfaces and data that is
exchanged. The OR-Pad system itself was developed as a
progressive web app, because of the advantage of being
platform-independent and simultaneously have the appearance
of an app. Accordingly, a client-server architecture was
chosen.

The client was planned for touch interaction with tablets
and smartphones to provide information to the surgeon via
responsive user interfaces. To view those information, a
viewer for different formats, e.g. PDF, was implemented. To
enable the creation of new materials via camera and
microphone, a component for hardware access was
contemplated to control the needed hardware of the displaying
device. For communication between clients and server,
websockets were used. The OR-Pad server was implemented
using the Node.js platform.

To enable context-sensitive information, the server will be
connected to a situation recognition system to get the surgical
phase the intervention is currently located. For data exchange,
a publish-subscribe pattern will be used so that the OR-Pad
system can register itself to the situation recognition to
automatically get updated situation information. For data
acquisition and analysis, the situation recognition component
needs to receive information from various sensors in the OR
providing data, e.g. cameras to obtain an OR video, RFID
sensors to obtain position data of instruments, or device data
to obtain status information. The connection of these devices
will be implemented based on the SDC standard and the
underlying OSCP protocol. For testing the current stage of the
prototype, the situation recognition was replaced by a mock-
up providing pre-defined intervention states.

OR-Pad system Situation recognition (SR)
Client Server Output nput

N _ Information systems
. 15 PACS

Figure 2: Components, communication interfaces, and exchanged
data of the OR-Pad system including connecting systems
(FMC structure diagram).

The connection to the HIS and the PACS will be used to obtain
the information available of the case of the intervention. Via
HIS, the OR-Pad server will receive the information of the
intervention, such as operation planning data or case
information. In addition, it will provide references to image
data in the PACS, which is then retrieved via the
corresponding connection. Created materials (e.g. images
taken intraoperatively) are also added to the case file in the
HIS. Therefore, this connection is intended to be bidirectional.
For clinical information exchange, a FHIR interface which can
be accompanied by other standards, e.g. HL7v2, as needed,
was implemented. The communication to the PACS is realized
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using the DICOMweb standard. For the actual prototype, no
real productive HIS and PACS were used.

The NoSQL database provided on the OR-Pad server will
only store data that is not already, or is not intended to be, in
HIS or PACS, like phase mappings or favorites for the
respective intervention to ensure data consistency. The
intervention represents the central element of the data model.
By coupling the OR and the associated surgeons, each surgeon
involved will be able to shape this information space.

Based on the concepts before, the OR-Pad system
architecture was detailed. To separate the functionalities, a
layered architecture was chosen based on the divide & conquer
principle. The client and server part were designed up to
component level in individual layers. Overall, the OR-Pad
system follows the Model View ViewModel architecture
(MVVM) and thus reduces the amount of data within the
system to the relevant information by means of the
intermediate ViewModel.

To define the communication processes, i.e. the exchange
of messages between the server, clients, and external systems,
repetitive flow charts were used to define all sub-processes.
The principle of parallelization was planned to minimize
loading times by simultaneous computations on client and
server side. For good scalability, the amount of data transfer
will be taken to a minimum by using data transfer objects and
bidirectional, event-based communication without polling by
using a websocket. To keep the query times in the OR-Pad
system between server and clients low, a data model for the
transfer was defined.

3.3 Expert interviews

For evaluating the concepts, expert interviews were conducted
with the two project partners from urology and anatomy of the
University Hospital Tibingen. In both conversations, the
current status was presented, the prototype was shown and the
further procedure was discussed.

Both project partners confirmed the concept. The
prototype and the operating concept were described as
intuitive and well thought out. There were only minor
comments, e.g. regarding wording or the specification of
certain designations. Other ideas for securing the tablet, such
as attaching it to the patient's abdomen or torso with sterile
tape, were mentioned. It was also stated that a security concept
is needed to protect the tablets from theft in the OR.
Furthermore, data security must be ensured and data
management must be limited to the hospital system.

With the feedback and confirmation of the project
partners, the development of the high-fidelity prototype could
start in the last cycle of the fourth iteration. Security aspects

were only considered to be relevant for the transfer into a
product and thereby were left out for implementation.

4 Discussion

The OR-Pad system enables access to all available case
information of an intervention by clinical systems, like HIS
and PACS, before, during, and after surgery. At any time, the
surgeon can directly interact with the system without the need
of assistance, providing e.g. preoperative images close by.

Moreover, through the possibility to upload own images,
create notes and edit information, e.g. circle a tumor in a
radiological image, to be useful during intervention or for
follow-up, the information flow can be supported as desired.
The surgeon can take case information and prepared content
into the OR as well as information created during surgery out
of the OR. At any time in the perioperative workflow, relevant
information can be accessed and modified, supporting the
surgeon. Through the timeline element, all information and
self-created materials are available chronologically and thus
make it possible for the surgeon to find the information more
quickly. The surgeon can further be supported through
reducing interaction effort by automatically providing context-
relevant information [8] as well as highlighting content. By
supporting the surgeon in the complete perioperative process,
it was expected to improve the information situation in the OR,
and thereby also improve the quality of surgical results.

For demonstration, only orthopedically use cases are
integrated. The clinical need depends on the use cases, so
further development may be required to adapt the concept to
better assist other interventions from different disciplines, like
surgeries solely being done via endoscope.

For the system architecture, a layered architecture was
chosen to separate responsibilities and achieve a
decomposition into a set of self-contained loosely coupled
components. Thus, a clear, understandable structure of the
system with clear function ranges and the possibility for
independent development could be achieved. As stated before,
the system was reduced to core functionalities, but can be
extended for other clinical needs in further development.

The different information requirements, the real-time
demand, and the synchronicity of the clients regarding their
data, the size of the data volume, and the bidirectional
communication between clients and server were challenging
during conception. Furthermore, a challenge with the data
model was to handle a large amount of complex data and its
distribution over the different external systems.
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5 Conclusions

The OR-Pad system was designed to support the surgeon in
the perioperative area by providing relevant information near
the patient and enable direct interaction with the system. The
research project went through several iterations of an user-
centered design process, emerging in the third iteration in the
final vision. Based on that, the interaction concept and system
architecture were designed in detail to cover the requirements
of accessing case information, creating materials, transferring
all information to be provided in the OR, and supporting via
context-relevant displaying. Expert interviews confirmed the
concepts.

In the fourth iteration, the developed concepts were
realized within a high-fidelity prototype. Therefore, dummy
data was created, the infrastructure was built, and clinical
communication was implemented. In addition, the
communication within the application and client functions
were realized. The demo application was integrated and tested
in the research OR. The result was then checked with the help
of a technical and functional evaluation. The developed
prototype will now undergo thorough pre-clinical and clinical
evaluation to assess the final usability and usefulness of the
prototype. On the basis of this evaluation, the system will be
expanded to include further wishes and needs for broad
applicability.

Author Statement

Research funding: This research was funded by the Ministry
of Science, Research and Arts Baden-Wurttemberg and the
European Fund for Regional Development (EFRE).

Conflict of interest: Authors state no conflict of interest.
Informed consent: This article does not contain patient data.
Ethical approval: This article does not contain any studies with
human participants or animals performed by the authors.

References

(1]

(2]

(3]

(4

(5]

(6]

(7]

8l

Kranzfelder M, Staub C, Fiolka A, Schneider A, Gillen S,
Wilhelm D, Friess H, Knoll A, Feussner H. Toward increased
autonomy in the surgical OR: needs, requests, and
expectations. In: Surgical Endoscopy 27, 2013:1681-1688.
DOI: 10.1007/s00464-012-2656-y.

Matern U, Koneczny S. Safety, hazards and ergonomics in the
operating room. In: Surgical Endoscopy 21, 2007:1965-1969.
DOI: 10.1007/s00464-007-9396-4.

Dressler CR, Neumuth T, Fischer M, Abri O, Strauss G.
Intraoperative Bedienung einer elektronischen Patientenakte
durch den Operateur. Einsatzbeurteilung des MI-Reports in
der HNO-Chirurgie. In: HNO 59, 2011:900-907. DOI:
10.1007/s00106-011-2331-y.

Dressler, CR, Fischer M, Burgert O, Strau3 G. Bewertung
eines kontextsensitiven Systems zur intraoperativen Nutzung
der E-Patientenakte. In: Laryngorhinootologie 91, 2012:368—
374. DOI: 10.1055/s-0031-1285923.

Franke S, Rockstroh Max, Hofer M, Neumuth T. The intelligent
OR: design and validation of a context-aware surgical working
environment. In: International Journal of Computer Assisted
Radiology and Surgery 13, 2018:1301-1308. DOI:
10.1007/s11548-018-1791-x.

Stauder R, Belagiannis V, Schwarz L, Bigdelou A, Séhngen
Eric, llic S, Navab N. A User-Centered and Workflow-Aware
Unified Display for the Operating Room. In: MICCAI Workshop
on Modeling and Monitoring of Computer Assisted
Interventions (M2CAl), October 2012, Nice, 2012.

Junger D, Frommer S, Ryniak C, Burgert O. OR-Pad -
Entwicklung eines Prototyps zur sterilen Informationsanzeige
am OP-Situs. GMDS 2019 — Meeting Abstract. In: 64.
Jahrestagung der Deutschen Gesellschaft fir Medizinische
Informatik, Biometrie und Epidemiologie e. V. (GMDS)
Deutsche Gesellschaft fir Medizinische Informatik, Biometrie
und Epidemiologie 08. - 11. September 2019, Dortmund,
2019. DOI: 10.3205/19gmds143.

Junger D, Frommer S, Ryniak C, Burgert O. Entwicklung einer
adaptiven Situationserkennung zur Informationserfassung
und -anzeige im intraoperativen Bereich. In: CURAC 2019 —
Tagungsband: 18. Jahrestagung der Deutschen Gesellschaft
fur Computer- und Roboterassistierte Chirurgie e. V.: 19. - 21.
September 2019, Reutlingen, 2019:152-157. ISBN: 978-3-00-
063717-9.



