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Abstract

Objectives: Discussion of a telemedical supervision system
for anesthesiology in the operating room using the interop-
erable communication protocol SDC. Validation of a first
conceptual demonstrator and highlight of strengths and
weaknesses.

Methods: The system includes relevant medical devices, a
central anesthesia workstation (AN-WS), and a remote su-
pervision workstation (SV-WS) and the concept uses the
interoperability standard ISO/IEEE 11073 SDC. The validation
method involves a human patient simulator, and the system
is tested in an intervention study with 16 resident anesthe-
tists supervised by a senior anesthetist.

Results: This study presents a novel tele-supervision system
that enables remote patient monitoring and communica-
tion between anesthesia providers and supervisors. It is
composed of connected medical devices via SDC, a central
AN-WS and a mobile remote SV-WS. The system is designed
to handle multiple ORs and route the data to a single SV-WS.
It enables audio/video connections and text chatting
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between the workstations and offers the supervisor to
switch between cameras in the OR. Through a validation
study the feasibility and usefulness of the system was
assessed.

Conclusions: Validation results highlighted, that such sys-
tem might not replace physically present supervisors but is
able to provide supervision for scenarios where supervision is
currently not available or only under adverse circumstances.
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Introduction

Anesthesiology is a complex field that significantly affects
surgical outcomes and patient safety. Annually, around 230
million people worldwide undergo anesthesia for major
surgeries, and 7 million of them face severe complications,
leading to 1 million deaths [1]. Continuous development and
reevaluation of guidelines are necessary to minimize
complications and enhance patient safety.

International declarations require anesthesia providers
to possess adequate expertise for ensuring high patient
safety standards, but implementation varies across coun-
tries [2]. Anesthetic nurses can administer anesthesia in
some countries like the USA, France, and partially the UK.
However, in countries such as Germany, only physicians
are authorized to perform this task. Table 1 elucidates the
guidelines and regulations regarding the responsibilities of
nurses and physicians in anesthesiology and the practices
for supervision and parallel anesthesia in four different
countries [3-7]. While supervision by a specialist anesthetist
varies based on the administering personnel, a skilled
physician must be available in any critical situation, either
present in the operating room (OR) or they are nearby and
available whenever called upon in most countries [8]. The
USA and France allow parallel anesthesia within specific
boundaries, but it is generally not permitted in Germany and
the UK except for specific situations [5, 9].
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Table 1: Guidelines and regulations regarding the responsibilities of nurses and physicians in anesthesiology and the practices for supervision and

parallel anesthesia in different countries.

Country Nurse Physician

Supervision Parallel anesthesia

USA Certified registered nurse anesthe-  Physicians are not necessarily
tists (CRNA) can perform anesthesia required, if “qualified anesthesia
independently or under physician’s personnel” is present which includes
supervision physician anesthetists, anesthesi-
ology fellows, resident physicians,
anesthesiologist assistants and
CRNAs
Germany Assists the physician before, during Physician needs to be present during
and after anesthesia; not eligible to the whole anesthesia
perform anesthesia
France  Nurse anesthetists (Infirmier Physician needs to be present at least

Anesthésiste Diplomé d’Etat — IADE)
can administer regional or general
anesthesia supervised and partici-
pate in peri-operative resuscitation

UK Anesthesia care team consists of
physicians’ assistant (anesthesia)
(PA(A)), operating department
practitioner and anesthesia room
nurses; however only PA(A) can
administer anesthesia

IADE is possible

to a PA(A)

during induction of anesthesia;
afterwards, a delegation to an

Needs to be present during the
whole anesthesia - if not delegated

Depending on the state, the
supervision of CRNAs is
mandatory;

Supervision is necessary for
not fully “qualified
anesthesia personnel”,

e.g. non-physician
anesthesia students

If anesthesia is provided by
resident physician, then
specialist needs to supervise
in presence or by being
available

Specialist anesthetist is
supervising resident
physicians and/or IADE

Physicians can switch between
patients perioperatively, if other
“qualified anesthesia personnel” is
present with the patient, e.g.,
CRNA

No routine parallel anesthesia
allowed

If the anesthesia is delegated to
IADE, the physician might swap to
another patient

Supervision of resident
physicians by specialists or
supervision of PA(A) by
anesthetists

No routine parallel anesthesia
allowed; in “exceptional
circumstances” possible and
matter of individual judgement

Although having the most experienced anesthetist
providing one-to-one care would be ideal, economic con-
straints and varying national/regional numbers of anesthe-
tists per population create challenges in ensuring adequate
supervision [10, 11]. Whether a qualified nurse or a resident
physician is caring for a patient, supervising staff may be
responsible for patients in different locations facing severe
situations simultaneously. Furthermore, resident physicians
often feel inadequately supervised during their training [12].

A potential tool to maintain high patient safety
requirements and improve supervision and education
standards could be provided through telemedicine. Fast and
adequate responses brought by audio/video connections to
experts are already utilized in many fields of medicine and
start to get introduced into anesthesiology. For preoperative
telemedicine anesthesia evaluation, a 2015 study involving
patients living in remote parts of Australia reported high
satisfaction and perceived efficacy [13]. Our working group
was also able to demonstrate the legally compliant feasibility
of telemedical anesthesia preparation in Europe for the first
time in 2021 [14]. To the best of our knowledge, intra-
operative telemedical implementations in anesthesia have
not yet been used routinely.

For a telemedical supervision system to improve
established methods, transmitting important data from the
OR in addition to the audio/video connection is crucial.
Currently, specialist anesthetists often have the option of
being contacted by telephone/“Digital Enhanced Cordless
Telecommunications” system (DECT). Yet, in multiple cases,
additional visual information via video, vital signs of the
patient and further medical device measures are required
for adequate clinical assessment and decision-making. A
telemedicine system can leverage technological advance-
ments to efficiently transmit all pertinent information,
significantly reducing the need for specialists to make
physical visits or rely on elaborate verbal descriptions over
the phone.

For access and connectivity to the relevant medical
device data, standardized communication protocols for
medical device data access and connectivity are necessary,
according to the latest WHO recommendation for tele-
medicine implementation [15]. Interoperability is a crucial
component that reduces siloed implementations and
divergent developments while increasing productivity and
reusability of new solutions. Broadly transitioning tech-
nologically feasible achievements to the medical sector can



DE GRUYTER

improve working conditions and enhance patient safety
sustainably.

The ISO/IEEE has standardized the 11,073 Service-
oriented Device Connectivity (SDC) protocol, which could
lead to a fully interoperable OR soon [16, 17]. SDC enables
any device from any manufacturer to provide data in a
previously defined structure for consistent processing and
display, addressing issues like limitations of toolsets in
different vendor compounds or redundant data entry.
Furthermore, it ensures a secure and bidirectional
communication channel.

Initial use of the SDC communication standard in the OR
has yielded encouraging results [18, 19]. Workstations have
been developed to link anesthesiology devices, giving anes-
thetists a comprehensive view of vital signs, device settings,
and alarms. Device connectors generate interoperable data
that can be presented uniformly on the workstation,
regardless of proprietary communication protocols.

This work aims to present a system to enable tele-
supervision by senior anesthetists remotely based on an
already existing prototype of an anesthesia workstation
(AN-WS) [19] and an additional supervision workstation.
The second aim of this study was to evaluate the feasi-
bility, acceptance, and effectiveness of the system in
anesthesia.

Materials and methods
Requirement analysis for the system

Within the research project “PriMed — Process optimization
through integrated medical devices in the operating room and
clinic” (funded by the German State of North-Rhine West-
phalia and the European Commission — European Regional
Development Fund (EFRE); grant no. EFRE-0801359),
requirement analyses were defined, regarding a fully inte-
grated OR. For the anesthesiologic side, it was defined as an
interoperable composite of the relevant medical devices, a
central workstation for the anesthesia provider and a
remote workstation for a supervising physician. The devices
that were defined as the relevant tools to be integrated are a
patient monitoring system, syringe pumps and an anesthesia
machine/ventilator. Another requirement was the modu-
larity of integrations of multiple other devices and infor-
mation systems. The workstation should be capable of
configuring a set of modules based on the needs for a specific
surgical procedure and depending on the user. The focus is
the interoperable integration of medical data and process
optimization as a result.
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System concept and design

A prototypical “anesthesia-workstation” (AN-WS) was already
implemented as part of a research project in 2019, as a stand-
alone.NET/C# application. The workstation is capable to
combine information from syringe pumps, patient monitors
and anesthesia machines, generated by a simulator and
transferred via the IEEE 11073 SDC protocol [19].

Within the PriMed project, a modular and interdisci-
plinary “x-workstation” (X-WS) was defined and developed
for surgical components. The Workstation is a cross-
platform software framework developed to control and
visualize medical device data in the OR. It addresses the
challenge of integrating and controlling medical devices
using the open communication SDC standard. The developed
framework is modular, has reusable and configurable user
interface elements. The architecture is a client-server model,
where a Java-server handles the medical device communi-
cation and a web browser is used to access the workstation’s
user interface to display or control medical device data. The
X-WS was evaluated multiple times by clinical staff and
demonstrated, that the SDC standards allows the imple-
mentation of a safe, secure and accessible central medical
workstation [20].

The concepts of the two workstations — AN-WS and
X-WS — were used in this work as a foundation to build on,
adjust and extend with a telemedical module. Furthermore,
this updated AN-WS stational OR workstation was supple-
mented with a second mobile supervision workstation (SV-
WS) that can be carried by a senior physician, to give locally
independent telemedical support.

There was no existing solution for the SV-WS that met
the requirement analysis. Important requirements for such
a system, which enables senior physicians to remotely su-
pervise resident anesthetists, included the transmission of
key parameters from medical devices and patients’ vital
signs. All data provided to the AN-WS via the SDC protocol
should be transferred to the SV-WS, without any function-
ality to modulate or manipulate settings or parameters.
Additionally, the architecture should support the surveil-
lance of multiple operating rooms (ORs) from a single SV-WS$
and use the same telemedical module to establish text or
audio/video connections with each OR when necessary.
Technically, the SV-WS should be easily accessible on mobile
devices, such as tablet computers. Therefore, another
requirement for the system was the development of a fast
and lightweight web application that could be used on low-
end mobile devices and accessed through common web
browsers. Consequently, JavaScript using React.js, a library
suitable for developing such web applications, was chosen.
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Interoperability standard

In 2019, the ISO IEEE 11073 SDC Standard family was granted
approval, which outlines the communication syntax, se-
mantics, responsibilities, and specific device functionalities
required to facilitate open interoperability [17]. Other
approaches, such as the “Medical Device Plug and Play” (MD
PnP)in the United States [21] and the “Smart Cyber Operating
Theater” (SCOT) in Japan [22], also offer tools for imple-
menting an open, manufacturer-independent communica-
tion protocol. However, the SDC standard provides distinct
advantages, including flexibility and a language specifically
designed for describing medical devices and their data.
Moreover, SDC has multiple ISO and IEEE standards estab-
lished since 2019, which are not available in the SCOT and
MD PnP protocols. As a result, SDC offers widespread inter-
operability and has a clear advantage over the alternative
options [16].

Validation method and simulation setup

To evaluate the proposed tele-anesthesiology system, a safe
simulation environment was used to examine usage be-
haviors, general usability, user acceptance, and feedback.
The simulation was performed on a human patient simu-
lator (HPS) at the AIXTRA (Competence Centre for Training
and Patient Safety, Medical Faculty, RWTH Aachen Univer-
sity, Aachen, Germany). Three camera views, a livestream of
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vital signs, and a high-sensitivity ceiling microphone pro-
vided surveillance of the simulated operating theatre. An
operating table, mobile operating light, anesthesia machine,
and vital sign monitor formed the experimental set-up. The
HPS was used as the patient, allowing for real patient
monitoring and precise logging of parameters. Scenarios
were individually tailored and could result in a range of
outcomes from proactive problem solving to fatal results.

In this OR setting, the developed tele-supervision system
was integrated (Figure 1). The patient monitor was connected
via SDC to the AN-WS and therefore the vital parameters were
available to the remote senior physician through the SV-WS.
Other functions, like the OR plan or parameters of other
interoperable devices that were included in the design of the
SV-WS were not considered or evaluated within this study.

The study was planned for resident anesthetists, su-
pervised — in presence, by phone and via tele-supervision —
by one senior anesthetist.

A total of 16 resident anesthetists of the University
Hospital RWTH Aachen (Germany) within their first two
years of further education to become a specialist were
recruited and included into the study. Of which 9 were fe-
male and 7 were male, ranging from 25 to 35 years old. The
experience, based on their time working as an anesthetist,
ranged from 2 to 25 months.

The evaluation scenario involved a 71-year-old male
patient with a history of atrial fibrillation and arterial hy-
pertension who underwent a laparoscopic hemicolectomy. A
possible postinduction hypotension was anticipated due to

Figure 1: Validation setting in the simulation operating room - (left) with one-sided mirrored observation room; (middle) integrated anesthesia
workstation that allowed the communication for resident anesthetists with a supervisor; (right) remote supervision workstation operated by senior
physician.
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the patient’s fluid deficit, and an organizational issue was
introduced where the surgeon would be absent for 30 min to
attend an emergency, until finally the anesthetist will get
informed that the OR needs to be cleared for the emergency
trauma patient. The scenario aimed to test when and how
participants contacted the senior physician, and the medium
of contact and reasoning were noted.

A questionnaire (Appendix A) was given to each
participant after the scenario, asking about their choice of
communication with the senior physician. Furthermore, a
subjective rating of communication channels in specific sit-
uations was requested, as well as general feedback on the
system’s technology.

All participants were pseudonymized and data protec-
tion was ensured by submitting to the Data Protection Offi-
cer and Ethics Committee. Recorded videos were deleted
after data acquisition.

Operating Room

E Senvice-oriented Device Connectivity (SDC) Network
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This study has been approved by the Ethics Committee
of the University Hospital RWTH Aachen (Aachen, Germany)
(EK 314-21).

Results
Tele-supervision system

Within this work a novel, modular and interoperable tele-
supervision system was designed and developed (Figure 2).
The system is composed of connected medical devices that
communicate bidirectionally with the central AN-WS via the
SDC protocol. Vital parameters of a patient monitor and the
current settings of syringe pumps and an anesthesia ma-
chine are provided. The AN-WS backend, implemented as a
Java application, processes the received medical device data

Medical Devices in Operating_ Room Workstation Backend
«interface» | ! «module» )
Medical Device SDC Provider
N «module»
SDC Consumer
«interface» i «module» Network A
Medical Device | ”| sDC Provider
\ 4
I «interface» |, ! |  «module» «module»
-a™H Medical Device [<| 7| SDC Provider [ Data Processing
I_ X
"""""""""""""""""" send requests and P .
N - device data (read/write) «module» «module»
Anesthesia Workstation Frontend >  WebSocket |— Mustache
«module» Handler View-Templates
«interface» (_[—> WebSocket
HTML/CSS/IS Handler
Control Panels
«module»
% > «module» «module» > Socket.IO
(24 Tele-Supervision | L > Load & Apply |€ Client for OR
Templates
7777777777777777777777777777777777777 stream device data
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, gy
Server | Supenvision SaconY)
! |TeleDoc Server Supervision Workstation Frontend Supervision Workstation|
! Backend
«module» < .
Node WebRTC «interface>» «module»
Server for p2p | V] I;eatl:_t Web- WebSocket
video signaling — pplication «module» > Handler
[€— WebSocket
«module» P 1§ «module» Handler «module»
Socket.IO Server L IM;":'CI'e'ft. Socket.IO
for role handling Do Tele-Supervision Client for
and text chat Supervision

Figure 2: Tele-supervision system architecture - (top) components within the operating room: connected medical devices and anesthesia workstation
with its backend and frontend structure; (bottom left) server for telemedical communication; (bottom right) remote supervision workstation with

backend and frontend.
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and provides it for further usage through a WebSocket
handler. The AN-WS frontend, as a web application, gains
full read/write access, and therefore provides the user a
combined overview and the option to set device and alarm
settings from a central interface instead of the necessity to
perform adjustments on each device itself (Figure 3). The
SV-WS, also implemented as web application, only receives
the data in a read-only mode. Furthermore, both worksta-
tions are connected with a modified “TeleDoc” server (Docs
in Clouds TeleCare GmbH, Aachen, Germany), running on a
node.js server. It enables an audio/video connection, as well
as a text chatting feature between both workstations, han-
dles their roles and permission and thus offers the super-
visor to switch between the cameras in the OR and gain their
control. The architecture is designed to handle multiple ORs
in the same network and route the data and communication
channels to a single SV-WS.

The SV-WS displays the data from each OR and lets the
user switch between the surgeries and contact any con-
nected OR if needed (Figure 3). In the main frame the
selected OR is displayed, mirroring the used medical devices:
the patient monitor depicts the vital parameter curves, like
the ECG, oxygen saturation and arterial blood pressure
curves, as well as the corresponding numerical parameters.
Furthermore, the ventilation settings from the anesthesia
machine are transferred and displayed. By means of the SDC
standard, every device can be allocated over the so-called
“location context”, which uniquely defines the localization
and therefore — on the supervision side — enables a clear
distinction between different ORs. Below the main frame,
other ORs display a selection of currently measured vital
parameters in the miniature view and can be selected to be
maximized. On the right side of the workstation, a concept
for the OR plan is visualized. Beneath, the telemedical
module is embedded, offering a direct text chat to each OR as
well as handling the in- and out-going video calls utilizing an
OEM module called “TeleDoc Web” (Docs in Clouds TeleCare
GmbH, Aachen, Germany), which uses encrypted end-to-end
communication. Furthermore, the module allows the su-
pervising physician to switch between cameras in the OR,
from a webcam showing the anesthetist to a pan-tilt-zoom
camera mounted on the ceiling of the OR allowing an
extended look, to inspect the patient, the medical devices, or
the scene in general.

System validation

The participating resident physicians assessed the three
potential ways of communication with a supervising physi-
cian — in person, via phone/DECT and via the newly
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developed tele-supervision system for different types of re-
quests and situations (Figure 4). In emergencies, the pres-
ence of a supervisor was assessed as most suitable, while
phone communication was evaluated as least suitable. For
general advice on the strategy or specific advice related to
specific situations, the three media were evaluated more
evenly.

From all 45 requests for contact — on average around
three per participant — with the senior physician, groups can
be formed by concern of each question or reason (Figure 5).
While most requests can be grouped as specific situational
questions (e.g., which step to do next within an ongoing
intubation), organizational questions and an information for
the senior physician were often the reason for a contact. The
request for a supervision in presence was only asked four
times, which reflects 8.9 %. Tele-Supervision was chosen in
22.2 % and DECT in 68.9 % of cases.

When the tele-supervision system was not chosen, most
participants stated, that for non-critical matters, they
preferred phone contact because it was familiar and suffi-
cient. As another reason, they stated, that for specific phys-
ical support like during intubation, a request for presence
was seen as necessary.

Within the general feedback, participants mentioned
aspects they liked or disliked about the system. Positively
commented were the simplicity to access an expert’s opinion
on a medical matter and the certainty, that this expert can
access all relevant data without the need of long explana-
tions. The audio output of the system and the necessity to
stay close to the screen were criticized.

Discussion

The present scientific paper introduces a novel tele-
supervision system, consisting of an integrated anesthesia
workplace in an OR and a remote supervision workstation.
Based on a modular and interoperable concept, using a
standardized communication protocol, the setup was devel-
oped and validated for the first time, receiving overall positive
feedback and highlighting its potential as well as its current
limitations.

The elaborated modular system architecture provides a
versatile and extendable foundation for future connected
OR environments. While previous integrated OR solutions
were dependent on proprietary protocols or siloed solutions
[23-25], the introduced system has the potential to be widely
used and distributed, without any dependencies to locally
used devices from certain manufacturers. The modular
approach, based on the IEEE/ISO certified communication
standard SDC, allows flexible use-cases and provides the
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be controlled, the architecture prevents the remote SV-WS$
from any direct manipulations of settings. Thus, a level of
safety can be assured, avoiding unintended actions, poten-
tially risking the patients safety.

The developed AN-WS provides an overview of key
parameters of the most important anesthesiologic medical
devices and supplies the SV-WS with read-only access to its

Figure 5: Quantity of all requests for contact
with the senior physician during the scenarios,
grouped by matter of the requests and sorted
by chosen medium.

10 12 14

data. Design and Layout of the AN-WS were not subject of
this work, but the implementation of its counterpart
regarding surgical components has been evaluated in
several previous works [26, 27], as well as similar ap-
proaches for specific fields of surgery [28]. This workstation
can provide an unambiguous overview of all relevant data
and allow quick and easy adjustments from a central point.
Manufacturer dependent displays and user interfaces
dispersed throughout the OR would become obsolete. In
addition, the modular interoperable backend of the Work-
station, allows flexible inclusion of any medical device
supporting the SDC standard, allowing interdisciplinary
use-cases where the OR staff could switch between e.g.
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surgical and anesthesiologic devices within an uniform user
interface.

The mobile SV-WS gives insight in multiple ORs at once
and thus enables a supervisor to gain a clear and extensive
understanding of the situation within the OR. Long and
potentially misleading explanations over the phone or dis-
tances to be covered to come around can be avoided. Just as
for the AN-WS, such anesthesiologic supervision tool, based
on the SDC communication standard, has not been evaluated
before and is validated for the first time in this work. A
similar telemedical supervision system, without the usage of
a standardized communication protocol, was developed for
the emergency medical service [29] and clearly showed an
improvement of the patient’s safety due to the direct avail-
ability of a medical expert [30].

By implementing the proposed system into a teaching
and training simulation center, a first evaluation and vali-
dation of the system and its acceptance was conducted under
safe conditions for such early stage of development. The
choice of young resident physicians as participants induced
a generally high acceptance of new technologies, but at the
same time implied a higher demand of supervision for the
medical scenario and thus eased the observation of usage
behaviors.

The participants rated the three potential communica-
tion channels for various situations differently, however, the
contact by tele-supervision was generally evaluated more
suitable than by phone. The superiority of supervision in
presence for emergencies was clear, however, most partic-
ipants could imagine a successful tele-supervision for such
cases, too. As shown in studies applying telemedical support
in emergency ambulances, the availability of an expert
in situations where otherwise no support would be avail-
able, the outcome can be strongly improved [30]. For general
advice on strategy and procedure, as well as for situational
advice and specific requests, the necessity of a physically
present supervisor was not rated high. In summary, the
scope of application of the tele-supervision system is
highlighted.

The study revealed that even in non-critical medical
scenarios, each participant needed an average of three
contacts with the senior physician within approximately
30 min of simulation. This highlights the importance of su-
pervision in medical education for teaching purposes and
legal protection. Furthermore, due to shortages and eco-
nomic constraints, currently many physicians in training
feel unsupported [12, 31]. A telemedical approach can
address this issue by maintaining high supervision and
teaching standards while ensuring efficient utilization of
economic resources.
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While none of the participants disagreed with the use-
fulness of such system and according to the participants’
inquiry the assessed suitability for it was high for almost
every type of situation, within the scenario in only 22 % of
contacts with the supervisor, the tele-supervision was cho-
sen. A partial explanation was given by the questioned
reasoning afterwards. The unfamiliarity of the system, in
contrast with the daily used practices, might be the main
explanation. But since the tele-supervision should be seen as
an upgraded system compared to the audio-only phone
connection, the comparison to the cases where the presence
of the supervisor was requested is more interesting. Even
though, in less than 10 % of the requests the supervisor was
asked to come around, these cases show, that there are limits
to the application possibilities. Situations might require the
direct physical or manual support of an additional person in
the OR. Such tele-supervision system however should not
replace a physically present senior physician but instead add
appropriate expertise to scenarios, where currently no
supervisor is available. Smaller clinics and rural hospitals
could benefit greatly by added supervision capabilities.

The overall positive feedback to the supervision system
gives a good first impression of the current developed system.
At the same time, pain points became evident, especially
regarding the usage-behavior. Uncertainties of the physicians
regarding the handling of the system, when to focus on the
screen and how to communicate in parallel with a remote
supervisor and other personnel within the OR, came up.

The present study is not without limitations, and these
must be taken into account when interpreting the results.
One major limitation is the relatively small number of cases
and participants included in the study. While efforts were
made to recruit a diverse range of participants, the sample
size may not be representative of the larger population of
anesthetists. Another limitation is that only one medical
scenario was observed, and it is possible that the results
would differ with other interventions, especially more crit-
ical scenarios. Additionally, the study was conducted in a
simulator environment rather than a real operating room,
which may limit the generalizability of the findings to real-
world settings. These limitations suggest the need for future
research with larger sample sizes, different types of medical
interventions, and evaluation in real operating rooms.
Furthermore, local legal and ethical restrictions and limi-
tations, that would need to be met before implementation
into real ORs, have not yet been evaluated. The potential of
such system and positive feedback on the other hand should
encourage further research and developments to improve
patient care quality and supervision and teaching of less
experienced physicians.
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Conclusions

A telemedical tool for anesthesiology in the OR appears to
provide a potentially highly adequate extension for super-
vision. While such system will not substitute the presence of
a senior physician in cases where extra hands are needed, it
might offer the chance to augment health care infrastructure
in its current state. Hospitals with no continuous support
provided by senior physicians, could strongly benefit from
such system. An interoperability standard as the foundation
of such system will allow reusability and a wide distribution
and compatibility. Independence of existing technological
infrastructures and sustainability in terms of further
extensions and functional upgrades can be achieved. The
further development of such system is hereby strongly
encouraged to improve working conditions in the OR and
increase patient safety and care.
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