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Abstract

Background: In Germany, the number of calls for Emergency Medical Services (EMS) are increasing, while the number of
general practitioners and hospitals are decreasing, resulting in a growing demand and workload for emergency physicians
and paramedics. Furthermore, an aging population with increasingly complex medical histories, present emergencies in
which a more detailed assessment and therapies are urgently needed. Therefore, common EMS systems need to find
solutions to handle these problems.

Methods: We used a user-focused five-step approach to define a technological solution: Research of current systems,
definition of goals and requirements, development of concept, test series and evaluation, evaluation of costs and benefits.
Results: Development of a holistic telemedical concept to connect in-hospital clinical emergency physicians and paramedics
on the scene, by implementing and connecting systems that are already partially being used in common EMS in Germany.
By using live audio and video communication, including vital signs between the two, a system can be established by keeping
costs low, affordable and at the same time protecting patient data in line with General Data Protection Regulation.
Conclusion: Implementing technologies in a practical specialty like Emergency Medicine with a user-focused approach
demonstrates that the hurdle for integration into established routines can improve current processes. Evaluation of
costs and usability is a main driver to define success of such concepts and can improve if such systems can be developed
to be used in larger networks.
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Therefore, new options need to be discussed.

Technology, especially in healthcare, is rapidly becom-
ing more available. However, at the same time, is leading
to an increase in costs that is inconsistent with the growth
in patient benefits and outcomes. We, therefore, sought out

Introduction

In Germany, the demand for Emergency Medical Services
(EMS) is steadily growing.!™ Numbers of professionals,
medical resources, and equipment are increasing and pub-
lic service investments are being adjusted to the growing
demand.>” But as the amount of emergency medical pro-
fessionals available on the job market is diminishing, the
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demand for such services is still high.8!!

As aresult, currently used strategies and options, which
commonly are used for increases in demand in the emer-
gency healthcare sectors, are now turning into exhausted
sources.”!>13
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Figure |. Currently implemented telemedicine models in German EMS.

available technological solutions for EMS and based on
these results developed a more available and easier-to-
apply system to ease the demand.'*!3

EMS in Germany

Patients evaluated by paramedics are mainly transferred to
emergency departments (EDs), as EMS is historically and
structurally organized to be part of the clinical healthcare
sector. This system was developed to treat patients in life-
threatening situations; therefore, a transport to an ED
would be necessary.'¢!8

However, the amount of non-urgent emergency
responses is increasing. Patients are being transported to
hospitals, despite the fact that they could be treated in
other primary care facilities, such as a general practition-
ers (GPs) or specialist doctor’s offices. Increasingly, this
has led to an overcrowding and overuse of current capac-
ities, especially by younger patients. Such problems are
not only reported in Germany, but also in many other
countries.'??!

In addition to the aforementioned, Germany has an
Emergency Physician (EP)-based EMS system, in which
in life-threatening situations, an EP-staffed vehicle is sent
to the site of emergency in addition to an ambulance.?> 24
As the demand for these EPs is increasing and the current
system continues to rely on response times of an average
of about 10min for ambulances and about 15min for the
arrival of an EP, varying due to differing federal state regu-
lations, more options are needed to maintain an appropri-
ate standard of care in the near future.*%’

Telemedicine in EMS in Germany

To manage this increase in demand, technology in the form
of telemedicine has been used and implemented in a few
regions.

As a technology, telemedicine is a branch of e-health
and defined by the World Health Organization (WHO) as
the delivery of healthcare services by using communica-
tion networks to connect geographically distributed users
with another. It, therefore, could overcome various barriers
to medical access, address issues like shortages or uneven
distribution of human and structural medical resources.?®*

Telemedicine in Emergency Medicine has been shown
to be effective in EDs early since 1999°° and has also been
internationally implemented into daily use in urban and
rural regions.’'*? Some systems, like for example, in
Houston, TX (“Project ETHAN Houston”; Emergency
Telehealth and Navigation) have served more than 10,000
calls by now and provide a long track record.**

In Germany, the project “Telenotarzt Aachen” (TNA
Aachen) in the state of North Rhine Westphalia currently
has the longest track record and supplies the biggest area
with a telemedical system.?3¢-8 Other regions in Germany,
such as the federal state of Bavaria or Mecklenburg
Western Pomerania are following this model, but are cur-
rently in an earlier stage of development.’”-*

Therefore, these two telemedical systems stand out
representatively and rely on the following concept: A
remotely located EP, placed at a central dispatch or con-
trol center for emergency calls, provides virtual support
and advice for paramedics at the site of emergency. In
these systems, the telemedical EP (TEP) supports EMS
(Figure 1). This has proven to result in increased turn-
around times by supporting triage in non-urgent calls
(ETHAN Houston) and in giving adequate medical
advice directly to paramedics (TNA Aachen).3336:40

Challenges of telemedicine in EMS

This shows that telemedicine can be implemented and
adapted to many international structures of emergency
medicine, but still is not widely adapted and used.*!
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This may have many reasons but typically large scale
technological structures can present a high hurdle for
implementation and the goal to reduce current cost has
often not been met 31384244

In Germany, the costs of such systems have been evalu-
ated and have shown to be very high, particularly in the
phase of implementation. However, in rural areas, they
present an alternative to investing in new ambulances and
EP-vehicle stations and further staff, 34346

Of course, there are further limitations such as clinical
use, reimbursement, legal or social issues:

Clinically, evaluation of a patient from distance, can
result in a varying quality of patient—physician relation-
ship, inappropriate care or even fragmenting care by
involving too many or multiple different providers.*”

Reimbursement-wise, depending on national healthcare
structure and its financing, there also seems to be a restric-
tion of availability. While increasingly more private insur-
ers have to cover telehealth costs by law, Medicare only
provides care if areas are understaffed for healthcare pro-
fessionals in the United States.”*! But in countries with a
single-payer health insurance (like Canada), or organiza-
tions that not only pay but also provide healthcare, seem to
be large adopters of telemedicine.?>3

Legally there are many different aspects that range
from state licensure and practice to credentialing and
professional liability as well as protection of patient
confidentiality.

All of these aspects are relevant and must be evaluated
for the position of the healthcare professional, the health-
care facility, and a possible service facility.*”-**

Even within a country, borders between federal states,
can limit the use.

In the US state of Texas, telemedical services can only
be provided if an in-person visit has previously been per-
formed,> while in Germany only the state of North Rhine-
Westphalia requires tele-emergency physicians to have
passed a specialist course on Tele-emergency Medicine,
which can only be attended once specific requirements
have been fulfilled.>

These regulation and credentialing steps can be seen to
improve the quality of telemedical service, but also
decrease the accessibility as a result of increasing require-
ments for providers.

Therefore, certain populations and providers could be
excluded, which in regard for already underserved com-
munities can result in a further lack of accessibility to
healthcare structures.””*® Especially the already existing
lack of access to telecommunication technologies in older
and rural populations can further increase the burden.?*

We, therefore, want to promote a different model of
Telemedicine in EMS: A low-cost concept.

By not only supporting and developing a consultation-
based telemedical service for paramedics or emergency
medical providers, but by actually connecting patients

with physicians, we want to develop a system that allows
real-time and live teleconsultation between patients and
remote physicians. This way, patients can be connected
directly with the physician that will provide treatment in
the following process. At the same time, structurally inde-
pendent working levels of care (depending on the level of
urgency) can be integrated into a real-time telemedical
communication network.

Simultaneously, already available and daily used tech-
nologies on ambulances, primary care clinics, or EDs will
be used for this telemedical concept.

Methods

We first defined a timeline for development:
The timeline consisted of the following five points:

1. Research of holistic telemedical systems currently
used in emergency medicine.

2. Definition of goals and quality requirements.

3. Conception of a holistic concept.

4. Testing and evaluation—from demonstration to
realistic environments.

5. Evaluation of costs and potential benefits.

Research of holistic telemedical systems used in
emergency medicine

Research was performed by an interdisciplinary group of
emergency physicians, paramedics, medical informatics,
and experts in data protection and safety at the Technische
Hochschule Mittelhessen.

A literature review via MEDLINE, Cochrane Database,
EMBASE, ENDPIECE, and Google Scholar for telemedi-
cal concepts and applications in EMS that were used in a
holistic manner and multiple conditions of patients was
performed. Requirements that these systems had to meet to
be considered as “holistic” were to transfer patient’s vital
data live and provide a live bi-directional (=synchronous)
communication similarly to videoconferencing between
an emergency physician and a paramedic. Excluded were
systems that, were not implemented into routine daily use,
only used one-directional communication, did not use live
transfer of vital data or live videoconferencing or were
only used for one type of condition or clinical specialty
like “Stroke,” “Trauma,” “Heart failure,” or “Dermatology.”
Excluded were articles that were not available in English
or German or institutional access was not available.

The results were then categorized in the same group if
they were applied in the same region or used the same
technology.

The following search terms were used: “Telemedicine,”
“Tele-Emergency Physician,” “Emergency Medical
Services,” “EMS,” “Communication,” “low-cost,”
“efficiency,” as well as the German terms “Telemedizin,”
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“Telenotarzt,” “Rettungsdienst,” “Notarzt,”
“Kommunikation,” “Kosten,” and “Effektivitat.”

1. Definition of goals and quality requirements.

After evaluation of the literature results, we defined qual-
ity requirements as a must for a holistic telemedical EMS
concept. We also defined these as goals our concept must
achieve.

2. Conception of a holistic concept.

A holistic telemedical system was assembled to be used for
every common medical scenario in any preclinical setting
and had to meet our quality requirements.

The parts were assembled and tested in a demonstration
environment in which technical usability could be
evaluated.

3. Testing and Evaluating from demonstration to real-
istic environments.

After testing technical usability in a demonstration envi-
ronment, the system was tested in ambulances and local
EDs.

An emergency medical scenario was defined in which
this system was to be tested.

The scenario was a scripted myocardial infarction and
was acted by a team of two paramedics, EPs from local
EDs and medical professionals acting as a patient. Patient
treatment was according to local German EMS algorithms
and coherent with current medical standards.®

Paramedics were supported telemedically by EPs dur-
ing this scenario in which, according to local algorithms,
an EP would have to be called by paramedics and then the
EP would have to arrive telemedically on scene.

After receiving written consent by each of the partici-
pants, the scenarios were simulated and documented by
picture and video to reproduce this approach and evaluate
the use of technology.

The participants were directly asked to review this sys-
tem and give advice to further improve this concept.

Evaluation of costs

Evaluation of costs was performed by summing up and
comparing to the average reimbursement of an EP-staffed
vehicle deployment in the region of Giessen.

Breakeven points per ambulance were calculated and
compared to possible cost savings reported in earlier
researched literature.

Breakeven was defined as the amount of calls for
EP-staffed vehicles needed to be saved to equal the invest-
ment costs for such a telemedical concept per ambulance.

Results

Research of holistic telemedical systems used in
emergency medicine

A total of 417 primary search results were screened. By
using the earlier defined criteria, 94 articles were excluded
for formal criteria, as well as 291 for contextual-related
criteria. Therefore, 32 articles met the requirements and
were categorized.

Holistic telemedical systems that were most widely
implemented were Telenotarzt Aachen in Northrhine
Westphalia, Germany (21 Publication), followed by
Telenotarzt Land|Rettung in  Mecklenburg-Western
Pomerania, Germany (six Publications), ETHAN Houston
in Texas, United States (three publications) and Pilotprojekt
Telenotarzt Bayernin Bavaria, Germany (two Publications.)

Ethan provided evidence that turnaround times were
improved and patients were transferred with a more cost-
effective system, resulting in possible savings for the
healthcare system.33-3361

While TNA Aachen as well as Telenotarzt Land|Rettung
showed that such a system improved staff efficiency,
reduced EP contact times and could be implemented in a
physician-based emergency medical system,3640:62:63

Both systems showed that a telemedical system for EMS
can be implemented no matter how local EMS Structures
have historically been developed (physician based in
Germany vs paramedic based in the United States) and can
be used to facilitate and improve emergency medical care.

Both showed that a larger financial investment of
US$1,500,000 (ETHAN Houston) or 1,049,466 €
(Telenotarzt Model Aachen) is needed on a yearly basis.
This is needed, as special technologies have to be bought to
implement telemedical infrastructure such as fully equipped
telemedical ambulances and new positions of TEPs at a
control center have to be established and maintained.*¢!

Cost efficiency was shown in the US Model as each year
an annual benefit of US$928,000 could be calculated.®!
In Germany, this level of efficiency has not been reached
yet, as regions that use this model are smaller in size and
the number of averaged daily calls for EP are rather low at
about 2.5 per day.’’4¢%* But to increase efficiency, current
efforts are being used to increase the range per telemedi-
cally supported control center.®

Definition of goals and quality requirements

Therefore, we concluded that the following requirements
and goals have to be met to develop a holistic telemedical
system:

While patient safety and data security are the most
important requirements, we concluded that a low-cost
concept was needed and possible: costs for many technical
components are low, many components are standardized
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Table I. Quality requirements and goals for a low-cost
telemedical EMS concept.

Quality requirement and goals

Patient safety (most important point)
Data security (second most important)
Low acquisition cost
Cost-efficiency
Standard components
Simple installation
Simple usability
Auvailable web application
Worldwide usability

EMS: Emergency Medical Services.

and interconnectable, and technologies that are already
being used in German ambulances like Toughbooks for
mobile documentation or electrocardiograms (ECGs) can
already transfer vital data or only need a software update
or a technical modification/adapter to do so.

Also lowering costs compared to currently used sys-
tems, would increase usability and availability of telemed-
icine, while at the same time committing to the highest
level of patient safety and data security according to
General Data Protection Regulation (GDPR) and national
healthcare regulations (Table 1).

Conception of a holistic concept

We defined these requirements and developed the follow-
ing concept that also requires a TEP, but divided the physi-
cal role from the technical: instead of physically placing
one EP at a regional control center, we placed the role of
the TEP at local EDs and other providers of out-of-hospital
or primary care.

By placing the role of the EP in local ED (or other struc-
tures in which non-urgent patients can be treated), patients
can be connected early to EDs and EPs, while EMS can
assist at the scene and, if needed, transfer the patients to
the facility the consulted TEP is located at.

Patients could, therefore, be screened, triaged earlier
and, if needed, monitored during transport. This early con-
nection to the ED allows an earlier integration of each
patient into the processes of the local emergency medical
facility.

Especially in critically ill patients, who would be trans-
ferred anyhow to ED, the receiving physician would have
the possibility to connect earlier with incoming paramed-
ics and prepare the ED or order further examinations from
the incoming ambulance. This would allow the patient-
receiving EPs to support paramedics (teleconsultation),
while at the same time talk and see the patient to develop a
primary diagnosis, check severity (telediagnosis and tri-
age), and monitor the patient (telemonitor).

Figure 2. Demonstration environment for technical usability.

While allowing the ED to prepare needed resources,
inform other clinical facilities for the patient’s arrival, if
needed. Equally, patients that do not need urgent care, can
be screened early on scene and be referred and connected
to primary care facilities.

By not only connecting the clinical sector like ED with
EMS, but by also integrating primary care facilities and
specialist offices into an emergency medical network and
overriding structural borders created by legislature, patients
could be transferred to the appropriate medical care facility
and overuse of ED could, therefore, be prevented, while
using technology to improve current processes and distri-
bution of available resources. (see Figures 2—4)

This approach integrates technology into already estab-
lished and validated process structures of local emergency
medicine, by transferring the patient’s essential informa-
tion from the scene to the appropriate care facility. This
would reduce the need to implement an additional out-of-
hospital EP in a dispatch center and would strengthen local
structures of medical care.

Therefore, extra cost-intensive positions that can only
support and give advice in out-of-hospital care of patients
could be saved, while a more patient- and process-focused
concept of telemedicine could be implemented.

Technically our concept involves two systems:

A mobile and stationary system for communication and
one system for the transfer of vital data.
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417 primary results

Formal exclusion criteria

A
323 articles after
exclusion by formal
criterias

n =291

Not available in english
Not available in german
Duplicates / same articles

No institutional access available

Contextual exclusion criteria

Vv

32 articles after exclusion
by contextual criteria

No holistic concept

No emergency medical content

Categorisation / Groups

Vv

Technical systems

Regional concepts

Tele-Emergency Medical concepts

21 Telenotarzt Aachen

6 Telenotarzt LandIRettung in Mecklenburg Vorpommern

3 Project ETHAN Houston

2 Pilotprojekt Telenotarzt Bayern

Figure 3. Literature review and categorization of results.
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Figure 4. Resource-oriented concept for EMS in Giessen.
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Table 2. Stationary communication system.

Components Model Manufacturer
Camera Lupus LE 200 WLAN Lupus Electronics
Microphone Konig CMP-MIC9 — Konig

Flexible mini Mikrofon 3.5mm
Loudspeaker Leto Compact 2.0 Speaker Set Black Leto
Router Teltonika RUT 950 Teltonika
Sim card Standard Sim Deutsche Telekom

Uninterruptible power supply (UPS)

APC Back UPS PRO APC

USV 900VA BR900G-GR

Table 3. Mobile communication system.

Components Model Manufacturer
Tablet FZ-GI| Toughbook Panasonic
Sim card Standard Sim Deutsche Telekom
Videoconference solution Cisco Jabber Cisco
Table 4. Vital data system.
Components Model Manufacturer
ECG with telemetric C3 with oxygen saturation, |12 lead ECG, Corpuls
capability blood pressure measurement, temperature,

CO, measurement, defibrillator
Telemedical Software Corpuls.web Live Application Corpuls

Sim card Standard Sim

Deutsche Telekom

ECG: electrocardiography.

Table 5. Tele-emergency physician work environment in the ED.

Components Model Manufacturer
Personal computer HP Prodesk HP
Two screens LA 1956 HP
Screen |: Communication (Cisco Jabber/Lupus Camera)
Screen 2: Vital data (corpuls.web Live)
Webcam Logitech C270 HD Webcam 720p Logitech
Headset Sennheiser PC8 USB Sennheiser
Internet Browser Standard Webbrowser (Internet Explorer, Chrome) Microsoft
(for logging into vital data and communication system) Google

ED: emergency department.

Stationary communication system. Consists of five parts:
Camera, microphone, loudspeaker, router including sim
card, and an uninterruptible power source (UPS; compare
Table 2).

Mobile communication system. Consists of three parts:
Durable tablet, sim card, video conference solution (com-
pare Table 3).

Vital data system. Consists of three parts: ECG, telemedi-
cal ECG software, sim card (compare Table 4).

Tele-emergency physician work environment in the ED.
Consists of five parts: personal computer, screens, web-
cam, headset, Internet browser (compare Table 5).

Testing and evaluation—from demonstration to realistic
environments. The technically assembled concept was first
tested in a demonstration environment. From EDs, it could
be reached via standard web browsers, so that camera
functions could be used.

This system was then integrated to ambulances. The
following simulations showed that an integration into local
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Figure 5. TEP view on the patient during the scenario.

Figure 6. Paramedics consulting with the TEP on the patient’s
clinical status.

processes as well as treatment of patients was possible,
while adherence to local EMS protocols and guidelines
was maintained. Allowing EP from the ED to treat patients
which they would later receive (Figure 5).

While reviewing the simulations with the participants,
it was concluded that most of the treatment that was done
by the TEP was performed at the scene of incident.

Monitoring of transport was also performed, but the
process of transport would often require more of an obser-
vational, then interactive role of a TEP. It was concluded
that this could allow a possibility of parallel observation
and treatment of more than one patient by one TEP if nec-
essary (Figure 6).

Also, the early engagement of an EP shortened unnec-
essary waiting periods at EDs, due to the fact that adminis-
trative processes and triage were carried out by paramedics
on scene and confirmed by TEP. This allowed the pro-
cesses of patient admission to EDs to be more streamlined
and could simplify the management of patient flows.

Also, participants concluded that further standardized
testing was required as this was a test of concept focused
on feasibility of a novel technology constellation for EMS
and EDs.

Evaluation of costs and potential benefits

Overall investment. The overall investment for such a solu-
tion was at 85.182.47 €, without discounts that counties,
hospitals or other public service organizations are individ-
ually eligible for.

The primary costs would consist of maintaining serv-
ers for videoconferencing and the telemedical software
solution. In our exemplary German model, this would be
provided and serviced for by the local emergency medi-
cal government authorities and would cost 80.960.11 €,
providing 50 licenses for participants and hospitals

A participating hospital would have to invest into the
missing parts. In our model, we used available PCs in EDs
and only had to provide a headset and webcam at a cost
of 58,73 €.

EMS provider. The investment for the EMS provider calcu-
lates at4.163,63 €, if a new durable tablet would be needed,
like in our tested scenario.

Cost per ambulance. If the overall investment is calculated
per ambulance, an investment of 3.197,58 € per ambulance
has to be made. This includes the licenses per ambulance
for vital data and videoconferencing, as well as costs for
the stationary and mobile system, while using available
Tablets and ECGs.

Cost of EP staffed vehicle. The average cost for deployment
of an EP staffed vehicle is at 471,67 € in regions around
Giessen.

Breakeven point. Comparing the investment costs per
ambulance with the cost per deployment of an EP staffed
vehicle, a breakeven point would be reached at 7.04 (5.52
including discounts) saved EP-vehicle deployments.

Discussion

According to a universal definition by WHO, technology
in healthcare is supposed to support medical profession-
als, increase the efficiency of treatment and patient
satisfaction.®® By using a user-focused approach like ours
to develop a telemedical concept by integrating local struc-
tures and defining a clear goal, technology could, there-
fore, be integrated in a resource-limited setting.

While every local emergency medical structure not
only differs geographically, but also in regional and espe-
cially in local medical and structural processes, telemedi-
cal technologies need to consider these individual
characteristics and be adaptable, to allow a sensible and
adequate use for all involved.

Currently used systems require a yearly 6 to 7 figure
investment (US$1.500.000 for “ETHAN Houston” or
1.049.466 € for “Telenotarzt Model Aachen”) for providing
such a service and seem to be a very high obstacle that
many healthcare infrastructures cannot overcome.**!
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Therefore, the step of not creating further high-cost struc-
tures, should be seen as a vital step to develop novel
approaches and could also result in a wider use of telemedi-
cal solutions in emergency medicine.3?#! Especially under-
funded and underdeveloped emergency medical systems
might benefit from this.

By implementing low-cost concepts and later scaling
these in size, more participants and facilities can take part
and connect virtually in an emergency medical network.
This could offer more specialized treatment options
directly at the site of need, resulting in an interprofessional
medical network, based on established structures.

Limitations

Generally, results from novel systems, need to provide fur-
ther real-world and long-term evidence, as we can only
provide a conceptual and prototype-like structure on how
telemedicine could be implemented in a low-cost, local,
and practical manner within a certain region.

As EMS systems also are very variable in design, func-
tion, and administration, this provides a more challenging
surrounding for the adoption of telehealth in the prehospi-
tal settings and has, therefore, lagged far behind hospital
settings.

Another limiting factor is the introduction in clinical
routines of EDs. As physicians and nurses already have
many different responsibilities, the role of a telemedical
physician service needs to be designated. It could be dis-
cussed if this role could initially be performed by a triage
nurse as a first-level contact and if necessary, a physician
within the ED could then be consulted.

Further research could focus on such questions of inte-
grating clinical with pre-clinical processes and, therefore,
understand how these new “online” pathways connect and
interact with “offline” clinical pathways. This could then
define, which qualifications, trainings, and knowledge
would be needed to introduce such a decentralized tele-
medical service.

Also local regulations, reimbursement models and dif-
ferences in legislative structures can result and will need
different approaches. By using a practical “goal-in-mind”
approach by involving users and authorities in each step of
the development process, these could be overcome.

Further research would need to evaluate cost and effi-
ciencies of such concepts, as the calculations presented
can only be understood as a prototypical evaluation, that
would also need to evaluate running costs and long-term
benefits.

In the field of developing community EMS networks,
more research is needed as more patients could benefit
from such intraoperative systems. Therefore, such sys-
tems would need to provide further evidence by reaching
essential time marks and clinically relevant outcomes
including safety and cost-efficiency in larger multicen-
tered trials.*>*

Conclusion

In this practical approach, we showed that telemedicine
in EMS can move a step further than just be an addi-
tional structure and extra-cost driver. It can be a more
supportive and integrated process allowing real-time
treatment of patients, while saving already limited
resources, staff and funds, by adding technology to
established processes.

By using a practical approach and involving everyday
users in each step, concepts like these can, therefore, build
on already available structural and technical resources
and integrate these in the developmental process more
easily. Therefore, hurdles for initial implementation and
long-term use could possibly be lowered, especially in
areas with less available funds for often pricy healthcare
technologies.
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