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Introduction: Information on the use of telemedical approaches in the context of
veterinary medicine is evolving. As in human medicine, veterinary medicine is subject
to an increasing digitalization effort. The aim of the current study was to investigate
the perspective of German veterinarians regarding their awareness and usage of
telemedical approaches. Furthermore, the degree of implementation of different
digital approaches in the context of German veterinary medicine was elaborated.

Methods: A literature review, that also aimed to address the necessary framework
or standardization of these digitalization efforts and potential barriers such as
legal or infrastructural aspects, provided information for the empirical research.
Using a quantitative research approach, the perspective of German veterinarians
was surveyed.

Results: In total, responses from 169 veterinarians were analyzed. The results show
that digital approaches were used by veterinarians and the usage was enhanced by
the COVID-19 crisis.

Discussion: However, the lack of a clear legal framework may be a significant barrier
for further implementation. This survey provides a basis for a critical discussion on
the use of veterinary telemedicine in Germany. The results may contribute to future
strategies for the implementation and development of necessary policies, training, and
service applications within Germany, which may be transferable for the profession in
other countries.
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1. Introduction

The German Medical Association presents a basic definition of telemedicine: “Telemedicine
is a collective term for various medical care concepts that have in common the principle approach of
providing medical services for the health care of the population in the areas of diagnostics, therapy
and rehabilitation as well as medical decision-making advice over spatial distances. Information
and communication technologies are used for this purpose.” (1). This means, for example, that a
follow-up call after surgery also falls under this definition of telemedicine.

Telemedicine may be important in the future for everyday work in veterinary medicine (2). It
offers various advantages for veterinarians, the patients and their owners, as patient information
can be passed from one specialist to another much more easily, allowing faster or possibly
more accurate diagnosis and more efficient treatment. Ideally, telemedicine can fill in gaps and
provide better care and treatment for patients without owners or veterinarians having to make
a time-consuming and often arduous journey to the city or far into the countryside. Therefore,
telemedicine and the underlying concept of bringing information digitally to where it is needed
are among the most groundbreaking developments in the field of medicine (3). Veterinary
telemedicine can be a success factor by helping to reduce error rates, perform more procedures
and improve the overall client-veterinarian relationship when applied appropriately (3). As an
example, the authors Papageorges and Tilley cite the sharing of “radiograph, sonogram, and

01 frontiersin.org


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://doi.org/10.3389/fvets.2023.1062046
http://crossmark.crossref.org/dialog/?doi=10.3389/fvets.2023.1062046&domain=pdf&date_stamp=2023-02-15
mailto:christin.kleinsorgen@tiho-hannover.de
https://doi.org/10.3389/fvets.2023.1062046
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fvets.2023.1062046/full
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Becker et al.

cytology to radiologists, cardiologists, and pathologists,” while other
activities are carried out. Discussion with or reports by board-
certified specialists allow for more comprehensive advice, diagnosis
and a treatment plan even in remote areas (3, 25). However, examples
listed are mainly individual and subjective opinions without statistical
evidence or empirical research have been described. Video visits,
remote patient monitoring and telecare are methods that have already
found their way into human medicine and will increasingly influence
veterinary medicine in years to come (2). Some veterinarians already
offer their clients the possibility of tele-consultation, and presumably
clients’ demands will enhance the importance of telemedicine in
the field of veterinary medicine in the medium term (2), while
teleradiology is already established in daily work and companies
offering teleradiology services exist (3-5). Teleradiological services
include primary interpretation of images, systems to directly or
indirectly send data to specialists, on-call coverage or second opinion
consultations, as well as image storage and archival or database
banking (5). Increasing pressure for innovations in the field of digital
technologies and telemedicine are obvious (6-8). Smartphones, apps
and camera systems are constantly improving and systems are being
adapted and implemented also within veterinary medicine. THS
Technology suggested in their report that the number of patients
using veterinary telemedicine services globally would grow from
350,000 in 2013 to 7 million in 2018 (7, 8). In the field of animal
health, the innovation debate primarily revolves around veterinarians
themselves who are considered to be innovation-friendly and open
(6). Telemedicine has been described as one key development in 2018
by the Royal College of Veterinary Surgeons (RVCS) survey, which
included more than one thousand participating British veterinarians.
In that survey, a large proportion of participants rated telemedicine
as a topic worth discussing, but concerns were also expressed
(9). Those concerns about risks included “risk of error due to
incomplete information, a lack of a physical examination, limitations
to technology and issues relating to owner trust” (9). The survey also
revealed uncertainty about the extent to which telemedicine services
can and should be included in the Code to Professional Conduct for
vets. However, some veterinary medicines (such as antiparasiticides)
that could be prescribed remotely were endorsed.

Thus, the development of veterinary medicine seems to be in
line with developments in human medicine where the widespread
use of telemedicine approaches has been discussed with greater detail
(10). Telemedicine and telehealth as a means of caring for hard-to-
reach patients are attractive in many ways (10). These approaches
can save time and money and reduce the inconvenience of travel
for healthcare professionals as well as patients and clients. They can
also make rare expertise more widely available by enabling better
networking among colleagues and greater international availability
of expert knowledge (10). In addition, telemedicine approaches can
also help patients who would otherwise go untreated (10). At the
same time, however, these developments are met with a high degree
of mistrust, which seems to be based on several uncertainties, for
example, regarding the issue of responsibility or cost factors (10). Due
to lack of healthcare infrastructures and an increased risk of zoonotic
diseases, telecommunication technologies, such as smartphones and
digital cameras, are particularly useful in developing countries (11).
Telehealth equipment can support early diagnosis, surveillance,
warning or reporting and the prevention of zoonotic diseases, thereby
playing an important role in One Health approaches (11).
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The only exception here is teleradiology, which is an
established branch in the field of telemedicine. The possibilities
for increased productivity and expansion of diagnostic options due
to digitalization, particularly in diagnostic imaging, were described as
a pioneering future trend as early as 2001 (12). Numerous successful
business models have been developed in the field of teleradiology,
also in veterinary medicine. Corresponding teleradiology solutions
also play an important role with regard to the increasing desire for
teleworking and telecommuting in the context of the COVID-19
crisis (13, 14).

Veterinary medicine and animal husbandry are described as
highly specialized fields encompassing the management and health
care of various animal species: “disease diagnosis, treatment, and
prevention; quality assessment of meat and food, including milk
and dairy products; quarantine procedures; animal welfare; feed
formulation and testing; technology dissemination; and teaching,
training, innovation, generation, and transfer of knowledge or
technologies for end wusers as well as administrators® (15).
Accordingly, the critical role of veterinarians in meeting these
growing responsibilities is complex. Despite this complexity,
however, telemedicine, with the exception of teleradiology, still
seems to be comparatively underutilized and, above all, insufficiently
researched in the field of veterinary medicine (15).

Telemedicine seems to be rapidly gaining relevance, especially
in the context of the COVID-19 crisis (16). As in other areas of
social and economic life, the pandemic and the measures taken by
governments led to increased demand and support for digitalization
efforts (17). While home office or telework/telecommuting models
increased in other sectors, there was also a trend in medicine
More
fundamentally, many governments did not adequately explain the

to minimize avoidable physical interactions (18, 19).

critical role of veterinary medicine. While medical staff in the human
health care sector were clearly defined as key personnel who were
accordingly exempt from lockdown measures, this was only partially
clarified in veterinary medicine and related fields (20). Overall,
telemedicine appears to be an emerging subfield in veterinary
medicine as well, despite or even as a result of the COVID-19
pandemic (21).

While telemedicine in human medicine is already considered
comparatively well researched, there seems to be a research gap in
the field of veterinary medicine (15, 22). This lack of research in the
field of veterinary telemedicine has already been criticized (23). Mars
and Auer (2006) pointed out that telemedicine approaches have been
used in veterinary medicine for a long time but are rarely discussed
and researched. Modern telemedicine should be evaluated in detail
and the billing of animal owners should be better clarified (23). In
addition to the fundamental research gap on the question of the
extent to which telemedicine has also found its way into the field of
veterinary medicine and which approaches are used in practice in this
context, the topic of the effects of the COVID-19 crisis also emerges:
society as a whole seems to have experienced a digitalization surge
in the last 2 years, which has also led to an increased use of remote
communication, for example in the fields of medicine, education or
business (24, 25).

In the context of this study, the extent to which veterinary
medicine itself has been exposed to this digitalization push is
elaborated, as the study was carried out during the pandemic as
were the corresponding countermeasures. Therefore, the aim of
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this study was to investigate German veterinarians’ perception of
digital technologies and potential change in usage with regard
to infrastructural, technical and legal frameworks using an online
survey. Furthermore, it was investigated whether the attitude to
telemedicine has an influence on the use of telemedicine and
whether the COVID-19 pandemic has served as a catalyst for a
change in awareness. Results shall inform about the developing of
or improvement to guidelines and regulations to introduce and
implement telemedical approaches in a more standardized manner
in veterinary medical practices.

2. Method

An online survey (LimeSurvey®) was created on the basis of
existing instruments such as the “Telehealth Practice Survey” (26),
“a survey of knowledge and use of telehealth among veterinarians”
(27) or the survey “Digitalisierungsreport” [“digitalization report,”
(28)] to evaluate the attitude toward and the implementation of
telemedical services among individuals in veterinary practice.
Before publishing the current survey, it was pre-validated
and piloted by expert staff from the University of Veterinary
Medicine in Hannover as well as veterinary colleagues as potential
respondents (29).

The survey consisted of four question groups:

1. Sociodemographic questions and general questions about the
participating veterinary practice. Questions about age, gender,
type and localization of the practice (rural or urban environment)
and role in the clinic/practice are supplemented by questions
about mainly treated species.

. The perception and basic attitudes of the participating
practitioners regarding digitalization in relation to the veterinary
professional ethos were assessed using rating questions with a
rating scale from “1 = strongly agree” to “4 = strongly disagree.”

Fifteen questions evaluated communication-related aspects. The
participants rated communications tools using a scale that ranged
from “I-mostly used” to “5-not specified.” The questions were
separated into two main parts. The focus of the first parts was
the communication management of a veterinarian in daily work

»

life. The options for “communication” were “telephone;” “physically

(which means “in the practice”),” “video chat,” “E-mail,” “messenger”
(like WhatsApp, Facebook, SMS), “fax” and “letter.” In the second
part it was asked how communication took place with new and

existing customers.

3. General questions about the status of information and wishes for
a legal framework regarding telemedicine in veterinary practices.
With the aim to draw conclusions as to whether knowledge of
the legal framework is a limiting or motivating factor for the
use of telemedical solutions. To verify a possible uncertainty
more precisely, the question was asked whether the participant
believes that telemedicine is already sufficiently regulated in the
professional code of conduct. The last question in this section
dealt with suggestions from veterinarians regarding education and
information from professional organizations.

. COVID-19-related questions including questions about the
influence of COVID-19 as a catalyst regarding the awareness and
the use of telemedicine.
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The survey was sent to veterinarian practitioners via social
media in veterinarian expert groups (e.g., closed veterinary Facebook
groups) and via newsletters by the local Veterinary Chamber of
Lower Saxony between May 2020 and August 2020. Participants
were asked to respond as honestly and applicably as possible based
on their own experiences. It was pointed out that personal data
would be collected, stored and analyzed respecting the General Data
Protection Regulations (GDPR) and anonymity of all respondents.
Results were evaluated anonymously and participants were free
to discontinue participation in the survey at any time, which
would result in the deletion of the data collected up to that
point. All questions were asked only optionally, which meant
that questions could be skipped and no answer was forced in
order to continue processing the questionnaire. In addition, the
answer option “no answer” was offered for each question to allow
for abstention.

Raw data from the survey were first transferred to Microsoft
Excel® (2010 Microsoft Corporation). Sorting algorithms were
used and questionnaires that were not completed to the end were
filtered out. These were deleted and, based on the convenience
sample, a descriptive analysis of the results was carried out and
presented in tabular and graphical forms using Microsoft Excel®
(2010 Microsoft Corporation).

This study was conducted in accordance with the ethical
standards of the University of Veterinary Medicine Hannover,
Foundation. The Doctoral Thesis Committee of the university
validated the project in accordance with the ethical guidelines
regarding research with human participants and approved the study.
The university’s Data Protection Officer approved the project. The
voluntarily participating persons consented to the processing of
their data in accordance with the EU General Data Protection
Regulation of 2018 (General Data Protection Regulation Art. 6
I 1 lit. e iV.m. 89 and Lower Saxony Data Protection Act
§ 3 11 No. 1 NHG, § 13). Data processing was performed
anonymously in accordance with the Data Protection Regulation of
the university.

3. Results

3.1. Socio-demographic data

A total of 300 veterinarians started to answer the survey.
However, only 169 respondents completed the entire survey and were
included in further analyses. The gender ratio within the sample
was unbalanced, with 114 females (67.5 %) and 55 males (32.5
%). Participating veterinarians were on average 45.19 years old (SD
= 11.96 years). Figure | shows the distribution of respondents in
different areas of population density.

A large proportion of respondents reported working in a large
city, while the rest were distributed among medium-sized cities, small
towns and rural areas (Figure 1).

Figure 2 shows that the majority of participating veterinary
practices treated small animals (76 %), but participants also came
from the livestock (45 %), equine (22 %) and small pet sectors (34 %).
Specialty practices (fish and birds) were also among the participants
(15 %).

The majority of participants worked in individual practices (n =
87, 51.5 %), followed by university (n = 29, 17.2 %), group practices
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(n=22,13 %) and clinics (n = 22, 13 %) and a small number did not
work in any practice (n = 4, 2.4 %) (Figure 3).

The majority of respondents were practice owners (n = 75, 44.4
%), followed by employed physicians (n = 38, 22.5 %) and those on
parental leave (n = 15, 8.9 %) (Figure 4).

3.2. Questions about communication with
the animal owners

As shown in Figure 5, face-to-face communication was used in
most cases, followed by telephone consultations. E-mails and various
forms of messengers were used less frequently. Video telephony was
rarely used, fax and letter were not common anymore.

Figure 6 shows again that face-to-face communication was used
in most cases, followed by telephone consultations, E-mails and
various forms of messengers being used less frequently.

Frontiersin Veterinary Science

3.3. Questions about legal aspects and
information by the authorities

Figure 7 displays the respondents’ thoughts about the legally
applicable extent of telemedicine. In the analysis, attention was also
paid to whether the telemedicine consultation referred to an already
existing or to a new doctor-patient relationship.

The majority of study respondents were of the opinion that
telemedical care may be used primarily for existing patients.
Interestingly, some of the participants thought that both telemedical
diagnosis and telemedical treatment of patients were allowed. A
significantly large proportion of the respondents were unsure what
was legally permitted and which actions were not permitted.

Figure 8 highlights that only a small percentage of the
respondents (n = 11, 6.5 %) held the opinion that telemedicine was
sufficiently included in the legal framework for veterinary practices,
but the majority rated that telemedicine was insufficiently included (n
=158, 93.5 %) in the professional regulations.
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Type of practice in which respondents worked (N = 169).
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FIGURE 4
Professional position of the survey respondents (N = 169).
Also, the majority of respondents (n = 131, Most  participants were not aware of  the
775 %) do not feel sufficiently informed about  Guidelines_of the_Ad-hoc-AG-Telemedizin by the German
current telemedicine opportunities for veterinarians ~ Veterinary Chamber (1) (n = 122, 72.19 %) (Figure 10), which was

(Figure 9). released just one month before the survey was sent.
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3.4. Questions related to COVID-19 as an
influencing factor

The majority of respondents did not want to or intend to
use telemedicine applications during their consultations, control-
or follow-up-appointments or case discussions only because of the
COVID-19 pandemic (Figure 12).

4. Discussion

The current study investigated the usage and awareness
of telemedicine and its legal
According  to

mostly women who worked in a small animal practice or

framework among German

veterinarians. socio-demographic  aspects,

Frontiersin Veterinary Science

ran one in a large city were interested in telemedicine in
general. It is also interesting that veterinarians who were on
parental leave were interested in working with telemedicine.
Presumably, these veterinarians want to explore alternative
employment models and telemedicine could be at least one of
the possibilities.

According to the respondents’ answers, digital/telemedical
solutions were used already, but did not prominently feature
in the daily veterinary medical practice. In contrast, face-to-face
and telephone consultations were still the most frequently used
communication channels with animal owners.

The only exception was teleradiology, which is well established
in the area of doctor-to-doctor communication and has been used
for more than 30 years (4, 5). Here, the technical and legal framework
seems to be more clearly defined and can presumably be implemented
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well in existing practice structures due to more uniform technical
approaches (5).

With regard to the legal framework, which was also a central
component of the survey, transparency and further communication
are expected and needed. As other authors have shown in relation
to initial developments during the COVID-19 crisis, there is
significantly less clarity concerning the legal framework in veterinary
medicine than in other fields (21). Legal clarification for the
authorization of digital procedures for different veterinary medical
situations is still lacking and seems to impose a corresponding
constraint on practitioners (30). While preparing the survey, first
guidelines were discussed and published by the authorities (1) so that
this could be the reason for the low awareness of them, as the survey
was conducted close to the publication date.

With regard to the implementation of veterinary telehealth
and telemedicine research, further research is needed (21). While
detailed analyses are available in human medicine (9, 16), in
veterinary medicine the topic seems to be less developed. However,
at the same time at least in practice, telemedicine approaches
are becoming increasingly important (21). Scientific research in
this regard is mainly limited to overview articles or forecasts and
therefore do not offer any empirically robust statements about
the actual implementation status or acceptance of corresponding

Frontiersin Veterinary Science

solutions (16). Only teleradiology, as a technically oriented solution,
is an exception. Nevertheless, especially the implementation of
corresponding solutions also depends on legal, social and societal
framework conditions (12, 13).

In addition, a recent analysis for identifying and analyzing
strengths, weaknesses, opportunities and threats (SWOT analysis)
performed by a group of experts from the European Coordinating
Committee on Veterinary Training identified the urgency to “develop
policies and regulations to ensure efficient, safe, ethic and legal
use of digital technologies and artificial intelligence in veterinary
medicine” (17).

It remains unclear to what extent these framework conditions are
also related to different remits and approaches in terms of location
(urban vs. rural) and orientation of practices (large/small animals).
For example, it can be argued that veterinary practices in rural areas
dominated by livestock farming, sometimes differ significantly from
those in urban areas (16). It is therefore clear that the approaches
to telemedicine taken by practitioners in these two areas should also
differ. Approaches in One Health, animal disease control or zoonoses
are also relevant areas for which recommendations and standards
should be developed (11).

One limitation of the study may be the empirical consideration
of the legal framework. While the literature on telemedicine and
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veterinary telemedicine states that the legal framework and clarity
concerning legal and technical aspects are of fundamental importance
for the implementation status, the empirical findings presented here
only confirm this to some extent (4, 9). The actual legal framework
conditions are not well publicized. Also, a global comparative study
is advisable, which not only examines the internal national differences
in perception and interpretation of the framework situation, but also

Frontiersin Veterinary Science

the actual differences with regard to legislation, comparing these with
the implementation status of telemedicine solutions.

In particular, it is advisable that future research in the
field focuses on the perspective of clients. The present study
showed the implementation status and the related expectations
from the perspective of the practicing veterinarians. For a
successful implementation of telemedical solutions, it is relevant
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to include the perspective of the animal owners, which has
corresponding implications especially for the practical work. A
deeper understanding of this perspective and the needs of this
important group of stakeholders should be taken into account
in order to be able to develop telemedical solutions tailored to
their wishes.

To establish a telemedical and digital mindset in the veterinarian
eco-system, it is recommended to create a clear framework as a
guideline for veterinarians.

The guideline may include the following topics:

1. Reference to transparent and well-defined legal basis and
definitions with a clear differentiation between teleconsultation,
teletreatment and telediagnosis.

2. Recommendation regarding the selection and transformation
of previous analog processes in digital or digital/telemedicine-
supported processes.

3. Building awareness regarding telemedicine, its possibilities and
its advantages.

4. Expanding available guidelines regarding telemedicine.

5. Creating billing regulations for veterinarians.

At the same time, it seems reasonable to formulate additional
concrete questions for future surveys, since ignorance about
telemedicine, skepticism or unclear understanding per se may have
an influence on the answers.

In addition to skepticism about digitalized veterinary medicine,
the research results also indicate adherence to “old” or analog
forms of communication. A recently published study “Digitalized
Veterinary Medicine 2030” also shows clear tendencies and results in
this regard (27). It states: “Currently, there is a digital divide between
practitioners and industry representatives in veterinary medicine.
The study results also show that there is a considerable gap in the
learning strategies used and positions taken on digitalization within
the groups of practitioners studied. Dealing with the opportunities
and risks of digitalization in veterinary medicine, however, requires a
willingness to learn, curiosity and a willingness to experiment from
many more actors. For the future viability of veterinary medicine,
a “digital mobilization” of practices and clinics therefore appears
to be important.” (27). It continues: “In this context, the animal
health industry and a still relatively small number of practitioners
with a high level of digital competence in the sector are in a
pioneering position. These actors have an important potential to
support practices, clinics and teaching and to promote the transfer of
digital knowledge. But the strategic and political role of professional
associations is also important in terms of targeted development of
digital competence.” (27).

This means that currently only a few innovative players with
smaller satellite ideas are actively trying to advance digitalization
and telemedicine in veterinary medicine and there is a lack of
large-scale solutions. Professional associations such as the BTK
(German Veterinary Association) or the BPT (German Association
of Practicing Veterinarians) have taken the first steps and published
a guideline on the use of telemedicine in the veterinary profession.
In addition, more digital competence must be taught and the use
of telemedical tools must be encouraged in the field of education
and training.

In summary, telemedicine comprises only a small part of the
veterinary service, namely the provision of medical information
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when doctors and patients are physically distant and the exchange
of medical information occurs across distances. In view of the
general digitalization of many processes in medicine, telemedicine
should be considered as an essential but not the only part of
this development.

Functioning, effective telemedical services can only be
used adequately and in a result-oriented manner in a digital
and professional environment. Corresponding tools are
already available on the market and are constantly being
further developed.

Integration of digital technologies can improve many parts of the
veterinarian work in all kinds of practices. At the same time, however,
the willingness of veterinarians and their clients to use these tools
must be promoted (17).

Many new opportunities are already given, such as artificial
intelligence and wearable home diagnostic devices. If the framework
is clear and easy to adapt, telemedicine is a huge option rather than
a threat, as it can establish a state-of-the-art connection between
doctors, animal owners and animals to raise the overall health of
animals. “Ignoring it would be deleterious for the future of the

veterinary profession” (17).
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