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As telemedicine becomes more mainstream in the veterinary profession, it is important to understand when
and how to utilise it successfully, and its potential downsides. This literature review supports the use of
veterinary telemedicine for teleconsultations, and using wearable and mobile health (mHealth) devices for
monitoring animal health. Data supporting the provision of virtual care directly to a client within an
established veterinarian-client-patient relationship (VCPR) is more limited, and some of what we know comes
from paediatric medicine on the human side. As we have learned from human health care providers, we must
be aware there could be a tendency to overprescribe antimicrobials in a virtual visit compared to an in-person
visit. Data have also shown telemedicine can be just as effective in diagnosing respiratory disease when
compared to traditional visits to a doctor’s office or hospital. Telemedicine is especially effective in areas
where access to care is limited, whether because of geography, finances, or lack of resources. Overall,
veterinary telemedicine and telehealth can provide positive results.

Telemedicine, telehealth, and virtual care are recent buzzwords in veterinary medicine, despite veterinarians
practicing it for years. The Animal Medical Center and Dr. Tilley (DVM) are credited with introducing
telemedicine through telecardiology in 1980 by transmitting electrocardiograms over telephone lines for
interpretation by a cardiologist or internist thus allowing primary care providers to benefit from advice from
experts thousands of miles away (Robertson, 1999). Virtual care is an extension of veterinary practice that
includes any interaction among clients, patients, and their circle of care that occurs remotely, using any form
of technology, with the goal of delivering quality and effective patient care (American Veterinary Medical
Association & American Animal Hospital Association, 2018). It encompasses telehealth, telemedicine, and
mobile health (mHealth). This narrative review explores the literature of veterinary virtual care through four
lenses: the overarching context of telemedicine in human health, teleconsulting (veterinarian-to-veterinarian),
telemedicine (veterinarian-to-client), and mHealth/wearables/smartphone applications (apps).

Telemedicine is not a single or standardised method and as such, a review about it must begin with an
overview of the scopes and definitions. This paper focuses on practice in the United States, United Kingdom,
and Western Europe and employs definitions of the topic from leading organisations in these locales.

The American Veterinary Medical Association (AVMA) defines telehealth as ‘the overarching term that
encompasses all uses of technology geared to remotely deliver health information or education’. It defines
telemedicine as ‘the use of medical information exchanged from one site to another via electronic
communications to improve a patient’s clinical health status’. It also defines mobile health or mHealth as ‘a
subcategory of telehealth that employs mobile devices,” including wearables and mobile applications (AVMA
Practice Advisory Panel, 2017).

The Royal College of Veterinary Surgeons (RCVS) (2018) states ‘telemedicine is the use of electronic
communication and information technologies to provide clinical healthcare remotely’. It further states
‘telemedicine extends to the provision of veterinary services by video link, text, instant messaging or
telephone, or by any other remote means,” (RCVS, 2018).
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Another definition to understand is the veterinarian-client-patient relationship (VCPR). The AVMA (2019)
defines it as:

The veterinarian-client-patient relationship is the basis for veterinary care. To establish such a
relationship the following conditions must be satisfied:

1. The licensed veterinarian has assumed the responsibility for making medical judgments regarding
the health of the patient(s) and the need for medical therapy and has instructed the client on a course
of therapy appropriate to the circumstance;

2. There is sufficient knowledge of the patient(s) by the veterinarian to initiate at least a general or
preliminary diagnosis of the medical condition(s) of the patient(s);

3. Theclient has agreed to follow the licensed veterinarian's recommendations;

4. The licensed veterinarian is readily available for follow-up evaluation or has arranged for:
1. Emergency or urgent care coverage, or;
2. Continuing care and treatment has been designated by the veterinarian with the
prior relationship to a licensed veterinarian who has access to the patient's
medical records and/or who can provide reasonable and appropriate medical care.

5. The veterinarian provides oversight of treatment;

6. Such a relationship can exist only when the veterinarian has performed a timely physical
examination of the patient(s) or is personally acquainted with the keeping and care of the patient(s) by
virtue of medically appropriate and timely visits to the operation where the patient(s) is(are) kept, or
both;

7. Patient records are maintained.

The RCVS does not have a written definition of VCPR, however they provide information in their Code of
Professional Conduct (RCVS, n.d. [Accessed 6 October 2020]):

2.29 Specific advice provided remotely, for example via phone or video-link with or without additional
physiological data (commonly referred to as telemedicine or telehealth), should only be given to the
extent appropriate without a physical examination of the animal. The more specific the advice, the
more likely it is that the animal's owner should be advised to consult a veterinary surgeon in person
for a physical examination. In this scenario, the animal owner should be asked to provide the
veterinary surgeon carrying out the physical examination with a copy of any advice given remotely.

2.30 Veterinary surgeons should ensure as far as possible that the provision of specific advice provided
remotely does not compromise welfare, since the animal has not been examined and there is no
ability to monitor the animal.

The Federation of Veterinarians of Europe (FVE) does not have a specific definition of telemedicine or of the
VCPR. They do recommend in the European Veterinary Code of Conduct with regards to the utilisation of
digital technology (Federation of Veterinarians of Europe, 2019):

‘Veterinarians should utilise digital and emerging technologies to enhance their provision of services as
long as they can use these technologies competently, and hold up-to-date knowledge of the animal(s),
of the owner and/or of the farm(s)/farmer(s).’
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The FVE further believes that an examination is necessary to make a diagnosis and issue a prescription.
However, they state that a diagnosis can be made with a physical exam or an investigative examination of
samples:

‘FVE strongly believes that examination, diagnosis, recommendations for subsequent action, and the
prescription of medicines or surgery are all strongly linked and must be the exclusive preserve of the
veterinarian. A diagnosis cannot be made without examination, either physical examination of the
animal or investigative examination of samples. A treatment cannot be recommended or a surgical
intervention performed without an examination and a diagnosis. Neither can a veterinary prescription
be issued without a diagnosis.” (Federation of Veterinarians of Europe, 2019)

Despite the recent surge in popularity of veterinary telemedicine, few narrative reviews were identified (Devi
et al., 2015; and Mars & Auer, 2006). Veterinary telemedicine is not a new topic, commentaries, opinions, and
case reports have been published since the 1980s (Araujo et al., 1999; Robertson, 1999; and Tilley et al., 1986).
In 2001, Papageorges et al. wrote several articles about telemedicine ranging from an overview of ‘what it is’
to ‘how to make it work’ and ‘how to choose a system to use,” (Papageorges, 2001; Papageorges et al., 2001;
and Papageorges & Hebert, 2001a). These were part of a 2001 theme issue in Clinical Techniques in Small
Animal Medicine about veterinary telemedicine (Papageorges, 2001). In 2007, the Italian Society of Veterinary
Science (SISVet) [sic] recognised the potential impact telemedicine could have on the veterinary profession
and created the first veterinary telemedicine study group. They brought together veterinarians, medical
researchers, engineers, physicians, and lawyers with the goal of contributing to the development of veterinary
telemedicine in Italy and the European Union (Forlani et al., 2010). More recently some evidence-based
articles documented the role of telemedicine in the veterinary profession. This is discussed later in the paper.

The objective of this narrative review is to survey the literature of veterinary telehealth. The search report
models the PRISMA-S Draft Reporting Guidelines to the best ability of the researchers (Rethlefsen et al., 2019).
A veterinary information specialist/librarian (Moberly) in consultation with a veterinary telemedicine expert
(Teller) constructed and executed all searches.

Information sources and methods

A comprehensive literature search was conducted using three databases, citation searching, hand searching,
and alerts. The search strategy was peer-reviewed. Initial searches were conducted on 10 May 2019. They
were peer-reviewed, updated several times during the project, and conducted for the final time on 21 January
2020.

Searches were conducted in PubMed using the Legacy algorithm, CAB Abstracts using the OVID search
platform, and ProQuest Dissertations & Theses Global Abstracts using the ProQuest search platform (CAB
Abstracts, n.d.; National Library of Medicine et al., n.d.; and Palmer, n.d.). Citation searching consisted of
browsing reference lists and following citing references to both keystone articles and those presenting
underrepresented data. Citing references were followed using Web of Science and Google Scholar. No
searches were conducted simultaneously on a single platform and no study registries were searched. No
additional studies or data were sought; however, one author was contacted and asked for clarification of an
article. Online browsing of four publications (Clinician’s Brief, Veterinary Team Brief, DVM 360, and Today’s
Veterinary Business) was conducted at each publication website using the native search interface (Today’s
Veterinary Business | An Official Journal of the NAVC, n.d.). These publications were tallied in the hand
searching count.
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Search strategies

The final search strategies are presented below in a format designed to be copied and pasted for replication.
Screenshots of the searches within the database and search platform are available from the authors upon
request.

PubMed Search via Legacy platform and algorithm:

(((((((telecommunication OR telecommunications OR telecommunicat* OR teleconsult OR teleconsultation OR
teleconsultations OR teleconsult* OR "virtual visit" OR "virtual visits" OR "virtual care" OR telehealth OR
telehealth* OR telemedicine OR telemedicin* OR videoconference OR videoconferences OR videoconferencing
OR videoconfer* OR "mobile phone" OR "mobile phones" OR smartphone OR smartphones OR
telephone[MeSH] OR "cell phone" OR "cell phones" OR "remote consult" OR "remote consultation" OR
"remote consultations" OR teleradiology OR telepathology OR telepatholog* OR telediagnosis OR telediagnos*
OR telepet OR petfax OR telemetry))))))) AND (((("Practice Management, Veterinary"[Mesh]) OR (((Office
Management[MeSH] AND Veterinary Medicine[MeSH]))))) OR (((((veterinary medicine[MeSH Terms]) OR
veterinary[Title/Abstract])))))

CAB Abstracts via OVID:

((telecommunication or telecommunications or telecommunicat* or teleconsult or teleconsultation or
teleconsultations or teleconsult™ or "virtual visit" or "virtual visits" or "virtual care" or telehealth or telehealth*
or telemedicine or telemedicin* or videoconference or videoconferences or videoconferencing or
videoconfer* or "mobile phone" or "mobile phones" or smartphone or smartphones or "cell phone" or "cell
phones" or "remote consult" or "remote consultation" or "remote consultations" or teleradiology or
telepathology or telepatholog* or telediagnosis or telediagnos* or telepet or petfax or telemetry).mp. or
(mobile telephones/ or telecommunications/ or telemedicine/)) AND ((veterinarian or veterinarians or
veterinary).mp. or (veterinary medicine/ or veterinary science/ or veterinary services/ or veterinarians/))

ProQuest Dissertations & Theses Global via ProQuest platform:

noft(veterinar*) AND noft(telecommunication OR telecommunications OR telecommunicat* OR teleconsult OR
teleconsultation OR teleconsultations OR teleconsult® OR "virtual visit" OR "virtual visits" OR "virtual care" OR
telehealth OR telehealth* OR telemedicine OR telemedicin* OR videoconference OR videoconferences OR
videoconferencing OR videoconfer* OR "mobile phone" OR "mobile phones" OR smartphone OR smartphones
OR "remote consult" OR "remote consultation" OR "remote consultations" OR teleradiology OR telepathology
OR telepatholog* OR telediagnosis OR telediagnos* OR telepet OR petfax OR telemetry)

Searches were conducted with no limits. No limits were applied to results. No published search filters were
used and no search strategies from previously published literature reviews were adapted or reused. Searches
in PubMed, CAB Abstracts and ProQuest Dissertations & Theses Global were updated by rerunning searches on
several occasions. A comprehensive literature search was conducted using three databases, citation searching,
hand searching, and email alerts of new results from database searches. Final searches were conducted in
PubMed, CAB Abstracts, and ProQuest Dissertations & Theses Global on 21 January 2020.

Online browsing of four publications DVM 306, Clinician’s Brief, Veterinary Team Brief, and Today’s Veterinary
Business was conducted at each publication website. These search interfaces were relatively unsophisticated.
They each allowed truncation and returned results in a relevancy ranking. Terms searched were teleconsult*,
telemed*, telecommun?*, telepath*, telediagn*, telerad*®, telepet, and petfax. Clinician’s Brief and Veterinary
Team Brief use the same platform, however, they need to be searched separately. The site allowed truncation
and content selection. For each publication, the Articles section was searched. Results were presented in a
ranked order and up to the first 50 for each term were evaluated. Today’s Veterinary Business uses a custom
Google search for the website which allowed truncation. The DVM 360 site simultaneously searched two other
publications, Vetted Magazine and Firstline Magazine, and results from there were disregarded. DVM 360 site
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allowed searching of 2018 and 2019 when searched in 2019. It allowed only 2019 and 2020 when searched in
2020. Searches of these publications were last updated 21 January 2020.

Peer-review

Initial search strategies were peer-reviewed by Clare Boulton, Head of Library and Knowledge Services, Royal
College of Veterinary Surgeons Knowledge. Search strategies were edited and finalised based on peer-review
input.

Managing records

A total of 191 records were identified in PubMed, 249 records in CAB Abstracts, and 17 in ProQuest
Dissertations & Theses Global. Additionally, 42 records were identified through hand searching. This resulted
in 306 records after deduplication.

Database results were exported from the databases into Zotero, a cloud-based citation management system,
(Corporation for Digital Scholarship, n.d.). An effort was made to locate each record identified through hand
searching in a database and exporting to add to Zotero in order to keep the information collected about each
record consistent. Duplicates were identified using the Zotero Duplicate Items function and individually
verified before removal. Five articles (10 items) were duplicates and treated as such; however, they did
legitimately have different citations because they were identical articles each included in two tracks of the
same conference (a veterinarian track and a veterinary technician/nurse track).

Inclusion criteria

Inclusion criteria included an English language version of the article being available. There were no date or
geographical limits. The topic is veterinary telemedicine, defined broadly, including remote monitoring of
health characteristics and evaluation of client acceptance where it related to telemedicine.

Exclusion criteria

Exclusion criteria included articles where no English language version of the article could be located. Topical
exclusions included aquaculture, telephone technology from the 1970s, remote monitoring of the physical
location of animals, technology related to education, teaching distance education, client experience,
telecommunication skills, marketing, conservation, infrastructure disparities (e.g. broadband), information
technology, telecommunications, veterinary smartphone applications not related to telemedicine (e.g. drug
dose calculations).

Telehealth in human health

Telehealth is a topic of significant discussion in human health care, generating a large literature that includes
review articles; specialised guidelines and applications; and summaries about utilisation, reliability, and
prescribing of antimicrobials (Burke et al., 2015; Kane & Gillis, 2018; McSwain et al., 2017; Ray et al., 2019;
Shigekawa et al., 2018; and Siew et al., 2016). Kane and Gillis (2018) analysed physician use of telemedicine
and found in 2016 that 15% used telemedicine for patient interactions and 11% used it to interact with other
physicians. This was especially true of physicians in non-metropolitan areas. Physicians in larger practices were
also more likely to use telemedicine than those in smaller practices. This is most likely due to the financial
burden of implementation (Kane & Gillis, 2018). Shigekawa et al. (2018) published a rapid review of systematic
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reviews and meta-analyses on patients’ use of telemedicine. They set out to answer two questions. First, does
the research evidence indicate if telehealth services are equivalent to in-person services? Second, does it
indicate whether the use of telehealth services affects the use of other services? The research indicated that in
most cases, telehealth was equivalent to in-person care, and in some areas, like telerehabilitation and
telenutrition, it was better. Results varied for teledermatology, which revealed live video visits were
equivalent, but store-and-forward, or asynchronous, care was not. Few reviews covered the effects of
telehealth’s impacts on other healthcare services, so the authors could not reach a conclusion in that regard.
They did conclude telehealth has the potential to improve access to care for people in rural communities,
those with transportation barriers, and those facing provider shortages (Shigekawa et al., 2018).

When veterinary telehealth discussions arise, frequent comparisons are made to paediatrics, especially to the
care of infants and toddlers because neither they nor animals can reliably communicate their feelings or
complaint. In 2017, the American Telemedicine Association (ATA), founded in 1993, created a set of guidelines
and operating procedures for the use of telehealth in paediatric medicine. These have been endorsed by the
American Academy of Pediatrics (AAP) (McSwain et al., 2017). This endorsement ‘automatically expire(s) 5
years after publication unless reaffirmed, revised, or retired at or before that time,” (American Academy of
Pediatrics, 2017). Burke & Hall (2015) state:

Teleconsultation works well for both acute and chronic disease. Advantages of such consultations
include increased access for the medically underserved, improved access for the rural and inner-city
child, enhanced care through faster and more accurate assessment than can be provided by telephone
consultation, and decreased cost to the health care system and the patient’s family. Telepractice
involves establishing links between doctors and their patients who may be located in a child care
centre, preschool, school, or juvenile detention facility. Telepractice does not replace the in-person
visit but rather adds to it. The advantages of such links include an enhanced medical home in which
personal physicians care for children; reduced health care system costs, as well as fewer school
absences for the children; less money spent by parents on travel; less time away from employment for
parents; and less crowding in emergency departments.

Interestingly, veterinarians often quote a statement in the paediatric telehealth guidelines:

Telehealth services should not be provided to children under two years of age in their home or other
non-clinical setting except when the provider or their surrogate primary care medical home (PCMH*)
has referred them for subspecialty consultation (McSwain et al., 2017).

*PCMH — Patient-Centered Medical Home

Some interpret this to mean that using telehealth is not an acceptable modality of care for infants and
toddlers, so it must not be acceptable for animals either. When McSwain was contacted by this author and
AVMA staff for clarification on that statement, he provided a written letter to disabuse that notion. His letter
(McSwain, personal communication, 2019) states:

The above language was provided out of the recognition that children below the age of 2 years
represent a high-risk population with significantly different care management best practices for
common conditions than for older children. As an example, a urinary tract infection requires
significantly more diagnostic work up for a child in this age group than for an older child due to the risk
of an underlying causative anatomic abnormality. As such, continuity of care with a medical home was
considered important by the authors as often the management cannot be completed in one
encounter. Additionally, examination via telemedicine may be complicated by the lack of tools that are
appropriately sized or validated in this age range.
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The ability of the patient to communicate with the provider was not a significant consideration in the
development of this provision. In most cases of pediatric telehealth, there is a guardian present during
the encounter. Conversely, telehealth is a valuable tool in many situations and populations in which
the patient is non-communicative for a variety of reasons, including behavioral, developmental, and
other medical conditions. Access to care afforded by telehealth is particularly important for high risk
populations. The ability to intervene early and leverage the continuum of care afforded by telehealth
are benefits which we would encourage all healthcare fields to consider.

Siew et al. (2016) assessed the reliability of telemedicine in seriously ill children. They examined 132 febrile
children between the ages of 2 and 36 months and 145 children between the ages of 2 months and 18 years
with respiratory distress. For all cases, they found good to excellent agreement between the telemedicine and
bedside exams, and they concluded telemedicine is reliable in the assessment of febrile children and those
with respiratory distress (Siew et al., 2016).

A lesson veterinarians can learn from paediatric virtual care visits is to be cautious about prescribing
antibiotics. Ray et al. (2019) published a study comparing prescribing antibiotics for acute respiratory
infections in children 0-17 years of age. They looked at the number of prescriptions written for direct-to-
consumer (DTC) telemedicine visits as compared to urgent care visits and with visits to the primary care
provider. Children who had co-morbidities were excluded in this study. The study indicated antibiotic
prescribing was highest in DTC telemedicine visits with 52% of patients receiving a prescription, compared to
42% of urgent care visits and 31% of primary care visits (Ray et al., 2019).

Teleconsulting (veterinarian-to-veterinarian)

Teleradiology, a subset of teleconsulting that began in the mid-1980s, allows an attending veterinarian to take
images, such as radiographs, CTs, or MRIs and send them to a radiologist for interpretation. The radiologist
provides a report with their findings, interpretation, potential differential diagnoses, other tests to consider,
and/or possible treatment options (Poteet, 2008; and Tilley et al., 1986). Veterinarians paid a fee for these
services and passed them to the client as an accepted part of patient care. In 2001, nearly two decades ago,
Papageorges & Tilley (2001) asked, ‘Why telemedicine?’ One example was a veterinarian outside of Houston,
Texas, who started to send all his radiographs, sonograms, and cytology to specialists via a telemedicine
connection. Telemedicine allowed him to elevate his practice from vaccines and a “shotgun” approach to
complicated problems and provided the ability to practice higher quality medicine in a more efficient and
accurate manner. His practice became more profitable as a result (Papageorges & Tilley, 2001). Martinelli
(2001) also noted that the large ratio of general practitioners to specialists provided ‘ample impetus for a
telemedicine system’ and telemedicine had advantages compared to a telephone consult, including the ability
to review pertinent documents and images.

The Job Analysis of the American College of Veterinary Radiology regularly surveys radiologists asking about
the procedures they perform, species they see, and how they spend their time to better tailor the objectives of
radiology residency training (Fischetti et al., 2017). In the most recent analysis, 37% of the diplomates engage
in teleradiology and there is a significant trend of radiologists moving from academia to private practice. To
help ensure there are enough radiologists to meet the needs of the profession, hybrid residencies bridge
private practice and the academe. These private practices contribute partial funding and the academic
institutions provide core educational objectives not available in a private practice, like large animal imaging or
nuclear medicine. There is no obligation for the resident to remain with the private practice or academic
institution at the completion of the residency. This contrasts with corporate residency sponsorship with an
obligation for the resident to immediately work for the corporate sponsor and practice teleradiology
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preventing the newly boarded radiologist from the opportunity to develop and mature in a veterinary hospital
setting where there is the opportunity to work with colleagues and continue to build experience (Fischetti et
al., 2017). Noel et al. (2016) compared the accuracy of off-site use of smartphones and a standard computer
workstation to diagnose mechanical obstructions in the small intestine of dogs and cats. There were no
statistical differences in accuracy based on the device used. The only accuracy differences appeared to come
from the years of experience the radiologist had, with the more experienced radiologist obtaining a higher
degree of accuracy (Noel et al., 2016).

Papageorges et al. (1998) wrote a letter to the editor of JAVMA stating that telemedicine could alleviate the
shortage of veterinarians qualified to interpret sonograms. They pointed out that there are two parts to a
diagnostic scan; the skill of the sonographer that collects the images and the abilities of the person reading the
scan. At the time that letter was written, there were not enough qualified individuals to interpret sonograms,
so one of the solutions to the undersupply was the recommendation to utilise telemedicine (Papageorges et
al., 1998). Marr (2001) suggested that telemedicine could be used to improve the sensitivity and specificity of
equine ultrasonography techniques. Navas de Solis et al. (2019) documented that real time telehealth using
ultrasonography is feasible and can have positive results in equine practices. There were two different phases
to this study. In Phase 1, an equine veterinarian in private practice performed an ultrasound exam while
connected virtually with a veterinary sonographer at a veterinary college. The sonographer could visualise the
ultrasound in real time and provide guidance to the private practitioner. In Phase 2, horses in a teaching
hospital had two ultrasound scans. The first exam was done by an inexperienced sonographer (usually a
resident) with virtual guidance by a remote expert. This was immediately followed by a scan performed by an
expert sonographer who was on-site. In Phase 1, 100% of the remote interactions were considered useful, for
the following reasons: improved case management, increased reassurance to the practitioner and/or owner
about the clinical plan, educational value, and rapid input from a specialist without the need to travel. In Phase
2 the residents felt that the remote assistance had both clinical and educational value. In both phases of the
study, a drawback was variable internet quality, however, only one consultation had to be discontinued due to
poor internet connectivity. The other negative finding, which had been expected, was that the sonograms take
longer when performed by inexperienced veterinarians (Navas de Solis et al., 2019).

Other forms of teleconsulting are becoming more common. Digital pathology, also known as virtual
microscopy, is increasing with the development of rapid and dependable slide scanners. Whole-slide images
can be viewed and manipulated in all directions, and the quality of the image has nearly the equivalent optical
resolution and visual magnification of a light microscope (Bertram & Klopfleisch, 2017). Recommendations for
the use of telecytology, especially for both consultations between colleagues and client education, date back
to 2001 (Hebert et al., 2001; and Papageorges & Hebert, 2001b). Maiolino et al. (2006) documented 100%
agreement between a pathologist’s telediagnosis and conventional glass slide diagnosis. As digital pathology
becomes more common, pathologists can share images with colleagues to obtain a second opinion on a
cytology or tissue sample. In this era of big data, automated image analysis is also being studied. Some uses
are validated for human pathology, such as certain breast cancers, but work is still needed on the veterinary
side (Bertram & Klopfleisch, 2017).

There are only 86 board-certified veterinary behaviourists in the world (American College of Veterinary
Behaviorists, n.d.). Because of the limited numbers, it can be impossible for some owners to obtain an in-
person consultation to get help for their animal. The Cummings School of Veterinary Medicine at Tufts
University began offering behavioural consults via fax almost 20 years ago. Studies were performed to
determine if there was a difference in remote vs. in-person consultations for the treatment of canine
aggression toward owners and for the treatment of canine separation anxiety (Cottam et al., 2008; and
Dodman et al., 2005). The studies revealed significant improvement in the treatment of both owner-directed
aggression and separation anxiety and further showed there was no significant difference in the results
whether the consult was handled remotely or in-person. More recently the University of Pennsylvania School
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of Veterinary Medicine is piloting a web-based app to provide behavioural consultations to veterinarians with
behaviourists (Carrozza, 2018).

While radiology, pathology, and behaviour may seem like obvious choices for teleconsulting, specialty fields
are also utilising virtual care. Papageorges & Hebert (2001b) suggested many other applications for
telemedicine, including cardiology, endoscopy, dermatology, and ophthalmology. Oncologists are
teleconsulting support to primary care practitioners because it can be difficult for non-oncologists to keep up
with the various treatment modalities for cancer in multiple species. Additionally, clients may not have the
resources to travel to a specialist for regular chemotherapy appointments, but a veterinary oncologist can
provide support and guidance to an interested general practitioner to appropriately manage the case. Penzo &
Pietersma (2012) outline potential benefits of oncology teleconsultations including: improved access to
specialist oncology care, specific case-oriented advice, elevated level of care in a primary care practice,
increased profitability from more advanced diagnostics and therapies, and increased range of services offered
by the practice. Further benefits include assistance with interpretation of lab work and staging of the cancer,
possible prognosis depending on treatment plan that is chosen, palliative care, appropriate drug handling and
administration, and educational information for staff and clients. Potential drawbacks may be the inability of
the specialist to perform a complete work-up, including physical exam, the skillset of the general practitioner,
a perceived threat to the role of the specialist, and concerns about medical liability and malpractice (Penzo &
Pietersma, 2012).

Lanevschi-Pietersma et al. (2011) consider telemedicine both a time management and educational tool for
veterinarians and their clients. Virtual consults with a specialist can provide the primary care practitioner a
patient-specific written report with recommendations for diagnostics and therapeutics. These can be added to
the patient’s medical record and a copy provided to the client. There is a difference between a request for a
structured consult and an informal consultation that may take place on an electronic forum. Virtual consults
also tend to be more efficient than telephone or email exchanges where the appropriate information may not
be provided at the time of the request, resulting in much back-and-forth communication. When a primary care
practitioner works with a specialist via a virtual visit, clients seem to appreciate the team approach to the
patient’s care, especially when referral is not an option (Lanevschi-Pietersma et al., 2011).

Niessen & Forcada (2019) note primary care practitioners appreciate the ability to informally request help
from a local specialist or an academician, but the time demands and the sheer increase in demand for these
services is leading to the need for scheduled virtual consults occurring in real time. Virtual consults can also
provide a support system for veterinarians in primary care practices, especially solo practitioners or those
presented with complicated or unusual cases. Often, a specialist or more seasoned practitioner can guide an
attending veterinarian in remote ultrasound, ophthalmologic exam, or in the identification of abnormal heart
sounds. Digital stethoscopes, otoscopes, ophthalmoscopes, and other technology make some aspects of a
virtual exam easier to perform. Veterinarian-to-veterinarian teleconsulting also provides the possibility for
mentorship, especially for veterinarians in rural practice or in the case where a younger veterinarian is also a
new business owner and is feeling the dual stresses of practice and owning a new business (Niessen &
Forcada, 2019). In an interview in Beef Magazine, Dr. Arn Anderson (DVM) praises the ability of telemedicine,
‘Between DVMis, this technology allows us to mentor younger veterinarians in rural environments and allows
us to share cases and get second opinions easier and faster. It is better medicine,’ (Ishmael, 2015). Dr.
Anderson goes on to state rural veterinarians can increase the ‘scope and sophistication’ of their practice and
clients do not have a problem paying for telemedicine services (Ishmael, 2015).

Telemedicine and its role in global health

Telemedicine is seen as part of the future of animal health care in developing countries where there may be
neither enough veterinarians to meet workforce needs nor an adequate veterinary infrastructure. The

Veterinary Evidence page | 100f26
ISSN: 2396-9776

Vol 5, Issue 4

DOI: 10.18849/VE.V514.349



https://doi.org/10.18849/ve.v5i4.349

National Research Council (2013) states the veterinary profession needs to expand its capacity to address
complex global problems. In India, there is enough work to support 67,000 veterinarians, but there are only
34,500 veterinarians available to meet their needs for both animal and public health (Devi et al., 2015). Animal
health care workers in India see the potential for consulting with specialists, including dermatologists,
radiologists, pathologists, surgeons, and cardiologists to receive assistance with diagnostic, prognostic, and
therapeutic planning. They also appreciate the role remote monitoring can play to improve herd health
management and disease prevention. The major barriers to implementing telemedicine in developing
countries are interstate licensing issues, confidentiality concerns, broadband and internet connectivity, and
potential ethical issues and cost effectiveness (Devi et al., 2015). In developing countries in Africa,
telemedicine conducted with smartphone-based technology has been used to increase referrals from
paraprofessionals to veterinarians in countries like Kenya and Uganda (llukor et al., 2014). Many countries rely
on paraprofessionals, defined by the World Organisation for Animal Health (OIE) (2019) as:

a person who, for the purposes of the Terrestrial Code, is authorised by the veterinary statutory body
to carry out certain designated tasks (dependent upon the category of veterinary paraprofessional) in
a territory, and delegated to them under the responsibility and direction of a veterinarian. The tasks
for each category of veterinary paraprofessional should be defined by the veterinary statutory body
depending on qualifications and training, and in accordance with need.

Because of potentially detrimental impacts on animal disease, public health, and the overuse of antimicrobials
by paraprofessionals operating without veterinary oversight, the OIE recommends strengthening the bond
between paraprofessionals and veterinarians (llukor et al., 2014; and OIE, 2019). With this improved bond,
expectations include more appropriate pharmaceutical prescriptions, improved diagnoses, more accurate
disease surveillance, and better adherence to veterinary care standards. llukor et al. (2014) noted
paraprofessionals with smartphone devices were much more likely to refer to a veterinarian because these
devices increased access and allowed better communication. Veterinarians also saw clientele growth when
they improved the bond with paraprofessionals and encouraged referrals. Increased referrals are expected to
lead to decreases in the prevalence of infectious and zoonotic diseases, like brucellosis, tuberculosis, and Rift
Valley fever, leading to public health improvements. Some potential impediments are lack of broadband
connectivity and the difficulty of farmers to differentiate between the quality of care provided by
paraprofessionals vs veterinarians, both of whom are called animal doctors (llukor et al., 2014).

Global health has become increasingly more important to ensure a healthy food supply and in the
identification of potentially zoonotic emerging diseases. In addition to the benefits telemedicine can provide
to address these issues in developing countries, it can also be used as an educational tool for students to
better understand these problems and the role developed countries can play in helping to resolve them
(Mazan et al.,, 2015). In many developing countries, the population remains dependent on small-scale
agriculture for income. Working equids, like donkeys, mules, and horses are the mainstay of the agriculture
industry. Though people depend on working equids, particularly donkeys, the farmers frequently do not have
the financial resources to provide veterinary care. The Cummings School of Veterinary Medicine at Tufts
University partnered with the veterinarians at the American Fondouk in Fez, Morocco, and the Equitarian
Initiative (Minnesota, U.S.) to provide speciality veterinary care via teleconsulting to the farmers and their
equids. In addition, students participated in these virtual visits and learned about problems faced in
developing countries. Calling their programme “Patients without Borders” the two institutions and initiative
utilised both synchronous video visits and asynchronous exchanges of information. The donkeys benefitted
from expert care that the farmers did not otherwise have access to, and the students benefitted from new
educational experiences. The biggest obstacles were unstable internet connections and time zone differences.
Imaging — whether radiographs, sonograms, or endoscopic exams — were provided ahead of video visits to
limit the use of bandwidth during virtual visits and to allow the faculty and students time to review the
information. Students saw medical conditions they would not see in the U.S. or conditions they might have
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been familiar with but required different treatment options because of limited resources available in Morocco
(Mazan et al., 2015).

Telemedicine (veterinarian-to-client)

This review identified less peer-reviewed research about assessing virtual care between a veterinarian and the
animal-owning client. Many opinions and editorials discuss both the benefits and concerns around providing
telemedicine visits to the animal owner, whether a veterinarian-client-patient relationship (VCPR) exists or
not. Gyles (2019) noted the value of a telemedicine service is it can guide clients to the ‘appropriate level of
intervention’ and clients are willing to pay for this convenience. The consistent message across many of these
opinion pieces and editorials describes the benefits of telemedicine: improved access to care, client
convenience, enhanced veterinary-to-client bond, reducing the workload on front office staff, and a better
choice than the client consulting the internet (Freiman, 2019; and Lacroix, 2017). In addition, the articles also
address concerns, like risks of missed diagnoses, lack of physical exams, differences in communicating via
technology compared to in-person, monetisation of virtual care visits, and limitations of technology (Limb,
2018; and Milani, 2009). Many of these pieces also question if there is a need to establish a VCPR virtually or if
it must be established with a hands-on physical exam, or a timely visit to the premises where animals are
maintained, in every instance (Cary & Massecar, 2017; and Cushing, 2017). Others accept virtual care is part of
veterinary medicine, are ready to incorporate new technologies into their practice, and want regulatory bodies
to keep pace (Nelson-Pratt, 2018). Veterinary teams are encouraged to think outside the box and find ways to
help their clinicians incorporate virtual care into the practice (Cushing & Lacroix, 2018; and Rose, 2017). Many
veterinarians are interested in using telemedicine in their practices, but they have concerns about further
infringement on their personal time or if telemedicine will disrupt their already busy day-to-day workflow
(Freiman, 2019).

There are also legal and ethical concerns when it comes to virtual care cases between veterinarians and clients
(Flemming, 2003; and Marshall, 2019). Almost every jurisdiction around the world requires a license to
practice veterinary medicine and most have some sort of definition in statute that defines the practice of
veterinary medicine. Some states in the U.S,, like Kentucky, consider the act of providing general advice to be
the practice of veterinary medicine, whether there is an established VCPR or not. Others consider general
advice to be allowable, but there must be an established VCPR to make a diagnosis, create a treatment plan, or
prescribe medications (Flemming, 2003). There are also concerns about the location where the VCPR is
established and where the veterinarian is licensed and how that will be enforced. This is important from both a
regulatory perspective and a liability perspective (Jack, 1999). It is generally accepted that technology and
innovation advance more quickly than regulations and ethical considerations related to them. Some ethical
concerns to consider as virtual care and other technologies evolve include data usage, client privacy, and
security of medical records and credit card data (Marshall, 2019).

Professional regulatory agencies in Europe have not paid much attention to veterinary telemedicine, and in
Portugal it is not considered an acceptable form of practice by the Portuguese Veterinary Order (Ordem dos
Médicos Veterinarios, OMV) which prohibits virtual examinations and prescriptions, though these restrictions
were temporarily lifted during the COVID-19 pandemic (Magalhaes-Sant’Ana et al., 2020). As part of its
preparations for a new Code of Professional Conduct, the OMV conducted a Policy Delphi Study in 2018 to
determine the views of Portuguese veterinarians about telemedicine to guide policymaking. The vast majority
of respondents agreed that there should be limits on the use of telemedicine in practice, and they further
believed that OMV should encourage digital literacy and certification of telehealth providers. In the comments,
‘most participants acknowledged that the service provided by teleconsultations is complementary to that of
physical consultations but stressed the need for having a face-to-face interaction before resorting to telematic
means. Others questioned this view; a small animal practitioner noted that in urgent cases, such as poisoning
and heat stroke, performing a teleconsultation ‘can mean the difference between life and death.’ It was also
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mentioned, namely by a specialist respondent, that, in the case of behavioral medicine, since examining
animals in their home environment is particularly beneficial, remote consultations should be allowed for both
first consultations and follow-ups, according to the judgment of the specialist veterinarian.” As this study was
conducted before the COVID-19 outbreak, the authors recommend further research to determine if opinions
have evolved. They also recommend that more research be done on the impacts of telemedicine on animal
welfare and antimicrobial resistance (Magalhaes-Sant’Ana et al., 2020).

Kogan et al. (2016) surveyed veterinarians to determine how information and communication technologies are
utilised in veterinary practices. Responses from 967 veterinarians showed younger veterinarians were more
comfortable with newer technologies, like texting, Skype, and social media; however, they were the least likely
to engage in consultations after hours and on weekends. Older veterinarians were more likely to support the
use of remote monitoring devices. Many veterinarians felt that communicating with their clients via email or
text could be less time-consuming than via phone or in-person if appropriate boundaries could be set. Some
scenarios they identified as requiring less time with a virtual visit were post-operative recheck visits,
management of diabetic patients, and nutritional counselling. Of note, older responders were more likely to
identify several scenarios where virtual visits could be appropriate compared to their younger counterparts
(Kogan et al., 2016). In a survey of pet owners, that received 1,031 responses, who had had a dog or cat
hospitalised for longer than 4 hours, many expressed the desire for more frequent updates than what they
received. Over two-thirds wanted updates every 2—6 hours and over half of the respondents were willing to
pay a premium for regular updates. Most updates were relayed via phone, but over 38% of owners would
prefer text updates. It was noted that veterinarians may want to consider using more text updates, when
appropriate, as those can be less time-consuming than phone updates. Millennial pet owners have cited chat
or texting as the most important veterinary service they want (Kogan et al., 2019). One of the weaknesses of
data collected by surveys is that the sample sizes may not adequately represent all cross-sections of the
veterinary practitioner or pet-owning populations (Kogan et al., 2019; and Kogan et al., 2016).

Hawk (2018) surveyed Facebook users to determine the perception and use of telemedicine by veterinarians
and by owners. The sample size of 176 respondents included only seven veterinarians or veterinary students
making that population statistically insignificant; however, pet owners responses indicated their three top
concerns when interacting with a veterinary practice are the humane treatment of their pets, the ease of
scheduling, and a timely response. The owners also had a positive attitude toward veterinary telemedicine,
especially about potential emergencies. This was statistically significantly true for people aged 18-44 years old
compared to those who were aged 45—75. The study also showed owners were willing to pay for virtual care
visits (Hawk, 2018).

Robben et al. (2016) evaluated the impact on pet owners and intensive care unit (ICU) staff of a virtual pet visit
system with live video streaming. When a pet was admitted to the ICU, the clients were offered the ability to
view their pet through a TelePet live-streaming service (TPS). The pet owners who utilised the TPS were found
to be more satisfied with the care their pets received than the pet clients who did not opt to use the service.
The vast majority who took advantage of the TPS felt less anxious about their pet and would be willing to pay
for the service. The veterinary technicians working in the ICU also had generally favourable responses to the
use of the TPS, though tempered by the negative comments they received from a few dissatisfied clients who
were concerned about what they saw on the video footage. There was no way for this study to be blinded or
randomised, but overall the results revealed clients had positive experiences with it. Some clients were
distressed by the video, so TPS would not be appropriate for everyone (Robben et al., 2016). In addition to
noting that consumers are willing to pay for telemedicine, it is also important to note that providing
telemedicine does not have to costly. Papageorges & Hebert (2001c) recognised that telemedicine can be
performed using standard technologies and available tools instead of purchasing expensive equipment from
vendors. They summarise by stating; ‘We should harness the power of the Internet to give us the
communication tools and the freedom we need to practice medicine the way we believe is best.’
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One of the most frequently recommended telemedicine techniques for veterinarians is post surgical recheck
exams. Bishop et al. (2018) randomised 30 client-owned dogs into two groups for examinations following
surgical sterilisation. In one group, the dogs were rechecked virtually (telemedicine group) and the dogs in the
other group were rechecked in the veterinary clinic (control group). None of the dogs randomised to the
telemedicine group had a surgical complication necessitating a visit to the clinic. The most common problem
was a slow internet connection reducing the quality of the audio-visual feed. The rechecks were still able to be
completed virtually. There were two minor surgical complications in the control group randomised for the in-
clinic rechecks. Owners from both groups were satisfied with the recheck visits; however, the owners from the
telemedicine group felt their dogs were less stressed or fearful than if they had taken them for the in-clinic
recheck. These owners would strongly prefer to utilise telemedicine for similar appointments in the future,
supporting the hypothesis owners found telemedicine visits to be a useful and satisfactory alternative to in-
clinic appointments. The owners of the dogs in the telemedicine group also saved, on average, 50 minutes of
travel time to and from the clinic. One of the advantages of telemedicine highlighted in this study was the
ability of virtual care to reduce stress and anxiety in animal patients. One limitation to the study is, while the
patients were randomised to the control or telemedicine groups, there was no way for the owners or
practitioners to be blinded to the modality used for the recheck exams, which could bias responses (Bishop et
al., 2018).

Military working dogs (MWD) perform a wide variety of tasks including being deployed with U.S. military
forces without access to veterinary care. Donham & Wickett (2018) documented the usefulness of virtual care
when a MWD became ill at a remote outstation and sepsis was suspected. The dog was transferred to a
Canadian Role Il medical facility where more medical resources were available but not a veterinarian. The staff
interacted with the MWD’s veterinarian in the U.S., who was able to work with them, obtain diagnostic
information, formulate a plan to stabilise the dog, facilitate evacuating the dog to a military base in Germany
then to his home station for more care. Interestingly, it was the ability to videoconference that made the
difference in this dog’s care because verbal descriptions did not adequately convey the severity of the dog’s
condition and the visual impression did. The case report concluded that in ‘austere expeditionary settings
where medical specialties are frequently unavailable, and given the spread of Internet technology to rural
settings, the use of video calling for virtual consultations has the potential to improve care in the deployed
setting,” (Donham & Wickett, 2018).

Veterinarians with exotic animal practices have debated the benefits and concerns with telemedicine too.
They recognise the advantages of teleconsulting and the potential benefit for situations with a recent hands-
on examination of the patient, but they have concerns about establishing a direct relationship with a client and
providing care to the patient without a physical exam having taken place. Many companion exotic animal
practitioners see virtual care has a place in husbandry, environmental, and nutritional issues (Hess, 2017).

mHealth, wearables, smartphone applications

The growth of wearables, smartphone applications (apps), and other technology makes it easier than ever to
collect data about an animal’s activity, mobility, food consumption, and other health data.

Cardiac arrhythmias can be difficult to diagnose in dogs, and frequently require the utilisation of a 24-hour
Holter monitor. These are not always readily available, do not support long-term monitoring, and some
animals are intolerant of wearing them. Recently several studies show promise for alternatives to the Holter
monitor in dogs. BrloA%nik & Avbelj (2015) piloted a wireless body electrocardiogram (ECG) to investigate
whether it could surmount the limitations of a Holter monitor; the results showed great potential. The sample
size was very small, and a study with a larger population of animals is pending (BrloA%nik & Avbelj, 2015).
Lichtenberger et al. (2018) published a preliminary assessment of a single-lead, 14-day ECG adhesive patch
monitor (APM). Again, the sample size was small, and the results were comparable to those obtained with a
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24-hour Holter monitor. They found that the adhesive caused some mild skin irritation and walking, running or
playing caused intermittent motion artefact, but they could still obtain analysable data over 93% of the time
that the dogs wore the patch (Lichtenberger et al., 2018).

Smartphone apps may also play a role in what information can be gathered and shared through a virtual visit.
Two independent prospective studies compared a smartphone-based ECG with a standard 6-lead ECG in dogs
and cats. The ECGs were measured simultaneously with the smartphone app using a single-lead recorder
coupled to it while the reference ECG was recorded with a standard 6-lead ECG machine. Kraus et al. (2016)
performed a study that included 51 dogs and 27 cats. Three board-certified cardiologists read each ECG; there
was 100% agreement in heart rates between the two methods, and intra-observer agreement for rhythm
diagnoses was extremely high. The only time where there was significant disagreement was in the QRS polarity
readings in cats. It is possible this occurred because the electrodes for the two devices were not placed in the
same spots (Kraus et al., 2016). Vezzosi et al. (2016) performed a prospective, multi-centre study with a similar
design and evaluated 166 dogs. 20% of the dogs in this study were healthy, and the remainder had a variety of
morbidities, including heart disease, cancer, and respiratory, gastrointestinal or neurologic disease. This study
found the smartphone ECG app had 100% sensitivity and 97.9% specificity in the detection of arrhythmias, and
all cases of atrial fibrillation were correctly identified. The ECG app was also excellent at identifying ectopic
beats and may be useful for screening or monitoring dogs with cardiomyopathies for arrhythmias. One
limitation to the smartphone ECG app is mean electrical axis cannot be calculated because it captures a single
lead (Vezzosi, et al., 2016). However, the study authors concluded the smartphone ECG app may allow
veterinarians to identify and manage patients at cage side and share the results via electronic means with
specialists (Kraus et al., 2016). Further studies should be done to determine the diagnostic value of owners
using the smartphone app in the home setting and sharing the results with the veterinarian. Vezzosi et al.
(2018) also recently validated a smartphone ECG app in a study with 50 horses. The study showed comparable
findings to those in dogs, except there was not good agreement on the polarity of P waves. There was
excellent agreement for heart rate and rhythm (Vezzosi et al., 2018).

Dogs and cats are not the only animals where monitoring ECGs can be of benefit. Changes in heart rate in
cattle can provide warning signs for illness and disease, which require early detection and intervention to
prevent spread through a herd. Warren et al. (2008) studied a prototype electrocardiographic pill that would
remain in the reticulum and allow for continuous and automatic acquisition of heart rate and core body
temperature. The study showed promise in allowing the capture of information about the cattle’s health
without requiring restraint (Warren et al., 2008).

The Fever Tag® is an ear tag that monitors a calf’s body temperature every 15 minutes and alerts when the
temperature deviates from normal parameters which may happen up to 72 hours before the calf shows signs
of illness, particularly pneumonia. By signalling the onset of illness, a rancher can intervene early in the course
of disease, thus limiting morbidity, mortality, and the use of antimicrobials. McCorkell et al. (2014) tested the
efficacy of the Fever Tag® in feedlot calves just obtained from auction and in specific pathogen-free calves
experimentally infected with bovine viral diarrhoea virus. There were no instances of false positive diagnoses
of bovine respiratory disease (BRD), but there were significant instances of false negatives and inconsistent
readings. The study concluded significant improvements were needed in Fever Tag® accuracy and reliability
(McCorkell et al., 2014). However, 3 years later, Mahendran et al. (2017) showed that by using the Fever Tag®
to monitor calves’ body temperature, they could determine when the calves became ill and their response to
therapeutic interventions. In addition to sensing body temperature changes from respiratory disease, the
Fever Tag® was also useful in diagnosing navel ill and diarrhoea (Mahendran et al., 2017).

Other technology that can aid in the early detection of BRD is a computer-aided lung auscultation system, such
as the Whisper® stethoscope. The stethoscope is used to auscultate lung sounds of cattle and then score the
sounds from 1-5, with 1 indicating no abnormalities and a low likelihood of BRD. Mang et al. (2015) tested the
technology on 561 steers recently arrived at a feedlot. There was very good specificity and sensitivity when
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utilising the device, though there was a wide confidence interval. They further concluded, because of the
higher specificity of this device, there were less falsely diagnosed cases of BRD and thus less use of
antimicrobials in the feedlot (Mang et al.,, 2015). Noffsinger et al. (2014) conducted field trials with the
Whisper® stethoscope to determine the relative accuracy of Whisper® scores and rectal temperatures in
diagnosing BRD. Two data sets were used. The first involved the correlation between rectal temperatures,
manual lung scores, and case fatality rates in feedlot cattle pulled for BRD. The second data set evaluated the
relative accuracy of the Whisper® scores and rectal temperatures. When taken alone, the Whisper® score was
a better predictor of BRD than a rectal temperature 2104.59F; however, a Whisper® score of 1 and no fever
was the best predictor of survival. Manual lung scores better correlated with case fatality rates. Using the
Whisper® score and rectal temperature in combination improved diagnosis and prognosis, and allowed for
more judicious use of antimicrobials (Noffsinger et al., 2014).

Cats may easily become stressed with restraint and repeated handling, especially when ill. This can be
especially problematic when attempting to acquire a rectal temperature. Quimby et al. (2009) compared
digital rectal and microchip transponder thermometry in 40 cats that were experimentally infected with feline
herpesvirus type 1 (FHV1). The cats’ temperatures were measured both before and after infection with FHV1.
There was sufficient agreement between the digital rectal and the microchip transponder thermometry to
consider the microchip a valid substitute for obtaining a rectal temperature (Quimby et al., 2009).

Smartphones and accessories are utilised at cage-side in exotic animal practices. These devices are particularly
useful when it may be difficult or dangerous to transport wild or zoo animals, or the animal may be in a fragile
or debilitated state making transportation risky. Huynh (2019) summarised the use of smartphone devices in
exotic animals. As with cats and dogs, smartphone apps can obtain ECGs in exotic animals, like penguins,
though dolphin vocalisations can create artefacts. There are also smartphone attachments for direct
ophthalmoscopy; the structures in the posterior segment could be identified in all animals, though focal light
artefacts were common when the tapetum lucidum was photographed with certain devices. Non-clinically
trained personnel were able to obtain acceptable images of the fundus, indicating potential for these devices
in areas with limited resources. Otoscopes, laryngoscopes, cystoscopes, and endoscopes are available as
smartphone attachments. Huynh (2019) states:

The main advantage for using a smartphone over a conventional endoscopic unit is the increased
portability, accessibility, transmission, and lower price. Recording of the procedure and tele-
transmission can be performed instantaneously.

There are also point-of-care ultrasound devices that can be utilised for obtaining sonograms of exotic animals
which may be particularly useful for focused assessment with sonography for trauma (FAST) exams (Huynh,
2019).

Vallone (2019) wrote about using smartphone technology in clinical ophthalmology without expensive
accessory equipment. current smartphone technology, teleophthalmology is expected to increase (Vallone,
2019). Kanemaki et al. (2017) also used a smartphone and an indirect ophthalmoscopy lens to obtain various
fundic images in dogs and cats. It was noted the photographer may need to adjust the exposure to account for
the range of tones in the bright tapetum lucidum and the darker, pigmented non-tapetal area (Kanemaki et al.,
2017).

Normal and abnormal brain functions include cognition, wakefulness, and sleep. These change during
anaesthesia making it extremely difficult to determine the effects of trauma, disease, and epilepsy in animals.
In human medicine, there have been advances with the use of electroencephalograms (EEG), but these are
often difficult to obtain for animals. Cousillas et al. (2017) created an ambulatory EEG system that would allow
horses to freely move about in their home location. The preliminary study was done with five horses trained
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for competition events. The study authors were able to obtain analysable EEGs from each horse and could
identify alpha, beta, and gamma waves. The EEG system obtained its goal of being easily placed and fitted on
each horse, the horse could be mobile in its home environment, and it did not put any more constraint on the
animal than any usual gear. Further studies will need to be done to determine accuracy when asleep or under
anaesthesia (Cousillas et al., 2017).

Maclarty et al. (2007) have compared a non-invasive biotelemetry shirt with whole body plethysmography in
African green monkeys. The shirts provide a non-invasive method to continuously collect physiologic data, like
respiration rate, ECG, activity, body temperature, blood pressure, EEG, and more without having to restrain
the animal or surgically implant biotelemetric devices. The study concluded the biotelemetric shirt could be
used in place of interpretive plethysmography studies and respiratory evaluation and allows for the animals to
move about normally while continuously collecting data (Maclarty et al., 2007).

Diabetes mellitus in cats and dogs is a common endocrine problem that can be difficult to monitor and control.
Home glucose monitoring is preferable to monitoring in the veterinary hospital because stress hyperglycaemia
can lead to inaccurate results. Many clients are reluctant or unable to obtain blood samples from their pets for
frequent blood glucose checks. A continuous blood glucose monitor can make this easier for cat owners,
though the only one that does not require the pet owners to calibrate at home is the FreeStyle Libre (Abbott
Laboratories, 2020). This sensor can be used to take multiple measurements for up to 14 days (Gottlieb &
Rand, 2018). After gathering the data from an at-home glucose curve, the client can schedule a virtual visit
with the veterinarian and adjustments in the treatment plan can be made as needed. There are studies that
have shown the accuracy of the FreeStyle Libre compared to glucose curves, and the clinical accuracy makes
continuous glucose monitoring an attractive alternative for pet owners (Corradini et al., 2016; and Malerba et
al., 2020).

High-tech wearables are tracking activity and providing clues to the early-onset of problems as well. Wearable
devices can be attached to an animal’s collar and track how active a dog is, how often a cat uses the litterbox,
or if pets are making more frequent trips to the water bowl. Subtle changes may go unnoticed by the owner,
but the data can reveal possible signs of infection, kidney disease, or an endocrinopathy. Food bowls can read
an animal’s microchip and be pre-programmed to open only for specific animals at set times to dispense a
premeasured quantity of food. They also allow multi-pet homes to feed different foods and amounts to
specific animals to assist with weight-loss plan or use of prescription foods. A report from Grand View
Research states:

In coming years, the combination of wearable devices, mobile application, and data analytics
technology can be a mainstream option for the value-based care. Some pet wearable companies are
also providing cloud-based data analytics services along with their products, which can help
veterinarians to diagnose and treat pets by providing valuable clinical information for real-time
decision making (Jergler, 2018).

One of the major limitations to wearables is battery life, though it improves with each iteration (Jergler, 2018).

This literature review identified increasing literature about veterinary telemedicine including both peer-
reviewed studies and less rigorous articles in veterinary news magazines, like anecdotal reports, editorials, and
opinion pieces. There is robust data to support virtual care for veterinary consults, as shown in a variety of
studies, like those on radiology, pathology, cytology, behaviour, and cardiology. Data also supports
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teleconsulting to improve animal care in areas where resources may be limited, including rural areas,
developing countries, and other remote locations. There is also a growing body of evidence to support
mHealth, the role and the use of wearable devices, and smartphone applications in veterinary medicine.
Teleconsulting and mHealth have been shown to be effective across many species, including companion
animals, exotics, equids, and food animals. There are fewer published studies about direct-to-consumer (DTC)
telemedicine visits. These have been favourable, but most information about this has been gleaned from
human health care. If human paediatrics is used as an analogy to veterinary medicine, studies in paediatric
telehealth can lead to cautious optimism for veterinary medicine to observe similar outcomes. Veterinarians
need to learn from paediatrician’s successes and their deficits, for example judicious use of antimicrobials.
Legal concerns will persist, though no published reports of veterinarians providing inadequate or substandard
care via virtual care were identified. There was one lawsuit related to telemedicine, though that case involved
the violation of VCPR laws, not the care actually provided (Ronald S. Hines, D.V.M., v. Texas State Board of
Veterinary Medical Examiners, n.d.).

This review identified a number of published anecdotes of successful veterinary visits; however, those have
not been analysed for publication in a peer-reviewed journal. The literature also lacks studies comparing in
clinic visits with telehealth visits to determine if there is concordance between the findings of those exams. In
general, the literature agrees telemedicine has a role in veterinary medicine. Based on studies of newly-
boarded veterinary radiologists, it may also be important new graduates obtain experience in practice before
performing virtual care visits unless an experienced veterinarian is available for support. It is important to note
that telemedicine is a tool, and as such, it is not appropriate for every healthcare issue, situation, client, or
animal. The challenges of providing veterinary care during the onset of COVID-19 and lockdowns in many areas
led to a significant uptake in the utilisation of veterinary telehealth. This will lead to additional research and
peer-reviewed publications that will further advance our knowledge of how telehealth is incorporated into
veterinary practice, including benefits, risks, outcomes of those visits, including successes and adverse events.
The creation of guidelines like the American Telemedicine Association and the Association of Paediatrics would
most likely benefit those in the profession who would like to use veterinary virtual care in practice.

No one summed it up better than Bath (2006), in a letter to editor, who wrote, ‘The conclusion is that
Telemedicine is not something abstruse and only for the boffins. It is useful and simple to use, even today. It
can only get better and its use become more widespread...” It is time to move forward with veterinary
telemedicine using thoughtful consideration to the benefits and concerns that surround any tool integrated
into veterinary practice.

This commissioned review was the basis for the 2019 ViVet Innovation Symposium talk, ‘RCVS Knowledge —
Evidence into practice & Initial findings of the telemedicine study’ (Teller, 2019; and ViVet Press Office, 2020).
The review was further expanded and updated for this paper.
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