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Abstract

Objective: The objective of this paper is to review and analyze the current state of telemedicine and ehealth in the field
of vascular surgery. Methods: This paper collects the relevant information obtained after reviewing the articles related to
telemedicine in vascular surgery, published from 2012 to 2022 contained in scientific databases. In addition, the results
obtained are statistically studied based on various factors, such as the year of publication or the search engine. In this way,
we obtain a complete vision of the current state of telemedicine in the field of vascular surgery. Results: After performing
this search and applying selection criteria, 29 articles were obtained for subsequent study and discussion, of which 20
were published in the second half of the decade, representing 70% of the results. In the analysis carried out according to
the search criteria used, it can be seen that using the word telemedicine we obtained 69% of the articles while with the
criteria mHealth and eHealth we only obtained 22% and 9% of the results, respectively. It can be seen that the filter with
the most potential content articles was “vascular surgery AND telemedicine”. In the analysis performed according to the
search engine, it was observed that the Google Scholar database contains 93% of the articles found in the massive search
and the relevant articles contained therein represent 52% of the total. Conclusion: An upward trend has been observed
in recent years, with a clear increase in the number of publications and much lower figures in the first years. One aspect
to highlight is that 47.8% of the articles analyzed focus only on postoperative treatment, which may be due to the help
provided by telemedicine in detecting surgical site infections by sending images and videos, this being one of the most
common postoperative complications. The analyzed works show the importance of telemedicine in vascular surgery and
identify possible future lines of research. In the analysis carried out on the origin of the selected relevant papers, an
important interest of the US in this topic is demonstrated since more than 50% of the research contains authors from this
country, it is also observed that there is no research from Spain, so this research would be an initial step to determine
the weaknesses of telemedicine in this field of medicine and a good opportunity to open a research gap in this branch.
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Introduction

The concept of telemedicine emerged in the 1970s as a
solution to geographical barriers, increasing accessibility to
health care, especially in rural areas and developing coun-
tries [1, 2]. Over time, it has been shown that Communica-
tion Technologies (ICT) are also useful for improving the
quality of healthcare delivery, support for continuity of care,
efficiency of services, training of professionals, and commu-
nication between healthcare personnel and patients [1, 3, 4].
The World Health Organization (WHO) defines telemedi-
cine as “the provision of health services (where distance is a
determining factor) by health professionals through the use
of ICT for the exchange of valid information for diagnosis,
treatment, disease prevention, research and evaluation and
for the continuing education of health professionals, all with
the ultimate goal of improving the health of populations and
communities” [5-7].

On the other hand, eHealth is a somewhat more compli-
cated concept that is often confused with telemedicine. This
concept, located at the intersection between medical infor-
matics, public health and commercial interests, refers to the
provision of health information and services on the Inter-
net and has also been imbued with a philosophy implicit
in these technologies: new ways of thinking, networking,
global thinking, sharing as a value, etc., which has led to
this new concept being increasingly developed [1, 8]. WHO
defines it as: “the cost-effective and safe use of information
and communication technologies in support of health and
health-related fields, including health care, health surveil-
lance and health education, knowledge and research” [9].

The number of people with access to smartphones is
increasing every day. According to survey Figs. [10-12].,
the two regions with the highest Internet penetration are
Eastern Europe (92%) and Northern Europe (95%), closely
followed by North America (88%). In contrast, the regions
with the lowest Internet penetration are East Africa (23%)
and West Africa (36%). In 2020, the ranking of countries
with the highest Internet penetration was led by the United
Arab Emirates, with 99% penetration, followed by Den-
mark (98%), South Korea (96%), Sweden (96%), Switzer-
land (96%), the United Kingdom (96%) and the Netherlands
(95%). Spain ranked 14th, with an internet penetration of
91%, decreasing 2% points from the 2019 results. The
countries with the lowest internet penetration were North
Korea, Sudan (8.0%), Eritrea, with a penetration of 8.3%
and Burundi with 9.9%.

Angiology and vascular surgery are a medical-surgical
specialty dedicated to the study, prevention, clinical and
instrumental diagnosis and treatment of vascular pathol-
ogy. Its field of action covers organic and/or functional
diseases of the arterial, venous (Phlebology) and lymphatic
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(Lymphology) systems [13]. After vaccination against
covid-19, numerous studies have focused on the diagnosis
and treatment of thrombotic events, due to the high number
of thrombosis caused by the adverse effects of these vac-
cines [14-21]. The main objective of this work is to study
the situation of telemedicine in vascular surgery in order to
develop new tools and systems to aid in its detection, diag-
nosis and treatment. For this purpose, a systematic review
of the existing articles related to the subject has been car-
ried out, applying a PRISMA methodology. In addition,
the results are analyzed statistically, clearly showing the
increase in research in this field as the years go by and with
them the interest of scientists. The most important ideas
of the relevant articles are synthesized to group in a single
work the contributions and conclusions of each one of them.

There are other publications related to this research
work on telemedicine and vascular surgery that focus on
the study of various mobile telemedicine systems [22]; the
literature review on the effect of telemedicine on patient-
physician communication [23] and telemedicine systems
that have been evaluated for usability or ease of use [24].
The systematic review on the use of additive manufactur-
ing in vascular surgery, specifically, the applications of 3D
printing in endovascular surgery [25] and a summary of
academic publications indexed in the MEDLINE database,
concerning the use of telemedicine in vascular surgery in
the pathologies of aortic disease, LEAD and carotid disease
[26]. However, there is no study that performs a systematic
review in the Science Direct, PubMed, Web of Science and
Google Scholar databases of studies related to telemedicine
in vascular surgery.

The methodology followed for this research work is
described below. Subsequently, the results obtained are pre-
sented and discussed, which in turn give rise to the conclu-
sions shown at the end of this paper.

Methods

This work is based on a systematic review of the literature in
scientific databases following a prismatic methodology, the
search is focused on scientific papers related to telemedicine
in vascular surgery. First, the scientific databases in which
the search was performed, and the terms used are presented.
Then, the procedure used for the selection of the articles to
be analyzed is described.

Scientific Databases
The systematic review was based on the scientific data-

bases Science Direct, PubMed, Web of Science and Google
Scholar, because these are the ones that bring together
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Fig. 1 Search criteria in different
databases
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almost all the information and papers related to telemedi-
cine in this field. Figure 1 shows the search criteria inserted
in each of the search engines of these databases and the sec-
tions of the papers searched in each case. These sections are
determined according to the characteristics of the advanced
search engines in each of the databases. The search was car-
ried out in the years 2012 to 2022, using papers in English
and discarding books or conference abstracts.

Papers Selection

After performing the search, the articles to be analyzed were
selected by reading the titles of the results obtained, result-
ing in 110 papers of interest in this step. Once these were
selected, we proceeded to eliminate those that were dupli-
cated (33). Then the abstracts of the remaining 77 papers

were analyzed, eliminating those that were not sufficiently
significant or that belonged to other areas of study, resulting
in a total of 45 papers for complete reading. In this phase,
only those that are relevant to our study are selected, finally
obtaining 29 papers for analysis and evaluation. This proce-
dure is shown in the prism diagram in Fig. 2.

The 29 resulting articles are subsequently evaluated, ana-
lyzing the results according to the year of publication and
search criteria, according to the search engine where each
article was found and its contribution. The results obtained
are shown in the next section.

@ Springer
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Fig. 3 Number of relevant papers for each year
Results

Once the systematic review methodology explained above
has been applied, the results of the selection of relevant
papers from the databases are analyzed.

Analysis by Publication year

Figure 3 shows the results of the relevant papers obtained in
the search, categorized according to the year of publication.
As can be seen, most of the articles have been published in
the last five years, which shows a growing interest in the
subject.

Analysis by Search Engine
Figure 4 a graph showing the percentage of relevant papers
selected in each database. It can be clearly seen that the most

complete database for the search of articles on telemedicine
applied to vascular surgery is “Google Scholar”, since more

Fig.4 Graph with the percent-

r 100%
age of results by search engine
after the application of the 90%
methodology
80%
70% 65,5%
60%
50%
40%
30%
20%

6,9%

o ]

Consultations Telemonitoring

and by ventricular
postoperative assist devices
follow-up
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than 50% of the relevant articles selected after applying the
methodology were found. The PubMed database is the next
with the highest number of articles selected, with 22% of
the articles chosen from here. Slightly behind are the Web
of Science and Science Direct databases with 18% and 8%
of the selected articles, respectively.

Keyword Analysis

If we focus on the results obtained according to the search
criteria used, we can see in Fig. 5 that using the word tele-
medicine we have obtained 69% of the articles, while with
the criteria mHealth and eHealth we have only obtained
22% and 9% of the results respectively. It can be seen that
the filter with the most potential content articles “vascular
surgery AND telemedicine”.

Analysis of Relevant Papers

Table 1 shows a comparison of the articles obtained in terms
of publication date and contributions to obtain a clearer idea
of the current state of research in telemedicine applied to
vascular surgery.

Discussion and Conclusion

Finally, if we look at the content and contributions of each
of the articles, we see that 65.5% of the 29 articles selected
study telemedicine applied to teleconsultation and postop-
erative follow-up. In this case, we have seen telemedicine in
virtual medical care, using images and videos of the wound

10,3%
6,9%
3,4% 3,4% . 3,4%
| - | |
Biomarkers of Telemedidnein Telemedicinein Telemedicinein Machine

digital frailty the treatment of learning for the
peripheral artery  study of risk

disease factors

aneurysm
treatment

aortic surgery
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Fig.5 Results graph by keywords after applying the methodology

to check its evolution, e-mails for patient follow-up, among
other platforms that allow virtual contact between the
healthcare personnel and the patient. Figure 6 shows these
and other applications of telemedicine applied to vascular
surgery, such as Telemonitoring by ventricular assist devices
in 6.9% of the articles, for the treatment of peripheral artery
disease in 10.3%, as well as Biomarkers of digital fragility
and in aortic surgery representing 6.8% of the total articles.
In addition, the first signs of machine learning algorithms
applied to vascular surgery in the analysis of mortality risk
factors are shown in one of the articles found.

It is worth noting that 20.6% of the articles deal with
the implementation of a virtual clinic focused on vascular
surgery, which would not only treat postoperative prob-
lems, but would also perform periodic remote consultations
throughout the diagnosis and recovery process and make a
comparison with a totally face-to-face treatment.

It is worth noting that 20.6% of the articles deal with the
implementation of a virtual clinic focused on vascular sur-
gery, which would not only treat postoperative problems,
but would perform periodic remote consultations through-
out the diagnostic and recovery process and make a com-
parison with a fully face-to-face treatment.

In addition, 5 of the 29 final articles deal with telemedi-
cine tools for active participation in patient treatment, as
opposed to the remaining articles that focus on an appli-
cation of telemedicine for diagnosis, monitoring and com-
munication between patients and healthcare personnel.
This represents 17.2% of the articles and these are useful
applications:

e - Remotely manipulated endovascular aneurysm repair
robot.

e - Remote neuromonitoring of spinal cord function dur-
ing open repair of descending thoracic and thoracoab-
dominal aortic aneurysms.

e - Mobile application called “WalkMate”, which has an
ambient location radar to search for other patients or vol-
unteers within the network, a pre-recorded audio coach
to advise and encourage walking, a global positioning

system tracking device to record walking distances and
speed, live coaching by (schooled) peers, and support
from the coach via audio/video call system.

e -The use of digital frailty biomarkers for the prediction
of diabetic foot ulcer complexity, which allows the clas-
sification of patients for simple treatments from those
needing more complex care or vascular surgery.

e - Telemedicine system for healthcare of vascular surgery
patients for wound follow-up and postoperative consul-
tations at home or in health centers.

The relevant studies found show that the applications of
telemedicine in the field of vascular surgery are multiple,
from patient follow-up and early detection of complications
to the performance of remote aneurysm repairs. This is why
this topic is of interest to many countries around the world,
as shown in Fig. 7, which shows the number of relevant pub-
lications for each country, basing this analysis on the affilia-
tion of the authors of each paper. Several of these papers are
collaborations of authors from different countries, repeating
the same article for different countries in these cases. A high
number of publications from the USA is observed, which
shows a high interest of researchers from this country in this
regard. There is also evidence of interest from other coun-
tries such as The Netherlands, Germany, Switzerland and
Canada, each of which has more than two studies indexed in
the databases studied during the last ten years. However, it
can be observed that no relevant work has been found from
Spain, so this research would be a first step to determine the
weaknesses of telemedicine in this field and a good oppor-
tunity to open a research gap in this branch.

In this research work, a systematic review of works
related to telemedicine in vascular surgery in scientific data-
bases has been carried out. An upward trend is observed in
recent years, with a clear increase in the number of publi-
cations and much lower figures in the early years. This is
not surprising given that technology is advancing by leaps
and bounds, with increasing access to mobile devices with
which to enjoy the benefits that telemedicine offers.

The search yielded a total of 29 relevant articles after
applying the methodology. In the analysis carried out
according to the search engine, it was shown that the Google
Scholar database contains 93% of the articles found in the
massive search and the relevant contents in it represent 52%
of the total.

Another aspect to highlight is that 65.5% of the articles
analyzed focus on teleconsultation and remote postopera-
tive follow-up, which may be due to the help provided by
telemedicine in the detection of surgical site infections by
sending images and videos, this being one of the most com-
mon complications in the postoperative period. The stud-
ies found have shown the reduction of costs and waiting

@ Springer
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Table 1 Articles on telemedicine and eHealth applied to vascular surgery

TITLE YEAR CONTRIBUTION

Cyber medicine enables remote neuromonitoring during 2012 Study of remote neuromonitoring of spinal cord function during open

aortic surgery [27]. repair of descending thoracic aortic aneurysms and thoracoabdominal
aortic aneurysms.

Multidisciplinary treatment for peripheral arterial occlusive 2012 New treatment model for peripheral arterial occlusive disease (PAOS)

disease and the role of eHealth and mHealth [28]. using eHealth and mHealth solutions.

Robot-assisted fenestrated endovascular aneurysm repair 2013 Remote manipulated endovascular aneurysm repair robot.

(FEVAR) using the Magellan system [29].

Development, Implementation, and Evaluation of a Struc- 2013 New structured reporting system for abdominal aortic aneurysms

tured Reporting Web Tool for Abdominal Aortic Aneurysms (AAA), aimed at improving professional communication by providing

[30]. clinical information in a pre-defined standard.

Teleconsultation in vascular surgery: a 13-year single center 2013 Analysis of the results of a medical consultation service via email car-

experience [31]. ried out for 13 years in the field of vascular surgery.

Inter-rater agreement and checklist validation for post- 2016 Study of the validity of images taken with the mobile as a substitute

operative wound assessment using smartphone images in for a medical review for the identification of postoperative infections

vascular surgery [32]. (SSD).

Technology-Enabled Remote Monitoring and Self-Manage- 2016 Study of the efficacy of an eHealth-enabled service delivery interven-

ment - Vision for Patient Empowerment Following Cardiac tion, technology-enabled remote monitoring and self-maintenance for

and Vascular Surgery: User Testing and Randomized Con- patient treatment after cardiac and vascular surgery.

trolled Trial Protocol [33].

Evaluating Patient Usability of an Image-Based Mobile 2016 Image-based mobile application for postoperative injury monitoring.

Health Platform for Postoperative Wound Monitoring [34].

Diagnosing Surgical Site Infection Using Wound Photogra- 2016 Study of the importance of providing images of postoperative lesions

phy: A Scenario-Based Study [35]. for the identification of surgical infections through telemedicine.

Feasibility of Implementing a Patient-Centered Postop- 2017 Development of a protocol for monitoring injuries in the postoperative

erative Wound Monitoring Program Using Smartphone period by means of images taken with the mobile phone and study of

Images: A Pilot Protocol [36]. its viability for patients and healthcare personnel.

Early clinical experience using telemedicine for the man- 2017 Comparison of the results of the evaluation of patients with varicose

agement of patients with varicose vein disease [37]. veins in a virtual clinic by videoconference and in the traditional clinic
with the same doctor.

Feasibility of an Image-Based Mobile Health Protocol for 2018 Mobile application for sending images of surgical lesions in the post-

Postoperative Wound Monitoring [38]. operative period. Through this application, they are also asked a series
of questions about their recovery.

Implementation of a virtual vascular clinic with point-of- 2018 Virtual vascular clinic for the diagnosis of arterial and venous diseases.

care ultrasound in an integrated health care system [39]. Offers remote videoconference consultations with vascular surgeons.

Use of photograph-based telemedicine in postoperative 2018 Study of the feasibility of substituting a traditional medical check-up

wound assessment to diagnose or exclude surgical site for postoperative image-based monitoring for the identification of

infection [40]. surgical infections (SSI).

Telemonitoring of left-ventricular assist device patients- 2018 Study of the potential of telemonitoring patients with a left ventricular

current status and future challenges [41]. assist device (LVAD) as well as the necessary requirements for its
implementation.

Telehealth Electronic Monitoring for Post Discharge Com- 2018 Study of the results of patients whose postoperative monitoring is

plications and Surgical Site Infections following Arterial carried out by telemedicine compared with those whose monitoring is

Revascularization with Groin Incision [42]. carried out in a standard way.

Evaluation of Wound Photography for Remote Postopera- 2019 Remote medical care for the diagnosis of postoperative infections

tive Assessment of Surgical Site Infections [43]. (SSI) by sending images of the lesions.

EHealth tool for patients with abdominal aortic aneurysm: 2019 EHealth tool for patients with abdominal aortic aneurysm (AAA)

development and initial evaluation [44]. through a participatory design process.

Telemedicine in patients with peripheral arterial disease: is 2019 Study of the current use of telemedicine for interventions in peripheral

it worth the effort? [45]. arterial disease (PAD).

Infrastructural needs and expected benefits of telemonitor- 2019 Study on the specific requirements of the left ventricular assist device

ing in left ventricular assist device therapy: Results of a for telemonitoring and infrastructure translation from the point of view

qualitative study using expert interviews and focus group of caregivers and patients.

discussions with patients [46].

Postoperative Remote Automated Monitoring and Virtual 2020 Study of the response and acceptance of users to remote monitoring

Hospital-to-Home Care System Following Cardiac and and virtual medical care from hospital to home using Philip’s Guardian

Major Vascular Surgery: User Testing Study [47]. and Electronic Transition to Ambulatory Care technologies.

Telemedicine platforms and their use in the coronavirus 2020 Study on the use of technology and telemedicine to allow communica-

disease-19 era to deliver comprehensive vascular care [48].

tion between doctors and health professionals and patients during the
COVID-19 pandemic in the field of vascular surgery.

@ Springer
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Table 1 (continued)

TITLE YEAR CONTRIBUTION
An international experience of electronic communication 2020 Collection of international data through questionnaires given to vascu-
and implementation of eHealth solutions in a vascular lar surgery patients in hospitals in Ireland and Canada.
surgery clinic [49].
Telemedicine in vascular surgery: simple and protected 2020 Development of a telemedicine health care access system for vascular
tools and procedures[50] surgery patients for wound follow-up and postoperative consultations
at home or at health care centers.
The Benefits of a Centralised Remote Surveillance Pro- 2022 Study of clinical and financial benefits of a centralized remote monitor-
gramme for Vascular Patients [51]. ing program for vascular patients over traditional outpatient follow-up.
The Application of Digital Frailty Screening to Triage 2022 Study and proposal for the use of digital fragility biomarkers to predict
Nonhealing and Complex Wounds [52]. the complexity of diabetic foot ulcer, classifying patients who require
simple treatments from those who require more complex care, such as
vascular surgery.
Utilizing Machine Learning Algorithms to Evaluate Sex- 2022 Analysis of risk factors for the prediction of mortality in vascular
based Differences in Preoperative Hemoglobin Thresholds surgery using machine learning.
in Open Vascular Surgery [53].
Improved Outpatient Medical Visit Compliance with 2022 Demonstrates the impact of eHealth for vascular surgery patient visits,
Sociodemographic Discrepancies in Vascular Telehealth as well as, exploring the effect of sociodemographic factors on vas-
Evaluations [54]. cular surgery outpatient eHealth management during the COVID-19
pandemic.
Improving Access to Specialty Care Using Vascular Sur- 2022 Evaluation of the impact, in vascular surgery patients, of electronic
gery E-consults [55] consultations to determine their essential components, use and impact
on patients.
Fig.6 Percentage of results 100%
according to content after appli-
cation of the methodology 90%
80%
70% 65,5%
60%
50%
40%
30%
20%
10,3%
10% 6,9% 6,9%
3,4% 3,4% 3,4%
m - m = N =
Consultations Telemonitoring Biomarkers of Telemedidnein Telemedicinein Telemedicine in Machine

and by ventricular
postoperative assist devices
follow-up

times for the patient, making it evident that telemedicine
can be very interesting in cases in which traveling to the
health center is a problem, as in the case of patients who live
in isolated areas, with fewer resources, or even in cases of
pandemic, in which traveling to a health center may pose a
risk to the patient. In addition to the mobility factor, the time
factor invested in these clinical visits must also be consid-
ered, as well as cost savings.

In addition to this, a possible future line of telemedi-
cine may be the use of surgical telepresence in vascular
patients. Surgical telepresence would allow more socially

digital frailty aneurysm aortic surgery the treatment of learning for the
treatment peripheral artery  study of risk
disease factors

distant operations to be performed through telemedicine and
could benefit patients who cannot risk longer trips for sur-
gery. Although preliminary research has shown the efficacy
of these types of operations in pigs, and robotic surgery is
gaining acceptance in healthcare, more research would be
needed to verify that the distances might be necessary for
humans. As well as the development of Machine Learn-
ing and Deep Learning algorithms in order to early detect
pathologies of interest within vascular surgery.
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