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Abstract: Background: Telemedicine has the potential to revolutionize healthcare. While the devel-
opment of digital health technologies for the management of patients with cardiovascular diseases 
has been increasingly reported, applications in vascular surgery have been far less specifically in-
vestigated. The aim of this review is to summarize applications related to telemedicine in vascular 
surgery, highlighting expected benefits, current limits and future directions. Methods: The MED-
LINE database was searched using a combination of keywords to identify studies related to tele-
health/telemedicine in three main pathologies, including aortic, peripheral artery and carotid dis-
ease. A comprehensive literature review was performed to identify the type of digital application, 
intended use, expected benefits, strengths and limitations. Results: Telemedicine can improve the 
management of patients through digital platforms allowing teleconsultation, telemonitoring or tel-
ecoaching. Intended use involved remote consultation with a vascular surgeon, applications to en-
hance education, self-management, follow-up or adherence to treatment or lifestyle changes. Con-
clusion: Telemedicine offers innovative perspectives to improve access to care in distant locations 
and optimize care through patients’ empowerment and personalized follow-up, contributing to the 
development of precision medicine. Huge efforts remain necessary for its implementation in daily 
clinical practice and involve ethical, legal, technical, economic and cultural considerations. 

Keywords: telemedicine; digital health; telehealth; e-health; m-health; vascular surgery; vascular 
disease; aortic disease; peripheral artery disease; carotid stenosis 
 

1. Introduction 
Telemedicine, also known as telehealth, is an innovation that has attracted increasing 

interest over the past few years, with the potential to revolutionize the delivery of 
healthcare through the use of digital platforms [1,2]. It corresponds to the use of digital 
communication technologies to provide healthcare remotely [1,2] that may change and 
provide new insights in the management of care in all medical and surgical specialties. 
Telemedicine groups various applications, including teleconsultation, telemonitoring, 
telesurveillance, telecoaching, telerehabilitation, communication and dissemination of 
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information to the patients, through educative or supportive applications [3]. Telemedi-
cine is part of the digital health or “e-health” era, which refers to health services delivered 
or enhanced through the internet or related information technologies [4]. The technical 
supports used to enable telemedicine can be diverse, including computers, tablets and 
wearable devices such as smart watches, headsets, body sensors, trackers or mobile 
phones (also referred as “m-health” for mobile phone technology) [5]. Telemedicine offers 
health services provided remotely and patients can have direct access to them using their 
own device, which can increase efficiency for healthcare needs, while improving patient 
satisfaction [6]. Another avenue of remote technology is health kiosks, which are publicly 
accessible devices that can be integrated into clinical facilities or pharmacies. To increase 
accessibility, health kiosks can also be placed in community locations which allow “op-
portunistic” uses [6].  

Vascular diseases are associated with atherosclerosis, multiple comorbidities and risk 
factors such as higher age, smoking status, arterial hypertension, dyslipidemia and diabe-
tes [7–10]. Depending on the symptoms and severity of the disease, it may require surgical 
interventions to treat it. Patients with vascular diseases could benefit from telemedicine 
applications in different settings, including remote diagnosis, education, clarification to 
medical treatment and post-operative follow-up, all of which can increase compliance to 
overall healthier life-style habits and early detection of adverse events. The deployment 
of digital health technologies for the management of patients with cardiovascular diseases 
has been extensively reported [11–15]. Technological advances with applications derived 
from artificial intelligence have also attracted increasing interest in vascular surgery [16–
23]. Despite being an active clinical area, analysis of current knowledge on the use of tel-
emedicine in vascular surgery is paradoxically lacking. Studies published so far have pre-
sented technical innovations and applications of e-health and telemedicine in the main 
vascular diseases encountered in vascular surgery, including aortic disease, lower extrem-
ity artery disease (LEAD) and carotid disease. However, state-of-the-art analyzing fields 
of applications, expected impact for practice, as well as current limitations, have been so 
far scarcely investigated.  

The aim of this narrative review is to summarize academic publications reporting the 
use of telemedicine in vascular surgery, highlighting expected benefits and discussing 
current limitations. By focusing on the three main pathologies most frequently treated in 
vascular surgery departments (aortic disease, LEAD and carotid disease), we provide a 
state of the art and highlight future directions in the field. 

2. Methods 
The MEDLINE database was independently searched by two authors (JR, FL) to iden-

tify studies reporting applications of telemedicine in vascular surgery and specifically fo-
cusing on three main vascular pathologies: aortic disease, LEAD and carotid stenosis. A 
combination of keywords was used, including “telehealth”, “telemedicine”, “vascular 
surgery”, “aortic”, “peripheral artery disease”, ‘lower extremity artery disease” and “ca-
rotid”. Only original articles published in the English language were included. After titles 
were identified, the abstracts were checked and full texts were retrieved. Exclusion criteria 
were studies that specifically focused on the use of telemedicine in diseases other than 
carotid, aortic or LEAD, or that reported the use of telemedicine in specialties other than 
vascular surgery. Eligibility was independently checked by two authors (JR, FL). In case 
of disagreement, the article was discussed with other authors to reach a consensus. The 
selection flow chart is depicted in Figure 1. 
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Figure 1. Flow chart depicting the process for the literature search and selection of the studies. 

3. Telemedicine in Vascular Surgery 
Healthcare systems currently face an increasing demand toward specialist consulta-

tions and it is estimated that the demand will soon exceed the specialist workforce [24]. In 
addition, the novel coronavirus (COVID-19) has imposed a severe strain on healthcare 
systems worldwide [25]. The high pressure on healthcare systems associated with social 
restrictions and hygiene measures challenged the management of patients with vascular 
diseases and forced institutions and health professionals to re-evaluate methods to pro-
vide appropriate and timely care to patients [26–31]. Telemedicine has been proposed as 
an alternative solution for the management of cardiovascular diseases [11–15] by poten-
tially facilitating remote care for patients in distant locations, reducing congestion of 
health delivery institutions. Like many areas of medicine, vascular surgery has been trans-
formed by the COVID-19 pandemic, with the rise of digital technologies to deliver appro-
priate care, while minimizing the potential spread of COVID-19 to patients, providers and 
the public [32]. The COVID-19 pandemic has led to an acceleration of telemedicine, remote 
monitoring, as well as digital health technologies, in various settings in vascular surgery, 
including education, clinical decision-making aids, data management and 3D imaging 
technologies [32]. 

In this context, several studies reported the use of teleconsultation in vascular sur-
gery. Castaneda et al. performed a retrospective review on 350 teleconsultations com-
pleted by a single-center vascular surgery department [33]. They organized an established 
written service agreement between the vascular surgery service and primary care provid-
ers that established the indications and work-up for referral to vascular surgery [33]. Fol-
lowing the referral, the vascular specialist determined whether the patient required an in-
person visit or could be evaluated through teleconsultation. The authors evaluated the 
outcomes of patients, as well as their compliance, with recommendations following the 
teleconsultation. In a cohort composed of 123 (35%) patients admitted for LEAD, 93 (27%) 
for carotid stenosis and 57 (16%) for abdominal aortic aneurysm (AAA), only 5.4% of the 
initial teleconsultations required conversion to an in-person visit [33]. Compliance of the 
patients with recommendations provided by physicians varied from 30% to 61% for med-
ication recommendation, 57% for imaging recommendation and 5.1% for exercise recom-
mendation [33]. Five-year all-cause mortality, as well as adverse events following telecon-
sultation, were comparable with reported complications in the literature. Taken all to-
gether, the authors concluded that teleconsultation was safe and efficient for triaging and 
providing recommendations for patients with vascular diseases, although the compliance 
of patients could greatly vary and needs to be further addressed. Another study analyzed 
care delivered at six vascular surgery telemedicine clinics over a 22-month period during 
the COVID-19 pandemic [34]. In total, 94 patients had 144 telemedicine visits, with the 
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most common referrals being LEAD (20.2%) and AAA (14.9%). Telemedicine visit recom-
mendations were: no intervention (31.9%), medical management (43.6%) and surgical in-
tervention (24.5%) [34]. This retrospective analysis showed that telemedicine provided 
safe and efficient care and alleviated the travel burden for patients, with an average travel 
distance saved of 104 miles per telemedicine visit [34]. 

Other investigators aimed to evaluate whether telemedicine was as effective as direct 
patient examination for the development of a care plan in patients with vascular diseases. 
They blindly compared the evaluation of patients by two vascular surgeons: the first sur-
geon performing an in-person patient examination, the second one evaluating the patient 
remotely using telemedicine [35]. After performing 64 vascular evaluations in 32 patients, 
the results showed that teleconsultation was as effective as on-site evaluation in these pa-
tients, but it required technological support, with an on-site assistant, as well as surgeons 
trained and experienced in using the technology [35]. While efficiency of the digital plat-
form and appropriate technical support are mandatory for teleconsultation, the percep-
tion and acceptance by patients is another consideration to address for a successful imple-
mentation in clinical practice. Lin et al. aimed to collect and evaluate patients’ feedback 
after a virtual visit with a vascular surgeon [36]. In this study, 10% of the patients chose 
the teleconsultation over in-person consultation, representing 55 patients with 82 remote 
clinical encounters over a 10-month period [36]. Diagnoses included arterial diseases (an-
eurysm, carotid and occlusive disease), as well as venous disease (deep venous throm-
bosis and varicose vein), and the consultations included 15 cases (18.3%) of first visits, 30 
(36.6%) post-operative visits and 37 (45.1%) follow-up visits [36]. All patients who partic-
ipated in the web-based satisfaction questionnaire found their virtual encounter more 
convenient than in-person visits and believed that they were able to communicate clearly 
with the health professionals [36]. Overall, 91% of them stated that they would recom-
mend a virtual physician to a friend or a colleague [36] and one of the 82 remote encoun-
ters resulted in the need of an in-person office visit. These results suggest the safety of 
such an approach and show that telemedicine may be well-perceived and accepted by 
patients with vascular diseases [36]. Nevertheless, it should be noted that patients who 
participated in this study and chose telemedicine over face-to-face consultation might be 
more prone to using digital technology and might not be representative of all patients 
with vascular diseases.  

In addition to teleconsultation, other investigators aimed to develop applications for 
the follow-up after vascular surgery. Gunter et al. developed a mobile health application 
to follow wound healing in patients who had vascular surgery and tested its use on 40 
participants with different surgical site locations, including groin, abdomen, lower ex-
tremity and amputation stump [37]. The patients were trained to use the mobile health 
application, which allowed them to transmit digital images of their surgical wound and 
answer a survey about their recovery [37]. Healthcare providers reviewed submissions 
daily and contacted patients when required. In total, seven wound complications were 
detected with one false negative [37]. The satisfaction of participant and care providers 
were ranked as high, suggesting interest in the application for post-operative telemoni-
toring. Finally, several applications to enhance wound image characterization and diag-
nosis have been proposed under telemedicine [38–41]. Although further studies are 
needed, these applications could also potentially be of use for patients following vascular 
surgery. 

Taken together, these results suggest that e-consultations could be an alternative so-
lution to enable triage or follow-up of patients by increasing the efficiency of access to 
vascular surgeon specialists without compromising the quality of care. Patients with vas-
cular diseases can be old, frail or functionally limited. Telemedicine could potentially be 
useful by reducing burden, time and cost for long-distance travelling in selected patients. 
In addition, it could facilitate access to specialized care in regions with a low density of 
healthcare structures and providers. Finally, such technological support could help to de-
velop a way to identify and treat patients with low-complexity and low-acuity vascular 
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diseases, contributing to the reduction of clinic congestion and burden on health institu-
tions, potentially resulting in increased efficiency and reduced time to treatment of acute 
conditions [33]. 

While the above studies underline the potential benefits of telemedicine for clinical 
practice, several issues still need to be addressed. Further evidence generation is required 
and the validation of the applicability, safety and efficiency of teleconsultation should be 
tested in larger multicentric international cohorts of patients to address the generalizabil-
ity of the method in diverse regions, populations and health institutions [42]. Guidelines 
and clear consensus on standardized methods to achieve it are needed. Regarding feasi-
bility, appropriate technological user support is required and training may be necessary 
for an optimal use by patients and health professionals. Several studies have highlighted 
that telemedicine uptake is lower in elderly patients and can be influenced by social and 
economic factors [43]. Vascular patients are often old and multimorbid and may be less at 
ease or may not even possess digital tools. Therefore, particular attention should be paid 
to maintaining equity of access care and avoiding exacerbating disparities among disad-
vantaged groups of patients [32]. Health professionals may also need training for a safe 
use of the applications developed. Such an approach thus requires a consequent invest-
ment for professionals and health institutions to develop hybrid clinics offering both tel-
emedicine and traditional care adapted to the patients’ needs.  

Another issue is medicolegal and raises several considerations. First, the digital sys-
tem should guarantee data protection, respect of privacy and confidentiality of medical 
information in accordance with the General Data Protection Regulation (GDPR). The sys-
tem must guarantee adequate security and safeguards and data processing agreements 
may be required for the use of telemedicine platforms [44]. In addition, the matter of med-
ical responsibility and insurance coverage needs to be addressed and may differ from one 
country to another. Legal implications in the case of misdiagnoses, failure to identify acute 
conditions and emergencies and potential delay in the delivery of healthcare under the 
use of telemedicine are issues that should be carefully taken into consideration, with legal 
frameworks that still need to be clearly defined. Like all medical and surgical specialties 
[45–47], vascular surgeons should be cautious and systematically check if their medical 
liability insurance policy covers telemedicine services.  

The cost to implement such technology, as well as its reimbursement from insurers 
or government programs, needs to be evaluated and balanced with the individual and 
collective benefits in terms of public health. The indications should also be precisely de-
fined, depending on the type of vascular disease, symptoms and stage, as well as the in-
tended use (i.e., first visit, diagnosis, follow-up, post-operative visits). An accepted stand-
ardized approach has yet to be developed. Finally, culture change, adherence of patients 
and health professionals, as well as the potential impact on the doctor–patient relation-
ship, need to be further investigated [48]. Some may fear that telemedicine may negatively 
impact on the quality of care, expose patients to risks of malpractice or alter professional 
liability and integrity [45]. Communication, education and transparency are therefore cru-
cial to establish and maintain trust in the security of the applications developed and suc-
cessfully move to their implementation in daily clinical practice.  

4. Telemedicine and Aortic Disease 
4.1. Teleconsultation 

The above studies pointed to the interest of teleconsultation and telemonitoring in 
vascular surgery and included patients with various vascular diseases, including AAA 
[33,35,36]. An additional study specifically reported the use of a telehealth program to 
remotely perform pre-operative evaluation and post-operative follow-up in patients who 
underwent aortic surgery [49]. Among the 109 patients who underwent surgery (39% for 
aorto-iliac occlusive disease and 61% for AAA), eight (7.3%) required re-admission at the 
30-day follow-up [49]. Four complications could be managed locally and four patients 
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(3.6%) required transfer back to the operative hospital for additional care. Patient compli-
ance was high, with only five (4.6%) patients who were non-compliant or lost to follow-
up (49), confirming the potential interest of telemedicine for remote aortic surveillance in 
the pre and post-operative setting. To ease the burden of travel, patients may obtain med-
ical images (i.e., computed tomography angiography or magnetic resonance imaging) in 
their local imaging facility and have their images uploaded to a tertiary medical center for 
review by specialists. Telemedicine then allows the reviewing vascular surgeon to create 
a digital encounter with the patient. Telemedicine can allow for surgeons to continue to 
provide quality care to patients in remote areas, while easing the physical constraints of 
distance and time. 

Multidisciplinary consultation allows surgeons to discuss complex cases [7,8] and 
teleconsultation can be an asset to favor interactions between specialists across institu-
tions. Chisci et al. reported a one-year experience of a regional service model of telecon-
sultation for planning and treatment of complex thoracoabdominal aortic disease. In this 
study, the surgeons had access to CT scans and clinical details using a web platform and 
they had a telemeeting to reach a final agreement on the operative strategy. This study 
performed on 24 cases suggested the potential interest in telemeeting to standardize the 
treatment of complex thoracoabdominal aortic disease in a huge region under the same 
health provider [50]. It also pointed to the interest in telemedicine to enhance medical 
education and to allow health professionals to share and discuss best practices more easily 
[50]. Although it is not systematically reported in the literature, remote multidisciplinary 
meetings between health professionals from different institutions have become increas-
ingly used. 

4.2. Digital Tools for Information and Education of Patients with Aortic Disease 
Digital health technology has brought new tools to share medical knowledge, with a 

growing interest in applications to empower patients and provide them with appropriate 
information and education on their disease [51,52]. With that aim, some authors devel-
oped an educational e-health tool for patients with AAA and assessed its content and us-
ability through questionnaires and focus group interviews [53]. Healthcare professionals’ 
feedback indicated that the content corresponded to the information that they usually 
provide to patients. Users’ feedback showed that the understandability and content was 
adequate, suggesting that the tool could improve communication and access to infor-
mation in these patients [53]. They further investigated the interest in this application to 
reduce anxiety in patients with AAA undergoing surgery [54]. A single-center random-
ized clinical trial involving 120 patients with AAA scheduled for surgical repair was per-
formed and no effect on anxiety mean scores was observed in the intention-to-treat anal-
ysis (−1.21 vs. −0.54, p = 0.330), with only half of the patients involved in the intervention 
group using the provided e-health tool. In contrast, a decrease in anxiety mean scores was 
noted in those who used the app in the per protocol analysis (−2.00 vs. −0.54, p = 0.028) 
[54]. Although the e-health tool resulted in lower anxiety scores in the participants who 
used it, the adherence and uptake were low. The application users were younger and had 
a higher educational level [54]. These results suggest that further improvement of the con-
tent and interface is required for its adoption and usefulness for patients in real-life prac-
tice. Other investigators aimed to evaluate the psychological impact on daily living in pa-
tients undergoing surveillance to monitor AAA progression and identified the main fac-
tors affecting them positively and negatively [55]. Based on interviews, dialogues and 
workshops with patients, they developed an interactive mobile application to inform pa-
tients and support them moving positively regarding living with an AAA [55]. 
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5. Telemedicine and Lower Extremity Artery Disease 
5.1. Telemonitoring and Telecoaching to Enhance Exercise Program  

Supervised exercise therapy programs have been the standard treatment for LEAD 
but can be impaired due to lack of patients’ adherence or lack of access, as underlined 
during the COVID-19 pandemic [9,56]. Home-based exercise programs have been pro-
posed as an efficient alternative option [56]. There is a growing interest to use telemedicine 
as an innovative tool to enhance both supervised and home-based exercise programs, with 
the development of wearable activity monitors and applications to enhance education and 
patients’ adherence [57–61]. Several reviews and systematic analyses provided an over-
view of randomized controlled clinical trials that aimed at investigating the efficiency of 
telemedicine-enhanced exercise programs on patients’ outcomes [57–73] (Table 1).  

Table 1. Summary of clinical trials investigating the use of telemedicine-enhanced exercise pro-
grams for patients with lower extremity artery disease (LEAD). 

Aim Telemedicine 
Application 

Methods Main Outcomes 
Measured 

Results References 

Compare changes 
in exercise 

performance and 
daily ambulatory 
activity in PAD 

patients with 
intermittent 

claudication after 
a home-based 

exercise program, 
a supervised 

exercise program 
and usual care 

control. 

- Home-based 
exercise 
program with 
telemonitoring 
using a step 
activity 
monitor 
(StepWatch3T
M, Cyma Inc., 
Mountlake 
Terrace, WA, 
USA) and an 
exercise 
logbook to 
record walking 
sessions.  

- Study design: 
prospective, 
randomized, 
controlled clinical 
trial  

- Population: 119 
patients 
randomized, 29 
completed home-
based exercise, 33 
completed 
supervised exercise 
and 30 completed 
usual care control.  

- Duration: 12 weeks 

- Claudication 
onset time 
and peak 
walking time 
obtained from 
a treadmill 
exercise test 

- Daily 
ambulatory 
cadences 
measured 
during a 7-
day 
monitoring 
period.  

- Both exercise programs 
increased claudication 
onset time and peak 
walking time, whereas only 
home-based exercise 
increased daily average 
cadence.  

- The changes in claudication 
onset time and peak 
walking time were similar 
between the two exercise 
groups.  

- The change in daily average 
cadence was greater with 
home-based exercise (p < 
0.05). 

Gardner 
2011 [62] 

Compare changes 
in exercise 

performance in 
patients with 
symptomatic 

PAD following a 
home-based 

exercise program, 
a supervised 

exercise program 
and an attention 
control group. 

- Home-based 
exercise 
program with 
telemonitoring 
using a step 
activity 
monitor 
(StepWatch3T
M, Cyma Inc., 
Mountlake 
Terrace, WA, 
USA) and an 
exercise 
logbook to 
record walking 
sessions.  

- Study design: 
prospective, 
randomized, 
controlled clinical 
trial 

- Population: 180 
patients 
randomized, 53 
completed home-
based exercise, 52 
completed 
supervised exercise 
and 51 completed 
usual care control.  

- Duration: 12 weeks 

- Claudication 
onset time 
and peak 
walking time 

- Submaximal 
exercise 
performance, 
daily 
ambulatory 
activity, 
vascular 
function, 
inflammation 
and calf 
muscle 
hemoglobin 
oxygen 
saturation 
(StO2) 

- Both the home-based 
exercise program and the 
supervised exercise 
program demonstrated a 
significant increase from 
baseline in claudication 
onset time, peak walking 
time, 6 min walking 
distance, daily average 
cadence and time to 
minimum calf StO2.  

- Only the home-based 
exercise program had 
improvements from 
baseline in large artery 
elasticity index (p < 0.05). 

Gardner 
2014 [63] 
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Investigate the 
impact of 

provision of daily 
feedback with an 
accelerometer, in 

addition to 
supervised 

exercise therapy, 
on walking 

distance. 

- Supervised 
exercise 
program with 
feedback using 
a Personal 
Activity 
Monitor (PAM) 
accelerometer 
(PAM B.V., 
Doorwerth, 
The 
Netherlands) 

- Study design: 
multicenter 
randomized clinical 
trial 

- Population: 304 
patients with 
intermittent 
claudication, 
randomized to 83 
exercise therapy in 
the form of “go 
home and walk” 
advice (WA), 93 
supervised exercise 
therapy (SET) and 
76 SET with 
feedback. 

- Duration: 12 
months 

- Change in 
absolute 
claudication 
distance.  

- Change in 
functional 
claudication 
distance and 
results on the 
Walking 
Impairment 
Questionnaire 
(WIQ) and 
Short-Form 36 
(SF-36) Health 
Survey  

- The median change in 
walking distance between 
12 months and baseline in 
meters was 110 (0–300) in 
the WA group, 310 (145–
995) in the SET group and 
360 (173–697) in the SET 
with feedback group (p < 
0.001 WA vs. SET).  

- WIQ scores and relevant 
domains of the SF-36 
improved significantly in 
the SET groups. 

Nicolai 2010 
[64] 

Determine the 
efficacy of a 

community-based 
walking exercise 

program with 
training, 

monitoring and 
coaching 

components to 
improve exercise 
performance and 
patient-reported 

outcomes in PAD 
patients. 

- Telemonitoring 
with a 
piezoelectric 
activity 
monitor 
(OrthoCare 
Innovations, 
LLC, 
Oklahoma 
City, OK), a 
spring-levered 
hip pedometer 
(Model 
AE120XL, 
Accusplit, Inc., 
Livermore, CA, 
USA) and a 
provided 
walking 
exercise log 

- Telecoaching 
with 
educational 
print materials 
and a video, 
social and 
behavioral 
methods and 
environmental 
auditing of 
local walking 

- Study design: 
randomized, 
controlled trial  

- Population: 20 
patients who 
previously received 
peripheral 
endovascular 
therapy or 
presented with 
stable claudication: 
10 in the 
intervention group, 
10 in the control 
group 

- Duration: 14 weeks 

- Peak walking 
time (PWT) 
on a grading 
treadmill 

- Claudication 
onset time 
(COT) and 
patient-
reported 
outcomes 
assessed via 
the Walking 
Impairment 
Questionnaire 
(WIQ). 

- Intervention group patients 
did not significantly 
improve peak walking time 
when compared with the 
control group patients  

- Changes in claudication 
onset time and WIQ scores 
were greater for 
intervention patients 
compared with control 
patients. 

Mays 2015 
[65] 
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areas for each 
patient.  

Determine the 
effects on 
functional 

capacity and 
physical activity 
patterns of a 12-
week m-Health 

program in PAD 
patients with 
intermittent 
claudication.  

- m-Health 
application 
consisting of 
daily exercise 
prescription 
and patient 
education 
using 
smartphones 
and physical 
activity 
trackers.  

- Study design: 
randomized, 
controlled trial 

- Population: 20 
patients 
randomized 

- - Duration: 12 
weeks 

- Peak VO2 and 
claudication 
onset time 

- Changes in 
physical 
activity 
measured by 
steps per day 
and minutes 
of exercise per 
week. 

- m-Health patients 
significantly increased peak 
VO2 from 15.2 ± 4.3 to 18.0 ± 
4.8 mL/kg/min (p ≤ 0.05), 
while usual care did not 
change. 

- Comparison of these 
changes resulted in a 
significant difference 
between groups for peak 
VO2.  

- Claudication onset time 
significantly increased in 
m-Health (p ≤ 0.05), with a 
significant difference 
among the groups 

- Neither steps per day nor 
minutes of activity reached 
significant differences 
between groups. 

Duscha 2018 
[66] 

Evaluate the 
effect of using 

wearable activity 
monitors 

(WAMs) with 
supervised 

exercise 
programs in 
patients with 
intermittent 
claudication  

- Supervised 
exercise 
program with 
feedback using 
wearable 
activity 
monitors 

- Study design: 
randomized, 
controlled trial 

- Population: 37 
patients with 
intermittent 
claudication 

- Duration: 3, 6 and 
12 months. 

- Maximum 
walking 
distance, 
claudication 
distance and 
quality of life 

- Patients in the WAM group 
showed significant 
improvement in maximum 
walking distance at 3 and 6 
months, which was 
sustained at 12 months.  

- The WAM group increased 
claudication distance and 
VascuQol score  

- Significantly higher 
improvements in mean 
walking distance were seen 
in the WAM group 
compared with the control 
group at 6 months and 12 
months. 

Normahani 
2018 [67] 

Examine the 
effects of a 12-
week in-home 
self-monitored 

physical activity 
in patients with 
asymptomatic 

PAD 

- Home-based 
exercise 
program with 
telemonitoring 
using a 
monitor 
(activPal™) for 
postural and 
stepping 
parameters. 

- Study design: 
randomized 
controlled trial 

- Population: 38 
patients 
randomized to 
attention control 
(AC) or a physical 
activity sedentary 
reduction (PASR) 
group using an 
interactive online 3-
month program 

- Changes in 
endothelial 
reactivity, 
arterial 
stiffness, 
sedentary 
behaviors and 
upright and 
stepping 
activities in 
individuals 
with 

- The PASR group 
significantly decreased 
daily sit/lie hours, increased 
sit-to-stand transitions per 
day and increased daily 
step counts  

- Endothelial reactivity 
significantly increased in 
the PASR group. 

Laslovich 
2020 [68] 
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focusing on 
increasing lifestyle 
physical activity 
and decreasing 
sedentary 
behaviors. 

- Duration: 3 months 

asymptomatic 
PAD 

Evaluate changes 
in exercise 

performance 
using a 

smartphone app 
(TrackPAD) to 

support 
supervised 

exercise training 
in patients with 

PAD 

- m-Health 
application 
(TrackPAD ) 
consisting of 
exercise 
prescription, 
recording of 
patients’ 
feedback and 
achievements 

- Study design: 
single-blinded, 
randomized 
controlled trial 

- Population: 39 
patients with 
symptomatic PAD 
(Fontaine stage 
IIa/b), randomized 
into 19 in the 
intervention group 
and 20 in the 
control group 

- Duration: 3 months 

- Changes in 
the 6 min 
walking 
distance 

- - Changes in 
physical 
activity and 
quality of life. 

- The intervention group 
increased their mean 6 min 
walking distance, while the 
control group decreased 
their mean distance after 3 
months of follow-up.   

- The quality of life increased 
significantly in terms of 
“symptom perception” and 
“limitations in physical 
functioning.”  

- Users’ feedback showed 
increased motivation and a 
changed attitude toward 
performing supervised 
exercise training.  

Paldan 2021 
[69] 

Determine 
whether a home-

based exercise 
intervention 

consisting of a 
wearable activity 

monitor and 
telephone 
coaching 
improves 
walking 

performances 

- Home-based 
exercise 
program with 
telemonitoring 
using wearable 
activity 
monitor 

- Telephone 
coaching 

- Study design: 
randomized clinical 
trial  

- Population: 200 
patients with PAD 
randomized: 99 in 
the intervention 
group, 101 in the 
usual control group 

- Duration: 9 months 

- Change in 6 
min walking 
distance, 
change in 
subcomponen
ts of the 
Walking 
Impairment 
Questionnaire 
(WIQ), SF-36 
physical 
functioning 
score, Patient-
Reported 
Outcomes 
Measurement 
Information 
System 
(PROMIS) 
mobility 
questionnaire, 
objectively 
measured 
physical 
activity. 

- No significant difference on 
the mean change from 
baseline to 9-month follow-
up in the 6 min walk 
distance in the intervention 
group vs. the usual care 
group 

- No significant differences 
between groups in the WIQ 
score, the SF-36 physical 
functioning score, the 
PROMIS mobility or 
satisfaction with social roles 
scores. 

McDermott 
2018 [72] 

Develop and pilot 
a group 

education 

- Education 
program with 
a 3 h group-

- Study design: 
randomized clinical 
trial 

- Daily steps 
(tri-axial 
accelerometer

- Compared with controls, 
the intervention group had 
superior walking capacity 

Tew 2015 
[73] 
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program for 
promoting 

walking in people 
with intermittent 

claudication.  

based 
education 
workshop and 
follow-up 
telephone 
support 

- Population: 23 
patients with PAD 
(Rutherford 
category 1–3) 

- Duration: 6 weeks 

), walking 
capacity (six-
minute walk 
test and 
Gardner 
treadmill 
test), and 
quality of life 
(Intermittent 
Claudication 
Questionnaire 
[ICQ]), 
interviews to 
assess the 
acceptability 
and 
usefulness of 
the program 

and quality of life at six 
weeks.  

- The daily step count did 
not differ between groups.  

Telemedicine applications used varied and included telemonitoring with wearable 
sensors and physical activity trackers [62–64,67,68], as well as telecoaching applications 
using smart technology (computers or mobile phones) [65,66,69,73]. The clinical trials in-
cluded symptomatic patients with intermittent claudication; one study also involved pa-
tients who had previously received peripheral endovascular therapy [65] and one in-
volved asymptomatic patients with LEAD [68]. The duration of the study and follow-up 
could vary from 6 weeks [73] to 12 months [67]. The main outcomes investigated were the 
changes in walking performances in the telemedicine intervention group compared to 
controls [62–69,73]. Several studies showed a significant improvement in walking distance 
in the intervention groups, as assessed by the mean or median walking distance [64,67] or 
6 min walking distance [63,69,73]. Questionnaires to evaluate walking ability were also 
used. In their study, Mays et al. observed a significant improvement in the Walking Im-
pairment Questionnaire (WIQ) scores in patients from the intervention group after 14 
weeks compared to the control group [65]. In contrast, McDermott et al. did not find a 
significant difference between groups’ WIQ score, SF-36 physical functioning score or Pa-
tient-Reported Outcomes Measurement Information System (PROMIS) mobility question-
naire [72] after 9 months. The discordance between the two studies can be attributed to 
several factors. While they both used telemonitoring with wearable activity monitors and 
telecoaching, the devices and applications were different. The time of duration differed 
and the first study involved a smaller number of patients who had previously received 
peripheral endovascular therapy, or who presented with stable claudication. The results 
may thus apply only to this selected population for a short-term follow-up.  

Several clinical trials also demonstrated the efficiency of telemedicine-enhanced ex-
ercise therapy to improve claudication onset time and peak walking time compared to 
baseline in the intervention group [62,63,65,66]. Some studies highlighted that the im-
provement in claudication onset time was even greater in the intervention telemedicine 
group compared to controls [65,66]. Telemedicine-enhanced exercise programs also con-
tributed to increased daily average cadence [62,63] or daily activity, as evidenced by in-
creased steps per day or decreased daily sit/lie hours [68]. Nevertheless, some studies did 
not observe a significant difference in the daily step counts or minutes of activity per day 
between the intervention and control groups [66,73]. In addition to walking performances, 
the impact of telemedicine-enhanced exercise programs on patients’ quality of life was 
investigated and demonstrated a significant improvement in the intervention groups 
[64,67,69,73]. Finally, a few studies investigated the impact of telemedicine-enhanced 
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exercise applications on cardiovascular metrics and demonstrated heterogeneous results. 
The impact on oxygen uptake assessed by the measurement of peak VO2 was investigated 
and some investigators observed a significant improvement in the intervention telemedi-
cine group compared to controls [66], while other studies did not [62,65]. The discrepancy 
between the studies may be due to differences in exercise programs and time of follow-
up. Another clinical trial involving 108 patients with symptomatic LEAD showed that 
only the telemedicine-enhanced home-exercise program demonstrated significantly im-
proved the large artery elasticity index and time to minimum calf muscle saturation StO2 
during exercise, while no significant improvement was observed with the standard su-
pervised exercise program and the attention control group [63]. Other authors investi-
gated the impact on endothelial reactivity and found a significant increase in the interven-
tion group compared to baseline, whereas no change was observed before and after the 
program in the control group [68]. These results may suggest a positive effect of telemed-
icine-enhanced exercise programs on endothelial dysfunction.  

While the results of these studies suggest that telemedicine (including telemonitor-
ing, telecoaching and educational programs) could help to enhance physical activity in 
patients with LEAD, the quality of evidence needs to be improved and the long-term effect 
should be further evaluated [59]. As an example, while studies involving a limited number 
of patients found a significant improvement in 6 min walking distance in the intervention 
groups compared to controls [63,69,73], no difference was found after 9 months in the 
multicenter randomized clinical trial published by McDermott et al. involving 182 pa-
tients [72]. These results could suggest that the positive effect of telemedicine-enhanced 
exercise applications on walking could be transient and not sustained over long-term pe-
riods. The compliance, interests and motivations of patients should also be further inves-
tigated. A survey involving 99 patients with LEAD investigated the barriers for physical 
activity, the needs of patients and their interests for the development of telemedicine-en-
abled exercise [74]. Among them, 93% owned a mobile phone, 76% had internet access 
and 67% stated they had interest in telecoaching to support exercise [74]. In another cross-
sectional survey involving 326 patients treated for symptomatic LEAD, 67% of patients 
owned a smart phone, 43% used smartphone app and only 15% used m-health applica-
tions [75]. Only one out of five patients agreed that such technologies could help to im-
prove their lifestyle [75]. Interest in and use of m-health applications were inversely cor-
related with age [74,75]. Hence, the lack of interest and/or the lack of digital literacy in the 
elderly population may be a serious limitation to their use and implementation in daily 
clinical practice. In addition, expectations regarding app content may differ between pa-
tients and health professionals [76]. A cross-sectional survey analyzing forms completed 
by 483 patients and 615 physical therapists found that the distribution of most preferred 
app components could differ between patients and physicians [76]. Manufacturers should 
therefore be cognizant of finding the right balance between patients’ expectations and 
motivations with clinical usefulness and interests.  

5.2. Telemonitoring and Telecoaching to Enhance Follow-up 
Several studies have shown that telemedicine can improve control of cardiovascular 

risk factors [77–79] and telemonitoring could be of interest to follow and detect early com-
plications in patients with LEAD. With that aim, some investigators developed a tele-
health program and investigated its impact on cardiovascular outcomes in patients with 
LEAD [80]. In a retrospective cohort study of 391 patients with LEAD from a tertiary hos-
pital in Taiwan, the authors found that the 1-year incidence of cardiovascular events, in-
cluding acute coronary syndrome and stroke, was significantly lower in the telehealth 
program group compared to the control group [80]. In addition, the medical costs of the 
patients who underwent the telehealth program were not higher than the control group 
in terms of outpatient, emergency department, hospitalization or total costs [80]. Another 
telehealth program called “Control Telehealth Claudication Intermittent” (CONTECI) 
was developed for patients with LEAD in order to follow the manifestations of LEAD and 
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provide recommendations depending on the responses to the questionnaires [81]. This 
clinical trial compared 75 patients who underwent the telehealth program based on pa-
tients’ self-management and 75 patients in the control arm who followed traditional in-
person visits for the follow-up. Interestingly, the number of scheduled and emergency 
visits significantly decreased in the intervention group and complications were diagnosed 
more quickly [81]. Taken together, these studies suggest that patient education, by pro-
moting their pro-activity and expertise, may help to better control and detect LEAD-re-
lated complications and associated cardiovascular events.  

Hence, telemonitoring and telecoaching bring new perspectives to the management 
of patients with LEAD by empowering the patients, allowing a personalized follow-up, 
improving compliance to lifestyle changes and enabling an early detection of associated 
complications. Nevertheless, integration of such technologies in patients with LEAD, 
known to frequently have comorbidities or be present in the elderly, needs to be carefully 
investigated. Indeed, it is possible that the published studies may have selection bias to-
wards patients more motivated and more familiar with digital technology, thus lowering 
the scope for generalization of the results. In addition, despite the expected benefits of 
telemedicine, the cost-effectiveness needs to be further addressed and investigated in dif-
ferent countries and healthcare systems. Such an analysis should consider costs required 
to develop and implement the devices, balanced with effects in the healthcare system at 
the individual and collective level [82].  

6. Telemedicine and Carotid Disease 
The literature on the use of telemedicine for the management of carotid disease is still 

very poor. In addition to the studies previously cited that showed the interest of telecon-
sultation in vascular surgery and included patients with carotid stenosis [33,36], Robaldo 
et al. reported the use of telemedicine for the early post-operative follow-up in patients 
who underwent carotid endarterectomy [83]. Ninety patients who fulfilled the criteria 
were discharge one day after the surgery and were monitored at home using an electronic 
blood pressure meter and a web-based video conferencing every 4 h. They were compared 
to a control group of 498 patients discharged on the second day post-operation. No pa-
tients were re-admitted for major complications and the results of the study suggested the 
feasibility of using telemedicine for post-operative follow-up to reduce post-operative in-
hospital length of stay [83]. Finally, the management of patients with carotid stenosis and 
decisions regarding carotid interventions often involve a multidisciplinary team that in-
cludes neurologists/stroke physicians, vascular surgeons and interventional radiologists 
[84]. Although it is not systematically reported in the literature, remote multidisciplinary 
discussions between specialists and the use of teleradiology services with picture archiv-
ing and communication systems (PACS) using image exchange protocols (IEP) have be-
come common practice to optimize care of patients, especially in the context of stroke 
management [84–88].  

The use of telemedicine specifically in patients with carotid stenosis is less abundant, 
which could be attributed to the fact that medical treatment mainly relies on cardiovascu-
lar risk management. A wide range of telemedicine applications have been developed for 
the follow-up and control of cardiovascular risk factors [11,13–15,77,78]. These tools can 
apply to a large population of patients with various atherosclerosis-related lesions, in-
cluding coronary, carotid or peripheral artery disease. This could, at least partly, explain 
why only a few studies specifically developed telemedicine applications for patients with 
carotid stenosis, as they can already benefit from the various tools targeting cardiovascu-
lar risk factors in general. 

7. Conclusions 
Telemedicine has the potential to improve the management of patients in vascular 

surgery through digital platforms allowing teleconsultation, telemonitoring or telecoach-
ing. Teleconsultation allows remote access to vascular surgeons to facilitate triage or 
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follow-up of patients. Digital technology can also be used to facilitate remote multidisci-
plinary consultation between professionals across specialisms and institutions to optimize 
care. Telemonitoring and telecoaching applications can enhance patients’ education and 
self-management, contributing to improved compliance to medical treatment and lifestyle 
changes. While telemedicine applications developed in vascular surgery can potentially 
benefit and be applied to a wide range of vascular diseases, the intended use may need to 
be precisely defined depending on the disease and its severity and should be tailored to 
the patients’ needs. Expected benefits of telemedicine can indeed differ depending on the 
vascular disease explored. Studies published so far indicate that the intended uses of tel-
emedicine were mainly consultation, follow-up and educational tools for aortic aneurysm; 
telemonitoring, surveillance and coaching for LEAD; and remote multidisciplinary care 
for carotid stenosis.  

This literature review highlighted the potential positive impact of telemedicine in 
vascular surgery. Expected benefits for patients include improvement of access to care in 
distant locations, reduction of time and distance burden, empowerment and personalized 
follow-up, contributing to the development of precision medicine. For professionals, po-
tential beneficial impacts involve reducing congestion and burden on health institutions 
and personalized management, potentially resulting in the optimization and improve-
ment of care.  

While digital health applications bring promising perspectives, there is still a long 
way to go for their full implementation in daily clinical practice. Further evidence gener-
ation is required to ensure their safety, efficiency and benefits and standardized methods 
to evaluate it are needed. In addition, guidelines are currently being built and a huge chal-
lenge remains to reach a consensus regarding appropriate methods to guarantee and eval-
uate data protection and safety, define medicolegal responsibilities and insurance cover-
age or re-imbursement. Adherence of patients and professionals to digital health technol-
ogy remains a key point for a successful, safe and efficient use. Efforts should be oriented 
toward information, communication, training and education, keeping in mind that these 
applications should be reserved for selected patients depending on their health conditions 
and technical skills. Particular attention should be taken to maintain equity, especially for 
the vulnerable population of patients in vascular surgery departments, including the el-
derly, disabled or patients with socioeconomic disadvantages. Telemedicine should thus 
be considered as a complementary tool that can be implemented into health institutions 
in addition to traditional in-person visits to develop “hybrid clinics” to optimize and pro-
vide care tailored to the patients’ needs. 

This study presents some limits and further perspectives can be suggested. The liter-
ature search focused on three main vascular diseases (aortic disease, LEAD and carotid 
stenosis) and only original articles written in English were included. Further analysis in-
cluding other vascular diseases and looking for articles in other languages might be of 
interest to provide an overview of the use of telemedicine worldwide and investigate po-
tential differences between countries. Telemedicine and digital health applications are not 
systematically reported through academic publications and further analysis of patents 
and start-up development might shed a complementary light on current trends in the 
field. Finally, remote training and teaching is also an emerging field that can be associated 
with telemedicine and recent studies have highlighted the interest in telementoring in 
vascular surgery [89–91]. Although further validation is required, that kind of innovation 
could contribute to the proposal of new strategies to support skill introduction and devel-
opment of specialized care in remote medical facilities under the collaboration and super-
vision of reference centers. Altogether, telemedicine might bring new insights to vascular 
surgery, not only in the management of care, but also for the education and training of the 
future generation of surgeons. 
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Abbreviations 
AC attention control 
LAEI large artery elasticity index 
NS non-significant 
PAD peripheral artery disease 
PASR physical activity sedentary reduction 
SET supervised exercise therapy 
SF-36 Short-Form 36 Questionnaire 
SUS System Usability Scale 
VascuQol Vascular quality of life questionnaire 
WIQ Walking Impairment Questionnaire 
WA “go home and walk” advice group  
WAM wearable activity monitors  
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