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Abstract

Background: Cardiovascular patients are at increased risk of acquiring coronavirus

disease 2019 (COVID‐19) infection while their visit to healthcare facilities. There is

a need for alternative tools for optimal monitoring and management of cardiovas-

cular patients in the present pandemic situation. Digital health care may prove to be

a new revolutionary tool to protect cardiovascular patients from coronavirus dis-

ease by avoiding routine visits to health care facilities that are already overwhelmed

with COVID‐19 patients.

Methods: To evaluate the role of digital health care in the present era of the

COVID‐19 pandemic, we have reviewed the published literature on digital health

services providing cardiovascular care.

Results and Conclusion: Digital health including telemedicine services, robotic tel-

emedicine carts, use of artificial intelligence and machine learning, use of digital

gadgets like smartwatches and web‐based applications may be a safe alternative for

the management of cardiovascular patients in the present pandemic situation.
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1 | INTRODUCTION

A severe acute respiratory syndrome due to coronavirus is also

known as SARS‐CoV‐2 or coronavirus disease 2019 (COVID‐19), has
been first reported from Wuhan city of China in December 2019,1

and the World Health Organization (WHO) declared it as a global

pandemic on March 11th, 2020. It has posed a great challenge for

the whole world in terms of the proper allocation of health resources

and providing optimal cardiovascular care. Cardiovascular patients

are at increased risk of acquiring COVID‐19 infection and have a

higher mortality and morbidity risks. It has become increasingly im-

portant to limit the exposure of novel coronavirus to both the pa-

tients and health care workers (HCWs) in this situation of the

outbreak.2 In the present era, digital health care may prove to be a

new revolutionary tool to protect cardiovascular patients from

coronavirus disease by avoiding their routine visits to health care

facilities that are already overwhelmed with COVID‐19 patients. To

evaluate the role of digital health care in the present era, we have

reviewed the few published literature on digital cardiovascular care.

2 | DEFINING DIGITAL HEALTH,
eHEALTH, mHEALTH, TELEMEDICINE,
TELEDIAGNOSIS, AND TELEMONITORING

Digital health is defined as “the uses of digital information or data and

communication technologies to collect, share, and manipulate health in-

formation to improve patient health and health care delivery.”3 The

World Health Organization, defined eHealth as “the use of information

and communication technology in support of health and health‐related
fields” and mHealth (mobile health) as “the use of mobile wireless tech-

nologies for health.”4 Successful implementation of digital health requires

an integrated approach from government bodies, health care institutions,

researchers, pharmaceutical and technology industries, mobile
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application developers, and public awareness. Digital health includes the

use of telemedicine services, robotic telemedicine carts, digital health

kits, smartphones and watches, different web‐based applications, and the

use of artificial intelligence (AI).

Telemedicine is defined as “the remote diagnosis and treatment of

patients through telecommunications technology.” This is not a new term

and is being used to deliver health care facility to geographically remote

areas where expert doctors and health care facility is not available for

the last few years. By use of telemedicine services, a virtual visit is

created, the patient stays at home and consultation is being done by a

consultant physician or surgeon by telephonic conversation. The patient

sends all his treatment and investigation reports to the doctor by the use

of mobile applications and the treating physician advises the appropriate

treatment. Teleconsulting is defined as “two‐way communication, which

may either be real‐time or offline, between HCWs, professionals, and

patients regarding health care and clinical procedures.” Telediagnosis is a

process of remote evaluation of diagnostic tests to provide access to

specialized care reducing time to diagnosis and intervention and hence

avoiding known complications. Telemonitoring is remote monitoring of

patients' health and clinical parameters through electronic systems

managed by a health care professional.5 In the present era of the COVID‐
19 pandemic, digital health systems have gained popularity globally.

These systems have achieved a good level of patient satisfaction. Polinski

et al.,6 reported in their study on patient satisfaction with telehealth visits

and concluded that 94%–99% of patients were very satisfied with dif-

ferent attributes of the telehealth visits.

3 | ROLE OF DIGITAL HEALTH IN
DIFFERENT SUBSETS OF
CARDIOVASCULAR DISEASES

3.1 | Preventive cardiology

Health promotion and primary prevention have special importance in

cardiology as it saves health care resources by reducing specialized

consultations, admissions, and complications. Digital tools may play a

vital role in the prevention of primary and secondary cardiac events

by smoking cessation and weight loss programs, optimizing blood

pressure (BP) control, improving glycemic control in diabetics,

monitoring lipids and cholesterol levels, and thus reducing both

morbidity and health care burden.7 These objectives can be easily

achieved through phone calls or text messages, web‐based chat ap-

plications, wearable devices and sensors, applications for drug and

diet adherence, and self‐care.8,9

3.2 | Hypertension

Hypertension can be effectively managed by the use of digital BP

monitors at home and then via telemedicine consultation, the dose of

antihypertensive drugs can be adjusted. Home monitoring of BP and

maintaining charts can be a simple method for patient‐centered care

and may also eliminate “white coat hypertension.” Milani et al.,10 in

their study, “Improving hypertension control and patient engage-

ment using digital tools” reported that at 90 days, 71% of patients

who used digital BP monitors instead of usual care got good control

of BP. Ciemins et al.,11 in their prospective cohort study, home BP

monitoring with smartphone technology improved BP control among

newly diagnosed and uncontrolled hypertensive patients. Green

et al.,12 in their randomized control trial, concluded that patients

who received pharmacist care through web communications had

better BP control than usual care.

3.3 | Atrial fibrillation (AF) and rhythm disorders

AF is a leading cause of stroke and may affect patients with cardi-

ovascular comorbidities leading to thromboembolic manifestations,

hence making it necessary to detect conditions like “paroxysmal” AF

and “silent” AF. Traditional devices are available which can diagnose

AF and other abnormal rhythms like Holter monitoring, implantable

loop recorders (ILRs), and external loop recorders (ELRs), but they

have distinct disadvantages of being expensive, may sometimes be

invasive and cumbersome. Recent advances have led to the devel-

opment of wearable devices, of note is a smartwatch that is easy to

wear, a simple, noninvasive tool to detect AF. The smartwatches

passively detect the abnormal rhythm using photoplethysmography

(PPG) coupled with the deep neural network.13 Chan et al.,14 in their

prospective study, found smartphone camera‐based PPG to be an

accurate and reliable means to detect AF with a diagnostic sensitivity

of 92.9%. Turakhia et al.,15 did an app‐based study in 419,043 par-

ticipants, to detect arrhythmia using smartwatches (The Apple Heart

Study) and concluded that it will provide estimates of irregular pulse

in a broader population. Halcox et al.,16 performed a study on

Alivecor heart monitor device which can be connected to iPod via

wifi and detects AF and found it to be more effective than routine

cardiac care visits. Turchioe et al.,17 in their systemic review com-

pared mobile applications supporting PPG waveforms, out of which

42% were found to be of above‐average quality using a mobile ap-

plication rating scale; however, these applications may have wide

variability in terms of access, quality, and functionality. These

wearables and devices can reliably detect AF and may obviate the

need of visiting a clinic. These applications have enormous diagnostic

potential and utility in times of mitigation and restricted travel in the

current pandemic situation.

3.4 | Heart failure

Digital solutions for heart failure management may range from tra-

ditional interventions like structured telephone support to newer

ones like implantable and wearable devices, thus aiding in remote

patient management (RPM). The term remote patient management

(RPM) includes three pillars: (1) Guideline‐based therapy provided by

a cardiologist, physicians, and heart failure nurses; (2) Nurse‐based
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training of patients at home regarding how to use devices; and (3)

Telemonitoring, in which the patient daily measures vital parameters

and transmits them to telemedicine care unit for further necessary

intervention. Anker et al.,18 have proposed a classification system of

four generations of telemedicine care in patients with heart failure.

1. Non‐reactive data collection and analysis system: In which the

parameters of interest are transferred to health care providers,

but in this system, the care provider cannot respond immediately

and data transferred is asynchronous; one example of this is an

event recorder.

2. Systems with non‐immediate analytical or decision‐making

structure: In this system data transfer is synchronous and is re-

ceived by medical staff at a telemedicine care center; however,

this may lead to delay due to availability at office time only.

3. Remote patient management system: These systems provide

constant analytic and decision‐making facilities even after office

hours.

4. Fully integrated remote management system: In this system, data

from invasive and non‐invasive telemedical devices are linked to a

telemedical platform, making them available to be analyzed by

physicians. This system is an extension of the third‐generation
system and because of the complexity of data and subsequent

therapeutic decisions, these services need the continuous pre-

sence of a physician.

European Society of Cardiology (ESC) has made consensus re-

commendations on the role of telemedicine in heart failure patients

and suggested that home telemonitoring may be considered for pa-

tients with heart failure to reduce the risk of frequent hospitaliza-

tions, cardiovascular complications, and death.19 Koehler et al.,20

performed a study “Telemedical Interventional Management in Heart

Failure II (TIM‐HF2)” to access the impact of telemedicine on un-

planned cardiovascular hospitalization and mortality in heart failure

patients and concluded that remote telemonitoring including home

assessment of weight, BP, electrocardiogram, and general health has

significantly reduced the proportion of days lost due to unplanned

hospitalization or death. Hindricks et al.,21 conducted a randomized

control trial “Implant‐based multiparameter telemonitoring of pa-

tients with heart failure (IN‐TIME),” in heart failure patients having

implants like dual chamber pacemaker or cardiac resynchronization

therapy device (CRT‐D), in which telemonitoring group was found to

be more effective in managing patients with arrhythmia and heart

failure. There have been advances in the development of sensor

devices when implanted may alert the physician remotely and may

guide for the treatment. One such device is “CardioMEMS” that was

evaluated in the Champion trial, which was a multicentre, rando-

mized study, in which transmission of pulmonary artery pressure

with an implanted pressure sensor had a significant long‐term ben-

efit in lowering hospital admission rates for heart failure.22 These

novel strategies are promising in terms of reducing heart failure

burden and morbidity and can be utilized in RPM when health care

visits are avoided.

3.5 | Cardiovascular surgical patients

Digital health and telemedicine services can cater to cardiac surgery

patients right from diagnosis to post‐surgery rehabilitation. The pa-

tient's history, electrocardiogram, echocardiography, and other

imaging modalities and data can be remotely assessed and diagnosis

can be made by experts. Remote assessment of echocardiograms has

been proven useful in triage of patients requiring cardiac surgery in

rural and remote areas and predicting outcomes.23,24 Transmission

of coronary angiograms can be done from remote areas to coronary

artery bypass grafting (CABG) capable centers, to triage surgical

candidates and to structure an optimum plan of surgery. Critically ill

ischemic heart disease patients requiring CABG can be timely

referred to higher centers thus preventing mortality and

complications.25 The practical applications of remotely delivered

postoperative care with the help of digital tools and devices have

been studied. Smartphones, digital cameras, image transmission

through video conferencing, and web‐based applications can reduce

and identify postsurgical complications like surgical site complica-

tions, wound infections, improper healing, and removal of sutures

and wires, with timely and systemic appointment given to patients

especially in the current situation. Patients who have the require-

ment for anticoagulation especially after valve replacement and

vascular surgery, digital educational programs can be structured with

an emphasis on local monitoring of anticoagulation profile and early

recognition of bleeding complications. McElroy et al.,26 performed a

study on the use of digital health kits to reduce the readmission rate

after cardiac surgery and concluded that readmission rate for the

digital health kit (DHK) group and control group were not sig-

nificantly different. This study provided evidence that postoperative

cardiac surgical patients can be managed by the use of digital health

or telemedicine in the present time of the COVID‐19 pandemic.

3.6 | Cardiac rehabilitation

Cardiac rehabilitation after acute myocardial infarction, post percu-

taneous intervention, after cardiac and vascular surgeries is an im-

portant aspect, but is often ignored due to costs to attend clinics,

especially in the developing world. These programs have a role in

improving exercise capacity, enhancing the quality of life, and re-

ducing morbidity and mortality in cardiac patients after events or

interventions. Such programs have been affected due to the patient's

fear of attending hospitals for cardiac rehabilitation. Digital health

and telemedicine‐based programs provide an alternative yet effec-

tive solution for patients seeking cardiac rehabilitative care. Blasco

et al.,27 in a randomized control trial, found a telemonitoring‐based
approach to be more effective in improving cardiovascular risk

profile with significantly more patients achieving BP and glycemic

control and a significantly lower body mass index in acute coronary

syndrome survivors. Frederix et al.,28 in a multicentre randomized

control trial, found a telerehabilitation‐based program to be more

effective than a center‐based program alone, in terms of physical
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activity and quality of life in patients of coronary artery disease and

heart failure. The results of the FIT@Home study, compared center‐
based and telemonitoring guided home‐based cardiac rehabilitation

programs, found that short‐term results were similar in improving

exercise capacity and quality of life.29 The use of mobile‐based ap-

plications and digital health services can improve access to cardiac

rehabilitation for patients who live remotely and those living in the

containment zones, where travel is regulated and restricted.

4 | USE OF AI

AI is a complex structure of various computational models which

constructs programs to reproduce various human tasks.5 AI‐based
technology is now increasingly been applied to cardiology in terms of

being a more effective, convenient, personalized, and efficient way of

delivering care to cardiac patients. It will enhance patient care at

every stage, from diagnosis to selection of therapy.30 There are five

basic subtypes AI that is related to health care, and they are usually

interlinked with each other's and work in a coordinated manner to

achieve the best results.31

1. Machine learning (MI): This is the most common form of AI and it

works on the principle of neural networks and deep learning

mechanism.

2. Natural language processing: This includes applications such as

speech recognition, text analysis, translation, and other goals

related to language.

3. Rule‐based expert systems: These systems work on the principle

of fixed rules made by the expert in that particular field and the

system responds accordingly.

4. Physical robots: Surgical robots were initially approved by the

United States of America in the year 2000 and are now widely

used by the surgeons by performing surgeries by small incisions

(minimally invasive surgery) and performing surgery with more

precision by avoiding human factors like tremors.

5. Robotic process automation (RPA): This system directly does not

involves robots, it is a computer program that does adminis-

trative work.

In diagnostic and interventional radiology, deep learning algo-

rithms are used in mammography to detect breast cancer, in computed

tomography (CT) to detect gastrointestinal malignancies, in chest X‐ray
to detect pulmonary pathology like lung nodules, etc.32 A study con-

ducted at the Catholic University of Leuven, Belgium, regarding the

effectiveness of AI in the diagnosis of respiratory diseases showed that

AI was approximately two times as accurate as pulmonologists (82% vs.

45%) in interpreting the results of respiratory diseases.33 In the pre-

sent time of the pandemic, AI may have an important role in diagnosis,

screening, contact tracing, and management. Early detection and iso-

lation of cases of COVID‐19 is a vital step to contain the spread of the

disease. The most commonly used technique for diagnosis of COVID‐
19 is real‐time reverse transcription‐polymerase chain reaction

(RT‐PCR), but as it has a sensitivity of only 60%–70% and suspected

patients with negative RT‐PCR are now increasingly diagnosed by use

of chest CT and X‐ray imaging. AI and ML are increasingly used in CT

and X‐ray imaging to diagnose and screen patients with COVID‐19.
Ardakani et al.,34 performed a study on the role of 10 different types of

neural networks used in AI in CT scan to diagnose patient with COVID‐
19 and concluded that ResNet‐101 has the best results with sensitivity

of 100%, specificity of 99.02%, and accuracy of 99.51%, followed by

Xception which has a sensitivity of 98.04%, a specificity of 100%, and

accuracy of 99.02%.

5 | DIGITAL SOLUTIONS TO TRACK
COVID‐19 CASES

Web‐based technologies are also increasingly used for contact tra-

cing of patients infected with COVID‐19. Various countries have

launched different types of mobile applications for this purpose. In

India, the government has launched Aarogyasetu app for contact

tracing of patients with COVID‐19, in which a set of the ques-

tionnaire is asked regarding any symptoms of fever, cough, or re-

spiratory difficulty, history of travel, history of contact with COVID

positive case, etc. to detect and identify suspected cases. This also

notifies the number of positive patients in nearby areas and identi-

fies “hotspots.” There are similar web‐based applications that have

been adopted by other countries like Australia has COVIDSafe app,

United Kingdom has the NHS COVID‐19 app, China has conjunction

with Alipay, and the Stopcovid app of France, etc.35

6 | BARRIERS IN THE IMPLEMENTATION
OF WIDESPREAD DIGITAL HEALTH
SERVICES

Although there is increasing evidence of digital health in the man-

agement of a wide spectrum of cardiovascular diseases, there is still a

lack of robust and emphatic guidelines for the implementation of

these tools in routine practices. The development of the digital

health systems is market‐driven and there are some unsettled issues

of patient privacy and data protection.36 One of the major barriers is

lack of resources like electronic items, smartphones, watches, desk-

tops, etc. for widespread use, especially in developing and under-

developed nations with most of the population lacking basic

education. The patient's belief that the care delivered through digital

services is less compassionate in comparison to usual care is another

drawback. The other major issue is the physician's inability to ex-

amine the patient physically with these technologies and the inability

to prescribe and deliver delicate interventions and medicines.37 The

other major hindrance to the adoption of these novel health services

is lack of reimbursement. Eberly et al.,38 in their study on “Tele-

medicine Outpatient Cardiovascular Care during the COVID‐19
Pandemic” concluded that there were certain inequalities in getting

appropriate telehealthcare, especially for female, non‐English
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speaking, older, and poorer patients. This study highlights potential

barriers for patients to avail telehealthcare facilities like a poor pa-

tient who does not have a smartphone, an elderly patient who cannot

use digital gadgets properly, and language barriers for non‐English
speaking patients. These issues should be addressed by the con-

cerned authorities to minimize these inequalities so that maximum

benefit can be achieved by the community.

7 | LIMITATIONS OF DIGITAL HEALTH
CARE IN DEVELOPING COUNTRIES

The concept of Digital health in cardiovascular care may work well in

the developed countries that have a fully equipped health system using

AI and various mobile‐based applications for RPM in the present con-

text of the pandemic. But, this may not work well especially in devel-

oping and underdeveloped nations due to several existing challenges

and barriers. One of the main barriers is lesser public expenditure on

health when compared with developed countries.39 Low literacy rates,

lack of skilled and trained staff for implementation of digital health

services, unavailability of digital tools and services like mobile phones,

computer systems, and internet connections in rural and remote areas

make these systems function suboptimally. Lack of standardization of

web‐based applications, poor insurance coverage, and the absence of

regulatory authorities to avoid malpractice are limiting factors that

affect patients' acceptance of digital health in the developing world.40

The current situation of the COVID‐19 pandemic has enormously af-

fected the health care systems and exposed its vulnerabilities across

the globe. Wider adaptation and easy accessibility to digital health in

rural and remote areas in the developing world may curtail the impact

of the pandemic on health care delivery in the developing nations.

8 | FUTURE IMPLICATIONS

Digital health‐based cardiovascular care has gained recognition in

the last decade. The role of digital health is expanding in early di-

agnosis, triage, preoperative workup, managing postsurgical and in-

terventional complications, and follow‐up. However, there is still a

lack of real‐time application of these systems in the delivery of

cardiovascular care. Digital tools can broaden the sphere of catering

large population living in remote areas; however, the feasibility and

application merit further research. Digital health promises to be an

effective complementary service in providing adequate cardiovas-

cular care. Development in AI and virtual clinics may replace

traditional clinics and methods in the future.

9 | CONCLUSIONS

The current situation of the COVID‐19 pandemic has un-

precedentedly affected usual cardiovascular care; on the other hand,

it has allowed digital health to streamline health care delivery.

Although cardiovascular delivery through digital health has its lim-

itations, it has surfaced as an effective alternative strategy in this

time of pandemic by limiting exposure of both patients and HCWs

and ensuring adequate cardiovascular care at the same time.
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