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Rapid advances in mobile health technologies and their ubiquitous communication 
capacity have invigorated remote healthcare delivery. Mobile health applications 
can help counter the mounting pressure on cardiac services. Patients are increasingly 
using health and well-being applications, including those for chronic disease 
monitoring. Population-screening applications are becoming widely used and can 
have a significant impact on early detection in future. Studies show that cardiology 
services are using mobile technologies to provide earlier diagnosis through remote 
transmission and interpretation of ECG, leading to more accurate triage and shorter 
door-to-balloon time in myocardial infarction. Arrhythmias can be monitored in real 
time, supported by automated detection algorithms, and implantable device status 
checks can efficiently and safely be carried out remotely. Ongoing monitoring for and 
early detection of deterioration in heart failure can also be achieved through mobile 
applications. Cardiac rehabilitation has been delivered remotely utilizing mobile 
technologies. Mobile health offers significant potential in providing effective, efficient 
and appropriately personalized care; however, further studies are required to confirm 
this. The objective of this review is to explore and describe studies of mobile health 
applications in cardiac care, including the implications for interventional cardiology, 
with a focus on clinical outcomes.
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There is mounting pressure on cardiac services 
to find novel and accessible ways of deliver-
ing services due to increasing cardiac disease 
prevalence and escalating costs. Although car-
diology has been one of the leading disciplines 
in embracing telehealth, normalization of tele-
cardiology services has been slow to develop 
[1], with challenges in geographical connec-
tivity, affordability, technology maturity and 
patient uptake often being cited as causes. The 
focus has mostly been on tele triage and tele-
monitoring in long-term care. In-hospital and 
face-to-face care remains a mainstay of acute 
cardiac management. The wide adoption of 
ever-more sophisticated mobile applications 
(apps) and devices provides mobile health 
with the opportunity to build on telecardiolo-
gy’s aims to reduce costs while delivering safe, 

effective and personalized care at all stages of 
the patient’s journey.

Mobile phones are playing an increasingly 
important and creative role in supporting 
patients in their well-being and healthcare 
journey. Health improvement apps, includ-
ing weight management, smoking cessation, 
fitness and stress reduction, are common and 
widely used. While these apps may play a role 
in prevention of cardiac disease, smartphones 
also have the potential to be a viable tool for 
wide community cardiac disease screening 
through apps such as those for arrhythmia 
diagnosis, and mobile monitoring devices for 
blood pressure (BP) measurement, which are 
available to the public at low cost.

Clinicians are turning to mobile devices, 
including mobile phones and tablet PCs, to 
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support training and continued development, with 
educational apps and professional publications increas-
ingly being available on handheld devices. Professional 
networking and sharing of best practice are some of the 
ways doctors are using mobile technologies. Clinicians 
can also access medical records whenever required, and 
studies have shown that, when clinicians read ECGs 
and CT scans on mobile devices, they respond more 
promptly, have improved data management and record-
keeping practices, and fewer medication  prescribing 
and discharge from hospital errors [2].

Acute care is often confined to hospital and/or clini-
cal settings because it often requires specialized clini-
cians and a controlled environment to ensure patients 
are safely managed following medical interventions. 
Cardiac interventions, varying from revascularization, 
and pacemaker (PM) and cardiac defibrillator implants, 
to ventricular assist device surgery, are often followed 
by intensive care in a hospital environment. How-
ever, hospital stays beyond intensive care frequently 
involve monitoring and medical management, which 
could feasibly be shifted to the home  environment and 
 supported through mobile health.

Uptake and completion rates for cardiac rehabilita-
tion (CR), which is known to reduce secondary events 
and long-term healthcare costs, are notoriously poor. 
Smartphones can help address these issues by enabling 
remote delivery of appropriately monitored rehabilita-
tion programs [3], while also extending care services to 
remote areas that traditional services are not able to 
reach. Similarly, mobile health can support safer and 
more personalized care in the long-term management 
of chronic disease, with real-time smart monitoring 
opening up new possibilities for appropriate early inter-
vention and active risk factor management. Mobile 
technologies can also support patients in their self-care 
and medication management, and, with patients also 
able to access electronic health records on their mobile 
devices, they are enabled and empowered to better par-
ticipate in their own healthcare and management of 
their long-term condition.

This review will first outline the general capabilities 
and features of mobile health that enable medical, and 
in particular cardiac, interventions. Secondly, it will 
review the clinical studies that have applied mobile 
health technologies in cardiac care. Through these 
studies, we will outline how mobile health can assist 
cardiac clinicians and how it has influenced patient 
outcomes. Finally, we will discuss the limitations and 
future perspectives of mobile health in cardiology.

Mobile health components & features
Mobile health is defined as medical and public health 
practice supported by mobile devices, such as mobile 

phones, tablet PCs and other handheld/portable 
wireless devices [4]. It is an emerging area within the 
spectrum of telehealth. In contrast to the internet 
and medical workstations used in conventional tele-
health systems, mobile health uses mobile phones 
and un tethered portable healthcare devices, which are 
easier to use, less expensive, flexible, compliant with 
patients’ lifestyle and remotely upgradeable. Due to 
these distinct advantages, mobile health can reach 
large populations and is often presented and studied as 
a unique subprovision of healthcare services [5].

Potential integration and components of a generic 
mobile health system are illustrated in Figure 1. The 
mobile phone or tablet PC is the core device linking cli-
nicians with patients in their own environment. Unlike 
early mobile phones, which were used mainly for voice 
communications, smartphones have integrated virtually 
all the core functions of a modern computer, and, hence, 
the available apps have revolutionized ways people now 
use them in their everyday lives. These functions can 
support patients to self-manage their diseases, and pro-
vide various communication channels for clinical inter-
ventions. The main functions of the smartphone that 
have enabled its clinical applications include:

•	 Voice/video calling: provides a convenient [6] and 
accepted [7] way for clinicians and patients to remotely 
communicate with each other as an  alternative to 
face-to-face consultation;

•	 Short message services (SMS) and multimedia mes-
sage services (MMS): the ability to transmit text 
messages and video clips/sound files respectively, 
offers a convenient and cost-effective way to deliver 
education materials for health behavior or risk 
 factor modification [8];

•	 Multimedia functions: smartphones can access 
and play a large range of multimedia content from 
online multimedia servers, which can be updated 
as required and can provide intuitive, accessible 
health education [9,10];

•	 Inbuilt sensors: inbuilt touch, motion and GPS 
sensors, can obviate the need for additional health 
devices and provide clinical assessment oppor-
tunities, for example quantifying and classifying 
physical activities [11,12] and measuring lifestyle and 
social activities [13];

•	 Device connectivity: many telemonitoring devices 
such as ambulatory ECG and BP monitors, can 
wirelessly connect to mobile phones or tablet PCs, 
enabling automated data transfer that is more prac-
tical and less error prone than manual data entry;
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•	 Internet connectivity: 3G/4G and Wi-Fi pro-
vides almost ubiquitous access to remotely moni-
tored health data, online education materials, and 
 communication with clinicians.

As illustrated in Figure 1, mobile devices could 
potentially be a personal hub that gathers and commu-
nicates patients’ health data to the health services, from 
where care or education can be delivered remotely by 
clinicians to a patient in their own environment. For 
example, patients nominated for home care could be 
equipped with mobile monitoring device(s) such as 
BP and ECG monitors, to perform daily (or as recom-
mended) measurements. Wireless monitoring devices 
enable automatic gathering of data through a dedicated 

mobile medical app on the smartphone, which would 
relay the information to a centralized national health 
network. The information could also include mea-
surements gathered from in-built sensors and manual 
qualitative data. The data would be structured and/or 
processed through clinical decision support medical 
apps available within an enterprise healthcare infor-
mation system and made available for review by clini-
cians. Using this information, care could be provided 
through scheduled consultation via online audio or 
video for monitoring and diagnosis. Moreover, delivery 
of feedback on progress, reminders of scheduled care 
consultation or medications or motivational messages 
through SMS text or even education through video 
could be delivered to patients through the smartphone 
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Figure 1. Potential integration and components of a generic mobile health system.  
app: Application.
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mobile medical app for their self-management. Further-
more, the mobile medical app would be the key source 
through which the patient would interact to view their 
progress, communicate with the care  provider and 
guide their self-management. 

Mobile health in cardiac intervention & 
management
Mobile health offers significant, mainly untapped, 
potential to improve cardiac care from both a patient 
and a clinical perspective, at every stage of the patient’s 
care journey and in all care locations, with some poten-
tial applications highlighted in Figure 2. In this sec-
tion, we describe and highlight some of the key cardiac 
interventions where mobile health has been applied or 
studied in both the acute and longer-term care settings.

These applications include recent advances and some 
established programs involving mobile health in cardiac 
arrest, arrhythmias, myocardial infarction (MI) and 
heart failure (HF) monitoring and management.

Mobile health in cardiac arrest
It is well known that survival to hospital discharge 
following an out-of-hospital cardiac arrest (OHCA) 
in a public location is significantly improved through 

early cardiopulmonary resuscitation (CPR) and defi-
brillation [14]. Several initiatives have evaluated how 
healthcare workers’ and the public’s ubiquitous access 
to mobile phones can strengthen each link within the 
chain of survival [15], with Kovic suggesting a mobile 
chain of survival [16], illustrated in Figure 3. Using a 
mobile phone to contact emergency services in life-
threatening situations has already been correlated to 
improved outcomes when compared with landline 
contact [17]. Furthermore, application of mobile tech-
nologies in the support of CPR training and implemen-
tation has been reported in several studies, which are 
described below.

A study involving healthcare professionals and lay-
people showed improved cardiac compression rate over 
2 min when supported by self-directed CPR training 
with feedback delivered through a smartphone app in 
a cardiac arrest simulation, compared with when not 
using the app, as well as acceptability of the technology 
[18]. Another study showed lay responders (LRs) receiv-
ing CPR and automated external defibrillator (AED) 
training had improved retention of skills through 
accessing a video clip via their mobile phone, which 
they were repeatedly encouraged to watch by SMS text 
message [19].
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Figure 2. Potential applications of mobile technologies by patients and clinicians at each stage of the care journey. 
AED: Automated external defibrillator; app: Application; EMR: Electronic medical record; OHCA: Out-of-hospital cardiac arrest.
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Dispatcher-assisted CPR simulation studies have 
shown improved confidence [20] and technique [21–23] in 
bystander CPR when dispatch instructions were accom-
panied by mobile phone-based video or animation dem-
onstration. Improvements in technique included better 
rate and depth of chest compressions, correct hand posi-
tioning and reduced hands-off events during resuscita-
tion. Even a simple audio program [24] providing CPR 
instruction increased bystander CPR technique in man-
ikin simulations in 178 subjects. Similarly, advanced life 
support (ALS)-certified doctors showed improved ALS 
performance in a simulated medical emergency [25] dur-
ing a randomized controlled trial (RCT) study when 
using the Resuscitation Council UK’s iResus© app on 
a smartphone.

The Mobile Life Saver (MLS) [26] is a mobile phone 
service that uses mobile phone positioning systems 
to dispatch CPR-trained LRs to nearby suspected 
OHCA. In a real life RCT study in Stockholm, MLS 
LRs arrived before the ambulance in 45% of all sus-
pected and 56% of all true OHCAs, performing CPR 
in 17 and 30%, respectively. This demonstrates the 
potential life-saving role mobile phones can play in 
ensuring the earliest possible CPR.

Early defibrillation significantly improves survival 
in OHCA. Sakai et al. [27] developed and tested a novel 
mobile AED map, which allowed easier access to regis-
tered AEDs via mobile phone in emergency situations. 
Even though their findings did not shorten time to 
accessing AEDs in a simulated emergency, it signifi-
cantly reduced the travel distance to access and retrieve 
the AED. With further technological improvements 
in mobile location positioning, the system is likely to 
improve AED usage in emergency situations.

Mobile health in arrhythmias
The prevalence of arrhythmias is increasing with an 

aging population. Various methods exist for the detec-
tion and ongoing monitoring of arrhythmias, which 
is essential in enhancing patient safety and providing 
optimal care. Patient choice and compliance, clinical 
indication and cost all play a role in deciding the most 
appropriate method, as no single option is ideal in every 
clinical scenario [28]. Although continuous-wear exter-
nal monitors and implantable devices with atrial ECG 
analysis capability are most accurate in arrhythmia 
detection, alternatives have to be available to provide 
choice and mitigate high cost, risks and  compliance 
issues with these devices [28].

Atrial fibrillation (AF) is the most common sus-
tained cardiac arrhythmia and is associated with a risk 
of serious sequelae, including stroke, HF and mor-
tality [29]. It can be asymptomatic or associated with 
nonspecific symptoms, and is often paroxysmal and 
short-lived. Accurate and easily accessible methods 
for detection and monitoring of AF are required [30]. 
McManus et al. [31] developed a novel iPhone 4S appli-
cation analyzing pulsatile time series from recordings 
using the phone’s inbuilt camera placed directly on 
a finger, and tested it in a prospective cohort study 
involving 76 hospitalized patients with AF pre- and 
post-cardioversion. They were able to accurately 
distinguish between AF and normal sinus rhythm. 
Although further studies are required to test accuracy, 
acceptability and feasibility in a real-world environ-
ment and include a broader spectrum of arrhythmias, 
it holds promise as a readily available, user-friendly 
and cheap tool for assisting in diagnosis and monitor-
ing of AF and eventually other arrhythmias, in real 
time and on a variety of mobile devices. Similarly, the 
US FDA-approved AliveCor iPhone ECG device [32], 
which has two metal electrodes on the back of the 
phone case that record heart rhythms when held by 
a user with both hands or placed against their chest, 
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Figure 3. Mobile Chain of Survival© by Ivor Kovic. 
CPR: Cardiopulmonary resuscitation.
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has a demonstrated 98% sensitivity and 97% speci-
ficity for automated diagnosis of AF against 12-lead 
ECG, making it a potential tool for AF screening in 
the wider population at low cost.

Gussak et al. [28] tested a wireless handheld monitor 
capable of 12-lead ECG reconstruction for arrhythmia 
detection rate compared with serial Holter monitoring 
in 25 patients following AF ablation procedure over a 
6-month period. They demonstrated that wireless mon-
itoring was more sensitive than periodic Holter moni-
toring in detecting AF and atrial flutter (AFL). The 
system detected both symptomatic and asymptomatic 
AF and AFL during daily remote monitoring (RM) and 
enabled differential diagnosis of symptomatic arrhyth-
mias. Patients complied well with the monitoring 
schedule, suggesting acceptance of the device.

Lin et al. [33] described the development of an ambu-
latory, real-time and autoalarm intelligent telecardiol-
ogy system, consisting of a lightweight, power-saving 
wireless ECG device that communicates via Blue-
tooth to a mobile device. The mobile device transmits 
an alert to a remote server if ECG abnormalities are 
detected and can trigger an emergency medical alarm 
system when required. In testing, they were able to cor-
rectly identify AF, sinus tachycardia, sinus bradycardia, 
wide QRS complex and cardiac asystole with approxi-
mately 94% accuracy in 30 patients tested. Similarly, 
HeartSaver [34] is a mobile medical device developed 
for real-time monitoring of a patient’s ECG, which 
automatically identifies several cardiac pathologies, 
including AF, MI and atrioventricular block through 
detection algorithms. When an abnormality is detected 
via the device’s sensor and ECG processing unit, a 
microcontroller sends a signal to a cell phone triggering 
an app to send a text message with the patient’s condi-
tion and location to a nominated recipient (e.g., carer or 
healthcare professional). The inclusion of the patient’s 
GPS location is a novel idea and important in locating 
 individuals quicker in case of emergency.

In Italy, a study [35] of an emergency medical ser-
vice (EMS) aimed at reducing Emergency Department 
(ED) time to diagnosis described the use of prehospi-
tal ECG assessment transmitted via mobile phone to 
a 24/7 telemedicine support hub, where a cardiologist 
provided ECG interpretation. ECGs were transmitted 
back to the EMS team or cardiologist on their smart-
phones. They found that, in 27,841 consecutive EMS 
patients screened with prehospital ECG for suspected 
heart disease between October 2004 and April 2006, 
the rate of at-home AF diagnosis increased from two-
fold (in 40-year-olds) up to sevenfold (in 70-year-olds). 
Of the 27,841 EMS patients, syncope was reported 
in 2,648 patients [36] and, in just under 2% of these 
patients, serious cardiac rhythm abnormalities requiring 

urgent cardiology admission were identified, leading to 
potential reductions in wrong diagnoses and treatment 
delays. Furthermore, Shacham et al. [37] reviewed medi-
cal records on 649 patients (1886 episodes) who con-
tacted a 24/7 subscription telemedical system who had 
an episode of paroxysmal AF (PAF) over several years. 
All subscribers to the system were provided with a car-
diobeeper capable of transmitting a three- or 12-lead 
ECG via a mobile phone, thereby giving them virtually 
unlimited access to the system’s medically staffed call 
center irrespective of their location. They found that 
80% of PAF episodes could be managed successfully 
out of hospital, thereby ensuring prompt and safe man-
agement and reducing  unnecessary visits to EDs and 
hospitalizations.

Cardiovascular implantable electronic devices 
(CIEDs) are being used for increasingly wider arrhyth-
mia indications and many, including PMs, implantable 
cardioverter defibrillators (ICDs), implantable cardiac 
resynchronization therapy (CRT) devices, insertable 
cardiac monitors (ICMs), can be interrogated remotely 
[38]. Data downloaded from the device via the built-in 
transmitter are communicated via a landline or, increas-
ingly, via mobile Global System for Mobile (GSM) com-
munication networks and made available to the treat-
ing physician after analysis [38]. With increasing use of 
these devices comes a rising demand on cardiac services 
for device surveillance. Improvements in the technol-
ogy have made RM a viable route to improving patient 
safety while also enhancing service delivery. RM enables 
faster clinical response times when abnormalities are 
detected [39], and also enables the patient to be a more 
active participant in their own care. Automated device 
status checks ensures enhanced safety and frees up 
 clinical time as unnecessary clinic visits can be avoided.

Although several of the novel monitoring devices and 
systems described above have demonstrated potential 
to monitor AF and related arrhythmias, most require 
further study to demonstrate safety and efficacy in real-
world application. However, they provide a glimpse of 
future possibilities, where mobility for patients will not 
be impaired by their health-monitoring devices, where 
they can receive immediate information about their 
current clinical status and where the burden on car-
diac services can be reduced through early detection 
and intervention in a wide clinical application and at 
relatively low cost.

Mobile health in MI
MI remains a leading cause of morbidity and mortality 
worldwide [40]. Through the application of evidence-
based therapies, post-MI survival rates have improved 
and led to an increase in the population of survivors at 
risk of a subsequent event and who are therefore candi-
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dates for secondary prevention [41]. Most mobile health 
studies related to MI have looked at acute, pre hospital 
ST-elevation MI (STEMI) care and demonstrated 
 significant improvements in outcomes.

Early reperfusion improves outcomes following 
STEMI and many initiatives have focused on reducing 
time-to-treatment or door-to-balloon time (DBT) [42]. 
In-hospital STEMI care systems have been successfully 
and widely implemented, and small improvements are 
unlikely to bring further significant benefit [42]. The 
prehospital STEMI care system now holds the main 
opportunity for reducing total ischemic time and time-
to-treatment and hence for improving outcomes [42]. In 
their review, Al-Zaiti et al. [43] found prehospital diag-
nosis of STEMI via ECG can potentially shorten DBT, 
decrease infarct size, limit reduction in ejection frac-
tion, improve specialized care access, reduce hospital 
length of stay (LOS), reduce unnecessary referrals and 
costs and, in asymptomatic middle-age adults, improve 
risk stratification. Several telehealth initiatives have tri-
alled prehospital ECG transmission using mobile tech-
nologies and similarly found reduced DBT [44]. Bru-
netti et al. [45] found mobile-transmitted ECGs by EMS 
improved rates of immediately diagnosed MI, impor-
tantly including for atypical presentation, in a large 
elderly population accessing emergency services, result-
ing in reduced time to treatment. Recent advances in 
technology have also enabled accurate interpretation 
of prehospital ECGs by cardiologists on smartphones 
in real time [46], thereby enabling appropriately tri-
aged MI transfers directly to percutaneous coronary 
intervention (PCI) centers and significantly decreasing 
DBT [47]. The STAT-MI trial [48] used a fully auto-
mated wireless network for communicating automatic 
12-lead ECGs to offsite cardiologists’ smartphones, 
which facilitated direct triage of STEMI patients to a 
cardiac catheterization laboratory. They found patients 
had shorter DBT, significantly lower peak troponin and 
creatine phosphokinase, higher left ventricular ejection 
fractions and shorter hospital LOS compared with 
control patients. Automated systems such as STAT-MI 
can go some way to addressing transport delays and 
inconvenience to EMS caused by ECG transmission 
issues [43]. Integrating EMR access and historical ECG 
details to support ECG interpretation on cardiologists’ 
smartphones [43] can also improve diagnostic accuracy 
and help resolve potential high false-positive rates of 
 activating PCI laboratories unnecessarily.

There is extensive evidence that secondary preven-
tion programs to reduce CVD risk factors can improve 
CVD morbidity and mortality in MI survivors [41,49–
50], with even modest treatment effects providing cost-
effective benefits. CR as a recommended approach to 
secondary prevention is not limited to patients with 

recent MI or acute coronary syndrome – it is also indi-
cated for those with chronic stable angina, HF and 
following coronary artery bypass surgery, PCI, valve 
surgery or cardiac transplantation [51]. Although these 
programs are traditionally delivered from a hospital 
outpatient exercise clinic, cost and access constraints 
have necessitated the development of alternative home-
care CR models and the utilization of telemonitoring 
[41]. Mobile devices offer new opportunities for deliver-
ing CR through SMS messaging, journaling apps, con-
nected measurement devices, coaching and continuous 
and RM and supervision of patients [9].

The Care Assessment Platform (CAP) is a CR 
model that uses a journaling app on patients’ smart-
phones to collect health-related information (e.g., 
physical activity, food intake, weight, BP, stress and 
amount of sleep), which is then graphically displayed 
to both the patient and their CR coordinator to moni-
tor the patient’s achievements against individually set 
CR goals over time [3]. Early findings of this study have 
been reported to show significantly improved CR com-
pletions rates [52]. New innovations like HeartCycle’s 
guided exercise (GEX) system [53], where patients wear 
a shirt with embedded sensors that can live-stream 
health parameters (e.g., ECG, heart rate [HR], breath-
ing rate and activity) via a mobile device, will further 
support exercise-based CR, independent of location.

Extending the study of the use of mobile technolo-
gies to other types of MIs and wider care settings is 
likely to highlight many new opportunities for improv-
ing patient outcomes and service delivery. CR seems a 
likely candidate for significantly benefiting from the 
use of these technologies, and publications of out-
comes from RCTs evaluating its utilization are eagerly 
 anticipated.

Mobile health in HF
HF is a life-threatening progressive disease and is often 
associated with dramatically diminished quality of life 
(QoL) and high levels of comorbidity [54]. It places 
a huge economic burden on the healthcare system, 
 especially due to high rehospitalization rates [55].

Although some arrhythmia detecting and monitor-
ing initiatives discussed above could apply to HF, the 
majority of HF mobile health studies have focused 
on the long-term management of nonpharmacologi-
cal (e.g., fluid and dietary sodium restriction, physical 
activity and weight gain) and pharmacological thera-
pies that could be delivered in patients’ homes. This 
focus has been driven by poor adherence to self-care, 
with previous studies showing that the least frequently 
performed self-care behaviors include daily weighing, 
restricting fluid intake, informing the care team of 
HF-related symptoms and recognizing weight gain [56].
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A few studies have explored the feasibility of por-
table home-monitoring devices wirelessly connected 
to a smartphone to monitor HF patients [57–59] and 
demonstrated high transmitted ECG diagnostic qual-
ity and integrity of BP and bodyweight measurements. 
Another study validated remote echocardiographic 
interpretation on a website-enabled smartphone utiliz-
ing software designed for this purpose against work-
station reading by expert echocardiographers, dem-
onstrating minimal loss of diagnostic accuracy when 
using the smartphone [60].

Piotrowicz et al. [59] demonstrated that home-based 
telemonitored CR in HF was safe, even when patients 
felt unwell and had episodes of AF, through monitor-
ing ECG fragments recorded automatically on a tele-
monitoring device during CR and transmitted to a 
monitoring center via a mobile phone.

Weight monitoring is particularly important for 
patients with HF, as rapid weight gain is strongly asso-
ciated with hospital admission [61] and high mortality 
[62]. Daily weight monitoring is a key recommenda-
tion for self-management of congestive heart failure in 
major guidelines [63–65].

Despite these recommendations, a review found that 
only approximately 40% of patients regularly moni-
tored their bodyweight, and approximately a third 
of patients did not take any action when they gained 
weight [66]. To address this issue, a major component 
of mobile health-enabled HF care programs is to assist 
patients in adhering to weight management.

Seto and colleagues [67] tested a rule-based clinical 
decision-support system aimed at improved self-care and 
clinical management that generated alerts and instruc-
tions based on patients’ weight, BP, HR and symptoms. 
Over the 6-–month RCT, 1620 alerts were generated 
in 50 HF patients, leading to various clinical interven-
tions, including 105 medication interventions. Findings 
indicated that using the HF rule set improved patients’ 
QoL and self-care. Although their trial was under-
powered to detect differences in hospitalization, mor-
tality and ED visits between groups, the telemonitoring 
group had high levels of adherence to daily weighing 
(70% completed at least 80% of possible daily readings) 
and showed significant improvements in QoL and self-
care maintenance compared with the control group. 
Another recent study used weight monitoring from a 
wireless weight scale, transmitted to a mobile phone, 
combined with an algorithm to improve sensitivity in 
predicting clinical deterioration in 87 HF patients [68]. 
The HeartPhone algorithm, based on alerts generated 
from moving averages of daily weight data deviations 
above the norm for each individual patient, predicted 
HF events with significantly more sensitivity than 
guideline weight change methods. The TEMA-HF 1 

RCT [69] evaluated the impact of intensive management 
of 160 HF patients through a telemonitoring-facilitated 
collaboration between general practitioners (GPs) and 
a HF clinic. The intervention group used electronic 
devices that automatically transmitted daily weight, BP 
and HR data via mobile phones to a database. Auto-
mated alerts to the GP and HF clinic were generated 
when predefined limits were exceeded to initiate clinical 
interventions. They found significantly lower all-cause 
mortality and reduced number of days lost to hospi-
talization, death or dialysis in the  telemonitored HF 
patients compared with usual care.

However, not all mobile-enabled telemonitoring 
studies have confirmed these improved outcomes in 
terms of hospitalization rates, morbidity and mortality. 
Koehler et al. [70] found that RM had no significant 
effect on HF hospitalization, cardiovascular death or 
all-cause mortality in 710 stable HF patients, despite 
good compliance with daily data transfers, compared 
with usual care. Further subgroup analyses [71] showed 
improved outcomes in specific HF patient groups, 
but further studies are required to identify those who 
stand to benefit most. Although meta-analyses [72,73] 
of HF telemonitoring systems have been performed to 
overcome underpowered RCT studies, their observa-
tions have not evaluated the effect of the mobile health 
components on outcomes of hospitalization, morbidity 
and mortality. On the other hand, approaches in HF 
telemedical management and mobile health are based 
primarily on ongoing monitoring and early detection 
of clinical deterioration, with corresponding timely 
interventions, in which case the focus on keeping HF 
patients maintained and out of hospital is justified.

Application in interventional cardiology
The studies and applications mentioned in this paper 
provide a glimpse on what these technologies and appli-
cations offer interventional cardiology. The educational 
and networking potential for both cardiologists and 
patients, including reducing costs, improving access 
and accelerating learning, is only starting to emerge. 
Early and accurate triage, realized through interven-
tional cardiologists interpreting remotely transmitted 
ECGs with reference to patients’ medical records on 
their smartphones, will lead to further improvements 
in DBT and better patient outcomes [43–48]. Appropri-
ately triaged patients can be transferred directly to car-
diac intervention laboratories, thereby also reducing the 
load on other acute services and limiting unnecessary 
laboratory activation [43] with its ensuing costs. Coordi-
nation of laboratory services and intraprocedure access 
to second specialist opinion using mobile applications 
could further improve efficiency and safety. Postacute 
monitoring could be carried out remotely, enabling 
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earlier discharge from hospital. Patients’ physiologi-
cal and other data recorded remotely and displayed 
through a secure portal can then be overseen by the 
clinician on their smartphone or tablet, with alerting 
and decision-support applications providing further 
assistance. Mobile technology provides opportunities 
for remote delivery of rehabilitation programs [3] and 
long-term chronic disease and medication compliance 
monitoring. Furthermore, it enables remote implant-
able device surveillance and treatment [38,39]. Mobile 
applications can also improve efficiency and support 
health providers in their  scheduling, billing and patient 
 communication efforts.

Challenges & considerations in using mobile 
health applications
Despite the exponential growth in mobile health and 
the use of, there are currently few guidelines to support 
organizations in planning, implementation and manag-
ing the use of mobile devices, and regulatory frameworks 
remain immature. Data security, privacy, interoperabil-
ity and integration standards, as well as medicolegal lia-
bility, need to be addressed within the area of policy, to 
ensure mobile health is not hampered by the same issues 
that have hindered much of the adoption of eHealth. 
Furthermore, with the rapid proliferation of health 
apps, guidance on app development standards, selection 
criteria and safe usage are urgently required.

Organizations wishing to support the usage of mobile 
devices by their healthcare professionals need to ensure 
there have adequate procedures and policies in place to 
protect patients. The US Department of Health and 
Human Services [74] recently issued information to 
help organizations manage the usage of mobile devices, 
yet legitimate concerns remain about the security of 
patients’ information when using mobile health tech-
nologies. Privacy and data security measures, such as 
user authentication configuration, encryption, remote 
wiping/disabling activation and installation of firewall 
and other security software, are required at all stages of 
data transmission [74]. Only approved medical devices 
should be used to ensure data reliability. Furthermore, 
users need to be educated on the dangers of using file 
sharing applications and public Wi-Fi connections, as 
well as the importance of maintaining physical control 
of their devices and the avoidance of local data stor-
age on mobile devices [74]. Organizations need to safe-
guard all interactions between mobile technologies and 
patient health data within their internal networks, and 
also need to ensure data are appropriately captured and 
stored within patient records.

Most mobile health apps, despite their increasing 
popularity among both consumers and health pro-
fessionals, lack evidence and are developed without 

involvement of medical professionals [75], thereby 
potentially compromising safety. To address this, the 
FDA recently published a draft guideline for medical 
apps [76], proposing that an app that transforms an 
accessory or mobile platform for disease prevention, 
diagnosis, monitoring or management is considered 
and regulated as a medical device. These apps, unlike 
wellness apps, would have to demonstrate health bene-
fits, reduced medical errors and maintenance of patient 
safety during mandatory clinical validation, and would 
carry FDA certification. However, there are many apps 
being used in clinical practice that would not qual-
ify as a medical device, yet would still affect patient 
care, and therefore a requirement for broader quality 
guidance and official certification remains to support 
professional and lay users in making better informed 
app choices. Developments, such as the UK National 
Health Service’s Library of Health Apps [77], reviewed 
for clinical safety, and websites providing health pro-
fessionals the opportunity to suggest and rate medical 
apps are starting to address this issue. However, in the 
absence of wide validation and certification, it remains 
essential for users to be educated about health apps’ 
potential risks and the importance of researching apps 
before using them.

Conclusion
Although the normalization of mobile health in cardiac 
care has been slow, several studies have demonstrated 
its potential in delivering improved and appropriate 
personalized care at every stage of the care journey, as 
well as alleviating some of the healthcare issues result-
ing from the increasing prevalence of chronic cardiac 
disease. The main body of evidence found related 
to the application of mobile health in cardiac arrest, 
arrhythmias, MI and HF.

There is a need for more evidence around how to 
optimally structure and organize services around 
mobile health, as historically studies have focused 
more on the technology than services. However, sev-
eral studies have found improvements in effectiveness 
and efficiency of health services, as well as more effi-
cient health spend. These include improved diagnos-
tic accuracy and speed, shorter time-to-treatment and 
DBT reductions, improved triage and utilization of 
specialist facilities, less inappropriate outpatient visits, 
reduced LOS and rehospitalization rates, and better 
use of health service resources. RM-utilizing mobile 
technologies, often supported by automated alerting 
systems, and ensuing early care interventions, have also 
been shown to reduce unnecessary ED visits, referrals 
and hospitalizations.

Studies have also shown patients to potentially 
benefit significantly from the application of mobile 
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health in cardiology, with improved outcomes such as 
decreased infarct size, smaller reductions in ejection 
fractions, lower peak troponin and creatine phospho-
kinase, improved QoL and self-care, and reduced 
all-cause and cardiac mortality. Importantly, mobile 
health offers patients choice and empowers them to 
be better informed and supported in managing their 
health in their own environment.

In order to take advantage of these potential benefits 
of mobile health applications, appropriate regulatory 
and governance measures need to be integrated within 
the service delivery model. Healthcare professionals 
and consumers need to remain vigilant in their selec-
tion and usage of mobile applications while the rela-
tively new statutory regulatory frameworks are devel-
oped and implemented.

Future perspective
With the high accessibility of mobile technologies and 
the innovative ways in which they are being utilized, 
mobile health will continue to transform the delivery 

of cardiac care. As more evidence emerges about safety 
and efficacy, and challenges such as data management, 
privacy issues, and technology interoperability, reliabil-
ity and governance are addressed, cardiology will con-
tinue to be leaders in healthcare’s adoption of mobile 
health. Although wide and affordable screening may 
cause a flood of new patients requiring cardiac services, 
it is also likely to save lives and provide more opportu-
nities for earlier interventions. Patients will experience 
increasingly individualized care, supported by social 
health networks, smart automated home-monitoring 
systems and health record access, thereby empowering 
them to take better control of their own health.

Adoption of mobile health has been hampered by 
the lack of a robust evidence base around it, and future 
processes of clinical validation will need to be faster 
and flexible to not only keep pace with rapid techno-
logical advances, but crucially to provide a framework 
for mobile healthcare service delivery and identify 
patient populations who will benefit most from such 
services. Although aspects of care, such as cardiac 
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Executive summary

Mobile health features & functions
•	 Mobile health uses the internet, medical workstations, mobile connectivity and wireless portable health-

monitoring devices to deliver healthcare in patients’ environment.
Mobile health in cardiac intervention & management
•	 Mobile medical applications (apps) for smartphones have the potential to be a viable tool for community 

screening of cardiac disease such as arrhythmia and hypertension.
•	 Mobile health has the potential to play a role in aspects of the acute care, rehabilitation and long-term 

management of patients with cardiac disease.
•	 Organizations and professionals using mobile applications need to have appropriate policies and procedures 

in place to ensure patient privacy and safety, and patients need to be educated on risks and safe usage of 
their mobile devices.

Cardiac arrest
•	 Application of mobile heath in cardiac arrest has shown improvements in: self-directed cardiopulmonary 

resuscitation through training apps; and assisting in bystander cardiopulmonary resuscitation through 
dispatch instructions accompanied by smartphone video communication or mobile app animation.

Arrhythmia
•	 Real-time mobile transmission of ECG has the potential for cardiologists to detect cardiac arrhythmia early.
•	 Automatic arrhythmia detection algorithms in mobile medical apps have shown to enable remote diagnosis of 

atrial fibrillation and other arrhythmias.
•	 Remote monitoring of cardiovascular implantable electronic devices through mobile communication has aided 

physicians in responding to cardiac abnormalities and reduces requirements for face-to-face device status 
checks.

Myocardial infarction
•	 Mobile transmitted ECGs of myocardial infarction patients have enabled appropriate triage for coronary 

intervention and shown outcomes of significant reductions in door-to-balloon time, appropriate utilization of 
specialist facilities and maintenance of cardiac function.

•	 Mobile devices and apps have potential to offer new opportunities in delivering cardiac rehabilitation to 
patients at home.

Heart failure
•	 Weight monitoring and fluid management of heart failure through mobile health monitoring have 

demonstrated improved self care.
•	 Intelligent decision-support mobile medical apps in telemonitoring have demonstrated improved efficacy to 

predict clinical deterioration and improved quality of life in patients.



www.futuremedicine.com 237

interventional procedures and intensive care manage-
ment, will remain confined to medical institutions 
with specialized equipment and staff, mobile health 
will radically alter how cardiac care is delivered to help 
address some of the pressures on the healthcare sys-
tem and to provide more patient-centric care. In acute 
care, mobile health will ensure optimal care is deliv-
ered quicker and in the most appropriate facilities. As 
mobile health service models and organization matures 
and becomes embedded in routine practice, many ser-
vices, such as outpatient follow-up, post interventional 
care and CR, currently delivered in hospital, will be 
moved into the community and patients’ homes. With 
increasingly simple and affordable home monitoring, 
earlier discharge following interventional procedures 
becomes safer and another route to freeing up hospital 
beds. It also enables smarter and more effective moni-
toring in CR and long-term follow-up of patients with 
chronic conditions, including HF, arrhythmias and 
post-MI, thereby enabling early interventions when 
required and hence reducing readmission rates, as 
well as providing better patient care. As the technol-
ogy improves, smaller CIEDs will become more rou-
tinely used and for wider indications, with increasingly 
smart, automated alert systems and appropriate care 
services implemented in parallel and with real-time 

feedback provided to patients and their care team on 
their mobile devices. For interventional cardiologists 
specifically, future mobile health technologies offer 
potential to remotely monitor smarter stents, with 
inbuilt technology to monitor arterial patency long-
term. Furthermore, as capacitive touchscreen technol-
ogies mature, remote ongoing monitoring of antico-
agulation therapies will become the norm, with timely 
dosage adjustments and SMS prescribing facilitated 
through smartphones when required.

With appropriate education of the workforce and 
adequate technical support services, effective and 
appropriately directed mobile health delivery would 
relieve the burden on current healthcare systems, pro-
vide a more efficient and effective use clinical resources, 
and enable better patient care.
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