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G R W N e

Abstract: Digital health interventions have shown promise in improving patient outcomes and
experiences in various healthcare settings. However, their effectiveness in the context of cardiac
surgery remains uncertain. This systematic review aims to evaluate the existing evidence on the
use of digital health interventions for patients undergoing cardiac surgery. A comprehensive
search of PubMed MEDLINE, Elsevier EMBASE, Elsevier Scopus databases, and ClinicalTrials.gov
was conducted to identify relevant studies published up to the present. Studies that examined the
effects of digital health interventions, including mobile applications and web-based interventions,
on perioperative care and patient outcomes in cardiac surgery were included. The data were
extracted and synthesized to provide a comprehensive overview of the findings. The search
yielded 15 studies composed of 4041 patients, analyzing the feasibility and implementation of
mobile or internet applications for patients undergoing cardiac surgery. The studies included the
use of mobile applications (ManageMySurgery, SeamlessMD, mHeart, Telediaglog, ExSed, Soulage
Tavie, Heart Health application, and Mayo Clinic Health Connection) and web-based interventions
(Heartnet and Active Heart). The findings indicated that these digital health interventions were
associated with improved patient engagement, satisfaction, and reduced healthcare utilization.
Patients reported finding the interventions helpful in their recovery process, and there was
evidence of enhanced symptom monitoring and timely intervention. The completion rates of
modules varied depending on the phase of care, with higher engagement observed during the
acute phase. Interest in using digital health applications was expressed by patients, regardless
of age, gender, or complexity of the cardiac defect. The results demonstrated that web-based
interventions resulted in improvements in mental health, quality of life, and eHealth literacy. This
systematic review highlights the potential benefits of digital health interventions in the context of
cardiac surgery. Further research, including randomized controlled trials, is needed to establish
the effectiveness, feasibility, and generalizability of digital health interventions in cardiac surgery.

Keywords: digital health; cardiac surgery; systematic review; mobile applications; web-based
interventions; perioperative care; patient outcomes; patient engagement

1. Introduction

The burden of cardiovascular disease in the US is immense as it affects 80 million
people [1]. Surgery is a mainstay in the treatment of many cardiovascular pathologies, in-
cluding procedures, like coronary artery bypass grafting (CABG), aortic valve replacement,
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and heart transplant [2]. It is estimated that 313 million cardiac procedures occur globally
per year; this figure will likely grow as 4.5 billion people do not currently have access to
cardiac surgery [3]. Associated with these operations are massive costs as cardiac surgery
accounts for 1-2% of the annual US healthcare expenditure, totaling $20 billion [4].

Though cardiac surgery is necessary in the management of many cardiovascular
diseases, it can be associated with significant increases in depression and anxiety [5].
Patients who develop depression after cardiac surgery also have associated reductions in
quality-of-life metrics and increased healthcare utilization [6]. A possible intervention to
alleviate these problems is better patient education and engagement in the procedure itself.
Patients who are well informed and involved in medical decision-making report lower
rates of depression and higher quality of life [7].

Digital health is a newly burgeoning method of patient interaction. It is an easily
accessible intervention as 70-80% of the world’s population owns a smartphone, and the
cost of digital health applications to consumers is often negligible [8]. A common use
of digital health in cardiac surgery is for post-operative screening. Telehealth visits and
screening via digital health applications have been shown to be effective methods for
identifying patients with post-operative complications [9-11].

In addition to its uses for provider visits and screening, digital health has the potential
to be a powerful tool for education and allow patients to be active in their care [12,13].
This is an easily accessible intervention as 70-80% of the world’s population owns a
smartphone [8]. A wide variety of digital health tools exist in areas, like diabetes, maternal
health, and rheumatological diseases [14-16]. These tools are effective due to their ability
to bolster self-belief by making patients active in their care and help manage patients
who have complex comorbidities [12,13]. Telehealth and digital technology also have
the promising potential to change diagnostic fields of medicine, such as radiology and
pathology [17-21]. Digital technology can aid and improve the diagnostic capabilities that
detect certain diseases. While digital health holds much promise, it has several limitations
that prevent the realization of its full potential.

With digital health’s novelty comes a lack of oversight. There is a struggle to keep
digital health education unbiased, up-to-date, and understandable [22]. Patients with
low digital health literacy, those with a low health literacy, and those with an impaired
ability to navigate electronic information sources can struggle to use these interventions
effectively [23]. This has led to many studies finding that digital health education is low-
quality or ineffective [24]. The goal of this systematic review is to summarize the literature
on digital health tools available for patients undergoing cardiac surgery and to determine
their relative benefits to patients.

2. Materials and Methods
2.1. Search Strategy

A literature search of the PubMed MEDLINE, Elsevier EMBASE, Elsevier Scopus
databases (Supplementary Materials Table S1), and ClinicalTrials.gov was performed on
11 March 2022 using the keywords listed in the caption for Figure 1. PubMed MEDLINE
provides comprehensive coverage of biomedical and healthcare literature, while Elsevier
EMBASE specializes in biomedical and pharmaceutical research. Elsevier Scopus is a
multidisciplinary database encompassing various subject areas, and ClinicalTrials.gov
serves as a repository for clinical research information. This approach was designed to
ensure a wide range of pertinent studies, ultimately bolstering the systematic review’s
reliability and thoroughness in assessing the effects of digital health interventions on
perioperative care for cardiac surgery patients. The resulting search results were put into
EndNote and imported into Covidence for screening. No time limit was applied to the
search as pre-determined by all investigators. After duplicated studies were removed,
abstracts were screened in accordance with the Preferred Reporting Items for a Systematic
Review and Meta-Analyses (PRISMA) guidelines by 2 independent authors (K.A.W. and
S.K.) while applying exclusion criteria. Subsequently, pre-determined inclusion criteria
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were used by both independent reviewers for the evaluation of full-text studies for possible
inclusion. Any disagreements were resolved by a third reviewer.

Studies from databases/registers (n = 3418) References from other sources (n = 0)
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=

Duplicated References removed (n = 879)
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Studies not retrieved (n = 0) |
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No Study found (n = 8)
Irrelevant outcomes (n = 3)
Different intervention (n = 27)
Different study design (n = 25)
Pediatric population (n = 2)

3 1

Studies included in review (n = 15)

Figure 1. Flow diagram of study selection.

2.2. Eligibility Criteria

Inclusion criteria constituted the following: any study describing the (1) development,
(2) feasibility, (3) usability, and (4) clinical implementation of digital health tools or applica-
tions in patients undergoing cardiac surgery. Exclusion criteria included: (1) abstract only
studies, (2) other systematic reviews, (3) pediatric studies, and (4) studies pertaining to
interventions not relevant to digital health or cardiac surgery. No additional studies were
identified by additional citation or hand-searching results. The flow diagram of our study
selection is shown in Figure 1. Two independent authors (K.A.W. and S.K.) extracted data
from the final list of included studies.

2.3. Risk of Bias and Quality Assessment

The assessment of bias and study quality for all included case series and cohort studies
was conducted using the Methodological Index for Nonrandomized Studies (MINORS)
criteria [25]. These criteria encompassed a 12-item checklist, where each criterion was
assigned a score of 0 (if not reported), 1 (if inadequately reported), or 2 (if adequately
reported). For noncomparative studies, the total score ranged up to 16 points, while for
comparative studies, it reached up to 24 points. The quality evaluation of randomized
controlled trials was accomplished using the Joanna Briggs Institute critical appraisal
checklist [26]. This checklist comprises 10 items, with each item being assigned a score of

“ 7

yes”, “no”, or “not reported”.
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3. Results
3.1. Literature Search

The initial literature search resulted in 3418 studies. After the removal of 879 duplicate
studies by both independent reviewers, the remaining 2539 studies were screened using our
exclusion criteria. The remaining full texts of 84 studies were screened for eligibility using
our pre-determined inclusion criteria. A total of 15 clinical studies consisting of 4041 patients
were included in this study [27-41]. A PRISMA flowchart is illustrated in Figure 1.

The search terms used for digital health were Smartphone, Telemedicine, Telehealth,
Telemonitor mHealth, eHealth, Mobile Health, Mobile, Electronic, Digital, Computer,
Cellular, Online, Smart, Wearable, Device, Phone, Application, App, Portal, Telephone,
Tablet, EMR, Electronic Health Record, Electronic Medical Record, Patient Portal, Internet,
Web Based, Smartphone, iPad, iPhone, Android, and Smartwatch; the search included
plural/singular options for all search terms.

The search terms used for cardiac surgery were Heart Transplantation, Heart Surgery,
Surgery, Procedure, Operation, Valve replacement, TAVR, SAVR, Transcather Aortic Valve
Replacement, and Surgical aortic valve replacement; the search included plural/singular
options for all search terms.

3.2. Digital Health Application

Our search returned 15 studies composed of 4041 patients, analyzing the feasibility and
implementation of mobile or internet applications for patients undergoing cardiac surgery
(Table 1). Of those studies, two focused on heart transplantation, three focused on elective
cardiac surgeries, one focused on transcatheter aortic valve replacement (TAVR), and
seven focused on coronary artery revascularization either through bypass or percutaneous
revascularization. All 15 studies focused on a population of patients that were at least
18 years old. Out of the 15 included studies, 13 studies focused on a mobile application and
2 studies focused on website-based interventions. The mobile applications had educational
information, daily tasks, frequently asked questions, and the ability to monitor how patients
were performing. The web-based interventions similarly provided educational information
to patients about their concerns and post-operative management.

3.3. Risk of Bias and Quality Assessment

A component of this systematic review involved assessing the potential for bias and
evaluating study quality among the 15 included investigations (Table 2). The nonran-
domized cohort studies achieved a minimum score of 13 out of 16 points according to
the rigorous MINORS criteria, indicating a satisfactory level of methodological integrity.
Similarly, the majority of the Joanna Briggs Institute criteria were met by the randomized
controlled trials. This assessment helps to ensure a robust analysis of the impact of digital
health interventions on perioperative care for cardiac surgery patients.

3.4. Randomized Control Trials

We found nine randomized control trials testing the effectiveness of digital health in
perioperative care. Of these trials, seven have been completed, and two are still ongoing
(Table 3).

Gomis-Pastor et al. studied the efficacy of their app in improving medication adher-
ence for patients who had undergone heart transplant. In the study, 134 heart transplant
recipients were randomized to the study intervention group or the control group who
received standard care. The study app, mHeart, contains modules for education, treatment
regimen, care team messaging, etc. Participant medication adherence and knowledge
was measured at the baseline with SMAQ questionnaires. Participants were reassessed at
follow-up, which was on average 1.6 years after the baseline. The study app group had
significantly greater improvements in adherence from the baseline compared to the control
group. They also exhibited greater knowledge of drug timings and indications.
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Table 1. Digital Health Tools Made for Patients Undergoing Cardiac Surgery.

Total Number of .
Study Year Study Design Surgery Type Study Population Enrolled or Intel\rl“:lz\;mn Country
Analyzed
Application
11 Adult patients ManageMySurgery
Venkatraman 2022 [41] 2022 Cohort study TAVR undergoing TAVR 69 (MMS) USA
Gomis-Pastor 2021 [30] 2021 RCT Heart transplant Post Heart Transplant 134 mHeart Spain
Ben-Ali 2021 [27] 2021 Cohort study elective cardiac Adult patients 1108 SeamlessMD Canada
surgery
elective cardiac MayoClinicHealth
Cook 2014 [28] 2014 Cohort study surgery Over 50 149 Connection USA
Patients 65 years or older
who declined 5 European
Snoek 2021 [35] 2021 RCT PCI participation in 179 Unnamed C pe
. ountries
center-based cardiac
rehabilitation
van Steenbergen 2021 RCT coronary artery 280 Unnamed The Netherlands
2021 [37] bypass
Lunde 2020 [31] 2020 RCT N/A Cardiac Rehab 113 Unnamed Norway
18 years of age or older,
had been prescribed at
least one secondary Heart Health .
4 2021 RCT AB! 1 Aot
Yu 2020 [40] 020 C CABG preventive oral 000 Application China
medication within
2 weeks after surgery
coronary artery . .
Vasankari 2019 [38] 2019 RCT bypass, valve Adult patient doing 540 ExSed Finland

replacement elective surgery

18 years of age or above, a
diagnosis of coronary
artery bypass, valve
Spindler 2019 [36] 2019 RCT PCI surgery, heart failure or 136 Teledialog Denmark
artery sclerosis, ability to
understand Danish, and

ability to use
digital technology
Schuuring 2016 [34] 2016 Cohort study N/A Congenital Heart Disease 118 Web-Based The Netherlands
Post Percutaneous personal
Widmer 2015 [39] 2015 RCT PCI Coronary Intervention 42 health USA
(PCI) assistant
cardiac surgery
Martorella 2012 [32] 2012 RCT requiring First surgery 60 Soulage Tavie Canada
sternotomy
Web-Based
Patients with ischemic :
Melholt 2018 [33] 2018 Cohort study N/A heart disease or CHF 49 Active Heart Norway
Dew 2004 [29] 2004 nonra{tlrcilgylmized Heart transplant Patients post heart 64 Heartnet USA

transplant

Abbreviations: N/ A, Not Available.

Lunde et al. studied the impact of their application on cardiovascular health for
patients who recently had PCI or valve surgery. A total of 113 participants were randomized
to use the study app or to receive standard care. The study app group logged their
cardiovascular rehab goals into the app. The app would then provide task reminders and
would act as a place where participants could enter feedback about their goals. Study
supervisors who had access to this information would also provide tailored feedback to the
participants as a means for motivation and education. After a year of using the intervention,
the study app group had a VO, that was 2.2 mL/kg/min greater than the control group,
indicating improved cardiovascular health. The app group also had significantly improved
exercise habits, exercise performance, and self-perceived goal achievement relative to the
standard care group.

Martorella et al. studied the effect of the app Soulage-Tavie on pain management
after cardiac surgery. A total of 60 patients scheduled for their first cardiac surgery were
enrolled and randomized to the app group or standard of care group. Soulage-Tavie
screened patients’ perceptions of postoperative pain and generated tailored video sessions
and messages to educate patients about pain management. Data collected 7 days postop
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showed that while both the intervention and the control groups had similar levels of pain
severity and pain catastrophizing, the app group had less pain-related interference with
breathing/coughing and less pain-related barriers.

Table 2. Risk of Bias and Quality Assessment.

Nonrandomized Cohort Studies

MINORS Venkatraman Melholt 2018 Schuuring  Ben-Ali Cook 2014  Dew 2004
2022 [41] [33] 2016 [34] 2021 [27] [28] [29]
A clearly stated aim 1 2 1 2 2 1
Inclusionof > 1 1 > > P
consecutive patients
Prospective collection 5 5 5 5 5 5
of data
Endpoints appropriate
to the aim of the study 2 2 2 2 2 2
Unbiased assessment of > > > > 5 >
study endpoint
Follow-up period
appropriate to the aim 2 2 2 2 2 2
of the study
Loss to follow up less
than 5% 0 0 2 0 0 2
Prospective calculation
of the study size 2 2 2 ! ! 2
Total 13 13 14 13 13 15
Randomized Control Trials
Joanna Briggs Institute Gomis-Pastor van Steenbergen Snoek Lunde Yu 2020 Spindler Vasankari Widmer Martorella
critical appraisal 2021 [30] 2021 [37] 2021 [35] 2020 [31] [40] 2019 [36] 2019 [38] 2015 [39] 2012 [32]
Were the two groups
similar and recruited Yes Yes Yes Yes Yes Yes Yes Yes Yes
from the same
population?

Were the exposures
measured similarly to

assign people to both Yes Yes Yes Yes Yes Yes Iﬁlgtor ted Yes Yes
exposed and P
unexposed groups?
Was the exposure Not
measured in a valid and Yes Not Reported Yes Yes Yes Yes Reported Yes Yes
reliable way? P
Were strategies to deal
. . Not Not Not
with confounding Not Reported Not Reported Reported Reported Yes No Reported Yes No
factors stated?
Were the
groups/ participants free
of the outcome at the Not
start of the study (or at Yes Not Reported Yes Yes Yes Yes Reported Yes Yes
the moment
of exposure)?
Were the outcomes Not
measured in a valid and  Yes Not Reported Yes Yes Yes Yes Reported Yes Yes
reliable way? P
Was the follow-up time
reported and sufficient Not
to be long enough for No Not Reported No No No No Reported No No
outcomes to occur?
Was follow-up complete,
and if not, were the Not Not
reasons for the loss to Yes Not Reported Yes Yes No Reported Reported Yes Yes
follow up described
and explored?
Were strategies to Not
address incomplete Not Reported Not Reported Yes Yes Yes Yes Rg orted Yes Yes
follow-up utilized? P
Was appropriate Not
statistical analysis used? Yes Yes Yes Yes Yes Yes Reported Yes Yes
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Table 3.

Randomized Controlled Trials for Digital Health Interventions.

Study

Intervention Name

Primary Objective

Secondary Objective

Primary Results

Secondary Results

Gomis-Pastor
2021 [30]

mHeart

medication adherence

medical knowledge

intervention improved
med compliance

intervention increased
knowledge about meds

van Steenbergen
2021 [37]

Unnamed

healthcare utilization

quality of life

reduced healthcare
utilization

by improving quality of
life, decreasing anxiety,
and accelerating recovery

Snoek 2021 [35]

Unnamed

peak oxygen uptake
(VOszpeak) after 6 months

change in the amount of
self-reported habitual

physical activity was greater

peak oxygen uptake
improved in the study
group at 6 and
12 months

change in the amount of
self-reported habitual
physical activity was
greater in the study
group compared with
the control group

Lunde 2020 [31]

unnamed

VO,, exercise performance

lipid panel

intervention increased
VO,, exercise
performance

intervention had no
impact on lipid panel

Yu 2020 [40]

Heart Health
Application

CABG secondary
preventive medication
adherence as measured by
the MMAS-8 at the
6-month visit after
randomization

secondary outcomes were

mortality, major adverse
cardiovascular and
cerebrovascular events,
cardiovascular
rehospitalizations,
self-reported secondary

preventive medication use
after 6-month follow-up, BP,

BMI and self-reported
smoking status

there were no
significant differences in
the primary outcome

there were no
significant differences in
the secondary clinical
outcome measures

Spindler 2019 [36]

Teledialog

level of anxiety and
depressive symptoms

quality of life experienced

by patients

no significant
differences between the
two rehabilitation
groups with regard to
the level of anxiety and
depressive symptoms

no significant
differences between the
two rehabilitation
groups with regard to
quality of life
experienced by patients

Vasankari 2019 [38]

ExSed

the change in mean daily
step count between the
baseline (preoperatively)
and at 3 months from
hospital discharge

improvement in
self-perceived QoL

Widmer 2015 [39]

personal health
assistant

changes in risk factors

rehospitalizations plus
emergency department
(ED) visits

significant reductions in
weight and
blood pressure

significant reductions in
rehospitalizations/
D visits

Martorella 2012 [32]

Soulage Tavie

pain intensity, pain
interference with daily
activities, patients’ pain
barriers, tendency to
catastrophize in face of
pain, and analgesic
consumption

intervention group had
less pain interference
with breathing

intervention group
consumed more opioid
pain meds

Snoek et al. examined the effectiveness of their app in facilitating at-home cardiac
rehab. A total of 179 patients with a recent history of ACS, coronary vascularization or
valve intervention who declined participating in center-based cardiac rehab were enrolled.
Participants were randomized to the app group or to the no intervention group. Participants
in the app group followed a 6-month exercise program facilitated by the app. After 1 year,
the app group had significant improvements in their VOppeak relative to the baseline.
Meanwhile, the no intervention group had no change in their VO,pe,i after 1 year.

Spindler et al. tested the viability of their app, Teledialog, as an alternative to con-
ventional psychologic counseling. There were 136 patients with a recent history of CABG,
valve surgery, ACS, or heart failure that were randomized to the Teledialog group or con-
ventional therapy group. Teledialog is an app that allows patients to enter vitals, access
educational content about living with cardiovascular disease, and facilitates e-counseling.
After 12 months, both groups had equal levels of motivation for lifestyle changes, self-care,
psychological distress, and quality of life.

Widmer et al. examined their application (Personal Health Assistant) as a potential
adjunct for conventional cardiac rehabilitation in patients who had PCI. Two groups of
participants were recruited, those who were set to start 3 months of cardiac rehab and those
who had finished cardiac rehab. Both groups were randomized to use the study app as an
adjunct or to perform cardiac rehab alone, thus yielding 4 groups with 42 participants overall.
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The app studied acts as a log for various health tasks and offered education on methods for
cardiac rehab. The group that used the application during cardiac rehab and the group that
used the application after cardiac rehab had significant reductions in rehospitalization, ED
visits, weight, and blood pressure relative to their respective control groups.

Yu et al. studied the effectiveness of their application (Heart Health Application) at
improving medication adherence in patients after CABG. A total of 1000 patients were ran-
domized to the application group or standard of care group. The Heart Health Application
would provide medication reminders and cardiac health education. After 6 months, there
were no differences in medication adherence between the intervention and control group.
There were also no differences in the rate of cardiovascular and cerebrovascular events,
rehospitalization, blood pressure, body mass, or smoking status. Of note, the proportion of
app usage by the intervention group decreased from 88.1% at the start of study to 9.2% at
the end of the 6-month study period.

Two randomized controlled trials are still ongoing. van Steenbergen et al. developed
an app aimed at reducing healthcare utilization. A total of 280 patients scheduled to
undergo CABG were randomized to the app group or standard of care group. The app
used would provide education on treatment, recovery, and healthy living. Outcomes of
interest include healthcare utilization, anxiety, duration of recovery, quality of life, and user
satisfaction. Vasankari et al. aimed to use their app ExSed to monitor and promote physical
activity postop. A total of 540 patients who had undergone CABG or valve surgery were
enrolled and randomized to use the app or receive conventional care alone. The ExSed app
is meant to log physical activity via accelerometer data and provide users with feedback
on accomplishing their activity goals. Outcomes of interest include step count, exercise
capacity, quality of sleep, laboratory markers, TTE parameters, quality of life, and major
cardiac events.

3.5. Nonrandomized Cohort Studies

We found six nonrandomized cohort studies examining the effects of using a mobile
application or other digital platform as a component of their perioperative care (Table 4).

Table 4. Nonrandomized Trials for Digital Health Interventions.

Primary Results

73% of users found the

Study Intervention Name Primary Objective Secondary Objective Secondary Results

Venkatraman 2022 [41] ManageMySurgery (MMS) user satisfaction application helpful
45% of patients used the
Lo o . app to avoid a phone
Ben-Ali 2021 [27] SeamlessMD user satisfaction reduction in health 94% of patients were call and 28% used the

service utilization satisfied with the app

app to avoid a
hospital visit

patients were satisfied

Melholt 2018 [33]

Active Heart

patient satisfaction,
literacy skills

with app and had
self-reported
improved literacy

Schuuring 2016 [34]

mHealth

use of mHealth,
desire to use mHealth

only a minority of
patients already used
mHealth tools, but a
majority would want

desire to use mHealth
was not impacted by
patients age

to try

Cook 2014 [28]

MayoClinicHealthConnection

age did not have a
significant effect
on app use

use by age category

Dew 2004 [29]

intervention reduced
anxiety, depression and
increased social QoL

mental health,

Heartnet QoL, compliance

Ben-Ali et al. examined the impacts of a mobile-based application (SeamlessMD)
for patients undergoing elective cardiac surgeries. In the study, 1108 patients were given
the opportunity to download the mobile applications. During the four weeks before and
after the surgical procedure, patients received guidance through reminders, tasks, PRO
surveys, and evidence-based education. Throughout the postoperative period, patients
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were prompted to complete daily health surveys to monitor their recovery progress and
identify any potential warning signs. The application was designed to escalate lower risk
issues to self-care education and higher risk issues to the care team, such as a phone call
to a nurse, based on the patient’s symptoms and signs. The application received positive
feedback from patients, with 94% of them recommending it and 98% of patients finding it
helpful in their recovery process. In addition, patients reported utilizing the application
to prevent unnecessary health services utilization, with 45% of them avoiding at least one
phone call and 28% of patients avoiding at least one hospital visit using the application.

Cook et al. tested a mobile-based application (Mayo Clinic Health Connection) on
149 patients undergoing elective cardiac surgery. The study assessed the rate at which
users completed modules and found that, in total, approximately 84% of the modules were
finished by the patients. The completion rate varied depending on the day, with the highest
rate of 94% on the surgery day and the lowest rate of 68% on recovery Day 5.

Schuuring et al. investigated the current usage of a mobile health application
(mHealth) in 118 cardiac patients. They found that there was an expressed interest in
using mHealth to access information on physical health and receive guidance on how to
manage symptoms or detect signs of deterioration. The analysis revealed that older age,
gender, and complexity of the defect were all significantly associated with lower current
smartphone usage but did not affect patients’ level of interest or preference for mHealth
applications in the near future.

Venkataraman et al. studied the use of their app, ManageMySurgery (MMS), in which
69 patients underwent TAVR. Patients used the app before and after their procedure and
were asked if the application was helpful in their care. A total of 73% of patients felt
the application was helpful in preparation for TAVR and 86.5% would recommend that
others use it before a similar procedure. After their original feasibility study, Venkataraman
et al. performed a retrospective cohort study involving 388 patients with 238 patients
subsequently using the MMS application after undergoing a TAVR [42]. MMS users were
found to have significantly lower 90-day readmission rates, ER visits, and complication
rates when compared to non-users.

Two studies examined a web-based intervention. Dew et al. used a web-based
intervention (Heartnet) to look at 64 patients undergoing heart transplantation. They found
patents who received the intervention experienced a decrease in depressive and anxiety
symptoms, as well as a decline in anxiety and hostility symptoms among their caregivers,
Furthermore, there was a significant improvement in social functioning quality of life. The
mental health and quality of life benefits were more pronounced in patients who frequently
used the website. Melholt et al. looked at using a web portal (Active Heart) in 109 cardiac
patients. During the trial period, participants had a favorable view of the web portal, citing
its ease of access, user-friendliness, and use of understandable language. Additionally, the
patients” eHealth literacy abilities improved over the course of the trial.

3.6. Country of Origin

The 15 studies included in this systematic review were based in countries across
North America, Europe, and Asia. Four studies included were based primarily in the
USA (Cook, Dew, Venkataraman, Widmer) (Table 1). Two studies were based in Canada
(Ben-Ali, Martorella). Norway (Lunde, Melholt) and the Netherlands (Schuuring, van
Steenbergen) each produced two studies that were included. Spain (Gomis-Pastor),
Denmark (Spindler), Finland (Vasankri), and China (Yu) each contributed one study.
The study by Snoek et al. was conducted across multiple countries (The Netherlands,
Denmark, Switzerland, Spain, France).

3.7. Data Synthesis

The results from the reviewed randomized controlled trials (RCTs) and nonrandom-
ized cohort studies demonstrate the potential of digital health interventions to transform
perioperative care for patients undergoing cardiac surgery. There were improved patient
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engagement and medical adherence across both RCTs and cohort studies. Digital health
interventions consistently demonstrated their capacity to enhance patient engagement and
adherence to treatment regimens. Digital health interventions also demonstrated their
effectiveness in providing tailored symptom management and symptom monitoring. In
the included studies, there exists a geographic diversity, spanning North America, Europe,
and Asia.

4. Discussion

Perioperative care is critical in managing and reducing adverse events that may arise
during and after surgery [43]. Traditional perioperative care has traditionally been limited
to in-person consultations, which may be resource-intensive and challenging to scale in
order to meet the increasing demand for surgical procedures. Digital health interventions,
such as mobile applications and web-based interventions, have emerged as potential tools to
improve perioperative care, including patient engagement, self-care, and health outcomes.
The COVID-19 global pandemic has accelerated the adoption of technologies [44].

4.1. Randomized Control Studies

The study by Snoek et al. supports that digital health can be useful in cardiac rehab.
Participants who used the digital health intervention had significant improvement in
cardiovascular performance. Meanwhile, the group with no intervention did not have
statistically significant changes in cardiovascular performance from the baseline. These
results show that digital health interventions can be a useful way to promote cardiac
rehab in patients who are otherwise unable to perform traditional center-based cardiac
rehab. Lunde et al. further highlight the role that digital health can play in cardiac
rehab. The results show that patients using a digital health intervention had better
cardiovascular fitness and exercise habits than their counterparts who used traditional
center-based cardiac rehab. These data imply that digital health interventions may be
able to replace center-based rehab, making post-operative care much more accessible
for patients. While there is some evidence that digital health may be an alternative
to center-based cardiac rehab, Widmer et al. examined the role of digital health as an
adjunct. Their results show that center-based rehab with digital health resulted in lower
healthcare utilization and better patient outcomes than center-based rehab alone. This is
significant as digital health solutions are inexpensive and widely accessible to patients
given how common smartphones are. These interventions could play a role in reducing
costs to the healthcare system and ensuring patients have improved outcomes. Studies
have previously showed digital health interventions can be beneficial in terms of both
costs and health outcomes [45]. Patients can benefit by not having to physically go to
follow-up appointments and by having increased access to healthcare.

Aside from its use in cardiac rehab, digital health interventions show promise in pro-
moting medication adherence. Gomis-Pastor et al. studied the utility of their digital health
interventions in heart transplant recipients. Medication adherence is especially important
for transplant patients given the risk of organ rejection and scarcity of transplant organs.
Gomis-Pastor found their app intervention increased medication adherence as well as
participants” knowledge about medication administration and uses. This result shows that
digital health can be an important tool to promote patient education leading to improved
compliance. Yu et al. studied their application in patients who had undergone CABG. They
did not find any significant change in medication adherence between the digital interven-
tion group and nonintervention group. Of note, only 9.2% of participants used the app by
the end of the trial period. This indicates poor adherence to the trial intervention and may
explain why there were no results of significance. Further trials are needed to validate the
digital intervention’s usability and patient satisfaction to ensure that patients are able to
use it properly. After improving the intervention, a trial should be conducted again to see if
medication adherence improves if there are high levels of digital intervention use. Digital
applications have previously been used to increase medication compliance in patients
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with chronic medical conditions, including diabetes, hypertension, and dyslipidemia [46].
Patients are able to effectively keep track of their different medications, which becomes
essential when they have to keep track of multiple medications.

Martorella et al. studied the role of digital health in post-operative pain management.
The digital health intervention reduced pain-induced barriers that participants faced despite
both groups reporting similar levels of pain. These results indicate that digital health
can help to improve patient quality of life by helping with the burden of symptoms’
management postop. Perhaps digital health interventions could be helpful in alleviating
the burden of pain management for other surgical procedures. Post hoc analysis, however,
showed that group differences were only significant on day 2. Otherwise, both groups had
similar rates of opioid usage.

Spindler et al. studied the use of their app as an alternative for psychological therapy
in post-op patients. It can be determined that the digital intervention was noninferior to
conventional therapy. This study highlights the potential for patients to use digital health
instead of conventional therapy and reap the benefits that digital health offers, such as
convenience and accessibility. The value of digital health in psychological therapy needs to
be further validated to show that noninferiority is not due to poorly powering the study.

4.2. NorRandomized Cohort Studies

The identified five nonrandomized cohort studies that examined the effects of mobile
applications and web-based interventions on perioperative care suggest that digital health
interventions have the potential to improve perioperative care in cardiac patients.

The study by Ben-Ali et al. found that the use of a mobile application (SeamlessMD)
was associated with increased patient engagement and satisfaction. Patients found the ap-
plication helpful in their recovery process and were able to prevent unnecessary healthcare
utilization. Cook et al. also found that patients were engaged with the mobile application
(Mayo Clinic Health Connection) during the acute phase of care, with a high completion rate
of modules on the surgery day. Venkataraman et al. also found that their app (MMS) had a
high level of patient satisfaction in their original feasibility study examining usage. The
larger study that followed suggests that mobile applications, such as MMS, could decrease
unnecessary use of emergency and inpatient care by engaging patients with a structured
educational task and context [42]. The studies by Dew et al. and Melholt et al. showed
that web-based interventions can be effective in improving mental health, quality of life,
and eHealth literacy beyond the acute phase of the case and into the post-operative period.
Their findings suggest that web-based and application interventions can complement the
traditional perioperative care and enhance the patient’s recovery experience. Patients who
have a higher level of compliance in the perioperative period have been shown to have
superior outcomes [47,48]. These studies show that digital health interventions represent
an effective way to engage and help keep patients informed during such a crucial time.

Schuuring et al.’s study identified that patients expressed an interest in using mHealth
applications to manage their symptoms and receive guidance on physical health. Interest-
ingly, age, gender, and complexity of the defect did not affect patients’ interest in mHealth
applications, suggesting that digital health interventions may be useful in reaching a diverse
patient population. Despite digital platforms being fairly novel, older patients were found
to have similar interest in utilizing these resources. Patients from all backgrounds may
benefit from a digital health platform [49]. Previous research and studies have shown that
digital platforms are typically well received although there is a learning curve associated
with incorporating and implementing these interventions [50,51].

However, the nonrandomized cohort study design of the included studies is a limita-
tion. It is unclear whether the observed benefits are solely attributable to the digital health
interventions or whether there are other factors contributing to the results. Furthermore, the
generalizability of the results is limited to the study populations and may not be applicable
to other patient populations or clinical settings.
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4.3. Country of Origin

The studies in this systematic review varied in their nation of origin with participants
from the 10 countries included. The success of digital health globally showcases that it has
the potential to help cardiac surgery patients regardless of geographic location; all patients
require is a smartphone and access to the internet. Most of the digital interventions were
based in North America or European countries, indicating the need for the development
of applications and web-based interventions to help address a broader audience. With
a majority of the world’s population owning a smartphone device and internet access
growing, digital health interventions will only continue to become more accessible [8,52].

4.4. Limitations

There are several limitations to this systematic review. First, the study included
only fully published primary studies. While this approach was adopted to ensure a
methodologically stringent analysis, it does introduce the possibility of publication bias.
This arises from the tendency of journals to favor the publication of studies with statistically
significant results, potentially leading to an underrepresentation of studies with null or
nonsignificant findings. Consequently, our review might not capture the entirety of research
conducted in this domain, warranting a cautious interpretation of the cumulative evidence.
Moreover, other systematic reviews were not included in the analysis, which may have
resulted in the loss of in studies not captured in the review. In addition, this study excluded
the pediatric cardiac population, which decreases the generalizability. Lastly, a meta-
analysis was not conducted due to the differences in study design among the captured
studies. Nevertheless, this systematic review offers a comprehensive overview of the
existing digital health options for cardiac surgery and offers recommendations for future
research and development.

5. Conclusions

Digital health interventions, such as mobile applications and web-based interventions,
have the potential to improve perioperative care in cardiac patients. The results of the
systematic review suggest that digital health interventions can enhance patient engagement,
satisfaction, and health outcomes. Patients have a high level of engagement with digital
health interventions, especially immediately before and after the procedure, in the peri-
procedure timeline. However, further research is needed to establish the effectiveness and
feasibility of these interventions in diverse patient populations and clinical settings.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /healthcare11172411/s1, Table S1: Search terms used for Sys-
tematic Review.

Author Contributions: Conceptualization, K.AW.,, V.V. and S.PL.; methodology, K AW., SK.
(Sameer Kunte), S.R., and S.K. (Samantha Kaplan); software, S.K. (Samantha Kaplan); validation,
K.AW, SK. (Sameer Kunte), and S.R.; formal analysis, K.A.W. and S.K. (Sameer Kunte); investi-
gation, K. AW, S K. (Sameer Kunte), and S.R.; resources, S.K. (Samantha Kaplan) and S.P.L.; data
curation, S.P.L.; writing—original draft preparation, K.A.W., S.K. (Sameer Kunte), G.K., and S.0.A.-H.;
writing—review and editing, all authors; visualization, K.A.W. and S.K. (Sameer Kunte); supervision,
J.D., T.C.N., and S.P.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: The study did not require ethical approval.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: S.P.L. has equity in Higgs Boson Health. The other authors declare no conflict
of interest.


https://www.mdpi.com/article/10.3390/healthcare11172411/s1
https://www.mdpi.com/article/10.3390/healthcare11172411/s1

Healthcare 2023, 11, 2411 13 of 15

References

1.

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

Mozaffarian, D.; Benjamin, E.J.; Go, A.S.; Arnett, D.K.; Blaha, M.].; Cushman, M.; Das, S.R.; de Ferranti, S.; Després, J.P.;
Fullerton, H.]J.; et al. Heart Disease and Stroke Statistics-2016 Update: A Report From the American Heart Association.
Circulation 2016, 133, €38-e360. [CrossRef]

Doenst, T.; Kirov, H.; Moschovas, A.; Gonzalez-Lopez, D.; Safarov, R.; Diab, M.; Bargenda, S.; Faerber, G. Cardiac surgery 2017
reviewed. Clin. Res. Cardiol. 2018, 107, 1087-1102. [CrossRef]

Vervoort, D.; Meuris, B.; Meyns, B.; Verbrugghe, P. Global cardiac surgery: Access to cardiac surgical care around the world.
J. Thorac. Cardiovasc. Surg. 2020, 159, 987-996.€986. [CrossRef]

Senst, B.; Kumar, A.; Diaz, R.R. Cardiac Surgery; StatPearls Publishing: Treasure Island, FL, USA, 2023.

Acikel, M.E.T. Evaluation of Depression and Anxiety in Coronary Artery Bypass Surgery Patients: A Prospective Clinical Study.
Braz. . Cardiovasc. Surg. 2019, 34, 389-395. [CrossRef]

Curcio, N.; Philpot, L.; Bennett, M.; Felius, ]J.; Powers, M.B.; Edgerton, J.; Warren, A.M. Anxiety, depression, and healthcare
utilization 1 year after cardiac surgery. Am. J. Surg. 2019, 218, 335-341. [CrossRef] [PubMed]

Vogel, B.A.; Leonhart, R.; Helmes, A.W. Communication matters: The impact of communication and participation in decision
making on breast cancer patients” depression and quality of life. Patient Educ. Couns. 2009, 77, 391-397. [CrossRef]

Kao, C.K,; Liebovitz, D.M. Consumer Mobile Health Apps: Current State, Barriers, and Future Directions. PM R 2017, 9, S106-S115.
[CrossRef]

Sarkar, S.; MacLeod, J.; Hassan, A.; Brunt, K.R.; Palmer, K.; Légaré, ].F. Enhanced Telehealth Home-Monitoring Intervention for
Vulnerable and Frail Patients after Cardiac Surgery (THE-FACS Pilot Intervention Study). BMC Geriatr. 2022, 22, 836. [CrossRef]
Carlson, L.; O’Brien, J.; Gujral, N.; Chiang, V.; Del Nido, P.; Nathan, M. Digital solution for follow-up in congenital cardiac surgery.
Cardiol. Young 2022, 32, 1032-1040. [CrossRef] [PubMed]

Tan, C.S,; Jie, C.; Joe, J.; Irani, Z.D.; Ganguli, S.; Kalva, S.P.; Wicky, S.; Wu, S. The impact of transvenous cardiac devices on vascular
access patency in hemodialysis patients. Semin. Dial. 2013, 26, 728-732. [CrossRef] [PubMed]

Conard, S. Best practices in digital health literacy. Int. J. Cardiol. 2019, 292, 277-279. [CrossRef]

Lopez-Olivo, M.A.; Suarez-Almazor, M.E. Digital Patient Education and Decision Aids. Rheum. Dis. Clin. N. Am. 2019, 45, 245-256.
[CrossRef] [PubMed]

Kataria, S.; Ravindran, V. Digital health: A new dimension in rheumatology patient care. Rheumatol. Int. 2018, 38, 1949-1957.
[CrossRef]

Pal, K.; Dack, C.; Ross, J.; Michie, S.; May, C.; Stevenson, E; Farmer, A.; Yardley, L.; Barnard, M.; Murray, E. Digital Health
Interventions for Adults with Type 2 Diabetes: Qualitative Study of Patient Perspectives on Diabetes Self-Management Education
and Support. . Med. Internet Res. 2018, 20, e40. [CrossRef]

Schnitman, G.; Wang, T.; Kundu, S.; Turkdogan, S.; Gotlieb, R.; How, J.; Gotlieb, W. The role of digital patient education in
maternal health: A systematic review. Patient Educ. Couns. 2022, 105, 586-593. [CrossRef] [PubMed]

Solvin, H.; Lippert, M.; Holmstrem, H.; Elle, O.].; Brun, H. Real-time Remote Expert-guided Echocardiography by Medical
Students. Ultrasound. J. 2023, 15, 28. [CrossRef] [PubMed]

Hasan, A.; Mohammed, Y.; Basiony, M.; Hanbazazh, M.; Samman, A.; Abdelaleem, M.E; Nasr, M.; Abozeid, H.; Mohamed, H.L,;
Faisal, M.; et al. Clinico-Pathological Features and Immunohistochemical Comparison of p16, p53, and Ki-67 Expression in
Muscle-Invasive and Non-Muscle-Invasive Conventional Urothelial Bladder Carcinoma. Clin. Pract. 2023, 13, 806-819. [CrossRef]
Chen, L.; Chen, M.; Li, Q.; Kumar, V,; Duan, Y.; Wu, K.A.; Pierce, T.T.; Samir, A.E. Machine Learning-Assisted Diagnostic System
for Indeterminate Thyroid Nodules. Ultrasound. Med. Biol. 2022, 48, 1547-1554. [CrossRef]

Asiedu, M.; Benjamin, A.; Singh, V.; Wang, S.; Wu, K.; Samir, A.; Kumar, V. A generative adversarial network for ultrasound
signal enhancement by transforming low-voltage beamformed radio frequency data to high-voltage data. SPIE Med. Imaging
2022, 2022, 12038. [CrossRef]

Peng, S.; Liu, Y.; Lv, W,; Liu, L.; Zhou, Q.; Yang, H.; Ren, J.; Liu, G.; Wang, X.; Zhang, X.; et al. Deep learning-based artificial
intelligence model to assist thyroid nodule diagnosis and management: A multicentre diagnostic study. Lancet Digit. Health 2021,
3, €250-e259. [CrossRef]

Walker, D.; Adebajo, A.; Bukhari, M. The benefits and challenges of providing patient education digitally. Rheumatology 2020,
59, 3591-3592. [CrossRef]

Smith, B.; Magnani, ].W. New technologies, new disparities: The intersection of electronic health and digital health literacy. Int. J.
Cardiol. 2019, 292, 280-282. [CrossRef] [PubMed]

Jandoo, T. WHO guidance for digital health: What it means for researchers. Digit. Health 2020, 6, 2055207619898984. [CrossRef]
Slim, K.; Nini, E.; Forestier, D.; Kwiatkowski, F.; Panis, Y.; Chipponi, J. Methodological index for non-randomized studies (minors):
Development and validation of a new instrument. ANZ J. Surg. 2003, 73, 712-716. [CrossRef] [PubMed]

Karlsson, L.E.; Takahashi, R. A Resource for Developing an Evidence Synthesis Report for Policy-Making; Health Evidence Network
Synthesis Report, No. 50; WHO Regional Office for Europe: Copenhagen, Danmark, 2017.

Ben-Ali, W.; Lamarche, Y.; Carrier, M.; Demers, P.; Bouchard, D.; El-Hamamsy, I.; Cartier, R.; Pellerin, M.; Perrault, L.P. Use
of Mobile-Based Application for Collection of Patient-Reported Outcomes in Cardiac Surgery. Innovations 2021, 16, 536-544.
[CrossRef] [PubMed]


https://doi.org/10.1161/cir.0000000000000350
https://doi.org/10.1007/s00392-018-1280-9
https://doi.org/10.1016/j.jtcvs.2019.04.039
https://doi.org/10.21470/1678-9741-2018-0426
https://doi.org/10.1016/j.amjsurg.2018.12.009
https://www.ncbi.nlm.nih.gov/pubmed/30573157
https://doi.org/10.1016/j.pec.2009.09.005
https://doi.org/10.1016/j.pmrj.2017.02.018
https://doi.org/10.1186/s12877-022-03531-4
https://doi.org/10.1017/S1047951121003553
https://www.ncbi.nlm.nih.gov/pubmed/34497002
https://doi.org/10.1111/sdi.12073
https://www.ncbi.nlm.nih.gov/pubmed/23458207
https://doi.org/10.1016/j.ijcard.2019.05.070
https://doi.org/10.1016/j.rdc.2019.01.001
https://www.ncbi.nlm.nih.gov/pubmed/30952396
https://doi.org/10.1007/s00296-018-4037-x
https://doi.org/10.2196/jmir.8439
https://doi.org/10.1016/j.pec.2021.06.019
https://www.ncbi.nlm.nih.gov/pubmed/34183217
https://doi.org/10.1186/s13089-023-00328-3
https://www.ncbi.nlm.nih.gov/pubmed/37266713
https://doi.org/10.3390/clinpract13040073
https://doi.org/10.1016/j.ultrasmedbio.2022.03.020
https://doi.org/10.1117/12.2612686
https://doi.org/10.1016/S2589-7500(21)00041-8
https://doi.org/10.1093/rheumatology/keaa642
https://doi.org/10.1016/j.ijcard.2019.05.066
https://www.ncbi.nlm.nih.gov/pubmed/31171391
https://doi.org/10.1177/2055207619898984
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://www.ncbi.nlm.nih.gov/pubmed/12956787
https://doi.org/10.1177/15569845211045677
https://www.ncbi.nlm.nih.gov/pubmed/34882492

Healthcare 2023, 11, 2411 14 of 15

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Cook, D.J.; Moradkhani, A.; Douglas, K.S.; Prinsen, S.K.; Fischer, E.N.; Schroeder, D.R. Patient education self-management during
surgical recovery: Combining mobile (iPad) and a content management system. Telemed. ]. E Health 2014, 20, 312-317. [CrossRef]
Dew, M.A.; Goycoolea, ].M.; Harris, R.C.; Lee, A.; Zomak, R.; Dunbar-Jacob, J.; Rotondi, A.; Griffith, B.P.; Kormos, R.L. An
internet-based intervention to improve psychosocial outcomes in heart transplant recipients and family caregivers: Development
and evaluation. J. Heart Lung Transplant. 2004, 23, 745-758. [CrossRef] [PubMed]

Gomis-Pastor, M.; Mirabet Perez, S.; Roig Minguell, E.; Brossa Loidi, V.; Lopez Lopez, L.; Ros Abarca, S.; Galvez Tugas, E.; Mas-
Malagarriga, N.; Mangues Bafalluy, M.A. Mobile Health to Improve Adherence and Patient Experience in Heart Transplantation
Recipients: The mHeart Trial. Healthcare 2021, 9, 463. [CrossRef]

Lunde, P; Bye, A.; Bergland, A.; Grimsmo, J.; Jarstad, E.; Nilsson, B.B. Long-term follow-up with a smartphone application
improves exercise capacity post cardiac rehabilitation: A randomized controlled trial. Eur. J. Prev. Cardiol. 2020, 27, 1782-1792.
[CrossRef] [PubMed]

Martorella, G.; C6té, J.; Racine, M.; Choiniére, M. Web-based nursing intervention for self-management of pain after cardiac
surgery: Pilot randomized controlled trial. J. Med. Internet Res. 2012, 14, e177. [CrossRef]

Melholt, C.; Joensson, K.; Spindler, H.; Hansen, J.; Andreasen, ].J.; Nielsen, G.; Noergaard, A.; Tracey, A.; Thorup, C.; Kringelholt,
R.; et al. Cardiac patients” experiences with a telerehabilitation web portal: Implications for eHealth literacy. Patient. Educ. Couns.
2018, 101, 854-861. [CrossRef]

Schuuring, M.J.; Backx, A.P.; Zwart, R.; Veelenturf, A.H.; Robbers-Visser, D.; Groenink, M.; Abu-Hanna, A.; Bruining, N.; Schijven,
M.P,; Mulder, B.J.; et al. Mobile health in adults with congenital heart disease: Current use and future needs. Neth. Heart ]. 2016,
24, 647-652. [CrossRef] [PubMed]

Snoek, J.A.; Prescott, E.L; van der Velde, A E.; Eijsvogels, TM.H.; Mikkelsen, N.; Prins, L.E; Bruins, W.; Meindersma, E.; Gonzalez-
Juanatey, ].R.; Pefia-Gil, C.; et al. Effectiveness of Home-Based Mobile Guided Cardiac Rehabilitation as Alternative Strategy
for Nonparticipation in Clinic-Based Cardiac Rehabilitation among Elderly Patients in Europe: A Randomized Clinical Trial.
JAMA Cardiol. 2021, 6, 463—468. [CrossRef] [PubMed]

Spindler, H.; Leerskov, K.; Joensson, K.; Nielsen, G.; Andreasen, ]J.J.; Dinesen, B. Conventional Rehabilitation Therapy Versus
Telerehabilitation in Cardiac Patients: A Comparison of Motivation, Psychological Distress, and Quality of Life. Int. ]. Environ.
Res. Public Health 2019, 16, 512. [CrossRef]

van Steenbergen, G.J.; van Veghel, D.; Ter Woorst, J.; van Lieshout, D.; Dekker, L. IMPROV-ED trial: eHealth programme for
faster recovery and reduced healthcare utilisation after CABG. Neth. Heart |. 2021, 29, 80-87. [CrossRef]

Vasankari, V.; Halonen, J.; Husu, P.; Vaha-Ypy4d, H.; Tokola, K.; Suni, J.; Sievénen, H.; Anttila, V.; Airaksinen, J.; Vasankari, T.; et al.
Personalised eHealth intervention to increase physical activity and reduce sedentary behaviour in rehabilitation after cardiac
operations: Study protocol for the PACO randomised controlled trial (NCT03470246). BM] Open Sport Exerc. Med. 2019, 5, e000539.
[CrossRef]

Widmer, R.J.; Allison, T.G.; Lerman, L.O.; Lerman, A. Digital Health Intervention as an Adjunct to Cardiac Rehabilitation Reduces
Cardiovascular Risk Factors and Rehospitalizations. J. Cardiovasc. Transl. Res. 2015, 8, 283-292. [CrossRef] [PubMed]

Yu, C; Liu, C; Du, J.; Liu, H.; Zhang, H.; Zhao, Y,; Yang, L.; Li, X.; Li, ].; Wang, |.; et al. Smartphone-based application to improve
medication adherence in patients after surgical coronary revascularization. Am. Heart J. 2020, 228, 17-26. [CrossRef]
Venkatraman, V.; Ponder, M.; Gellad, Z.F,; Lad, S.P.; Christy, E.; Plichta, R.; Harrison, J.K.; Hughes, G.C.; Doberne, ]. Feasibility
study of a novel digital health platform for patients undergoing transcatheter aortic valve replacement. J. Card. Surg. 2022,
37,2017-2022. [CrossRef]

Venkatraman, V.; Lad, S.P; Gellad, Z.F,; Heo, H.; Wu, K.A; Dharmapurikar, R.; Liu, B.; Jung, S.-H.; Plichta, R.; Harrison, ].K,; et al.
Improving Patient Outcomes with a Mobile Digital Health Platform for Patients Undergoing Transcatheter Aortic Valve Replace-
ment (TAVR). J. Invasive Cardiol. 2023, 35. Available online: https://www.hmpgloballearningnetwork.com/site/jic/original-
contribution/improving-patient-outcomes-mobile-digital-health-platform-patients (accessed on 25 August 2023).

Selimen, D.; Andsoy, I.I. The importance of a holistic approach during the perioperative period. Aorn. J. 2011, 93, 482-487;
quiz 488-490. [CrossRef] [PubMed]

Liu, L.; Miguel-Cruz, A. Technology adoption and diffusion in healthcare at onset of COVID-19 and beyond. Healthc. Manag.
Forum. 2022, 35, 161-167. [CrossRef]

Gentili, A.; Failla, G.; Melnyk, A.; Puleo, V.; Tanna, G.L.D.; Ricciardi, W.; Cascini, F. The cost-effectiveness of digital health
interventions: A systematic review of the literature. Front. Public Health 2022, 10, 787135. [CrossRef] [PubMed]

Quisel, T.; Foschini, L.; Zbikowski, S.M.; Juusola, ].L. The Association between Medication Adherence for Chronic Conditions
and Digital Health Activity Tracking: Retrospective Analysis. |. Med. Internet Res. 2019, 21, €11486. [CrossRef] [PubMed]

Mair, V,; Breda, A.P.; Nunes, M.E.; Matos, L.D. Evaluating compliance to a cardiac rehabilitation program in a private general
hospital. Einstein 2013, 11, 278-284. [CrossRef]

Hoogma, D.F; Croonen, R.; Al Tmimi, L.; Tournoy, J.; Verbrugghe, P.; Fieuws, S.; Rex, S. Association between improved
compliance with enhanced recovery after cardiac surgery guidelines and postoperative outcomes: A retrospective study. J. Thorac.
Cardiovasc. Surg. 2022. [CrossRef]

Marston, H.R.; Musselwhite, C.B.A. Improving Older People’s Lives Through Digital Technology and Practices. Gerontol. Geriatr.
Med. 2021, 7, 23337214211036255. [CrossRef]


https://doi.org/10.1089/tmj.2013.0219
https://doi.org/10.1016/j.healun.2003.07.002
https://www.ncbi.nlm.nih.gov/pubmed/15366436
https://doi.org/10.3390/healthcare9040463
https://doi.org/10.1177/2047487320905717
https://www.ncbi.nlm.nih.gov/pubmed/32106713
https://doi.org/10.2196/jmir.2070
https://doi.org/10.1016/j.pec.2017.12.017
https://doi.org/10.1007/s12471-016-0901-z
https://www.ncbi.nlm.nih.gov/pubmed/27646112
https://doi.org/10.1001/jamacardio.2020.5218
https://www.ncbi.nlm.nih.gov/pubmed/33112363
https://doi.org/10.3390/ijerph16030512
https://doi.org/10.1007/s12471-020-01508-9
https://doi.org/10.1136/bmjsem-2019-000539
https://doi.org/10.1007/s12265-015-9629-1
https://www.ncbi.nlm.nih.gov/pubmed/25946990
https://doi.org/10.1016/j.ahj.2020.06.019
https://doi.org/10.1111/jocs.16515
https://www.hmpgloballearningnetwork.com/site/jic/original-contribution/improving-patient-outcomes-mobile-digital-health-platform-patients
https://www.hmpgloballearningnetwork.com/site/jic/original-contribution/improving-patient-outcomes-mobile-digital-health-platform-patients
https://doi.org/10.1016/j.aorn.2010.09.029
https://www.ncbi.nlm.nih.gov/pubmed/21459186
https://doi.org/10.1177/08404704211058842
https://doi.org/10.3389/fpubh.2022.787135
https://www.ncbi.nlm.nih.gov/pubmed/36033812
https://doi.org/10.2196/11486
https://www.ncbi.nlm.nih.gov/pubmed/30892271
https://doi.org/10.1590/S1679-45082013000300004
https://doi.org/10.1016/j.jtcvs.2022.07.010
https://doi.org/10.1177/23337214211036255

Healthcare 2023, 11, 2411 15 of 15

50. Abernethy, A.; Adams, L.; Barrett, M.; Bechtel, C.; Brennan, P; Butte, A.; Faulkner, J.; Fontaine, E.; Friedhoff, S.; Halamka, J.; et al.
The Promise of Digital Health: Then, Now, and the Future. NAM Perspect 2022, 2022. [CrossRef]

51. Alharbi, FE. The Use of Digital Healthcare Platforms During the COVID-19 Pandemic: The Consumer Perspective. Acta. Inform.
Med. 2021, 29, 51-58. [CrossRef]

52. Krishnaswami, A.; Beavers, C.; Dorsch, M.P,; Dodson, J.A.; Masterson Creber, R.; Kitsiou, S.; Goyal, P.; Maurer, M.S.; Wenger,
N.K; Croy, D.S,; et al. Gerotechnology for Older Adults with Cardiovascular Diseases: JACC State-of-the-Art Review. J. Am. Coll.
Cardiol. 2020, 76, 2650-2670. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.31478/202206e
https://doi.org/10.5455/aim.2021.29.51-58
https://doi.org/10.1016/j.jacc.2020.09.606

	Introduction 
	Materials and Methods 
	Search Strategy 
	Eligibility Criteria 
	Risk of Bias and Quality Assessment 

	Results 
	Literature Search 
	Digital Health Application 
	Risk of Bias and Quality Assessment 
	Randomized Control Trials 
	Nonrandomized Cohort Studies 
	Country of Origin 
	Data Synthesis 

	Discussion 
	Randomized Control Studies 
	NorRandomized Cohort Studies 
	Country of Origin 
	Limitations 

	Conclusions 
	References

