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CHAPTER |

General Introduction






THE SETTING

Over the last decades, technology has changed the way we live. In the year 2000, 70% of
all Dutch inhabitants were equipped with a personal computer, and 40% had an internet
connection[1]. In 2020, 97% of all inhabitants above the age of 12 were connected to the
internet, and 88% used it daily[2]. These numbers were comparable with other northern
European countries and countries such as, but not limited to, South Korea, Saudi Arabia
and Canada[3]. In the Netherlands, internet use among elderly people has increased over
the last decade. In 2013, 39% of all people aged 75 years or older had used the internet at
least once in their life, and 20% used it daily[4]. In 2021, 79.6% of all people aged 75 years
or older were connected to the internet. More than 50% used it daily by reading news
articles, finding information on the web, and using chat messaging services[2]. Digital
literacy has become an important skill as it has become increasingly hard to, for instance,
file taxes and transfer money offline. In the job market, specific hard skills and mastery
of particular skill sets, with a focus on digital literacy, are in increasingly high demand|[5].

In medicine, the use of electronic healthcare (eHealth) is a growing field, but lacks a
clear definition. A total of 51 unique definitions were found and discussed by Oh et al[6],
which showed no clear consensus; the terms ‘health’ and ‘internet’ were most often
named, mostly followed by positive connotations such as ‘benefits’, ‘improvements’
and ‘enabling’. One study suggests that eHealth allows patients and professionals to ‘do
the previously impossible’[7]. Due to the lack of consensus, however, eHealth remains
an umbrella term. The number of publications listed on Pubmed containing the word
‘eHealth’ has increased by 500%: from 2,706 publications in 2010 to 13,661 in 2020[8].
Moreover, in 2020, app developers had created over 350,000 eHealth apps for Apple
(Apple, Cupertino, CA, USA) and Android (Google, Mountain View, CA, USA) users. Over
250 new apps are available each day[9]. The clinical utility of apps has great potential,
good examples being Headspace and the Mind Spot Clinic, both focusing on mental well-
being. Both apps have been shown to be effective tools resulting in clinical significant
improvements in psychosocial well-being, displaying the potential to increase the efficacy
of existing mental health services[10-12]. Electronic health has also been considered to
be beneficial in the hospital sector for both patients and healthcare providers, who use
it in diagnostics and follow-ups, in monitoring chronic diseases, in rehabilitation, and in
residential management of patient medication[13]. For instance, eHealth was found to be
effective compared to standard care with respect to anticoagulant therapy[14], smoking
cessation[15], blood pressure reduction and weight-loss[16].

Several concerns of eHealth have been reported in popular and scientific literature, such
as data safety, the lack of a legal framework, and questionable added value of eHealth
interventions[17]. Another concern is the unregulated market of eHealth apps, result-
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ing in a low average quality of these apps[18]. Without clinical evaluation, eHealth apps
could compromise user health and safety[19]. For instance, an app that was designed to
help with opioid conversion calculations and an app for melanoma detection, both fail-
ing to follow evidence-based guidelines[20,21], are examples of suboptimal functioning
eHealth. This may, as a result, provide inaccurate information with potential hazardous
consequences such as incorrect diagnosis or drug overdose. Therefore, careful clinical
evaluation of eHealth apps is needed before it is introduced within the target patient
population.

Apart from eHealth software, which has seen growth in recent years, various hardware
solutions have been released to the market as well. When hardware or software solutions
are combined with the use of a mobile phone or other wireless technologies to support
the achievement of health objectives, this is known as mobile health (mHealth)[22]. Mo-
bile health technologies can often measure vital parameters, such as blood pressure or
oxygen saturation, or register an ECG. Mobile health is believed to present opportunities
to increase patient engagement, improve clinical outcomes and reduce healthcare costs
by, among other factors, early illness detection and empowering patients to intervene
in their own healthcare[23-25]. Mobile health therefore provides the possibility to re-
design the follow-up of patients[26]. This was the objective of a randomized clinical trial
The Box, which was introduced to the cardiology department of the Leiden University
Medical Center, Leiden, The Netherlands (LUMC) in 2016[27]. A total of 200 myocardial
infarction patients were randomized in a 1:1 fashion, the intervention group receiving a
blood pressure monitor, pedometer, single-lead ECG device and a weight scale to track
their vital parameters for the duration of one year. Also, during follow-up, two protocolled
physical outpatient clinic visits were replaced by an eVisit. This meant that intervention
group patients saved time and money by not having to come to the hospital, at the same
time relieving pressure on the outpatient cardiology clinic. The mHealth intervention
was hypothesized to improve clinical effectiveness, and patient satisfaction due to an
increased engagement and empowerment as a result of individualized follow-up. A PhD
student and nurse practitioner (NP) checked the measurements multiple times per week
and contacted the patient in case of data irregularities, changing the medication regime
if necessary.

After a successful start of The Box[28], it was unknown if other patient groups could also
benefit from this mHealth intervention. As an improvement in ambulatory care may lead
to a decrease in complications, the impact of mHealth may be especially large in high-risk
patient groups, for instance those who underwent major surgery. After cardiac surgery,
patients who are discharged in a clinically stable condition are still at risk to develop
complications at home. The most frequent postoperative complications are rhythm dis-
turbances such as atrial fibrillation, late tamponade, cardiac decompensation and sternal
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wound infection. In approximately 25% of patients, one or more of these complications

occur[29]. Early detection of complications is of vital importance to prevent or reduce

morbidity as well as patient presentations to the emergency department, and The Box was

hypothesized to fulfill these needs during the ambulatory follow-up period immediately

after discharge from the thoracic surgery ward. The main goal of this thesis was to assess

the effect of The Box on clinical outcomes and patient satisfaction after cardiac surgery.

The research questions were:

1. Does The Box increase the detection of postoperative atrial fibrillation (POAF) com-
pared to standard care?

2. Does The Box improve blood pressure, weight and lipid levels (cardiovascular risk
management) compared to standard care?

3. Is The Box feasible to implement in daily outpatient care, and is patient satisfaction of
care positively influenced by The Box compared to standard care?

The preliminary investigation of this thesis consisted of a systematic review of the di-
agnostic detection rate of atrial fibrillation by mHealth devices, compared to traditional
outpatient follow-up, in patients with an indication for ECG follow-up. In Chapter Il, the
results of this systematic review are discussed. Chapter Ill provides an overview of the de-
sign of The Box, as well as the implementation and utilization in the ambulatory follow-up
of all eligible patient groups of the department of cardiology of the LUMC, which started
in 2016.

To assess the research questions mentioned above, an observational study consisting of
a prospective mHealth intervention group and a historical control group was conducted.
A total of 730 cardiac surgery patients were included and followed up for 3 months. The
rationale and design of this study are discussed in Chapter IV, the outcomes regarding the
detection of POAF and patient satisfaction are discussed in Chapter V, and the impact of
mHealth on cardiovascular risk management is discussed in Chapter VI.

GENERAL INTRODUCTON 13



REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

CBS. (2001) Vier van de tien huishoudens op Internet. Available via: https://www.cbs.nl/nl-
nl/nieuws/2001/30/vier-van-de-tien-huishoudens-op-internet

CBS. (2022) Internettoegang en internetactiviteiten; persoonskenmerken. Available via:
https://www.cbs.nl/nl-nl/cijfers/detail /84888NED

Statista. (2022) Countries with the highest internet penetration rate as of July 2022. Avail-
able via: https://www.statista.com/statistics/227082/countries-with-the-highest-internet-
penetration-rate/

CBS. (2013) Internetgebruik ouderen fors toegenomen. Available via: https://www.cbs.nl/
nl-nl/nieuws/2013/50/internetgebruik-ouderen-fors-toegenomen

Dede C. Comparing Frameworks for “21st Century Skills”. In: Harvard Graduate School of
Education; 2009. Available via: http://sttechnology.pbworks.com/f/Dede_(2010)_Compar-
ing%20Frameworks%20for%2021st%20Century%20Skills.pdf

Oh H, Rizo C, Enkin M, Jadad A. What is eHealth (3): a systematic review of published defini-
tions. ) Med Internet Res 2005;7(1):el.

McLendon K. E-commerce and HIM: ready or not, here it comes. J AHIMA 2000;71(1):22-3.
Pubmed. eHealth or electronic health. 2022. Available via: https://pubmed.ncbi.nim.nih.gov
/?term=ehealth+or+%22electronic+health%22

Igvia Institute. Digital Health Trends 2021. In: Iqvia Institute; 2021. Available via: https://
www.igvia.com/-/media/iqvia/pdfs/institute-reports/digital-health-trends-2021/iqvia-
institute-digital-health-trends-2021.pdf?_=1628089218603

Economides M, Martman J, Bell MJ, Sanderson B. Improvements in Stress, Affect, and Irrita-
bility Following Brief Use of a Mindfulness-based Smartphone App: A Randomized Controlled
Trial. Mindfulness (N Y) 2018;9(5):1584-1593.

Newby JM, Haskelberg H, Hobbs MJ, Mahoney AEJ, Mason E, Andrews G. The effectiveness
of internet-delivered cognitive behavioural therapy for health anxiety in routine care. J Affect
Disord 2020;264:535-542.

Titov N, Andrews G, Davies M, MclIntyre K, Robinson E, Solley K. Internet treatment for
depression: a randomized controlled trial comparing clinician vs. technician assistance. PLoS
One 2010;5(6):e10939.

Svendsen MT, Tiedemann SN, Andersen KE. Pros and cons of eHealth: A systematic review of
the literature and observations in Denmark. SAGE Open Med 2021;9:20503121211016179.
Prochaska JH, Gobel S, Keller K, Coldewey M, Ullmann A, Lamparter H, Schulz A, Schinzel
H, Bickel C, Lauterbach M, Michal M, Hardt R, Binder H, Espinola-Klein C, Lackner KJ, Ten
Cate H, Munzel T, Wild PS. e-Health-based management of patients receiving oral antico-
agulation therapy: results from the observational thrombEVAL study. J] Thromb Haemost
2017;15(7):1375-1385.

Liao Y, Wu Q, Kelly BC, Zhang F, Tang YY, Wang Q, Ren H, Hao Y, Yang M, Cohen J, Tang J.
Effectiveness of a text-messaging-based smoking cessation intervention ("Happy Quit") for
smoking cessation in China: A randomized controlled trial. PLoS Med 2018;15(12):e1002713.
Schwalm JD, McCready T, Lopez-Jaramillo P, Yusoff K, Attaran A, Lamelas P, Camacho PA, Majid
F, Bangdiwala SI, Thabane L, Islam S, McKee M, Yusuf S. A community-based comprehensive
intervention to reduce cardiovascular risk in hypertension (HOPE 4): a cluster-randomised
controlled trial. Lancet 2019;394(10205):1231-1242.

Environment NIfPHat. Risks related to the use of eHealth technologies. 2013. Available via:
https://www.rivm.nl/bibliotheek/rapporten/360127001.pdf

14

CHAPTER |



18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

Byambasuren O, Sanders S, Beller E, Glasziou P. Prescribable mHealth apps identified from an
overview of systematic reviews. NPJ Digit Med 2018;1:12.

Lewis TL, Wyatt JC. mHealth and mobile medical Apps: a framework to assess risk and pro-
mote safer use. ) Med Internet Res 2014;16(9):e210.

Haffey F, Brady RR, Maxwell S. A comparison of the reliability of smartphone apps for opioid
conversion. Drug Saf 2013;36(2):111-7.

Wolf JA, Moreau JF, Akilov O, Patton T, English JC, 3rd, Ho J, Ferris LK. Diagnostic inaccuracy
of smartphone applications for melanoma detection. JAMA Dermatol 2013;149(4):422-6.
Organization WH. mHealth: New Horizons for Health Through Mobile Technologies. 2011.
Available via: http://www.who.int/goe/publications/goe_mhealth_web.pdf

Dorsey ER, Topol EJ. Telemedicine 2020 and the next decade. Lancet 2020;395(10227):859.
Fiordelli M, Diviani N, Schulz PJ. Mapping mHealth research: a decade of evolution. J Med
Internet Res 2013;15(5):e95.

Silva BM, Rodrigues JJ, de la Torre Diez |, Lopez-Coronado M, Saleem K. Mobile-health: A
review of current state in 2015. J Biomed Inform 2015;56:265-72.

Treskes RW, Van Der Velde ET, Atsma DE, Schalij MJ. Redesigning healthcare: The 2.4 billion
euro question? : Connecting smart technology to improve outcome of patients. Neth Heart )
2016;24(7-8):441-6.

Treskes RW, van Winden LA, van Keulen N, Atsma DE, van der Velde ET, van den Akker-van
Marle E, Mertens B, Schalij MJ. Using Smart Technology to Improve Outcomes in Myocardial
Infarction Patients: Rationale and Design of a Protocol for a Randomized Controlled Trial, The
Box. JMIR Res Protoc 2017;6(9):e186.

Treskes RW, van Winden LAM, van Keulen N, van der Velde ET, Beeres S, Atsma DE, Schalij
MJ. Effect of Smartphone-Enabled Health Monitoring Devices vs Regular Follow-up on Blood
Pressure Control Among Patients After Myocardial Infarction: A Randomized Clinical Trial.
JAMA Netw Open 2020;3(4):e202165.

Ball L, Costantino F, Pelosi P. Postoperative complications of patients undergoing cardiac
surgery. Curr Opin Crit Care 2016;22(4):386-92.

GENERAL INTRODUCTON 15



