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Foreword

This collection of literature reviews was created between April and July 2020 by members of the
National Health Library and Knowledge Service Evidence Team to support the Health Service
Executive National Telehealth Steering Group. Each literature review relates to innovations in
telemedicine as applicable to a specific condition or specialty and each is presented as a separate
chapter. Additional studies relating to specific conditions or specialities may be added by the
Evidence Team as individual chapters are revised and updated. Additional chapters relating to
additional conditions or specialities may be added by the Evidence Team.

Using combinations of the subject headings and keywords set out in Appendix 1, the databases
CINAHL, EMBASE and MEDLINE were searched and search results filtered for studies published
between 2015 and 2020, in English, relating primarily to adult populations and with an emphasis on
systematic reviews and randomised controlled trials. Each chapter presents the evidence as
illustrated below. Within each section, studies are arranged in reverse chronological order by year
and, within a year, in alphabetical order by author surname. Please see Appendix 2 for an
alphabetical list of sources referenced per condition or specialty. Please see Appendix 3 for an
alphabetical list of all sources referenced.

Systematic Reviews; Meta-Analyses

Randomised Controlled Trials
Controlled Trials

Definitions: According to the OED, ‘telehealth'’ is defined as the provision of health-care services
remotely by means of telecommunications technology; the term was first recorded in 1975.
‘Telemedicine' is defined as medicine practised with the assistance of telecommunications
technology, often to provide care in remote locations or to reduce the need for hospital visits; the
term was first recorded in 1968. ‘Mabile health' is defined as health and medical services provided
and accessed primarily using smartphones and mobile devices; the term was first recorded as such
in 2000.

Produced by the members of the National Health Library and Knowledge Service Evidence Team'. These literature reviews collate the best
available evidence at the time of writing and do not replace clinical judgement or guidance. Emerging literature or subsequent developmentsin
respect of technologies may require amendment to the information or sources listed in the document. Although all reasonable care has been
taken in the compilation of content, the National Health Library and Knowledge Service Evidence Team makes no representations or warranties
expressed or implied as to the accuracy or suitability of the information or sources listed in this document. These literature reviews are the
property of the National Health Library and Knowledge Service and subsequent re-use or distribution in whole or in part should include
acknowledgement of the service.

T
This work s licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

 Julia Reynolds, Librarian, Mayo University Hospital [Author]; Linda Halton, Librarian, Our Lady's Hospital, Navan [Author]; Melanie Surkau,
Librarian, University Hospital Kerry [Author]; Shauna Barrett, Medical Librarian, Cork University Hospital [Author and Editor]; Brendan Leen, Area
Library Manager, HSE South [Editor].
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CHAPTER1
Telemedicine and Asthma

Low, JK and Manias E (2019) [Systematic Review and Meta-Analysis] Use
of technology-based tools to support adolescents and young adults with
chronic disease: systematic review and meta-analysis'

This study aimed to evaluate the current evidence on Web- or mobile-based
interventions designed for adolescents and young adults (AYAs). Owing to
the lack of intervention efficacy trials, no conclusion can be drawn if an
intervention delivered via a mobile app is better than that delivered via a
website. However, through this systematic review, it is confirmed that AYAs
were receptive to receiving medical information electronically.

Slater, H et al (2017) [Systematic Review] End user and implementer
experiences of mHealth technologies for noncommunicable chronic
disease management in young adults: systematic review®

The aim of this study was to identify, appraise, and synthesize available
qualitative evidence on users' experiences of mHealth technologies for NCD
management in young people. Slater et al explored the perspectives of both
end users [young people] and implementers [health policy makers, clinicians,
and researchers). A systematic review and meta-synthesis of qualitative
studies was conducted. Themes derived for end users of mHealth included: 1.
experiences of functionality that supported self-management; 2. acceptance
[technical usability and feasibility]; 3. importance of co-design; and 4.
perceptions of benefit [self-efficacy and empowerment]. For implementers,
derived themes included: 1. characteristics that supported self-management

" Low JK, Manias E. Use of Technology-Based Tools to Support Adolescents and Young Adults with Chronic Disease:
Systematic Review and Meta-Analysis. JMIR mHealth and uHealth. 2019;77..12042.

2 Slater H, Briggs AM, Campbell JM, Stinson JN, Burley MIM. End User and Implementer Experiences of mHealth Technologies
for Noncommunicable Chronic Disease Management in Young Adults: Systematic Review. Journal of Medical Internet
Research. 2017;19(12):1-95.

1


https://pubmed.ncbi.nlm.nih.gov/31322129/
https://pubmed.ncbi.nlm.nih.gov/31322129/
https://pubmed.ncbi.nlm.nih.gov/31322129/
https://pubmed.ncbi.nlm.nih.gov/31322129/
https://pubmed.ncbi.nlm.nih.gov/29233804/
https://pubmed.ncbi.nlm.nih.gov/29233804/
https://pubmed.ncbi.nlm.nih.gov/29233804/
https://pubmed.ncbi.nlm.nih.gov/29233804/

National Health Library and Knowledge Service | Evidence Team
CURRENT ASAT 13 MAY 2020

Chapter 1: Telemedicine and Asthma

VERSION 1.0

[functional, technical, and behaviour change]; 2. implementation challenges
[systems level, service delivery level, and clinical level]; 3. adoption
considerations for specific populations [training end users; specific design
requirements]; and 4. co-design and tailoring to facilitate uptake and person-
centred care. The authors conclude that synthesizing available data revealed
both complementary and unique user perspectives on enablers and barriers
to designing, developing, and implementing mHealth technologies to support
young people's management of their chronic NCDs.

Zhao, ] et al (2015) [Systematic Review and Meta-Analysis] Effectiveness
of telemedicine for controlling asthma symptoms: a systematic review
and meta-analysis®

This study examined the effectiveness of telemedicine in relieving asthma
symptoms. A systematic review of databases was conducted until December
31, 2013. Inclusion criteria were randomized controlled trial, a diagnosis of
asthma, the majority of the patients >18 years of age and intervention
involved any format of telemedicine. A meta-analysis of eligible studies was
conducted with the primary outcome being change of asthma symptoms.
Telemedicine interventions do not appear to improve asthma function

scores, but other benefits may be present.
Randomised
Controlled Trials

Apter, Al et al (2020) [Randomised Controlled Trial] Patient portal usage
and outcomes among adult patients with uncontrolled asthma*

The objective of this study was to describe portal activities and association
with 12-month outcomes among low-income patients with asthma formally
trained in portal use. In a longitudinal observational study within a
randomized controlled trial, 301 adults with uncontrolled asthma were
taught 7 portal tasks: reviewing upcoming appointments, scheduling
appointments, reviewing medications, locating laboratory results, locating
immunization records, requesting refills, and messaging. Patients with

3 Zhao J, Zhai YK, Zhu WJ, Sun DX. Effectiveness of Telemedicine for Controlling Asthma Symptoms: A Systematic Review and
Meta-analysis. 7elemedicine journal and e-health : the official journal of the American Telemedicine Association.
2015;216.:484-492.

“ Apter AJ, Bryant-Stephens T, Perez L et al Patient Portal Usage and Outcomes Among Adult Patients with

Uncontrolled Asthma. Journal of Allergy and Clinical Immunology: In Practice. 2020;83.:965-970.e964.
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uncontrolled asthma used the portal irregularly if at all, despite in-person
training. Usage was not associated with regular appointments or with
clinical outcomes. Patient portals need modification to accommodate low-
income patients with uncontrolled asthma.

Bender, BG et al (2020) [Randomised Controlled Trial] Adults with
asthma experience no increase in asthma-related exacerbations when
digital communication technology tools are employed to offset provider
workload: a pragmatic randomized trial®

The objective of this study was to test whether digital communication
technology tools (DCTs), compared with usual care, can reduce health care
clinician burden without increasing asthma-related exacerbations among
patients with asthma in a large integrated health care system. Primary
outcome measures included asthma-related health care resource utilization
[eg asthma nurse contacts], medication use, and exacerbations. DCT tools
can successfully contact adult asthma patients to screen for symptoms and
facilitate intervention. The absence of differences in medication fills and
health care utilization indicates that the strategic replacement of nursing
interventions by digital outreach did not reduce treatment adherence or
compromise health care outcomes.

Khusial, RJ et al (2020) [Randomised Controlled Trial] Effectiveness of
myAirCoach: a mHealth self-management system in asthma®

Khusial et al assessed the clinical effectiveness and technology acceptance
of myAirCoach-supported self-management on top of usual care in patients
with asthma using inhalation medication. The myAirCoach system consisted
of an inhaler adapter, an indoor air-quality monitor, a physical activity
tracker, a portable spirometer, a fraction exhaled nitric oxide device, and an
app. The primary outcome was asthma control; secondary outcomes were
exacerbations, quality of life, and technology acceptance. In study 1, 30
participants were randomized to either usual care or myAirCoach support for
3 to 6 months; in study 2, 12 participants were provided with the myAirCoach
system in a 3-month before-after study. Using the myAirCoach support
system improves asthma control and quality of life, with a reduction in
severe asthma exacerbations. Well-validated mHealth technologies should

5> Bender BG, Wagner NV, Shoup JA et al Adults With Asthma Experience No Increase in Asthma-related Exacerbations When
Digital Communication Technology Tools Are Employed to Offset Provider \Workload: A Pragmatic Randomized Trial. Medical
Care 2020;584.:352-359.

6 Khusial RJ, Honkoop PJ, Usmani O et al Effectiveness of myAirCoach: A mHealth Self-Management System in Asthma. Jourmal
of Allergy and Clinical Immunology: In Practice. 2020.
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therefore be further studied.

Nemanic, T et al (2019) [Randomised Controlled Trial] Telemonitoring in
asthma control: a randomized controlled trial’

The aim of this project was to test the applicability and potential effects of a
12-month telemonitoring of patients with asthma supported by information
and communication technologies. 100 patients with asthma were followed in
the outpatient pulmonary clinic in a randomized controlled clinical trial. The
patients' data were collected by study questionnaires and lung function
tests at the inclusion and at the end of interventional period. In the
interventional group, asthma control test (ACT) and peak expiratory flow
measurements (PEF) were stimulated to be regularly reported by Short
Message Service (SMS). As a response to reported values, the patients
automatically received a preformed text or a call from a study nurse in case
of detected predefined critical values. The compliance of reporting PEF and
ACT values was higher than 80% in 96% of patients. Although we did not
detect significant differences in ACT score improvement between the two
study groups, we found more prominent improvement of ACT score in the
subgroup of patients with two or more exacerbations prior to inclusion in the
interventional group, compared to the control group. 40 (78%) patientsin
the interventional group listed at least one positive effect of telemonitoring
on management of asthma. The developed program for home monitoring of
patients with asthma was applicable and offered the patients supportin
managing their disease. Further studies with more selected patients are
needed to confirm its usefulness in improving asthma control.

Van De Hei, SJ et al (2019) [Randomised Controlled Trial] Effectiveness
and acceptability of a smart inhaler asthma self-management
programme: A cluster RCT study protocol®

This study aims to investigate the effectiveness of a smart inhaler asthma
self-management program on medication adherence and clinical outcomes,
to investigate who would benefit most based on patient characteristics, and
to evaluate its acceptability. An open-label cluster randomized controlled
trial of 12 months will be conducted in general practices in the Netherlands.
Practices will be randomly assigned to intervention or control. The

”Nemanic T, Sarc |, Skrgat S, Flezar M, Cukjati |, Marc Malovrh M. Telemonitoring in asthma control: a randomized controlled
trial. Journal of Asthma. 2019;567.:782-790.

8 Van De Hei SJ, Poot CC, Meijer E et al Effectiveness and acceptability of a smart inhaler asthma self-management
programme: A cluster RCT study protocol. European Respiratory Journal Conference: 29th International Congress of the
European Respiratory Society, ERS Spain. 2019;54(Supplement 63).
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intervention consists of: 1an electronic monitoring device (EMD) attached to
the patients' inhaler that measures medication use; 2 a smartphone
application to set medication reminders, receive motivational messages and
track asthma symptoms; and 3 a portal for healthcare professionals to view
data on medication use. The control group will receive an EMD for measuring
medication adherence objectively that can only be viewed by the
researchers. Eligible patients are adults with partially controlled or
uncontrolled asthma with evidence of non-adherence. The primary outcome
is change in medication adherence over time. Other outcomes include
asthma control, quality of life, SABA use, exacerbations, medication beliefs,
eHealth literacy, acceptance and cost-effectiveness. This study will provide
insight in the long-term benefits of a smart inhaler program on medication
adherence and clinical outcomes in a real-world clinical setting and inform
future studies on use and acceptance of eHealth self-management
interventions.

Cao, Y et al (2018) [Randomised Controlled Trial] WeChat public account
use improves clinical control of cough-variant asthma: a randomized
controlled trial®

WeChat is a convenient and popular social medium, and it may be an
appropriate platform for education and management of patients. This study
sought to identify usefulness in clinical control of cough-variant asthma
(CVA). A randomized controlled trial was conducted among 80 CVA patients.
After being assigned to either the traditional group or the WeChat group,
they received the same inhalation therapy, but patients in WG received
additional education and instruction via our public account on the WeChat
application. Questionnaires on asthma and chronic cough, data on
pulmonary function, blood-related items, follow-up adherence, and
Emergency Department (ED) visits were collected at the initial visit and at 3
months. Cao et al conclude that using WeChat as part of treatment and
management of CVA can help patients learn about their disease and
medications, as well as improve disease control and therapy outcomes.

9 CaoY, Lin SH, Zhu D et al Wechat public account use improves clinical control of cough-variant asthma: A randomized
controlled trial. Medical Scierice Monitor. 2018;24:1524-1532.
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Beydon, N et al (2017) [Randomised Controlled Trial] Digital action plan
for asthma exacerbations (PANAME)"

A written action plan (WAP) reduces emergency visits for asthma
exacerbations. However, a WAP is underused and often focused on asthma
control. The innovation is an AppWeb that includes expert software aimed at
diagnosing the level of severity of asthma exacerbations and delivering a
personalized digital action plan (DAP) when patients are in urgent need of
medical advice. The main objective of the study is to evaluate the effect of
the DAP on the frequency of urgent medical attendance. Secondary
objectives are to evaluate adherence to the DAP compared to a WAP and the
qualitative satisfaction of patients using the DAP. Expected results are a
decrease in the number of urgent medical attendances and better adherence
in the WAP + DAP group compared to the WAP group.

Pool, AC et al (2017) [Randomised Controlled Trial] Impact of online
patient reminders to improve asthma care: a randomized controlled trial"
The purpose of this study is to examine the efficacy of an online tool
designed to improve asthma control. This is a 12-month single blind
randomized controlled trial of the online tool (IC) versus an active control
tool (CC). The main outcome measure was asthma control, as assessed by
the 5-question Asthma Control Test (ACT). Secondary outcomes included
quality of life, medication use and healthcare utilization: eg emergency
department visits. Results After 12 months, 323 participants completed
follow-up measures (79.2%). Participants in the IC reported a greater mean
improvement in the ACT score than participants in the CC (2.3 vs.1.2;p =0.02)
and 9 of 11 individual asthma control survey items showed non-significant
improvements favouring the IC. No differences were observed in medication
adherence, number of asthma controller medications or health care
utilization. Simple and brief online patient reminders improved asthma
control among insured patients. Although future studies are needed to
understand the mechanism of the improvement, the magnitude of the effect
on asthma control was similar to the addition of an additional controller
medication. Given the widespread use of the Internet, simple tools such as
this may be useful for improving the control of other chronic diseases as
well.

10 Beydon N, Delclaux C. Digital action plan for asthma exacerbations (PANAME). Revue des Maladies Respiratoires.
2017;34(9):1026-1033.

"Pool AC, Kraschnewski JL, Poger JM et al Impact of online patient reminders to improve asthma care: A randomized
controlled trial. PLoS ONE. 2017:12(2).
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Ahmed, S et al (2016) [Randomised Controlled Trial] The effectiveness of
web-based asthma self-management system, My Asthma Portal (MAP): a
pilot randomized controlled trial'

Whether web-based technologies can improve disease self-management is
uncertain. My Asthma Portal (MAP) is a web-based self-management
support system that couples evidence-based behavioural change
components (self-monitoring of symptoms, physical activity, and medication
adherence) with real-time monitoring, feedback, and support from a nurse
case manager. The aim of this study was to compare the impact of access to
a web-based asthma self-management patient portal linked to a case-
management system (MAP) over 6 months compared with usual care on
asthma control and quality of life. This study supported the use of MAP to
enhance asthma quality of life but not asthma control as measured by an
administrative database. Implementation of MAP beyond 6 months with
tailored protocols for monitoring symptoms and health behaviours as
individuals' knowledge and self-management skills improve may result in
long-term gains in asthma control.

Koufopoulos, JT et al (2016) [Randomised Controlled Trial] A web-based
and mobile health social support intervention to promote adherence to
inhaled asthma medications: randomized controlled trial'

The objective is to conduct a rigorous proof-of-concept randomized
controlled trial of an online community intervention for improving adherence
to asthma medicine. This 9-week intervention included a sample of
asthmatic adults who were prescribed an inhaled corticosteroid preventer.
Based on their findings, Koufopoulos et al conclude that joining an online
community did not improve adherence to preventer medication for asthma
patients. Without the encouragement of greater community support or more
components to sustain engagement over time, the current findings do not
support the use of an online community to improve adherence.

2 Ahmed S, Emst P, Bartlett SJ et al The Effectiveness of Web-Based Asthma Self-Management System, My Asthma Portal
(MAP): A Pilot Randomized Controlled Trial. Jourral of medical Internet research. 2016;18(12):e313.

3 Koufopoulos JT, Conner MT, Gardner PH, Kellar I. A Web-Based and Mobile Health Social Support Intervention to Promote
Adherence to Inhaled Asthma Medications: Randomized Controlled Trial. Journal of medical Internet research. 2016;186.:e122.
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Merchant, RK et al (2016) [Randomised Controlled Trial] Effectiveness of
population health management using the Propeller Health Asthma
Platform: a randomized clinical trial'

This pragmatic controlled study was designed to measure real-world
effectiveness of the Propeller Health Asthma Platform to reduce use of SABA
and improve asthma control. A total of 495 patients were enrolled in parallel
arms (1:1) for 12 months of monitoring SABA use. Intervention group patients
received access to and feedback from the Propeller Health system. Routine
care patients were outfitted with sensors but did not receive feedback.
Physicians were able to monitor the status of their patients in the
intervention group and receive proactive notifications. Compared with RC,
the study arm monitoring SABA use with the Propeller Health system
significantly decreased SABA use, increased SABA-free days, and improved
ACT scores, the latter among adults initially lacking asthma control.

Zairina, E et al (2016) [Randomised Controlled Trial] Telehealth to improve
asthma control in pregnancy: A randomized controlled trial”

This study evaluated the efficacy of a telehealth programme supported by a
handheld respiratory device in improving asthma control during pregnancy.
Pregnant women with asthma (n=72) from two antenatal clinics in
Melbourne, Australia, were randomized to one of two groups: 1. intervention-
involving a telehealth programme (management of asthma with supportive
telehealth of respiratory function in pregnancy (MIASTERY®©) supported by a
handheld respiratory device and an Android smart phone application
(Breathe-easy®©) and written asthma action plan; or 2. control-usual care.
The primary outcome was change in asthma control at 3 and bmonths
[prenatal]. Secondary outcomes included changes in quality of life and lung
function, and perinatal/neonatal outcomes. There were no significant
differences between groups in lung function, unscheduled health-care visits,
days off work/study, oral corticosteroid use, or perinatal outcomes.
Differences between groups were not significant at 3months. Telehealth
interventions supporting self-management are feasible and could
potentially improve asthma control and asthma-related quality of life during
pregnancy.

% Merchant RK, Inamdar R, Quade RC. Effectiveness of Population Health Mianagement Using the Propeller Health Asthma
Platform: A Randomized Clinical Trial. Journal of Allergy and Clinical Immunology: In Practice. 2016;43.:455-463.

'S Zairina E, Abramson MJ, MicDonald CF et al Telehealth to improve asthma control in pregnancy: A randomized controlled
trial. Respirology. 2016.
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Lau, AY et al (2015) [Randomised Controlled Trial] “Why didn't it work?"
Lessons from a randomized controlled trial of a web-based personally
controlled health management system for adults with asthma'

A 12-month parallel 2-group randomized controlled trial was conducted.
Participants living with asthma were recruited and randomized 1:1 to either
the PCHMS group or control group [online static educational content]. The
primary outcome measure was possession of an up-to-date written AAP
post study. Secondary measures included 1. utilizing the AAP; 2. planned or
unplanned visits to a health care professional for asthma-related concerns;
3. severe asthma exacerbation, inadequately controlled asthma, or
worsening of asthma that required a change in treatment; and 4. number of
days lost from work or study due to asthma. Ancillary analyses examined
reasons for adoption or non-adoption of the intervention. Outcome
measures were collected by online questionnaire pre-study, monthly, and
post study. Despite the intervention being effective in other preventive care
settings, system use was negligible and outcome changes were not seen as
a result. Consumers must perceive the need for assistance with a task and
assign priority to the task supported by the eHealth intervention.
Additionally, the cost of adopting the intervention eg, additional effort, time
spent learning the new system must be lower than the benefit. Otherwise,
there is high risk consumers will not adopt the eHealth intervention.

Tamblyn, R et al (2015) [Randomised Controlled Trial] Evaluating the
impact of an integrated computer-based decision support with person-
centered analytics for the management of asthma in primary care: A
randomized controlled trial"’

The objective was to determine whether a personalized asthma
management computer-based decision support increases the quality of
asthma management and reduces the rate of out-of-control episodes. A
cluster-randomized trial was conducted in Quebec, Canada among 81
primary care physicians and 4,447 of their asthmatic patients. This study
evaluated the effectiveness of a novel computer-assisted ADS system that
facilitates systematic monitoring of asthma control status, follow-up of

'6 Lau AY, Arguel A, Dennis S, Liaw ST, Coiera E. "Why Didn't it Work?" Lessons From a Randomized Controlled Trial of a web-
based Personally Controlled Health Management System for Adults with Asthma. Journal of medical Internet research.
2015]17(12):e283.

7 Tamblyn R, Ernst P, Winslade N et al Evaluating the impact of an integrated computer-based decision support with person-
centred analytics for the management of asthma in primary care: Arandomized controlled trial. Journal of the American
Mediical Informatics Association. 2015;224.:773-783.
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patients with out of control asthma, and evidence-based, patient-specific
treatment recommendations. Tamblyn et al found that physicians were
more likely to use ADS for out-of-control patients, that in the majority of
these patients, they were advised to add an inhaled corticosteroid or a
leukotriene inhibitor to the patients' treatment regimen, and the intervention
significantly increased the mean ratio of inhaled corticosteroids to FABA
during follow-up. It also reduced the rate of out-of-control episodes during
follow up among patients whose asthma was out-of-control at the time of
study entry. Future research should assess whether coupling patient-
specific treatment recommendations, automated follow-up, and home care
with comparative feedback on quality and outcomes of care can improve
guideline adoption and care outcomes. They conclude that a primary care-
personalized asthma management system reduced the rate of out-of-
control asthma episodes among patients whose asthma was poorly

controlled at the study's onset.

Abraham, R et al (2019) [Literature Review] A targeted literature review to
evaluate the impact of information technology-based interventions on
patient reported outcomes among asthma patients'®

Abraham et al reviewed the literature to evaluate digital health
interventions' impact on patient-reported outcomes (PROs). IT-based
interventions included Internet-based self-report tools and electronic PRO
questionnaires (n=14, 29.8%), smartphone and tablet-based apps (n=12,
25.5%), mobile electronic adherence sensors (n=5, 10.6%), electronic asthma
diaries (n=5, 10.6%), multimedia educational interventions (n=4, 8.5%),
mobile telehealth visits (n=3, 6.4%); four studies (8.5%) assessed more than
one IT-based intervention. Studies collected asthma PRO measures including
asthma control and self-management skills (=22, 46.8%), treatment self-
efficacy (n=7,14.9%), dyspnoea severity/symptoms/functional limitations
(n=4, 8.5%), quality of life (n=1, 2.1%), and lung clearance index (n=1, 2.1%).
Twelve studies (25.5%) assessed more than one asthma PRO. Several IT-
based health interventions have shown promise in favourably impacting

'8 Abraham R, Shahani JG, Jariwala SP. A Targeted Literature Review To Evaluate The Impact Of Information Technology-
Based Interventions On Patient Reported Outcomes Among Asthma Patients. Journal of Allergy and Clinical Immunology.
2019;143 (2 Supplement):AB53.
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PROs for asthma patients. Further studies need to prospectively evaluate
these findings on a larger scale.

Bodini, R et al (2019) [Review] Digital therapy in the treatment of asthma
and COPD-epidemiology of development and use of an emerging health
technology in respiratory medicine™

The aim of this review is to analyse the current state of the art about digital
therapeutics (DTx) for asthma and COPD and to provide guidelines for their
development. Bodini et al state that DTx has the potential to transform
treatment of asthma and COPD. Evidence-based results supporting adoption
are highly variable. The authors propose guidelines to ensure that DTx
manufacturers understand the evidence they need to show to meet the
needs of the health and care system, patients, and users.

Heaney LG et al (2019) [Review] Remotely monitored therapy and nitric
oxide suppression identifies non-adherence in severe asthma?®®
Suppression of fractional exhaled nitric oxide (FeNO) with directly observed
ICS therapy over 7 days can identify non-adherence to ICS treatment in
difficult-to-control asthma. Heaney et al examined the feasibility and utility
of FeNO suppression testing in routine clinical care within UK severe asthma
centres using remote monitoring technologies. A web-based interface with
integrated remote monitoring technology was developed to deliver FeNO
suppression testing. They examined the utility of FeNO suppression testing
to demonstrate ICS responsiveness and clinical benefit on electronically
monitored treatment with standard high-dose ICS and long-acting p2-
agonist treatment. They conclude that remote Feno suppression testing is an
effective means of identifying non-adherence to ICS in subjects with
difficult-to-control asthma and the substantial population of subjects who
derive important clinical benefits from optimized ICS/long-acting 32-agonist
treatment.

19 Bodini R, Grinovero M, Corsico A et al Digital therapy in the treatment of asthma and COPD-epidemiology of development
and use of an emerging health technology in respiratory medicine. European Respiratory Journal Conference: 29th
International Congress of the European Respiratory Society, ERS Spain. 2019;54(Supplement 63).

20 Heaney LG, Busby J, Bradding P et al Remotely Monitored Therapy and Nitric Oxide Suppression Identifies Nonadherence in
Severe Asthma. ArmJ Respir Crit Care Med. 2019;1994..454- 464. doi:10.1164/rccm.201806-11820C
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Holgate, ST et al (2019) [Review] The future of asthma care: personalized
asthma treatment”

Although once considered a single disease entity, asthma is now known to
be a complex inflammatory disease engaging a range of causal pathways.
The most frequent forms of asthma are identified by sputum/blood
eosinophilia and activation of type 2 inflammatory pathways involving
interleukins -3, -4, -5, and granulocyte-macrophage colony-stimulating
factor. The use of diagnostics that identify T2 engagement linked to the
selective use of highly targeted biologics has opened up a new way of
managing severe disease. Novel technologies, such as wearables and
intelligent inhalers, enable real-time remote monitoring of asthma, creating
a unique opportunity for personalized health care.

Blakey, JD et al (2018) [Review] Digital technologies and adherence in
respiratory diseases: the road ahead??

Outcomes for patients with chronic respiratory diseases remain poor despite
the development of novel therapies. In part, this reflects the fact that
adherence to therapy is low and clinicians lack accurate methods to assess
this issue. Digital technologies hold promise to overcome these barriers to
care. For example, algorithmic analysis of large amounts of information
collected on health status and treatment use, along with other disease
relevant information such as environmental data, can be used to help guide
personalised interventions that may have a positive health impact, such as
establishing habitual and correct inhaler use. Novel approaches to data
analysis also offer the possibility of statistical algorithms that are better
able to predict exacerbations, thereby creating opportunities for preventive
interventions that may adapt therapy as disease activity changes. To realise
these possibilities, digital approaches to disease management should be
supported by strong evidence, have a solid infrastructure, be designed
collaboratively as clinically effective and cost-effective systems, and reflect
the needs of patients and healthcare providers. Regulatory standards for
digital interventions and strategies to handle the large amounts of data
generated are also needed. This review highlights the opportunities provided
by digital technologies for managing patients with respiratory diseases.

2 Holgate ST, Walker S, West B, Boycott K. The Future of Asthma Care: Personalized Asthma Treatment. Clin Chest Med!.
2019;401..:227- 241. doi:10.1016/j.ccm.2018.10.013

22 Bender BG, Dima AL, Weinman J, Safioti G, Costello RW. Digital technologies and adherence in respiratory diseases: the road
ahead. £ur Respir /. 2018;525.:1801147. Published 2018 Nov 22. doi:10.1183/13993003.01147-2018
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Burch, ] et al (2018) [Cochrane Clinical Answers] What are the benefits
and harms of home telemonitoring and remote feedback between clinic
visits in people with asthma?*

Moderate-certainty evidence shows that for adults with asthma, most often
of mild to moderate severity, home telemonitoring plus remote feedback
[Internet-based device, program or website, text messaging or mobile phone
software, or phone calls] reduces the number of people with exacerbations
requiring hospitalization on average, 21 vs 83 per 1000 people compared
with usual monitoring [educational session, personalized asthma action
plan, peak flow meter, or asthma diary]. Researchers observed no clear
differences between groups for exacerbations requiring hospitalization in
the overall population nor for exacerbations requiring oral corticosteroids,
emergency department visits, or unscheduled healthcare visits [when
assessed, low-certainty evidence]. In terms of asthma control, measured by
the Asthma Control Questionnaire or the Asthma Control Test, researchers
observed no clear differences between groups at 12-month follow-up.
However, lung function was improved with home telemonitoring and remote
feedback: on average, a 7.21% greater increase in forced expiratory volume in
one second [FEV4] [moderate-certainty evidence] and 13.20 L/min greater
increase in peak expiratory flow. Researchers also observed improvement in
quality of life, but this finding was not clinically significant. No RCT reported
on adverse events.

Sumino, K et al (2018) [Meeting Abstract] Accuracy of smartphone-based
spirometry (WING) use at home in asthma?*

Sumino et al evaluated the accuracy of a new, innovative, pocket-sized,
smartphone sound-based spirometry system (WING Sparo Labs), which can
monitor FEV1 and PEFR on a smartphone at home using a built-in application
with video instruction. They randomly assigned participants with asthma
and a broad range of lung function to 3 groups: group 1: WING with in-person
instruction by trained technician in outpatient office; group 2: WING with
built-in video instruction viewed by the participant only in outpatient office;
group 3: WING with built-in video instruction at home by the participant. They
evaluated the accuracy of lung function testing with the WING device against
standard spirometry [KoKo PFT spirometer, n-spire health] performed in the

23 Burch J, Martin JE. What are the benefits and harms of home telemonitoring and remote feedback between clinic visits in
people with asthma? Cochirane Clinical Answers2018. DOI: 10.1002/cca.2087.

24 Sumino K, Cohen A, Patterson BM et al Accuracy of smartphone-based spirometry (WING) use at home in asthma. Armerican
Journal of Respiratory and Critical Care Medicine Conference: American Thoracic Society International Conference, ATS.
2018;197(MeetingAbstracts).
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same setting by a single trained technician. When used for the first time, the
smartphone-based spirometry system (WING) in patients with asthma
provided acceptable accuracy in measuring FEV1, even if used with the built-
in video instruction. Future studies are needed to evaluate if repeated use at
home increases the accuracy.

Unni, E et al (2018) [Review] A review of the use and effectiveness of
digital health technologies in patients with asthma®

A new generation of digital health technologies (DHT) offers the opportunity
to improve adherence and asthma control. Recent literature was reviewed to
summarize the use of technological aids and evaluate their impact on health
outcomes in patients with asthma. Interactive websites were the most
frequently evaluated type of DHT (50% of all studies), followed by maobile
apps in adult patient cohorts. Relatively few studies assessed electronic
monitoring devices, phone calls, or text messaging. Most interventions
reported at least some benefit, although results varied based on the specific
outcome. Overall, technology that included more interactive features, such
as website-based daily diary entries and apps that provided real-time
feedback, was associated with increased asthma control, as was the case for
multidimensional interventions that combined the use of several
complementary types of DHT.

Merchant, R et al (2017) [Conference Abstract] Digital health intervention
for asthma: patient perception of usability and value for self-
management®®

The aim of this study is to assess patient's feedback on usability of and
satisfaction with an asthma digital health platform after 12 months of use.
Patients reported high satisfaction and usability of a digital health platform
for asthma self-management. Patients perceived value from the platformin
contributing to their self-management by increasing self-awareness,
identifying asthma triggers, and improving communication with their
providers.

25 Unni E, Gabriel S, Ariely R. A review of the use and effectiveness of digital health technologies in patients with asthma.
Annals of Allergy, Asthma and Immunology. 2018;1216..680-680.

26 Merchant R, Inamdar R, Henderson K, Barrett MA, Van Sickle D. Digital health intervention for asthma: Patient perception of
usability and value for self-management. American Journal of Respiratory and Critical Care Medicine Conference: American
Thoracic Society International Conferenice, ATS. 2017;195(no pagination).
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Pinnock, H et al (2016) [Review] Digital technology in respiratory diseases:
promises, (no) panacea and time for a new paradigm?’

Recent evidence suggests that telehealth may not be quite the panacea that
was promised; this has led to discussions on the mechanisms and role of
digital technology in respiratory care. Implementation in rural and remote
settings offers significant benefits in terms of convenient access to care, but
is contingent on technical and organizational infrastructure. Telemonitoring
systems rely on algorithms to detect deterioration and trigger alerts;
machine learning may enable telemonitoring of the future to develop
personalized systems that are sensitive to clinical status whilst reducing
false alerts. By providing access to information, offering convenient and
flexible modes of communication and enabling the transfer of monitoring
data to support professional assessment, telehealth can support self-
management. At present, all too often, expensive off the shelf systems are
purchased and given to clinicians to use. It is time for the paradigm to shift.
Pinnock et al argue that clinicians should identify the specific challenges they
face in delivering care, and expect flexible systems that can be customized to
individual patients' requirements and adapted to diverse healthcare
contexts.

Van Sickle, D et al (2016) [Conference Abstract] Randomized, controlled
study of the impact of a mobile health tool on asthma SABA use, control
and adherence?®

The aim of this study was to determine whether a sensor-enabled, clinically-
integrated mobile health asthma quality improvement programme could
reduce the frequency of short-acting beta agonist (SABA) use, and increase
asthma-free days, asthma control and controller medication adherence.
Adult patients with asthma and a SABA prescription were enrolled (n=125).
Participants randomized to the intervention group (IG) (n=67) received
electronic inhaler sensors to track their medication use, and access to
smartphone and online applications that provided visualizations of their
data, reminders to promote adherence, and personalized, guidelines-based
education. Clinical care managers viewed |G patients' data in an online
dashboard to guide care. Participants in the control group (CG) (n=58)
received sensors, but neither the patient nor the care manager received

27 Pinnock H, McKinstry B. Digital technology in respiratory diseases: Promises, (no) panacea and time for a new paradigm.
Chron Respir Dis. 2016;132.:1189-191. doi:10.1177/1479972316637788

28 \/an Sickle D, Barrett M, Humblet O, Henderson K, Hogg C. Randomized, controlled study of the impact of a mobile health tool
on asthma SABA use, control and adherence. £uropean Respiratory Journal Conference: European Respiratory Society Annual
Congress. 2016;48(Supplement 60).
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access to their data. Mixed effects regression models with random
intercepts were used to compare outcomes between groups at 6 months.
The IG demonstrated significant improvements compared to the CG on all
clinical outcomes, including controller medication adherence, daily SABA use,
asthma free days, and asthma control (all p<0.001), including a 21-point
improvement in adherence for the IG. This mobile health programme, with
sensor-enabled data collection and patient and provider access to the data,
improved asthma outcomes, including asthma SABA use, control, and
adherence in a real-world clinical setting.

National Health Library and Knowledge Service |
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Charalambous, Anna Pavlina et al (2020) [Systematic Review and Meta-
Analysis] Tools for App- and Web-Based Self-Testing of Cognitive
Impairment: Systematic Search and Evaluation'

Background: Tools for app- and web-based self-testing for identification of
cognitive impairment are widely available but are of uncertain quality.
Objective: The objective of this study was to undertake a scoping review of
app- and web-based self-tests for cognitive impairment and determine the
validity of these tests. Methods: We conducted systematic searches in
electronic databases, including Google search, Google Play Store, and iPhone
Operating System App Store, using the search terms ‘Online OR Internet-
based AND Memory OR Brain OR Dementia OR mild cognitive impairment OR
MCI AND Test OR Screen OR Check.' Results: We identified 3,057 tools, of
which 25 were included in the review. Most tools meeting the inclusion
criteria assessed multiple cognitive domains. The most frequently assessed
domains were memory, attention, and executive function. We then
conducted an electronic survey with the developers of the tools to identify
data relating to development and validation of each tool. If no response to
the survey was received, Google (to identify gray literature), Google Scholar,
and Medical Literature Analysis and Retrieval System Online were searched
using key terms ‘[name of developer, if available]' AND ‘[name of the tool] to
identify any additional data. Only 7 tools had any information concerning
psychometric quality, and only 1tool reported data on performance norms,
reliability, validity, sensitivity, and specificity for the detection of cognitive
impairment. Conclusions: The number of cognitive self-assessment
electronic health tools for cognitive impairment is increasing, but most are of
uncertain quality. There is a need for well-validated tools and guidance for
users concerning which tools provide reliable information about possible
cognitive impairment that could warrant further investigation.

' Charalambous AP, Pye A, Yeung WK et al Tools for App- and Web-Based Self-Testing of Cognitive Impairment: Systematic
Search and Evaluation. JMed Internet Res. 2020;221.:214551. Published 2020 Jan 17. doi:10.2196/14551
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Nagaraj, Megha Kondli et al (2020) [Systematic Review]
Internet/smartphone-based applications for the treatment of tinnitus: a
systematic review®

Introduction: Most of the individuals suffering from tinnitus report of
negative effects on their lives to the extent that clinical intervention is
necessary. Although traditional tinnitus management has proven to be
effective in treating tinnitus, there are a few drawbacks. The major drawback
is the lack of professionals for the treatment of tinnitus, especially in remote
areas. Considering the growing usage of the Internet as a platform for
availing treatment, there is a requirement for the development of
applications in the health care sector. Recent search related to tinnitus
treatment revealed that more than 200 applications are available online in
the most popular platforms such as Android and iOS. However, most of the
applications for the treatment of tinnitus lack validation, and thus, there is a
need for research on this ground. Method: Five studies evaluating the
efficacy of Internet/app delivered tinnitus treatments were identified. The
treatment forms included were Tinnitus E-program, Mobile serious game,
Tinnitus web-based sound therapy, and Tailor-made notch music therapy
delivered through a smart phone. Results: Each study used a variety of
standardized and validated questionnaires to measure the outcome of the
treatment. The outcome measures were diverse, but both Internet/app-
based and traditional methods such as Tinnitus Retraining Therapy,
Cognitive Behavioral Therapy, and Acceptance and Commitment Therapy
had similar improvements in terms of tinnitus distress and quality of life.
Conclusion: It can be construed that the development of tinnitus treatment
applications and web-based platforms will have a significant impact on the
normal life of individuals with tinnitus.

2 Nagaraj MK, Prabhu P. Internet/smartphone-based applications for the treatment of tinnitus: a systematic review. EurArch
Otorhinolaryngol 2020;2773..649- 657. doi:10.1007/s00405-019-05743-8
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Nunn, Terry B et al (2019) [Systematic Review] A systematic review of the
impact of adjusting input dynamic range (IDR), electrical threshold (T)
level and rate of stimulation on speech perception ability in cochlear
implant users®

Objective: To systematically review the evidence of how adjustments of the
electrical threshold (T) level, input dynamic range (IDR) and electrical
stimulation rate impact on speech perception for cochlear implant (Cl) users.
Design: Systematic review. Study sample: A search of two electronic data
sources yielded 32 studies, which met the inclusion criteria. A quality
assessment and two evidence-based practice (EBP) review rating schemes
were used to grade studies. Results: Due to the heterogeneity of speech
perception measures, Cl device type and study design, comparisons were
made by structured review. Conclusion: The quality of studies was found to
be moderate to poor. Increasing T levels above behavioural threshold, or as a
proportion of electrical dynamic range (EDR), has been demonstrated to
improve perception of monosyllables in quiet and sentences in both quiet
and in noise. Specific IIDR and IDR setting may improve perception of
monosyllables in quiet and sentences in noise. However, no
recommendation could be determined for setting rate of stimulation as
speech perception varied significantly across rates examined. To optimise
speech perception, a bespoke approach to parameter setting providing an
individualised Cl fitting is recommended; however, detail of how to optimise
settings and the interactions between parameters is as yet unknown.

Sorgini, Francesca et al (2019) [Systematic Review] Haptic-assistive
technologies for audition and vision sensory disabilities*

Purpose: The aim of this review is to analyze haptic sensory substitution
technologies for deaf, blind and deaf-blind individuals. Method: The
literature search has been performed in Scopus, PubMed and Google Scholar
databases using selected keywords, analyzing studies from 1960s to
present. Search on databases for scientific publications has been
accompanied by web search for commercial devices. Results have been
classified by sensory disability and functionality, and analyzed by assistive
technology. Complementary analyses have also been carried out on
websites of public international agencies, such as the World Health

3 Nunn TB, Jiang D, Green T, Boyle PJ, Vickers DA. A systematic review of the impact of adjusting input dynamic range (IDR),
electrical threshold (T) level and rate of stimulation on speech perception ability in cochlear implant users. /it /Audiol
2019;586.:317- 325. doi:10.1080/14992027.2018.1564844

“ Sorgini F, Calio R, Carrozza MC, Oddo CM. Haptic-assistive technologies for audition and vision sensory disabilities. Disabil
Rehabil Assist Technol 2018{134.:394- 421. doi:10.1080/17483107.2017.1385100
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Organization (WHO), and of associations representing sensory disabled
persons. Results: The reviewed literature provides evidences that sensory
substitution aids are able to mitigate in part the deficits in language learning,
communication and navigation for deaf, blind and deaf-blind individuals, and
that the tactile sense can be a means of communication to provide some
kind of information to sensory disabled individuals. Conclusions: A lack of
acceptance emerged from the discussion of capabilities and limitations of
haptic assistive technologies. Future researches shall go towards
miniaturized, custom-designed and low-cost haptic interfaces and
integration with personal devices such as smartphones for a major diffusion
of sensory aids among disabled. Implications for rehabilitation Systematic
review of state of the art of haptic assistive technologies for vision and
audition sensory disabilities. Sensory substitution systems for visual and
hearing disabilities have a central role in the transmission of information for
patients with sensory impairments, enabling users to interact with the not
disabled community in daily activities. Visual and auditory inputs are
converted in haptic feedback via different actuation technologies. The
information is presented in the form of static or dynamic stimulation of the
skin. Their effectiveness and ease of use make haptic sensory substitution
systems suitable for patients with different levels of disabilities. They
constitute a cheaper and less invasive alternative to implantable partial
sensory restitution systems. Future researches are oriented towards the
optimization of the stimulation parameters together with the development
of miniaturized, custom-designed and low-cost aids operating in synergy in
networks, aiming to increase patients' acceptability of these technologies.

Beukes, Eldré W et al (2018) [Systematic Review] Internet-based
interventions for adults with hearing loss, tinnitus and vestibular
disorders: a protocol for a systematic review®

Background: Internet-based interventions are emerging as an alternative
waly of delivering accessible healthcare for various conditions including
hearing and balance disorders. A comprehensive review regarding the
evidence-base of Internet-based interventions for auditory-related
conditions is required to determine the existing evidence of their efficacy and
effectiveness. The objective of the current protocol is to provide the
methodology for a systematic review regarding the effects of Internet-

5 Beukes EW, Manchaiah V, Baguley DM, Allen PM, Andersson C. Internet-based interventions for adults with hearing loss,
tinnitus and vestibular disorders: a protocol for a systematic review. Syst Rev. 2018;71.:205. Published 2018 Nov 23.
doi:10.1186/s13643-018-0880-9
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based interventions for adults with hearing loss, tinnitus and vestibular
disorders. Method: This protocol was developed according to the Preferred
Reporting Items for Systematic reviews and Meta-analyses for Protocols
(PRISMA-P) 2015 guidelines. Electronic database searches will include
EBSCOhost, PubMed and Cochrane Central Register performed by two
researchers. This will be complemented by searching other resources such
as the reference lists for included studies to identify studies meeting the
eligibility for inclusion with regard to study designs, participants,
interventions, comparators and outcomes. The Cochrane risk of bias tool
(RoB 2) for randomised trials will be used for the bias assessments in the
included studies. Criteria for conducting meta-analyses were defined.
Discussion: The result of this systematic review will be of value to establish
the effects of Internet-based interventions for hearing loss, tinnitus and
vestibular disorders. This will be of importance to guide future planning of
auditory intervention research and clinical services by healthcare providers,
researchers, consumers and stakeholders.

Tao, Karina FM et al (2018) [Systematic Review] Teleaudiology Services
for Rehabilitation With Hearing Aids in Adults: A Systematic Review®
Purpose: This review examined 1. the current evidence from studies on
teleaudiology applications for rehabilitation of adults with hearing
impairment with hearing aids; and 2. whether it is sufficient to support the
translation into routine clinical practice. Method: A search strategy and
eligibility criteria were utilized to include articles specifically related to
hearing aid fitting and follow-up procedures that are involved in
consultations for the rehabilitation of adults, where the service was provided
by the clinician by teleaudiology. A search using key words and Medical
Subject Headings (MeSH) was conducted on the main electronic databases
that index health-related studies. The included studies were assessed using
validated evaluation tools for methodological quality, level of evidence, and
grade recommendations for application into practice. Results: Fourteen
studies were identified as being within the scope of this review. The
evaluation tools showed that none of these studies demonstrated either a
strong methodological quality or high level of evidence. Analysis of evidence
identified 19 activities, which were classified into service outcomes
categories of feasibility, barriers, efficiency, quality, and effectiveness.
Recommendations could be made regarding the feasibility, barriers and

6 Tao KFM, Brennan-Jones CG, Capobianco-Fava DM et al Teleaudiology Services for Rehabilitation With Hearing Aids in
Adults: A Systematic Review. / Speech Lang Hear Res. 2018;617.:1831- 1849. doi:10.1044/2018_JSLHR-H-16-0397
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efficiency of teleaudiology for the rehabilitation of hearing loss with hearing
aids. Conclusion: This review provides up-to-date evidence for teleaudiology
hearing aid services in new and experienced hearing aid users in different
practice settings. Findings direct future research priorities to strengthen
evidence-based practice. There is a need for further studies of many aspects
of teleaudiology services for rehabilitation with hearing aids to support their
implementation into clinical practice.

Bush, Matthew L et al (2016) [Systematic Review] The Role of
Telemedicine in Auditory Rehabilitation: A Systematic Review’

Objective: The purpose of this study was to assess the feasibility and
effectiveness of live telemedicine applications in hearing amplification and
cochlear implantation. Data sources and study selection: A systematic
search was performed in PubMed, MEDLINE, PsychINFO, CINALH, and Web of
Science to identify peer-reviewed research. Inclusion criteria were titles
containing words from the search terms: 1 audiology, otolaryngology, and
hearing impairment; 2 rehabilitative methods; and 3 telemedicine. Exclusion
criteria were: 1 non-English articles; and 2 non-original research. Data
extraction and synthesis: Twelve eligible studies were identified. The studies
employed a prospective design in nine of the articles and retrospective case
series in three. The use of telemedicine for the provision of cochlear implant
services was examined in eight of the articles and with hearing aids in four of
the articles. The types of services include intraoperative cochlear implant
telemetry; implant programming and assessment of electrode-specific
measures and speech recognition after implantation. Hearing aid
programming and remote gain assessments were also reported. Many
studies assess patient and provider satisfaction along with encounter time
comparison. The studies occurred from 2009 to 2014 and took place in seven
countries. Conclusions: This review examined the feasibility of remote
telemedicine connection to provide in auditory rehabilitation services
through hearing aids and cochlear implants. There are significant concerns
regarding Internet bandwidth limitations for remote clinics. Thereis a
paucity of research examining reimbursement and cost-effectiveness for
services. Further prospective research investigating cost-effectiveness and
bandwidth limitations is warranted to assess long-term sustainability of
remote audiological rehabilitative service delivery.

7 Bush ML, Thompson R, Irungu C, Ayugi J. The Role of Telemedicine in Auditory Rehabilitation: A Systematic Review. Otol
Neurotol 2016;37(10):1466- 1474. doi:10.1097/MA0.0000000000001236
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Miscellaneous

Cheng, Yen-Fu et al (2020) [Pilot Study] Increased risk of tinnitus
following a trigeminal neuralgia diagnosis: a one-year follow-up study?®
Background: Tinnitus due to hyperactivity across neuronal ensembles along
the auditory pathway is reported. \We hypothesized that trigeminal neuralgia
patients may subsequently suffer from tinnitus. Using nationwide,
population-based data and a retrospective cohort study design, we
investigated the risk of tinnitus within 1year following trigeminal neuralgia.
Methods: We used the Taiwan National Health Insurance Research Dataset,
a claims database, to identify all patients diagnosed with trigeminal
neuralgia from January 2001 to December 2014, 12,587 patients. From the
remaining patients, we identified 12,587 comparison patients without
trigeminal neuralgia by propensity score matching, using sex, age, monthly
income, geographic region, residential urbanization level, and tinnitus-
relevant comorbidities [hyperlipidemia, diabetes, coronary heart disease,
hypertension, cervical spondylosis, temporomandibular joint disorders and
injury to head and neck and index year]. All study patients (n = 25,174) were
tracked for a one-year period to identify those with a subsequent diagnosis
of tinnitus over 1-year follow-up. Results: Among total 25,174 sample
patients, the incidence of tinnitus was 18.21 per 100 person-years (95% Cl =
17.66 ~18.77), the rate being 23.57 (95% Cl = 22.68 ~ 24.49) among patients
with trigeminal neuralgia and 13.17 (95% Cl = 12.53 ~ 13.84) among
comparison patients. Furthermore, the adjusted Cox proportional hazard
ratio for tinnitus in the trigeminal neuralgia group was 1.68 (95% Cl =1.58 ~
1.80) relative to the comparison cohort. Conclusions: We found a significantly
increased risk of tinnitus within 1 year of trigeminal neuralgia diagnosis
compared to those without the diagnosis. Further studies in other countries
and ethnicities are needed to explore the relationship between trigeminal
neuralgia and subsequent tinnitus.

8 Cheng YF, Xirasagar S, Yang TH et al Increased risk of tinnitus following a trigeminal neuralgia diagnosis: a one-year follow-
up study. JHeadache Pain. 2020;211.:46. Published 2020 May 6. doi:10.1186/s10194-020-01121-6


https://pubmed.ncbi.nlm.nih.gov/32375642/
https://pubmed.ncbi.nlm.nih.gov/32375642/

National Health Library and Knowledge Service | Evidence Team
CURRENT ASAT 29 MAY 2020

Chapter 2: Telemedicine and Audiology

VERSION 1.0

Cho, Young Sang et al (2020) [Pilot Study] Automated measurement of
hydrops ratio from MRI in patients with Méniere's disease using CNN-
based segmentation’®

Méniére's Disease (MD) is difficult to diagnose and evaluate objectively over
the course of treatment. Recently, several studies have reported MD
diagnoses by MRI-based endolymphatic hydrops (EH) analysis. However,
this method is time-consuming and complicated. Therefore, a fast, objective,
and accurate evaluation tool is necessary. The purpose of this study was to
develop an algorithm that can accurately analyze EH on intravenous
gadolinium-enhanced inner-ear MRl using artificial intelligence with deep
learning. In this study, we developed a convolutional neural network (CNN)-
based deep-learning model named INHEARIT (INner ear Hydrops Estimation
via ARtificial InTelligence) for the automatic segmentation of the cochlea and
vestibule, and calculation of the EH ratio in the segmented region.
Measurement of the EH ratio was performed manually by a neuro-otologist
and neuro-radiologist and by estimation with the INHEARIT model and were
highly consistent [intraclass correlation coefficient = 0.971]. This is the first
study to demonstrate that automated EH ratio measurements are possible,
which is important in the current clinical context where the usefulness of V-
Gd inner-ear MRI for MD diagnosis is increasing.

Corona, Ana Paula et al (2020) [Evaluation Study] Validity of hearing
screening using hearTest smartphone-based audiometry: performance
evaluation of different response modes'

Objective: To investigate the validity of hearing screening with hearTest
smartphone-based audiometry and to specify test duration addressing the
two response modes and hearing loss criteria. Design: A diagnostic accuracy
study comparing hearing screening with conventional audiometry. Study
sample: Three hundred and forty individuals, aged between 5-92 years.
Results: Of the 340 participants, 301 undertook all test procedures; 273
adults and 28 children. Sensitivity and specificity were >90% for hearTest
hearing screening to identify disabling hearing loss for both response modes
with adults and children. We found similar sensitivity in identifying any level
of hearing loss for both response modes in children, with specificity >80%,

9 ChoYS, Cho K, Park CJ et al Automated measurement of hydrops ratio from MRI in patients with Méniere's disease using
CNN-based segmentation. Sc/ Rep. 2020;101.:7003. Published 2020 Apr 24. doi:10.1038/s41598-020-63887-8

10 Corona AP, Ferrite S, Bright T, Polack S. Validity of hearing screening using hearTest smartphone-based audiometry:
performance evaluation of different response modes [published online ahead of print, 2020 Mar 5]. it/ Audiol 2020;1- 8.
doi:10.1080/14992027.2020.1731767


https://pubmed.ncbi.nlm.nih.gov/32332804/
https://pubmed.ncbi.nlm.nih.gov/32332804/
https://pubmed.ncbi.nlm.nih.gov/32332804/
https://pubmed.ncbi.nlm.nih.gov/32332804/
https://pubmed.ncbi.nlm.nih.gov/32134341/
https://pubmed.ncbi.nlm.nih.gov/32134341/
https://pubmed.ncbi.nlm.nih.gov/32134341/
https://pubmed.ncbi.nlm.nih.gov/32134341/

National Health Library and Knowledge Service | Evidence Team
CURRENT ASAT 29 MAY 2020

Chapter 2: Telemedicine and Audiology

VERSION 1.0

and for the self-test mode in adults. Low specificity was observed when
identifying any level of hearing loss in adults using the test-operator mode.
In adults, there was a significant difference between test duration for the
test-operator and self-test modes. Conclusion: Hearing screening using
hearTest smartphone-based audiometry is accurate for the identification of
both disabling hearing loss and any level of hearing loss in adults and
children in the self-test response mode. The test-operator mode is also an
option for children; however, it does not provide good accuracy in identifying
mild level of hearing loss in adults.

Cottrell, Elizabeth et al (2020) [Evaluation Study] Telescopic otology
referrals: Evaluation of feasibility and acceptability"

Objective: A remote telemedical otology referral and advice service was
introduced to interested general practices. General practitioners (GPs) were
given a new device, "endoscope-i" that combines an optimized smartphone
high definition video app with an otoendoscope. They were specifically
trained to examine and capture images of patients' eardrums, which were
sent electronically with a summary of clinical information and an in-app
hearing testing, if required, for specialist advice to two ear, nose, and throat
(ENT) consultants. We describe the findings from an evaluation of the first 6
months of this service to establish the feasibility and acceptability of an
otology telemedical referral and advice service. Methods: The new service
was advertised to GP practices in Northern Staffordshire. All interested GPs
were provided with training and equipment to deliver the remote referral
service. Data were collected from GPs at baseline, informal feedback in
response to referral outcomes and end of service feedback. Referral data
were collected routinely during the service delivery. Results: Fifteen GP leads
from 15 practices received training and equipment. One quickly lost the
equipment. Of the remaining 14 practices, eight sent a total of 53 remote
referrals using this technology over 6 months. The most common reason for
referral was an uncertainty of what could be seen in or around the eardrum.
The primary barrier for implementation was lack of wireless Internet
connections within practices. GPs reported that they used this technology to
share examination findings with patients. Conclusions: GPs were positive
about the technology, from initial engagement with training and after advice
were given. Some GPs expanded the role of the technology to a consultation
aid. Referral volume was manageable. Commissioners should consider

" Cottrell E, George A, Coulson C, Chambers R. Telescopic otology referrals: Evaluation of feasibility and acceptability.
Laryngoscope Investig Otolaryngol 2020;52.:221- 227. Published 2020 Mar 3. doi:10.1002/lio2.367
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tariffs structures for such services; empirical cost-effectiveness and
workload-impact evaluation would inform this.

Fletcher, Mark D et al (2020) [Evaluation Study] Electro-Haptic
Enhancement of Spatial Hearing in Cochlear Implant Users'?

Cochlear implants (CIs) have enabled hundreds of thousands of profoundly
hearing-impaired people to perceive sounds by electrically stimulating the
auditory nerve. However, Cl users are often very poor at locating sounds,
which leads to impaired sound segregation and threat detection. We
provided missing spatial hearing cues through haptic stimulation to augment
the electrical Cl signal. We found that this electro-haptic stimulation
dramatically improved sound localisation. Furthermore, participants were
able to effectively integrate spatial information transmitted through these
two senses, performing better with combined audio and haptic stimulation
than with either alone. Our haptic signal was presented to the wrists and
could readily be delivered by a low-cost wearable device. This approach
could provide a non-invasive means of improving outcomes for the vast
majority of Cl users who have only one implant, without the expense and risk
of a second implantation.

Geronazzo, Michele et al (2020) [Pilot Study] Superhuman Hearing -
Virtual Prototyping of Artificial Hearing: a Case Study on Interactions and
Acoustic Beamforming®

Directivity and gain in microphone array systems for hearing aids or hearable
devices allow users to acoustically enhance the information of a source of
interest. This source is usually positioned directly in front. This feature is
called acoustic beamforming. The current study aimed to improve users'
interactions with beamforming via a virtual prototyping approach in
immersive virtual environments (VEs). Eighteen participants took part in
experimental sessions composed of a calibration procedure and a selective
auditory attention voice-pairing task. Eight concurrent speakers were placed
in an anechoic environment in two virtual reality (VR) scenarios. The
scenarios were a purely virtual scenario and a realistic 360° audio-visual
recording. Participants were asked to find an individual optimal
parameterization for three different virtual beamformers: 1. head-guided, 2.

12 Fletcher MD, Cunningham RO, Mills SR. Electro-Haptic Enhancement of Spatial Hearing in Cochlear Implant Users. Sci Rep.
2020;101.1621. Published 2020 Jan 31. doi:10.1038/s41598-020-58503-8

'3 Geronazzo M, Vieira LS, Nilsson NC, Udesen J, Serafin S. Superhuman Hearing - Virtual Prototyping of Artificial Hearing: a
Case Study on Interactions and Acoustic Beamforming. /EEE Trans Vis Comput Graph. 2020;265.1912-1922.
doi:10.1109/TVCG.2020.2973059
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eye gaze-guided, and 3. a novel interaction technique called
dualbeamformer, where head-guided is combined with an additional hand-
guided beamformer. None of the participants were able to complete the task
without a virtual beamformer U ie in normal hearing condition U due to the
high complexity introduced by the experimental design. However,
participants were able to correctly pair all speakers using all three proposed
interaction metaphors. Providing superhuman hearing abilities in the form of
a dual acoustic beamformer guided by head and hand movements resulted
in statistically significant improvements in terms of pairing time, suggesting
the task-relevance of interacting with multiple points of interests.

Kiroglu, Mete et al (2020) [Pilot Study] The Role of Mobile Phone Camera
Recordings in the Diagnosis of Meniere's Disease and Pathophysiological
Implications™

Objectives: This study aimed to understand if videos of the patients'
nystagmus recorded by themselves during the attacks can help in the
diagnosis of Meniere's disease (MD). Materials and Methods: Sixty patients
age range 32-78 years who had vestibular attacks and hearing complaints
admitted to Cukurova University Hospital Otolaryngology Department and a
private office between September 2013 and January 2017 were included in
this randomized clinical trial study. Two groups with 30 patients each were
formed. The first group was asked to send eye-videos recorded during the
attack, while the patients in the second group were followed with
conventional methods. Twenty-six patients in the first group were able to
send satisfactory eye movement videos; four patients were excluded due to
repeated recording faults. Twenty-seven patients in the second group could
be followed; three patients were lost to follow-up. The number of attacks
and time needed to diagnose both groups were compared. Results: The video
group could be diagnosed in a shorter period compared to the control group.
The diagnosis was made within two attacks [38 days] in the video group and
within four attacks [92 days] in the control group. Conclusion: This study
shows that cell phone camera recordings of nystagmus of the patients are
very helpful to diagnose MD. These recordings can also be used as an
adjunct to understand the pathophysiology of the disease.

14 Kiroglu M, Dagkiran M. The Role of Mobile Phone Camera Recordings in the Diagnosis of Vieniere's Disease and
Pathophysiological Implications. //nt Adv Otol 2020;161.:18- 23. doi:10.5152/ia0.2019.6605
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Luria, Alexander L et al (2020) [Feasibility Study] Cochlear Implant
Mapping Through Telemedicine-A Feasibility Study'

Objective: Access to postoperative aural rehabilitation limits cochlear
implant (Cl) penetration to the candidate population. The purpose of this
study was to evaluate the effectiveness of remote Cl programming and aural
rehabilitation via telehealth. Study design and setting: Retrospective study of
one cochlear implant center. Patients and intervention: Patients undergoing
cochlear implantation from 2015 to 2018 undergoing remote programming
as part of routine audiologic follow up. Main outcome measures: AzBio
scores, impedances, comfort and threshold levels, and responses to the
International Outcome Inventory for Hearing Aids questionnaire modified for
Cls (101-Cl). Results: A total of 22 Cls in 20 patients were included during the
study period. Threshold, comfort, and impedance levels were readily
obtained via telehealth and were not significantly different between
telehealth and live sessions. AzBio scores and warble tone pure tone
averages were also similar and acceptable in both session modalities. Based
on l0I-Cl scores, patients were very satisfied with their hearing outcomes.
Conclusions: Using telemedicine, reliable measurements were readily
obtained and hearing outcomes after remote programming were
comparable to those expected after in-person programming sessions.
Patients were overall satisfied with their remote programming sessions.
Telehealth is a cost-effective and safe way to deliver post-Cl audiologic care,
particularly to patients with limited mobility or those in remote locations.

Meeuws, Matthias et al (2020) [Feasibility Study] Cochlear implant
telemedicine: Remote fitting based on psychoacoustic self-tests and
artificial intelligence'®

Objective: This study aims to assess the feasibility of autonomous cochlear
implant (Cl) fitting by adult Cl recipients based on psychoacoustic self-
testing and artificial intelligence (Al). Design: A feasibility study was
performed on six adult Cl recipients implanted with a Nucleus device. Two
weeks after processor activation in the clinic, a 'self-fitting' session was
organized in a supervised simulated home environment. The Cl recipient
performed pure tone audiometry and spectral discrimination tests as self-
tests. The Al application FOX analysed the results and recommended a new

' Luryi AL, Tower JI, Preston J, Burkland A, Trueheart CE, Hildrew DM. Cochlear Implant Mapping Through Telemedicine-A
Feasibility Study. Otol Neurotol 2020;413.:e330- e333. doi:10.1097/MA0.0000000000002551

6 Meeuws M, Pascoal D, Janssens de Varebeke S, De Ceulaer G, Govaerts PJ. Cochlear implant telemedicine: Remote fitting
based on psychoacoustic self-tests and artificial intelligence [published online ahead of print, 2020 May 13]. Cochlear
Implants Int 2020;1- 9.
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map. The participants filled out a questionnaire and were tested again after 2
months of take-home experience. Results: Four out of six patients
performed the self-tests without any help from the audiologist and four
were fitted by FOX without any manual intervention. All patients were
comfortable with the concept of self-testing and automated fitting. Patients
acknowledged that at this stage the remote supervision of an audiologist
remains essential. Conclusions: The study showed that audiological self-
assessment and remote Cl fitting with Al under the supervision of an
audiologist is feasible, at least in a number of Cl recipients. Currently, there
are still some technical and regulatory challenges to be addressed before
this can become routine practice.

Ratanjee-Vanmali, Husmita et al (2020) [Evaluation Study] Patient
Uptake, Experience, and Satisfaction Using Web-Based and Face-to-Face
Hearing Health Services: Process Evaluation Study"’

Background: Globally, access to hearing health care is a growing concern
with 900 million people estimated to suffer from disabling hearing loss by
2050. Hearing loss is one of the most common chronic health conditions, yet
access to hearing health care is limited. Incorporating web-based (voice
calling, messaging, or emailing) service delivery into current treatment
pathways could improve access and allow for better scalability of services.
Current electronic health studies in audiology have focused on technical
feasibility, sensitivity, and specificity of diagnostic hearing testing and not on
patient satisfaction, experiences, and sustainable models along the entire
patient journey. Objective: This study aimed to investigate a hybrid [web-
based and face-to-face] hearing health service in terms of uptake,
experience, and satisfaction in adult patients with hearing loss. Methods: A
nonprofit hearing research clinic using online and face-to-face services was
implemented in Durban, South Africa, using online recruitment from the
clinic's Facebook page and Google AdWords, which directed persons to an
online web-based hearing screening test. web-based and face-to-face care
pathways included assessment, treatment, and rehabilitation. To evaluate
the service, an online survey comprising: 1. a validated satisfaction
measurement tool [Short Assessment of Patient Satisfaction]; 2. a process
evaluation of all the 5 steps completed; and 3. personal preferences of
communication methods used vs methods preferred was conducted, which

7 Ratanjee-Vanmali H, Swanepoel W, Laplante-Lévesque A. Patient Uptake, Experience, and Satisfaction Using \Web-Based
and Face-to-Face Hearing Health Services: Process Evaluation Study. /Med Internet Res. 2020;223.:.€15875. Published 2020
Mar 20. doi:10.2196/15875
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was sent to 46 patients who used clinic services. Results: Of the patients
invited, 67% (31/46) completed the survey with mean age 66 years, (SD 16).
Almost all patients, 92% (30/31) reported that the online screening test
assisted them in seeking hearing health care. Approximately 60% (18/31) of
the patients accessed the online hearing screening test from an Android
device. Patients stayed in contact with the audiologist mostly through
WhatsApp instant messaging (27/31, 87%), and most patients (25/31, 81%)
preferred to use this method of communication. The patients continuing with
hearing health care were significantly older and had significantly poorer
speech recognition abilities compared with the patients who discontinued
seeking hearing health care. A statistically significant positive result (p=.007)
was found between age and the number of appointments per patient.
Around 61% (19/31) of patients previously completed diagnostic testing at
other practices, with 95% (18/19) rating the services at the hybrid clinic as
better. The net promoter score was 87, indicating that patients were highly
likely to recommend the hybrid clinic to friends and family. Conclusions: This
study applied web-based and face-to-face components into a hybrid clinic
and measured an overall positive experience with high patient satisfaction
through a process evaluation. The findings support the potential of a hybrid
clinic with synchronous and asynchronous modes of communication to be a
scalable hearing health care model, addressing the needs of adults with
hearing loss globally.

Saunders, Gabrielle H et al (2020) [Recommendation] Application of Big
Data to Support Evidence-Based Public Health Policy Decision-Making for
Hearing'®

Ideally, public health policies are formulated from scientific data; however,
policy-specific data are often unavailable. Big data can generate
ecologically-valid, high-quality scientific evidence, and therefore has the
potential to change how public health policies are formulated. Here, we
discuss the use of big data for developing evidence-based hearing health
policies, using data collected and analyzed with a research prototype of a
data repository known as EVOTION [EVidence-based management of
hearing impairments: public health pOlicy-making based on fusing big data
analytics and simulation), to illustrate our points. Data in the repository
consist of audiometric clinical data, prospective real-world data collected

'8 Saunders GH, Christensen JH, Gutenberg J et al Application of Big Data to Support Evidence-Based Public Health Policy
Decision-Making for Hearing [published online ahead of print, 2020 Jan 23]. £ar Hear. 2020;10.1097/AUD.0000000000000850.
doi:10.1097/AUD.0000000000000850
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from hearing aids and an app, and responses to questionnaires collected for
research purposes. To date, we have used the platform and a synthetic
dataset to model the estimated risk of noise-induced hearing loss and have
shown novel evidence of ways in which external factors influence hearing
aid usage patterns. \We contend that this research prototype data repository
illustrates the value of using big data for policy-making by providing high-
quality evidence that could be used to formulate and evaluate the impact of
hearing health care policies.

Sun, Zhuoyi et al (2020) [Pilot Study] A Supervised Speech Enhancement
Method for Smartphone-Based Binaural Hearing Aids™

It is essential but quite challenging to alleviate speech information loss and
distortion while developing the speech processing algorithms in hearing
aids. Recently, many speech enhancement methods based on deep learning
are proven effective. However, most of the algorithms fail to achieve real-
time processing, which is significant for hearing aids, especially for a
smartphone-centered binaural hearing aid system. A supervised speech
enhancement method based on an RNN structure is proposed to address the
real-time problem. The problem is explored as a resource-constrained
speech intelligibility improvement problem with the target of improving
speech intelligibility at low SNR situations. Both the objective and subjective
experimental results, using the standard evaluation metrics and the
experiments on volunteers, respectively, have verified the superiority of the
proposed method.

Wesarg, Thomas et al (2020) [Evaluation Study] Application of Digital
Remote Wireless Microphone Technology in Single-Sided Deaf Cochlear
Implant Recipients?°

Background: Previous research showed benefits of remote wireless
technology in bilaterally moderate- to-severe hearing-impaired participants
provided with hearing aid(s), cochlear implant(s) (CIs), or bimodal devices as
well as in single-sided deaf (SSD) cochlear implant recipients (with Cl from
Cochlear™) and normal-hearing (NH) participants. Purpose: To evaluate the
effect of the digital remote wireless microphone system, Roger™, on speech
recognition at different levels of multisource noise in SSD Cl recipients using

¥SunzLiY,liang H, Chen F, Xie X, Wang Z. A Supervised Speech Enhancement Method for Smartphone-Based Binaural
Hearing Aids [published online ahead of print, 2020 Apr 20). /EEE Trans Biormed Circuits Syst:
2020;10.1109/TBCAS.2020.2988121. doi:10.1109/TBCAS.2020.2988121

20 \Wesarg T, Stelzig Y, Hilgert-Becker D et al Application of Digital Remote Wireless Microphone Technology in Single-Sided
Deaf Cochlear Implant Recipients. JArm Acad Audiol 2020;314..:246- 256. doi:10.3766/jaaa. 18060
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MED-EL Cl sound processor OPUS 2. Outcomes were assessed as a function
of the listening condition (NH only, NH + CI, NH + CIRog, NHRog + Cl, and
NHRog + CIRog), Roger™ receiver type (Roger™ Focus for NH; Roger™ Xand
Roger™ MyLink for Cl) and accessory mixing ratio. Study sample: Eleven
adult, SSD participants aided with Cl from MED-EL. Data collection and
analysis: Speech recognition in noise was assessed in two no-Roger™
conditions, one Roger™ X condition, and two Roger™ MyLink conditions. For
the Roger™ X and no-Roger™ conditions, speech recognition was tested at
60.3 dB(A) with the Oldenburg Sentence Test in classroom noise at levels of
55, 65, and 75 dB(A). For the two Roger™ MyLink conditions, speech
recognition at 60.3 dB(A) was measured at a noise level of 75 dB(A). Roger™
X was assessed with an accessory mixing ratio of 1:1 (summation of
unattenuated microphone and audio accessory input). For Roger™ MyLink,
two accessory mixing ratios were investigated, MT (1:1, summation of
unattenuated microphone and telecoil input) and T with maximum
attenuation of microphone input. Results: Speech recognition at higher noise
levels (65 and 75 dB(A)) improved significantly with Roger™ in both
unilateral use conditions (NH + CIRog and NHRog + Cl) as well as bilateral use
condition (NHRog + CIRog). Both the bilateral application of Roger™ and the
unilateral Roger™ application on the NH ear outperformed the Roger™
application on Cl alone. There was no statistically significant effect of type of
Cl Roger™ receiver (Roger™ X or Roger™ MyLink) and the accessory mixing
ratio (MT or T) on speech recognition. Conclusions: Speech recognition for
distant speakers in multisource noise improved significantly with the
application of Roger™ in SSD Cl recipients. Both the unilateral Roger™
application on the NH ear or the Cl as well as the bilateral Roger™
application can be recommended.
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Magalhaes, B et al (2020) [Systematic Review] The use of mobile
applications for managing care processes during chemotherapy
treatments: a systematic review'

The aim of this study was to gather scientific evidence about the efficacy of
the use of mobile apps during chemotherapy treatments. A systematic
review of quantitative studies was performed. Based on the available
research, mobile apps are likely to be a useful and acceptable tool to monitor
interventions and complications. In addition, mobile apps can help in the
self-management of treatment-related complications. Importantly, these
apps need to bridge the academic context and clinical practice, by evaluating
the impact of the use of mobile apps in patients. The concept of prescribing
apps is being addressed to ensure that apps work and have fair privacy and
data security policies that address safety requirements.

Abahussin, AA et al (2019) [Systematic Review] PROMs for pain in adult
cancer patients: a systematic review of measurement properties?

The objective of this study is to systematically review measurement
properties of patient-reported outcome measures (PROMs) used for adult
cancer patients to measure pain and, as a secondary goal, to investigate the
evidence of validated mobile health (mHealth) applications used to measure
pain. Abahussin et al conclude that better quality validation studies of
PROMs for cancer pain are needed to explore the full range of measurement
properties. Utilising mHealth applications to measure pain in cancer patients
is an innovative approach worthy of further investigation.

" Magalhaes B, Fernandes C, Santos C, Martinez-Galiano JM. The Use of Mobile Applications for Managing Care Processes
During Chemotherapy Treatments: A Systematic Review [published online ahead of print, 2020 May 6]. Caricer Nurs.
2020;10.1097/NCC.0000000000000823. doi:10.1097/NCC.0000000000000823

2 Abahussin AA, West RM, Wong DC, Ziegler LE. PROMs for Pain in Adult Cancer Patients: A Systematic Review of
Measurement Properties. Pain Pract. 2019;191..93- 117. doi:10.1111/papr12711

33


https://pubmed.ncbi.nlm.nih.gov/32384423/
https://pubmed.ncbi.nlm.nih.gov/32384423/
https://pubmed.ncbi.nlm.nih.gov/32384423/
https://pubmed.ncbi.nlm.nih.gov/29772118/
https://pubmed.ncbi.nlm.nih.gov/29772118/

National Health Library and Knowledge Service | Evidence Team
CURRENT AS AT 25 MAY 2020

Chapter 3: Telemedicine and Cancer Care

VERSION 1.0

Bartolo, A et al (2019) [Systematic Review] Effectiveness of psycho-
educational interventions with telecommunication technologies on
emotional distress and quality of life of adult cancer patients: a
systematic review?

The purpose of this study was to provide a comprehensive review of psycho-
educational interventions using telecommunication technologies developed
for adult cancer patients, assessing their effectiveness in reducing emotional
distress and improving quality of life. Bartolo et al found the efficacy of
interventions using distance approaches in the cancer setting is still not
well-established. Further research should be conducted through well-
designed studies with more interactive features that minimize the lack of
face-to-face interaction. Programs using telecommunications technologies
may reduce disparities in service delivery within this setting, minimizing
geographic and socio-economic barriers to engagement in the interventions.
With the current technological development, it is possible to perform more
interactive interventions that stimulate therapist-patient interactions.
However, available protocols in this field still employ basic resources: eg
websites, email, and videos. Young adult cancer patients are exposed to
additional requirements related to fertility and parenthood. New
intervention approaches should consider their informational needs.

Hernandez Silva, E et al (2019) [Systematic Review] The effectiveness of
mHealth for self-management in improving pain, psychological distress,
fatigue, and sleep in cancer survivors: a systematic review*"

The authors aim to assess the effectiveness of mHealth applications for
self-management in improving pain, psychological distress, fatigue, or sleep
outcomes in adult cancer survivors. Experimental quantitative studies
evaluating apps aiming to support self-management for adult cancer
survivors and reporting pain, psychological distress, fatigue, or sleep
outcomes were included. There is emerging evidence that mHealth
interventions that support self-management can improve pain and fatigue

3 Bartolo A, Pacheco E, Rodrigues F, Pereira A, Monteiro S, Santos IM. Effectiveness of psycho-educational interventions with
telecommunication technologies on emotional distress and quality of life of adult cancer patients: a systematic review. Disabil
Rehabil 2019;418.:.870- 878. doi:10.1080/09638288.2017.1411534

“Hernandez Silva E, Lawler S, Langbecker D. The effectiveness of mHealth for self-management inimproving pain,
psychological distress, fatigue, and sleep in cancer survivors: a systematic review. / Cancer Surviv. 2019;131.97-107.
doi:10.1007/s11764-018-0730-8
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outcomes in cancer survivors, and some promise for psychological distress
and sleep outcomes. Further development and investigation of mHealth is
needed, incorporating targeted, evidence-based models of care into app
design. mHealth interventions can improve outcomes for cancer survivors
and have significant potential to benefit this growing population due to their
reach.

Jongerius, C et al (2019) [Systematic Review] Research-tested mobile
apps for breast cancer care: systematic review’

The main objective of this review was to provide an overview of the available
research-tested interventions using mHealth apps and their impact on
breast cancer care. The results indicate consistent and promising findings of
interventions using mHealth apps that target care management in breast
cancer. Among the categories of mHealth apps focusing on survivorship,
mHealth-based interventions showed a positive effect by promoting weight
loss, improving the quality of life, and decreasing stress. There is conflicting
and less conclusive data on the effect of mHealth apps on psychological
dimensions. The authors advocate further investigation to confirm and
strengthen these findings. No consistent evidence for the impact of
interventions using mHealth apps in breast cancer prevention and early
detection was identified due to the limited number of studies identified by
the search. Future research should continue to explore the impact of
mHealth apps on breast cancer care to build on these initial
recommendations.

Vergani, L et al (2019) [Systematic Review] Training cognitive functions
using mobile apps in breast cancer patients: systematic review?®

This systematic review gives an overview of the state-of-the-art mobile
apps aimed at training cognitive functions to better understand whether
these apps could be useful tools to counteract cognitive impairment in
breast cancer patients. The authors systematically searched all the full-text
articles from both PubMed and Embase. Their results highlight the lack of
empirical evidence on the efficacy of currently available apps to train
cognitive function. Cognitive domains are not well defined across studies. It
is noteworthy that no apps are specifically developed for cancer patients,
and their applicability to breast cancer should not be taken for granted.

5 Jongerius C, Russo S, Mazzocco K, Pravettoni G. Research-Tested Mobile Apps for Breast Cancer Care: Systematic Review.
IMIR Mhealth Uhealth. 2019;72.:210930. Published 2019 Feb 11. doi:10.2196/10930

6 Vergani L, Marton G, Pizzoli SFM, Monzani D, Mazzocco K, Pravettoni G. Training Cognitive Functions Using Mobile Apps in
Breast Cancer Patients: Systematic Review. JMIR Mhealth Uhealth. 2019;73..e10855. Published 2019 Mar 19. doi:10.2196/10855
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Future studies should test the feasibility, usability, and effectiveness of
available cognitive training apps in women with breast cancer. Due to the
complexity and multidimensionality of cognitive difficulties in this cancer
population, it may be useful to design, develop, and implement an ad hoc app
targeting cognitive impairment in breast cancer patients.

Han, CJ et al (2018) [Systematic Review] Interventions using social media
for cancer prevention and management: a systematic review’

Han et al aim to systematically review intervention studies using social
media for cancer care. A systematic search, using seven electronic databases
was conducted to identify surveys and interventions using contemporary
social media tools with a focus on cancer. Based on their findings, the
authors conclude that social media tools have the potential to be effective in
delivering interventions for cancer prevention and management. However,
there was a dearth of studies with rigorous study methodologies to test
social media effects on various cancer-related clinical outcomes. Social
media use in cancer care will facilitate improved communication and support
among patients, caregivers, and clinicians and, ultimately, improved patient
care. Clinicians need to carefully harness social media to enhance patient
care and clinical outcomes.

Moradian, S et al (2018) [Systematic Review] Effectiveness of Internet-
based interventions in managing chemotherapy-related symptoms in
patients with cancer: a systematic literature review?®

The aims of this review were to: 1. examine the effectiveness of Internet-
based interventions on cancer chemotherapy-related physical symptoms
[severity and/or distress] and health-related quality of life outcomes; and 2.
identify the design elements and processes for implementing these
interventions in oncology practices. Despite the evidence in support of using
the Internet as a worthwhile tool for effective patient engagement and self-
management of chemotherapy-related symptoms outside clinic visits,
methodological limitations in the evidence base require further well-planned
and quality research.

7Han CJ, Lee YJ, Demiris G. Interventions Using Social Media for Cancer Prevention and Management: A Systematic Review.
Cancer Nurs. 2018;416.:E19- E31. doi:10.1097/NCC.0000000000000534

8Moradian S, Voelker N, Brown C, Liu G, Howell D. Effectiveness of Internet-based interventions in managing chemotherapy-
related symptoms in patients with cancer: a systematic literature review. Support Care Cancer. 2018;262.:361- 374.
doi:10.1007/s00520-017-3900-8
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Chen, YY et al (2018) [Meta-Analysis] Effect of telehealth intervention on
breast cancer patients' quality of life and psychological outcomes: A
meta-analysis®

Telehealth intervention has been proposed as an innovative intervention
approach to breast cancer patients, but there are still conflicting results in
the literature about its effect. PubMed, EMBASE, CENTRAL and China
National Knowledge Infrastructure were searched from inception to October
2016 for randomized controlled trials which assessed the effect of telehealth
intervention versus usual care in breast cancer patients. Telehealth
intervention is superior to usual care in breast cancer patients for improved
quality of life, higher self-efficacy and less depression, distress, and
perceived stress. However, these results should be recognized cautiously
due to between-study heterogeneity, indicating that further well-designed
RCTs are warranted.

Cox, A etal (2017) [Systematic Review] Cancer survivors' experience with
telehealth: a systematic review and thematic synthesis'®

The objective of this study was to systematically identify, appraise, and
synthesize qualitative research evidence on the experiences of adult cancer
survivors participating in telehealth interventions, to characterize the patient
experience of telehealth interventions for this group. Across the included
papers, three analytical themes emerged, each with three descriptive
subthemes: 1. influence of telehealth on the disrupted lives of cancer
survivors [convenience, independence, and burden]; 2. personalized care
across physical distance [time, space, and the human factor]; and 3. remote
reassurance-a safety net of health care professional connection [active
connection, passive connection, and slipping through the net]. Telehealth
interventions represent a convenient approach, which can potentially
minimize treatment burden and disruption to cancer survivors' lives.
Telehealth interventions can facilitate an experience of personalized care
and reassurance for those living with and beyond cancer; however, it is
important to consider individual factors when tailoring interventions to
ensure engagement promotes benefit rather than burden. Telehealth
interventions can provide cancer survivors with independence and
reassurance. Future telehealth interventions need to be developed

9 Chen YY, Guan BS, Li ZK, Li XY. Effect of telehealth intervention on breast cancer patients' quality of life and psychological
outcomes: A meta-analysis. / Telermed Telecare. 2018;243.:157-167. doi:10.11771357633X16686777

10 Cox A, Lucas G, Marcu A et al Cancer Survivors' Experience With Telehealth: A Systematic Review and Thematic Synthesis. /
Med Internet Res. 2017;191..e11. Published 2017 Jan 9. doi:10.2196/jmir.6575
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iteratively in collaboration with a broad range of cancer survivors to
maximize engagement and benefit.

Roberts, AL et al (2017) [Systematic Review and Meta-Analysis] Digital
health behaviour change interventions targeting physical activity and
diet in cancer survivors: a systematic review and meta-analysis"

Digital behaviour change interventions (DBCls) have the potential to reach
large numbers of cancer survivors. Roberts et al conducted a systematic
review and meta-analyses of relevant studies identified by a search of
Medline, EMBASE, PubMed and CINAHL. Studies which assessed a DBCI with
measures of physical activity (PA), diet and/or sedentary behaviour were
included. DBCls may improve PA and BMI among cancer survivors, and there
is mixed evidence for diet. The number of included studies is small, and risk
of bias and heterogeneity was high. Future research should address these
limitations with large, high-quality RCTs, with objective measures of PA and
sedentary time. Digital technologies offer a promising approach to
encourage health behaviour change among cancer survivors.

Randomised
Controlled Trials

Greer, JA et al (2020) [Randomised Controlled Trial] Randomized trial of a
smartphone mobile app to improve symptoms and adherence to oral
therapy for cancer'

The authors conducted a randomized trial to test the use of a smartphone
mobile app to improve symptoms and adherence to oral cancer therapy.
From February 18, 2015, through December 31, 2016, 181 patients with diverse
cancers who were prescribed oral therapy were randomized to receive
either the smartphone mobile app or standard care. The mobile app included
a medication plan with reminders, a symptom-reporting module, and patient
education. Primary outcomes were adherence (per electronic pill caps),
symptom burden (per MD Anderson Symptom Inventory), and quality of life
(per the Functional Assessment of Cancer Therapy-General). Participants

" Roberts AL, Fisher A, Smith L, Heinrich M, Potts HW\WV. Digital health behaviour change interventions targeting physical
activity and diet in cancer survivors: a systematic review and meta-analysis. / Cancer Surviv. 2017;116.:704- 719.
doi:10.1007/s11764-017-0632-1

12 Greer JA, Jacobs JM, Pensak N et al Randomized Trial of a Smartphone Mobile App to Improve Symptoms and Adherence to
Oral Therapy for Cancer. /Nat! Cormpr Canc Netw. 2020;182.:133-141. doi:10.6004/jnccn.2019.7354
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also completed self-report measures of medication adherence, anxiety and
depression symptoms, social support, quality of care, and healthcare
utilization. Although the mobile app may not improve outcomes for all
patients prescribed oral cancer therapy, the intervention may be beneficial
for those with certain risk factors, such as difficulties with adherence or
anxiety.

Handa, S et al (2020) [Randomised Controlled Trial] Effectiveness of a
smartphone application as a support tool for patients undergoing breast
cancer chemotherapy: a randomized controlled trial™

The effectiveness of a smartphone application as a support tool for patients
undergoing breast cancer chemotherapy was tested in a randomized clinical
trial, with 102 patients assigned to an app-using or a control group. Hospital-
related anxiety, health literacy, and side effects were recorded. Sharing
patients' reports through a smartphone app might optimize chemotherapy
and deliver suitable support. Of the 102 patients, 95 completed the present
study. No significant improvement was seen in anxiety, depression, or health
literacy at the end of treatment between the BPSS and no-BPSS app groups.
Overall, 1868 side effects were reported. \When the patients' records were
compared with the medical staff records, the analysis revealed that the
medical staff had underestimated some grade 3 symptoms. The BPSS app is
a feasible tool for patients with breast cancer and might be useful as a
support tool for information sharing between patients and medical staff in
an effort to optimize chemotherapy and deliver suitable patient care and
support.

Zhou, K et al (2020) [Randomised Controlled Trial] Benefits of a WeChat-
based multimodal nursing program on early rehabilitation in
postoperative women with breast cancer: A clinical randomized
controlled trial'

This study aimed to evaluate the benefits of a WeChat-based multimodal
nursing program on early rehabilitation in postoperative women with breast
cancer. The researchers recruited patients with breast cancer and randomly
allocated them to the intervention and control groups. The former was

3 Handa S, Okuyama H, Yamamoto H, Nakamura S, Kato Y. Effectiveness of a Smartphone Application as a Support Tool for
Patients Undergoing Breast Cancer Chemotherapy: A Randomized Controlled Trial [published online ahead of print, 2020 Feb
26]. Clin Breast Cancer. 2020;51526-8209(20)30020-3. doi:10.1016/j.clbc.2020.01.004

14 Zhou K, Wang W, Zhao W et al Benefits of a \WeChat-based multimodal nursing program on early rehabilitation in
postoperative women with breast cancer: A clinical randomized controlled trial [published online ahead of print, 2020 Mar 7).
Int J NMurs Stud 2020;106:103565. doi:10.1016/j.ijnurstu.2020.103565
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subjected to the WeChat-based multimodal nursing program plus routine
nursing care for 6 months, whereas the latter received only routine nursing
care. They found a significant improvement in the health-related quality of
life of postoperative women with breast cancer who used the WeChat-
based multimodal nursing program during early rehabilitation. This
demonstrated that the program is an effective intervention for
postoperative rehabilitation in such patients. Findings of the study will
provide evidence for eHealth services in clinical and transitional nursing care.

Ariza-Garcia, A et al (2019) [Randomised Controlled Trial] A web-based
exercise system (e-CuidateChemo) to counter the side effects of
chemotherapy in patients with breast cancer: randomized controlled
trial®®

This study aimed to evaluate the effectiveness of a web-based exercise
program e-CuidateChemo to mitigate the side effects of chemotherapy on
the physical being, anthropometric aspects, and body composition. A total of
68 patients diagnosed with breast cancer, who were undergoing
chemotherapy, were enrolled. The patients were categorized into two
groups: e-CuidateChemo (n=34) and controls (n=34). The e-CuidateChemo
group participated in an adapted 8-week tailored exercise program through
a web-based system. A blinded, trained researcher assessed functional
capacity, strength, anthropometric parameters, and body composition. The
intervention effects were tested using analysis of covariance and Cohend
tests. This paper showed that a web-based exercise program was effective
in reversing the detriment in functional capacity and strength due to
chemotherapy.

Kelleher, SA et al (2019) [Randomised Controlled Trial] A behavioral
cancer pain intervention: A randomized noninferiority trial comparing in-
person with videoconference delivery®

This study compared videoconference-delivered mobile health pain coping
skills training (mPCST) to in-person pain coping skills training (PCST-
traditional). This was a randomized, non-inferiority trial with cancer patients.
Participants were randomly assigned to four, 45-minute sessions of mPCST

'> Ariza-Garcia A, Lozano-Lozano M, Galiano-Castillo N, Postigo-Martin P, Arroyo-Morales M, Cantarero-Villanueva l. A Web-
Based Exercise System (e-CuidateChemo) to Counter the Side Effects of Chemotherapy in Patients With Breast Cancer:
Randomized Controlled Trial. /Med Internet Res. 2019;217.:e14418. Published 2019 Jul 24. doi:10.2196/14418

'Kelleher SA, Winger JG, Dorfman CS et al A behavioral cancer pain intervention: A randomized noninferiority trial comparing
in-person with videoconference delivery [published correction appears in Psychooncology. 2020 Jan;291.:237]. Psycho-
oncology. 2019;288.:1671-1678. doi:10.1002/pon.5141


https://pubmed.ncbi.nlm.nih.gov/31342907/
https://pubmed.ncbi.nlm.nih.gov/31342907/
https://pubmed.ncbi.nlm.nih.gov/31342907/
https://pubmed.ncbi.nlm.nih.gov/31342907/
https://pubmed.ncbi.nlm.nih.gov/31162756/
https://pubmed.ncbi.nlm.nih.gov/31162756/
https://pubmed.ncbi.nlm.nih.gov/31162756/

National Health Library and Knowledge Service | Evidence Team
CURRENT AS AT 25 MAY 2020

Chapter 3: Telemedicine and Cancer Care

VERSION 1.0

or PCST-traditional. Session content focused on evidence-based cognitive
and behavioural pain management skills. Assessments were completed at
baseline, post-treatment, and 3-month post-treatment and included
measures of primary intervention outcomes [ie pain severity and pain
interference] and secondary intervention outcomes [ie physical symptomes,
psychological distress, physical well-being, and self-efficacy]. The authors
conclude that mPCST is highly accessible and noninferior to PCST-traditional.

Kubo, A et al (2019) [Randomised Controlled Trial] A randomized
controlled trial of mHealth mindfulness intervention for cancer patients
and informal cancer caregivers: a feasibility study within an integrated
health care delivery system"’

The purpose of this research was to assess feasibility and preliminary
efficacy of a mobile/online-based (mHealth) mindfulness intervention for
cancer patients and their caregivers to reduce distress and improve quality
of life (QoL). Two-arm randomized controlled trial within Kaiser Permanente
Northern California targeting cancer patients who received chemotherapy
and their informal caregivers. The intervention group received a
commercially available mindfulness program for 8 weeks. The wait-list
control group received usual care. Kubo et al assessed feasibility using
retention and adherence rates and obtained participant-reported data on
distress, QoL, sleep, mindfulness, and posttraumatic growth before and
immediately after the intervention. The authors conclude that results from
fully powered efficacy trials would inform the potential for clinicians to use
this scalable intervention to help improve QoL of those affected by cancer
and their caregivers.

Van Blarigan, EL et al (2019) [Randomised Controlled Trial] Self-
monitoring and reminder text messages to increase physical activity in
colorectal cancer survivors (Smart Pace): a pilot randomized controlled
trial'®

Van Blarigan et al conducted a 2-arm non-blinded pilot randomised
controlled trial. Participants were randomised 1:1 to receive the intervention
with print educational materials or print educational materials alone. They

7 Kubo A, Kurtovich E, McGinnis M et al A Randomized Controlled Trial of mHealth Mindfulness Intervention for Cancer
Patients and Informal Cancer Caregivers: A Feasibility Study Within an Integrated Health Care Delivery System. /ntegr Cancer
Ther. 2019;18:1534735419850634. doi:10.11771534735419850634

'8 \Van Blarigan EL, Chan H, Van Loon K et al Self-monitoring and reminder text messages to increase physical activity in
colorectal cancer survivors (Smart Pace): a pilot randomized controlled trial. BMC Cancer. 2019:191.:218. Published 2019 Mar 11.
doi:10.1186/s12885-019-5427-5
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explored the impact of the intervention versus usual care on physical activity
using ActiGraph GT3X+ accelerometers pre-/post-intervention. They
screened 406 individuals and randomised 42 to intervention (n =21) or
control (n =21) groups. During the 12-week study, the intervention arm wore
their Fitbits a median of 74 days [88% of days in study period, interquartile
range: 23-83 days] and responded to a median of 34 out of 46 text messages
that asked for a reply [interquartile range: 13-38 text messages]. Among the
16 intervention participants who completed the feedback survey, the
majority (88%) reported that the intervention motivated them to exercise
and that they were satisfied with their experience. No statistically significant
difference in change in moderate-to-vigorous physical activity was found
from baseline to 12 weeks between arms. A 12-week physical activity
intervention with a Fitbit and text messages was feasible and acceptable
among colorectal cancer patients after curative treatment. Larger studies
are needed to determine whether the intervention increases physical
activity.

Wall, LR et al (2019) [Randomised Controlled Trial] Economic analysis of a
three-arm RCT exploring the delivery of intensive, prophylactic
swallowing therapy to patients with head and neck cancer during
(chemo) radiotherapy™

Research advocates for the use of intensive, prophylactic swallowing
therapy to help reduce the severity of dysphagia in patients receiving
(chemo) radiotherapy (CRT) for head/neck cancer (HNC). Unfortunately, the
intensity of this therapy, coupled with growing patient numbers and limited
clinical resources, provides challenges to many international cancer
facilities. Telepractice has been proposed as a potential method to provide
patients with greater support in home-practice, whilst minimising burden to
the health service. This study investigated the clinical and patient-
attributable costs of delivering an intensive, prophylactic swallowing
therapy protocol via a new telepractice application SwallowlT as compared
to clinician-directed FTF therapy and independent patient self-directed
therapy. SwallowIT provided a cost-efficient model of care when compared
to the clinician-directed model. The SwallowIT model also proved more cost-
effective than the patient-directed model, yielding clinically significantly
superior QoL at the end of (C)RT, for comparable costs. Overall, when

¥ Wall LR, Kularatna S, Ward EC et al Economic Analysis of a Three-Arm RCT Exploring the Delivery of Intensive, Prophylactic
Swallowing Therapy to Patients with Head and Neck Cancer During (Chemo)Radiotherapy. Dysphagia. 2019;345.:627- 639.
doi:10.1007/s00455-018-9960-1
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compared to the alternate methods of service-delivery, Swallowl!T provided
a financially viable and cost-effective method for the delivery of intensive,
prophylactic swallowing therapy to patients with HNC during (C)RT.

Yang, ] et al (2019) [Randomised Controlled Trial] Development and
testing of a mobile app for pain management among cancer patients
discharged from hospital treatment: randomized controlled trial*°

The aim was to design, construct, and test the Pain Guard app in patients
managing cancer pain, evaluate the total remission rate of pain and the
improvement in quality of life (QolL) to improve pain management for cancer
pain patients, and assess patient acceptance of the app. This randomised
controlled double-arm study involved 58 patients with cancer pain
symptoms. Participants were randomly assigned to a group receiving care
through the Pain Guard app or to a control group who received only
traditional pharmaceutical care. The system's usability, feasibility, app
compliance, and satisfaction were also assessed. The primary outcome was
remission rate of pain, and secondary outcomes were medication adherence,
improvements in Qol, frequency of breakthrough cancer pain (BTcP),
incidence of adverse reactions, and satisfaction of patients. Pain Guard was
effective for the management of pain in discharged patients with cancer
pain, and its operability was effective and easily accepted by patients.

Graetz, | et al (2018) [Randomised Controlled Trial] Use of a web-based
app to improve breast cancer symptom management and adherence for
aromatase inhibitors: a randomized controlled feasibility trial*’

Graetz et al conducted a pilot randomized controlled trial to test the use of a
web-based application (app) designed with and without weekly reminders
for patients to report real-time symptoms and Al use outside of clinic visits
with built-in alerts to patients' oncology providers. Their goal was to improve
symptom burden and medication adherence. Forty-four women with early-
stage breast cancer and a new Al prescription were randomized to either an
App+Reminder [weekly reminders to use app] or an App [no reminders]
group. Pre- and post-assessment data were collected from all participants.
Weekly reminders to use a web-based app to report Al adherence and

20Yang J, Weng L, Chen Z et al Development and Testing of a Vobile App for Pain Management Among Cancer Patients
Discharged From Hospital Treatment: Randomized Controlled Trial. JMIR Mhealth Uhealth. 2019;75.:e12542. Published 2019
May 29. doi:10.2196/12542

21 Graetz |, McKillop CN, Stepanski E, Vidal GA, Anderson JN, Schwartzberg LS. Use of a web-based app to improve breast
cancer symptom management and adherence for aromatase inhibitors: a randomized controlled feasibility trial. /Carcer
Surviv. 2018124.:431- 440. doi:10.1007/s11764-018-0682-z
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treatment-related symptoms demonstrated feasibility and improved short-
term Al adherence, which may reduce symptom burden for women with
breast cancer and a new Al prescription. If short-term gains in adherence
persist, this low-cost intervention could improve survival outcomes for
women with breast cancer. A larger, long-term study should examine if Al
adherence and symptom burden improvements persist for a 5-year
treatment period.

Kim, HJ et al (2018) [Randomised Controlled Trial] A mobile game for
patients with breast cancer for chemotherapy self-management and
quality-of-life improvement: randomized controlled trial*?

The objective of this study was to evaluate if patient education using a
mobile game may increase drug compliance, decrease physical side effects
of chemotherapy, and improve psychological status in breast cancer
patients. A total of 76 patients with metastatic breast cancer who were
planned to receive cytotoxic chemotherapy were enrolled in this trial. Study
participants were randomly assigned to a mobile game play group or a
conventional education group. The patients were unblinded and followed
prospectively for three weeks. Outcome measures included time spent for
education, compliance to medication, physical side effects, and
psychological side effects including quality of life (QoL). Results from the
study suggest the feasibility and potentiality of the use of smartphone
mobile games for patients with breast cancer receiving chemotherapy.
Education using a mobile game led to better patient education, improved
drug compliance, decreased side effects, and better QoL compared with
conventional education. Mobile games can be used as easy, fun, and
effective measures for patient education and have the potential to improve
treatment outcomes.

Ormel, HL et al (2018) [Randomised Controlled Trial] Self-monitoring
physical activity with a smartphone application in cancer patients: a
randomized feasibility study (SMART-trial)?3

This study aimed to examine whether using RunKeeper to increase self-
reported PA is feasible in cancer patients and to evaluate patients' opinion

22 Kim HJ, Kim S|, Shin H, Jang JS, Kim Y1, Han DH. A Mabile Game for Patients With Breast Cancer for Chemotherapy Self-
Management and Quality-of-Life Improvement: Randomized Controlled Trial. /Med Internet Res. 2018;20(10):e273. Published
2018 Oct 29. doi:10.2196/jmir.9559

23 Ormel HL, van der Schoot GGF, Westerink NL, Sluiter W), Gieterma JA, Walenkamp AME. Self-monitoring physical activity with
a smartphone application in cancer patients: a randomized feasibility study (SMART-trial). Support Care Cancer.
2018;26(11):3915- 3923. doi:10.1007/500520-018-4263-5
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about using RunKeeper in a 12-week programme. Self-monitoring PA with
RunKeeper was safe and feasible in cancer patients. Adult patients (n = 32),
diagnosed with cancer, were randomised between usual care (n =16) or a 12-
week intervention with instructions to self-monitor PA with RunKeeper (n =
16). Changes in PA were determined with the Physical Activity Scale for the
Elderly (PASE) at baseline (T0), 6 weeks (T1), and 12 weeks (T2). Usability and
patients' experiences were tested at T2 with the System Usability Scale
(SUS) and a semi-structured interview. The RunKeeper use resulted in an
increase in PA after 6 weeks. Ormel et al conclude that RunKeeper usability
was rated good and can be used to study PA in cancer patients.

Petzel, SV et al (2018) [Randomised Controlled Trial] Effects of web-
based instruction and patient preferences on patient-reported outcomes
and learning for women with advanced ovarian cancer: A randomized
controlled trial**

A randomised controlled trial was conducted of a web-based intervention to
improve advanced care planning in women with ovarian cancer. A secondary
analysis of 35 randomized women focused on changes in distress and
knowledge about ovarian cancer through distress monitoring and
information tailored to patients' cognitive coping style. Pre-/postresults
indicated the Intervention group demonstrated lower distress (p = 0.06);
blunting was associated with lower depression (p = 0.04); knowledge in both
groups was unchanged. Women in the Intervention vs. Control group
reported their family was less likely to be upset by cancer information (p =
0.0004). This intervention reduced distress while incorporating patient
preferences.

Bray, V] et al (2017) [Randomised Controlled Trial] Evaluation of a web-
based cognitive rehabilitation program in cancer survivors reporting
cognitive symptoms after chemotherapy?®

Bray et al evaluated a cognitive rehabilitation program (Insight) and
compared it with standard care in cancer survivors self-reporting cognitive
symptoms. They recruited adult cancer survivors with a primary malignancy

24 Petzel SV, Isaksson Vogel R, Cragg J et al Effects of web-based instruction and patient preferences on patient-reported
outcomes and learning for women with advanced ovarian cancer: A randomized controlled trial. /Psychosoc Oncol
2018;364.:503- 519. doi:10.1080/07347332.2018.1457125

25 Bray VJ, Dhillon HM, Bell ML et al Evaluation of a Web-Based Cognitive Rehabilitation Program in Cancer Survivors Reporting
Cognitive Symptoms After Chemotherapy. / Clin Oncol 2017;352.:217- 225. doi:10.1200/JC0.2016.67.8201
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excluding central nervous system malignancies who had completed three or
more cycles of adjuvant chemotherapy in the previous 6 to 60 months and
reported persistent cognitive symptoms. All participants received a 30-
minute telephone consultation and were then randomly assigned to the 15-
week, home-based intervention or to standard care. The intervention,
Insight, led to improvements in cognitive symptoms compared with
standard care. To the authors' knowledge, this is the first large randomized
controlled trial showing an improvement in self-reported cognitive function
in cancer survivors, indicating that this intervention is a feasible treatment.

Mooney, KH et al (2017) [Randomised Controlled Trial] Automated home
monitoring and management of patient-reported symptoms during
chemotherapy: results of the symptom care at home RCT?%®

In a randomised controlled trial, the efficacy of an automated symptom
management system was tested to determine if it reduced chemotherapy-
related symptoms. Prospectively, 358 patients beginning chemotherapy
were randomized to the Symptom Care at Home (SCH) intervention (n = 180)
or enhanced usual care (UC) (n = 178). Participants called the automated
monitoring system daily reporting severity of 11 symptoms. SCH participants
received automated self-management coaching and nurse practitioner (NP)
telephone follow-up for poorly controlled symptoms. NPs used a guideline-
based decision support system. Primary endpoints were symptom severity
across all symptoms, and the number of severe, moderate, mild, and no
symptom days. A secondary endpoint was individual symptom severity. All
individual symptoms, except diarrhoea, were significantly lower for SCH
participants (P < 0.05). Symptom Care at Home dramatically improved
symptom outcomes. These results demonstrate that symptoms can be
improved through automated home monitoring and follow-up to intensify
care for poorly controlled symptoms.

26 Mooney KH, Beck SL, Wong B et al Automated home monitoring and management of patient-reported symptoms during
chemotherapy: results of the symptom care at home RCT. Cancer Med. 2017,63.:537- 546. doi:10.1002/cam4.1002
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Zhu, J et al (2017) [Randomised Controlled Trial] A mobile application of
breast cancer e-support program versus routine care in the treatment of
Chinese women with breast cancer undergoing chemotherapy: study
protocol for a randomized controlled trial*’

Breast Cancer e-Support is a mabile application program that provides
patients with individually tailored information and a support group of peers
and health care professionals. Breast Cancer e-Support aims to promote
women's self-efficacy, social support and symptom management, thus
improving their quality of life and psychological well-being. This is the first
study of its kind in China to evaluate the use of a mobile application
intervention with a rigorous research design and theoretical framework. This
study will contribute to evidence regarding the effectiveness of a theory-
based mobile application to support women with breast cancer undergoing
chemotherapy. The results should provide a better understanding of the role
of self-efficacy and social support in reducing symptom distress and of the
credibility of using a theoretical framework to develop Internet-based
interventions. The results will provide evidence to support the
implementation of an innovative and easily accessible intervention that
enhances health outcomes.

Basch, € et al (2016) [Randomised Controlled Trial] Symptom monitoring
with patient-reported outcomes during routine cancer treatment: a
randomized controlled trial?®

There is growing interest to enhance symptom monitoring during routine
cancer care using patient-reported outcomes, but evidence of impact on
clinical outcomes is limited. The authors randomly assigned patients
receiving routine outpatient chemotherapy for advanced solid tumours to
report 12 common symptoms via tablet computers or to receive usual care
consisting of symptom monitoring at the discretion of clinicians. Those with
home computers received weekly e-mail prompts to report between visits.
Treating physicians received symptom printouts at visits, and nurses
received e-mail alerts when participants reported severe or worsening
symptoms. The primary outcome was change in health-related quality of life
at 6 months compared with baseline, measured by the EuroQol EQ-5D Index.

27Zhu ), Ebert L, Liu X, Chan SW. A mobile application of breast cancer e-support program versus routine Care in the treatment
of Chinese women with breast cancer undergoing chemotherapy: study protocol for a randomized controlled trial. BMC
Cancer.2017;,171.:291. Published 2017 Apr 26. doi:10.1186/s12885-017-3276-7

28 Basch E, Deal AM, Kris MG et al Symptom Monitoring With Patient-Reported Outcomes During Routine Cancer Treatment: A
Randomized Controlled Trial [published correction appears in ] Clin Oncol. 2016 Jun 20;34(18):2198] [published correction
appears in J Clin Oncol. 2019 Feb 20;376..528). / Clin Oncol 2016;346..557- 565. doi:10.1200//C0.2015.63.0830
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Secondary endpoints included emergency room visits, hospitalizations, and
survival. Benefits were greater for participants lacking prior computer
experience. Most patients receiving intervention (63%) reported severe
symptoms during the study. Nurses frequently initiated clinical actions in
response to e-mail alerts. Clinical benefits were associated with symptom
self-reporting during cancer care.

Egbring, M et al (2016) [Randomised Controlled Trial] A mobile app to
stabilize daily functional activity of breast cancer patients in
collaboration with the physician: a randomized controlled clinical trial*®
The aim of the study was to evaluate the effects of a mobile app on patient-
reported daily functional activity in a supervised and unsupervised setting.
The researchers conducted a randomized controlled study of 139 breast
cancer patients undergoing chemotherapy. Participants were randomly
assigned to a control group, an unsupervised group that used a mobile app
to record data, or a supervised group that used the app and reviewed data
with a physician. The mobile app was associated with stabilized daily
functional activity when used under collaborative review. App-using
participants could more frequently report adverse events, and those under
supervision made fewer and more precise entries than unsupervised
participants. Our findings suggest that patient well-being and awareness of
chemotherapy adverse effects can be improved by using a mobile app in
collaboration with the treating physician.

Foley, NM et al (2016) [Randomised Controlled Trial] PATI: Patient
accessed tailored information: A pilot study to evaluate the effect on
preoperative breast cancer patients of information delivered via a mobile
application®°

The aim of this project was to evaluate the effects of a mobile information
application on anxiety levels of patients undergoing surgery for breast
cancer. An application was developed for use with Apple iPad containing
information on basic breast cancer biology, different treatments used and
surgical techniques. Anxiety and depression in breast cancer patients is both
multifactorial and significant, with anxiety levels directly correlating with

29 Egbring M, Far E, Roos M et al A Mobile App to Stabilize Daily Functional Activity of Breast Cancer Patients in Collaboration
With the Physician: A Randomized Controlled Clinical Trial. /Med Internet Res. 2016;18(9):e238. Published 2016 Sep 6.
doi:10.2196/jmir.6414

30 Foley NM, O'Connell EP, Lehane EA et al PATI: Patient accessed tailored information: A pilot study to evaluate the effect on
preoperative breast cancer patients of information delivered via a mobile application. Breast 2016;30:54- 58.
doi:10.1016/j.breast.2016.08.012

48


https://pubmed.ncbi.nlm.nih.gov/27601354/
https://pubmed.ncbi.nlm.nih.gov/27601354/
https://pubmed.ncbi.nlm.nih.gov/27601354/
https://pubmed.ncbi.nlm.nih.gov/27611236/
https://pubmed.ncbi.nlm.nih.gov/27611236/
https://pubmed.ncbi.nlm.nih.gov/27611236/
https://pubmed.ncbi.nlm.nih.gov/27611236/

National Health Library and Knowledge Service | Evidence Team
CURRENT ASAT 25 MAY 2020

Chapter 3: Telemedicine and Cancer Care

VERSION 1.0

reduced quality of life. Intuitively, information should improve anxiety levels;
however, Foley et al have demonstrated that surgical patients with less
information reported significantly lower anxiety. They advise the thorough
testing and auditing of information initiatives before deployment.

Kim, KK et al (2016) [Randomised Controlled Trial] A personal health
network for chemotherapy care coordination: evaluation of usability
among patients®’

This study evaluates the usability of the "personal health network" (PHN), a
novel solution leveraging social networking and mobile technologies, among
individuals undergoing chemotherapy and receiving care coordination. Early
results from interviews of 12 participants in a randomized pragmatic trial
suggest that they feel more connected to the healthcare team using the
PHN, find value in access to the patient education library, and are better
equipped to organise the many activities that occur during chemotherapy.
Improvements are needed in navigation, connectivity, and integration with
electronic health records. Findings contribute to improvements in the PHN,
and inform a roadmap for potentially greater impact in technology-enabled
cancer care coordination.

Schwenk, M et al (2016) [Randomised Controlled Trial] Interactive sensor-
based balance training in older cancer patients with chemotherapy-
induced peripheral neuropathy: A randomized controlled trial*?

This pilot study investigated the effect of an interactive motor adaptation
balance training program based on wearable sensors for improving balance
in older cancer patients with CIPN. Twenty-two patients (age: 70.3 +/- 8.7
years) with objectively confirmed CIPN were randomised to either an
intervention or a control group. The intervention group received interactive
game-based balance training including repetitive weight shifting and virtual
obstacle crossing tasks. Wearable sensors provided real-time
visual/auditory feedback from the lower limb trajectory and allowed the
perception of motor errors during each motor action. The control group
received no exercise intervention and continued their normal activity. This
proof-of-concept study demonstrates that older cancer patients with CIPN
can significantly improve their postural balance with specifically tailored,

31Kim KK, Bell JF, Bold R et al A Personal Health Network for Chemotherapy Care Coordination: Evaluation of Usability Among
Patients. Stud Health Technol Inform. 2016;225:232- 236.

32 Schwenk M, Grewal GS, Holloway D, Muchna A, Garland L, Najafi B. Interactive Sensor-Based Balance Training in Older
Cancer Patients with Chemotherapy-Induced Peripheral Neuropathy: A Randomized Controlled Trial. Gerontology.
2016;625.:553- 563. doi:10.1159/000442253
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sensor-based exercise training. The training approach has potential as a
therapy for improving CIPN-related postural control deficits. However,
future studies comparing the proposed technology-based training with
traditional balance training are required to evaluate the benefit of the
interactive joint movement feedback.

Siekkinen, M et al (2015) [Randomised Controlled Trial] Psychosocial
outcomes of e-feedback of radiotherapy for breast cancer patients: a
randomized controlled trial*3

This study aims to test the effectiveness on psychosocial outcomes of
electronic feedback knowledge of radiotherapy intervention [e-Re-Know] for
breast cancer patients. A randomised controlled trial in one university
hospital in Finland was carried out. Breast cancer patients (n=126) in the
radiotherapy (RT) department were randomly assigned into two groups:
intervention (the e-Re-Know and standard education) and control group
(standard education). The e-Re-Know intervention consisted of e-feedback
after response to the knowledge test delivered by e-mail. Instruments were
completed before commencing first RT (M1), after concluding last RT (M2)
and 3 months after last RT (M3). The main outcomes were anxiety and QOL.
Compared with the control group, the patients in the intervention group
reported a marginally significant improvement in anxiety and significant
improvement in QOL over time. The e-Re-Know seems to have positive
effects on psychosocial outcomes for breast cancer patients. They might
gain additional value from the e-Re-Know over a longer time period. Further
research needs to focus more on development of e-feedback in patient
education.

Spoelstra, SL et al (2015) [Randomised Controlled Trial] A randomized
controlled trial of the feasibility and preliminary efficacy of a texting
intervention on medication adherence in adults prescribed oral anti-
cancer agents: study protocol®*

The aim of this study was to report a study protocol that examines
feasibility, preliminary efficacy and satisfaction of a text message
intervention on the outcome of medication adherence in adult patients
prescribed oral anti-cancer agents. Research indicates patients miss nearly

33 Siekkinen M, Pyrhdnen S, Ryhanen A, Vahlberg T, Leino-Kilpi H. Psychosocial outcomes of e-feedback of radiotherapy for
breast cancer patients: a randomized controlled trial. Psycho-oncology. 2015;245.:.515- 522. doi:10.1002/pon.3684

34 Spoelstra SL, Given CW, Sikorskii A et al A randomized controlled trial of the feasibility and preliminary efficacy of a texting
intervention on medication adherence in adults prescribed oral anti-cancer agents: study protocol. /Adv Nurs.
2015;71(12):2965- 2976. doi:10.1111/jan.12714
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one-third of the prescribed oral anti-cancer agent dosages. Text message
interventions have been shown to improve medication adherence in chronic
conditions other than cancer. Standardised text message intervention
protocol and detailed study procedures have been developed in this study to
improve medication adherence.

Wang, P et al (2015) [Randomised Controlled Trial] Effect of remote
Internet follow-up on postradiotherapy compliance among patients with
esophageal cancer: a randomized controlled study?®>

The aim of this study was to explore the effects of using remote Internet
follow-up on post-radiotherapy compliance with medical advice provided to
patients with oesophageal cancer. A total of 128 patients with oesophageal
squamous cell cancer treated with radiotherapy were randomly assigned to
either an observation group or a control group. The control group received
routine outpatient follow-up, whereas the observation group received
additional remote Internet follow-up for six months after discharge from the
hospital. The treatment effects and compliance were investigated using a
questionnaire. At three months and six months after discharge, patients in
the observation group had sought significantly more consultations and
undergone more periodic re-examinations than patients in the control group.
Furthermore, both the disease-free survival rate and the symptom reduction
rate were significantly higher in the observation group compared with the
control group. Wang et al conclude that remote Internet follow-up is an easy
and fast method for improving post-radiotherapy compliance with medical
instructions and promoting normalisation among patients with oesophageal
cancer.

35Wang P, Yang L, Hua Z. Effect of Remote Internet Follow-Up on Postradiotherapy Compliance Among Patients with
Esophageal Cancer: A Randomized Controlled Study. 7elerned / £ Healtf. 2015;21(11):923- 929. doi:10.1089/tmj.2014.0237
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Miscellaneous

Coats, V et al (2020) [Pilot Study] Feasibility of an eight-week
telerehabilitation intervention for patients with unresectable thoracic
neoplasia receiving chemotherapy: A pilot study3®

The aim of this study was to investigate the feasibility, adherence and
satisfaction of a home-based telerehabilitation program [TELERP] with real-
time physiological parameters acquisition in patients with unresectable
thoracic neoplasia receiving chemotherapy and to explore its effects on
patients' functional capacity. Five patients receiving chemotherapy followed
an 8-week TELERP using real-time monitoring combined with interactive
exercises. The TELERP included supervised and unsupervised exercise
sessions. The feasibility of the TELERP, adverse outcomes and adherence
were analysed. Six-minute walking test (6MWT) and timed stair test (TST)
were done to assess functional capacity. These results support the
feasibility of a TELERP and suggest that such intervention may contribute to
maintain or improve functional capacity for patients with thoracic neoplasia
receiving chemotherapy.

Potdar, R etal (2020) [Cross-Sectional Study] Access to Internet,
smartphone usage, and acceptability of mobile health technology among
cancer patients?®’

The use of mobile health (mHealth) technologies to augment patient care
enables providers to communicate remotely with patients enhancing the
quality of care and patient engagement. Few studies evaluated predictive
factors of its acceptance and subsequent implementation, especially in
medically underserved populations. A cross-sectional study of 151 cancer
patients was conducted at an academic medical centre in the USA. A trained
interviewer performed structured interviews regarding the barriers and
facilitators of patients' current and desired use of mHealth technology for
healthcare services. The study suggests that factors such as age,

36 Coats V, etal. Feasibility of an eight-week telerehabilitation intervention for patients with unresectable thoracic neoplasia
receiving chemotherapy: A pilot study, Canadian Journal of Respiratory, Critical Care, and Sleep Medicine. 2020:41.114-24, doi:
10.1080/24745332.2019.1575703. [Accessed 18 May 2020].

37 Patdar R, Thomas A, DilVleglio M et al Access to Internet, smartphone usage, and acceptability of mobile health technology
among cancer patients [published online ahead of print, 2020 Mar 12). Support Care Cancer. 2020;10.1007/s00520-020-
05393-1.doi:10.1007/s00520-020-05393-1
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educational achievement, and access to Internet are significant predictors of
acceptability of a mHealth application among cancer patients. Healthcare
organisations should consider these factors when launching patient
engagement platforms.

Osborn, J et al (2020) [Review] Do mHealth applications improve clinical
outcomes of patients with cancer? A critical appraisal of the peer-
reviewed literature®®

The impact of usage of cancer-related mobile health (mHealth) applications
on patient-related outcomes requires investigation. A critical appraisal of the
literature was performed for the following question: In patients with cancer
have mHealth applications been compared with usual care to examine
impact on commonly used clinical outcomes? Smartphone applications or
Internet portals collected data on symptoms or patient activity. Several
studies showed statistically significant differences in patient-reported
outcomes when symptom monitoring using mobile health application was
compared to usual care. Change in mability was the only outcome that was
related directly to toxicity. Only limited data on mortality, cancer-related
morbidity including complications of care, health-economic outcomes or
long-term outcomes were reported. Studies on mHealth applications might
improve aspects of symptom control in patients with cancer, but there is
currently little evidence for impact on other outcomes. This requires future
research in interventional studies.

Shalowitz, DI et al (2020) [Review] Telemedicine and gynecologic cancer
care®

Patients with gynaecologic cancers experience better outcomes when
treated by specialists and institutions with experience in their diseases.
Unfortunately, high-volume centres tend to be located in densely populated
regions, leaving many women with geographic barriers to care. Remote
management through telemedicine offers the possibility of decreasing these
disparities by extending the reach of specialty expertise and minimizing
travel burdens. Telemedicine can assist in diagnosis, treatment planning,
preoperative and postoperative follow-up, administration of chemotherapy,
provision of palliative care, and surveillance. Telemedical infrastructure

38 Osborn J, Ajakaiye A, Cooksley T, Subbe CP. Do mHealth applications improve clinical outcomes of patients with cancer? A
critical appraisal of the peer-reviewed literature. Support Care Cancer. 2020;283.:1469-1479. doi:10.1007/s00520-019-04945-
4

39 Shalowitz DI, Smith AG, Bell MC, Gibb RK. Teleoncology for gynecologic cancers. Gyrnecol Oncol 2015;1391..172-177.
doi:10.1016/j.ygyno0.2015.06.042
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requires careful consideration of the needs of relevant stakeholders
including patients, caregivers, referring clinicians, specialists, and health
system administrators.

Al-Shamsi, HO et al (2020) [Review. Article in Press] A practical approach
to the management of cancer patients during the novel coronavirus
disease 2019 (COVID-19) pandemic: an international collaborative group*°
In this review, the potential challenges associated with managing cancer
patients during the COVID-19 infection pandemic will be addressed, with
suggestions of some practical approaches. The main management
strategies for treating cancer patients during the COVID-19 epidemic include
clear communication and education about hand hygiene, infection control
measures, high-risk exposure, and the signs and symptoms of COVID-19.
Consideration of risk and benefit for active intervention in the cancer
population must be individualized. Postponing elective surgery or adjuvant
chemotherapy for cancer patients with low risk of progression should be
considered on a case-by-case basis. Minimising outpatient visits can help to
mitigate exposure and possible further transmission. Telemedicine may be
used to support patients to minimize number of visits and risk of exposure.

Dorfman, CS et al (2019) [Clinical Trial] Development and pilot testing of
an mHealth behavioral cancer pain protocol for medically underserved
communities*!

The purpose of this study was to refine and test a maobile-health behavioural
cancer pain coping skills training protocol for women with breast cancer and
pain from medically underserved areas. Three focus groups (Phase 1) were
used to refine the initial protocol. A single-arm pilot trial (Phase 2) was
conducted to assess feasibility, acceptability, and changes in outcomes. The
intervention was delivered at a community-based clinic via
videoconferencing technology. Participants were women with breast cancer
and pain in medically underserved areas. Major themes from focus groups
were used to refine the intervention. The refined intervention demonstrated
feasibility and acceptability. Participants reported significant improvement in
pain severity, pain interference, and self-efficacy for pain management. The
intervention is feasible, acceptable, and likely to lead to improvementin

40 Al-Shamsi HO, Alhazzani W, Alhuraiji A et al A Practical Approach to the Management of Cancer Patients During the Novel
Coronavirus Disease 2019 (COVID-19) Pandemic: An International Collaborative Group [published online ahead of print, 2020
Apr 3. Oncologist. 2020;10.1634/theoncologist.2020-0213. doi:10.1634/theoncologist.2020-0213

“ Dorfman CS, Kelleher SA, Winger JG et al Development and pilot testing of an mHealth behavioral cancer pain protocol for
medically underserved communities. / Psychosoc Oncol 2019;373.:335- 349. doi:10.1080/07347332.2018.1479327
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pain-related outcomes for breast cancer patients in medically underserved
areas. Implications for Psychosocial Oncology Practice Breast cancer
patients being treated in medically underserved areas have a dearth of
exposure to behavioural interventions that may improve their ability to
manage pain. Dorfman et al conclude that evidence from this single-arm
pilot trial suggests their mobile-health behavioural cancer pain coping skills
training protocol is acceptable and feasible in this vulnerable population.
Appropriately adapted mobile-health technologies may provide an avenue
to reach underserved patients and implement behavioural interventions to
improve pain management.

Ohri, N et al (2019) [Clinical Trial] Daily step counts: a new prognostic
factor in locally advanced non-small cell lung cancer?*

Ohri et al explore the prognostic value of baseline step count data captured
using wearable devices for patients treated with definitive chemoradiation
therapy for locally advanced non-small cell lung cancer (NSCLC). Patients
with locally advanced NSCLC wore a commercial fitness tracker during a
course of definitive, concurrent chemoradiation therapy as part of a clinical
trial. Baseline activity level measured using wearable devices may help
identify patients with NSCLC who are fit for concurrent chemoradiation
therapy and can predict clinical outcomes in this setting.

Terstriep, SA et al (2019) [Conference Abstract] Use of remote symptom
monitoring with breast cancer survivors using patient reported outcome
measures through Epic Mychart*?

This pilot study of breast cancer survivors assessed utilisation and
satisfaction of proactive PRO symptom and adherence monitoring through
an EHR patient portal (EPIC MyChart). Eighty breast cancer survivors who
had completed surgery, chemotherapy, and/or radiation and received a
survivorship care plan were randomised 1:1 either to usual care or PRO
monitoring. The PRO group received questions from the NIH PROMIS toolkit
through EPIC MyChart monthly between visits for 6 months. The triage nurse
received an EPIC Inbasket alert if the survivor reported moderate to severe
symptoms, had not taken their medication or reported they wanted to speak

420hri N, Halmos B, Bodner WR et al Daily Step Counts: A New Prognostic Factor in Locally Advanced Non-Small Cell Lung
Cancer?. IntJRadliat Oncol Biol Phys. 2019;1054.:745- 751. doi:10.1016/j.ijrobp.2019.07.055

43 Shelby A et al Use of remote symptom monitoring with breast cancer survivors using patient reported outcome measures
through Epic Mychart. Journal of Clinical Oncology 2019; 37:27_suppl, 208-208. doi: 10.1200//C0.2019.37.27_suppl.208.
[Accessed 19 May 2020].
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to a nurse. Participants in the control group were assessed for sadness,
anxiety and satisfaction with provider communication at their usual follow
visits. Remote electronic monitoring of symptoms and adherence through
the EHR bet was feasible with high completion rates, improved satisfaction,
and did not increase anxiety in breast cancer survivors. Follow up work is
assessing PRO monitoring to improve efficiency of following cancer
survivors, and implementation of survivorship care plans.

Bae, WK et al (2018) [Clinical Trial] Feasibility and accessibility of
electronic patient-reported outcome measures using a smartphone
during routine chemotherapy: a pilot study”*

Bae et al evaluated the feasibility and accessibility of electronic patient-
reported outcomes (PRO) measures using a smartphone (PRO-SMART) for
cancer patients receiving routine chemotherapy. The proposed PRO-SMART
application obtains daily personal health record (PHR) data from cancer
patients via a smartphone. An analysis report of cumulative PHR data is
provided to the clinician in a format suitable for upload to electronic medical
records. Cancer outpatients who had received at least two cycles of
chemotherapy, and who were scheduled for two more cycles were enrolled.
This study suggests that the proposed PRO-SMART is feasible and
accessible for assessment of symptomatic adverse events in cancer patients
receiving chemotherapy for a prospective randomised trial.

Cheong, IY et al (2018) [Clinical Trial] Efficacy of mobile health care
application and wearable device in improvement of physical performance
in colorectal cancer patients undergoing chemotherapy*

The aim of this study was to evaluate the efficacy and feasibility of
comprehensive mobile health care using a tailored rehabilitation program
for colorectal cancer patients undergoing active chemotherapy. A total of
102 colorectal cancer patients undergoing chemotherapy underwent 12
weeks of smartphone aftercare through provision of a mobile application
and wearable device that included a rehabilitation exercise program and
information on their disease and treatment. The grip strength test, 30-
second chair stand test, 2-minute walk test, amount of physical activity,

44 Bae WK, Kwon J, Lee HW et al Feasibility and accessibility of electronic patient-reported outcome measures using a
smartphone during routine chemotherapy: a pilot study. Sugport Care Cancer. 2018;26(11):3721- 3728. doi:10.1007/s00520-
018-4232-z

4 CheongY, An SY, Cha WC et al Efficacy of Mobile Health Care Application and \Wearable Device in Improvement of Physical
Performance in Colorectal Cancer Patients Undergoing Chemotherapy. Clin Colorectal Cancer. 2018;172..2353- e362.
doi:10.1016/j.clcc.2018.02.002
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quality of life and nutritional status were assessed and measured at
baseline, at mid-intervention, and at completion of the intervention. The
rehabilitation exercise intensity was adjusted by the test results at every
assessment and through real-time communication between the patients
and clinicians. A tailored rehabilitation exercise programme provided
through a comprehensive mobile health care application was effective in
improving patients' physical capacity and treatment-related symptoms even
during active chemotherapy.

Hardcastle, SJ et al (2018) [Clinical Trial] Acceptability and utility of, and
preference for wearable activity trackers amongst non-metropolitan
cancer survivors“®

The study purpose was to investigate the acceptability and utility of, and
preference for, wearable activity trackers (\WATs) amongst cancer survivors
living in regional and remote areas of Western Australia. Twenty participants
were recruited to test two to three trackers from five available models: Fitbit
Alta, Garmin Vivofit 2, Garmin Vivosmart, Polar loop 2 and Polar A300.
Participants wore each device for two weeks, followed by a one-week
washout period between devices. Interviews were conducted with
participants to explore user perceptions and experiences. Interview
transcripts were analysed using thematic analysis. Four main themes
emerged: 1. consciousness raising; 2. prompts and feedback; 3. accuracy and
registry of activities; and, 4. WAT preferences and features. WATs were
acceptable and useful to cancer survivors. WATSs increased self-awareness
of physical activity, provided real time feedback in relation to step goals, and
reinforced progress and efforts towards goals. The aesthetics of the WATs
were deemed crucial in determining preference and likelihood of use. Future
interventions may do well to have two different WATSs available for
participants to choose from, according to activity preferences, aesthetic
preferences, and display size.

Devine, KA et al (2018) [Narrative Review] Digital health interventions for
adolescent and young adult cancer survivors*’

This narrative review describes the evidence regarding digital health
interventions targeting adolescent and young adult (AYA) cancer survivors.

46 Hardcastle SJ, Galliott M, Lynch BM et al Acceptability and utility of, and preference for wearable activity trackers amongst
non-metropolitan cancer survivors. PLoS One. 2018;13(12):e0210039. Published 2018 Dec 31. doi:10.1371/journal.pone.0210039
47 Devine KA, Viola AS, Coups EJ, Wu YP. Digital Health Interventions for Adolescent and Young Adult Cancer Survivors. JCO Clin
Cancer Inform. 2018;2:1-15. doi:10.1200/CCI.17.00138
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Devine et al reviewed the published literature for studies involving Internet,
mHealth, social media, telehealth, and other digital interventions for AYA
survivors. They highlight selected studies to illustrate the state of the
research in this unique patient population. Interventions have used various
digital modalities to improve health behaviours, enhance emotional well-
being, track and intervene on cancer-related symptoms, and improve
survivorship care delivery. The majority of studies have demonstrated
feasibility and acceptability of digital health interventions for AYA survivors,
but few efficacy studies have been conducted. Digital health interventions
are promising to address unmet psychosocial and health information needs
of AYA survivors. Researchers should use rigorous development and
evaluation methods to demonstrate the efficacy of these approaches to
improve health outcomes for AYA survivors.

Cannon, C (2018) [Review] Telehealth, mobile applications, and wearable
devices are expanding cancer care beyond walls*3

The objective is to review telehealth solutions, mobile applications, and
wearable devices that are currently impacting patients, caregivers, and
providers who work in the oncology setting. A literature search was
conducted using the terms (Telehealth, Mobile Health, mHealth, Wearable
Devices) + (Oncology, Cancer Care). Cannon concludes there are many
current applications of telehealth and mobile health in the oncology setting.
Nurses who care for patients with cancer should be aware of the
pervasiveness and impact of telehealth and mobile health to this unique
population.

Fallahzadeh, R et al (2018) [Review] Digital health for geriatric oncology*®
In this review, the authors describe state-of-the-art digital health solutions
for geriatric oncology and explore the potential application of emerging
remote health-monitoring technologies in the context of cancer care. They
also discuss the benefits and motivations behind adopting technology for
symptom monitoring of older adults with cancer. They provide an overview
of common symptoms and of the digital solutions-designed remote
symptom assessment. They describe state-of-the-art systems for this
purpose and highlight the limitations and challenges for the full-scale

48 Cannon C. Telehealth, Mobile Applications, and Wearable Devices are Expanding Cancer Care Beyond Walls. Serrin Oncol
Nurs. 2018;342.:118-125. doi:10.1016/j.s0ncn.2018.03.002

43 Fallahzadeh R, Rokni SA, Ghasemzadeh H, Soto-Perez-de-Celis E, Shahrokni A. Digital Health for Geriatric Oncology. /CO Clin
Cancer Inform. 2018;2:1-12. doi:10.1200/CCI.17.00133
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adoption of such solutions in geriatric oncology. They conclude that perhaps
the clearest path to future large-scale use of remote digital health
technologies in cancer research is designing and conducting collaborative
studies involving computer scientists, oncologists, and patient advocates.

Gabrys, L et al (2017) [Clinical Trial] Real-time visual activity feedback for
physical activity improvement in breast and colon cancer patients*°

The study aims to evaluate the effects and feasibility of a biofeedback device
for physical activity (PA) improvement in breast and colon cancer patients.
Daily PA of 19 cancer patients was measured by accelerometry (ActiGraph,
GT1M). Additionally, patients wore a motion sensor with real-time visual
activity feedback (ActiSmile). Counts per minutes (cpm) and moderate to
vigorous physical activity (MVPA) were calculated and patients' activity data
were compared to PA of 20 age-matched healthy controls. Baseline PA of
patients was lower compared to controls. Following visual real-time
feedback cancer patients increased cpm by 21% (p = .002) and MVPA by 9%
(p =.007) compared to baseline measurement. PA levels in cancer patients
obtained with visual feedback became almost equal compared to age-
matched healthy controls: cpm (301; IQR 170 vs. 299; IQR 111), MVPA (36; IQR
23 vs. 41; 10R 25 min/day). Activity biofeedback seems to be feasible to induce
changes in patients' PA behaviour.

Ream, M et al (2017) [Conference Abstract] Patient engagement with a
smartphone mobile app for adherence to oral chemotherapy®'

Ream et al developed a smartphone mobile app consisting of medication
reminders, symptom reporting, clinician communication, and educational
resources for improving adherence and symptom management. They sought
to identify potential correlates of app usage. From December 2014 to August
2016, 181 patients with diverse malignancies prescribed oral chemotherapy
enrolled in the randomised trial. Medication adherence was monitored using
electronic pill caps (MEMScaps). Fostering patient engagement with the app
may also serve to buffer difficulties in patient-clinician communication about
care.

50 Gabrys L, Sperzel S, Bernhoerster M, Banzer W, Vogt L. Real-time visual activity feedback for physical activity improvement
in breast and colon cancer patients. Res Sports Med. 2017,251.1-10. doi:10.1080/15438627.2016.1258639

5T Ream, M et al Patient engagement with a smartphone mobile app for adherence to oral chemotherapy. Journal of Clinical
Oncology. 201735 (31 Supplement 1): 243. http://dx.doi.org/10.1200/)C0.2017.35.31_suppl.243. [Accessed 19 May 2020].
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Maguire, R et al (2017) [Protocol] The eSMART study protocol: a
randomised controlled trial to evaluate electronic symptom
management using the advanced symptom management system
(ASyMS) remote technology for patients with cancer®?

While some evidence exists that real-time remote symptom monitoring
devices can decrease morbidity and prevent unplanned admissions in
oncology patients, overall, these studies have significant methodological
weaknesses. The electronic Symptom Management using the Advanced
Symptom Management System (ASyMS) Remote Technology (eSMART)
study is designed to specifically address these weaknesses with an
appropriately powered, repeated-measures, parallel-group stratified
randomised controlled trial of oncology patients. A total of 1,108 patients
scheduled to commence first-line chemotherapy (CTX) for breast, colorectal
or haematological cancer will be recruited from multiple sites across five
European countries. Patients will be randomised (1:1) to the ASyMS
intervention [intervention group] or to standard care currently available at
each site [control group]. Patients in the control and intervention groups will
complete a demographic and clinical questionnaire, as well as a set of valid
and reliable electronic patient-reported outcome measures at enrolment,
after each of their CTX cycles up to a maximum of six cycles, and at 3, 6,9
and 12 months after completion of their sixth cycle of CTX. Outcomes that
will be assessed include symptom burden [primary outcome), quality of life,
supportive care needs, anxiety, self-care self-efficacy, work limitations and
cost effectiveness and, from a health professional perspective, changes in
clinical practice.

Shen, J et al (2017) [Review] Telehealth in older adults with cancer in the
United States: the emerging use of wearable sensors>3

As the aging and cancer populations in the world continue to increase, the
need for complements to traditional geriatric assessments and the logical
incorporation of fast and reliable telehealth tools have become interlinked. In
the United States, studies examining the use of telehealth for chronic disease
management have shown promising results in small groups. The
implementation of health technology on a broader scale requires older
adults to both accept and adapt such innovation into routine medical care.

52 Maguire R, Fox PA, McCann L et al The eSMART study protocol: a randomised controlled trial to evaluate electronic
symptom management using the advanced symptom management system (ASyMS) remate technology for patients with
cancer. BMJ Open. 2017;75.:e015016. Published 2017 Jun 6. doi:10.1136/bmjopen-2016-015016

53 Shen J, Naeim A. Telehealth in older adults with cancer in the United States: The emerging use of wearable sensors. / Geriatr
Oncol 2017;86.:437- 442. doi:10.1016/j.jg0.2017.08.008
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Though the commercial and recreational use of new technology has
increased in older individuals, the transition into creating a smart and
connected home that can interface with both patients and healthcare
professionals is in its early phases. Current limitations include an inherent
digital divide, as well as concerns regarding privacy, data volume, rapid
change, cost and reimbursement. The emergence of low-cost, high-fidelity
wearable sensors with a spectrum of clinical utility may be the key to
increased use and adaptation by older adults. An opportunity to utilise
wearable sensors for objective and real-time assessment of older patients
with cancer for baseline functional status and treatment toxicity may be on
the horizon.

Burhenn, PS et al (2015) [Review] Using tools and technology to promote
education and adherence to oral agents for cancer**

The researchers reviewed electronic devices, as well as traditional methods
such as calendars and pillboxes, that can assist patients in remembering to
take the medication they are administering at home. A literature search was
compiled and websites were searched for patient education tools, reminder
tools, and smartphone applications. The project was part of the Oncology
Nursing Society Putting Evidence into Practice effort on oral adherence.
Burhenn et al conclude that education alone is insufficient to promote
adherence to oral medication regimens. Multicomponent interventions have
demonstrated improved adherence, and tools and technology directed at
improving adherence to oral agents can be used. The researchers found
multiple reminder aids to assist patients in adhering to an oral regimen. They
are highlighted in this article.
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54 Burhenn PS, Smudde J. Using tools and technology to promote education and adherence to oral agents for cancer. Clin/
Oncol Nurs. 2015]19(3 Suppl):53- 59. doi:10.1188/15.51.CJON.53-59
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Jeddi, Fateme R et al (2019) [Systematic Review] Features and Effects of
Information Technology-Based Interventions to Improve Self-
Management in Chronic Kidney Disease Patients: a Systematic Review of
the Literature'

Slowing down the progression of chronic kidney disease (CKD) and its
adverse health outcomes requires the patient's self-management and
attention to treatment recommendations. Information technology (IT)-based
interventions are increasingly being used to support self-managementin
patients with chronic diseases such as CKD. We conducted a systematic
review of randomized controlled trials (RCTs) to assess the features and
effects of IT-based interventions on self-management outcomes of CKD
patients. A comprehensive search was conducted in Medline, Scopus, and
the Cochrane Library to identify relevant papers that were published until
May 2016. RCT Studies that assessed at least one automated IT tool in
patients with CKD stages 1to 5, and reported at least one self-management
outcome were included. Studies were appraised for quality using the
Cochrane Risk of Bias assessment tool. Out of 12,215 papers retrieved, eight
study met the inclusion criteria. Interventions were delivered via
smartphones/personal digital assistants (PDAs) (3 studies), wearable
devices (3 studies), computerized systems (1 study), and multiple component
(1 study). The studies assessed 15 outcomes, including eight clinical
outcomes and seven process of care outcomes. In 12 (80%) of the 15
outcomes, the studies had revealed the effects of the interventions as
statistically significant positive. These positive effects were observed in 75%
of the clinical outcomes and 86% of the process of care outcomes. The
evidence indicates the potential of IT-based interventions (ie

"Jeddi FR, Nabovati E, Amirazodi S. Features and Effects of Information Technology-Based Interventions to Improve Self-
Management in Chronic Kidney Disease Patients: a Systematic Review of the Literature. /Med Syst. 2017;41(11):170. Published
2017 Sep 18. doi:10.1007/s10916-017-0820-6
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smartphones/PDAs, wearable devices, and computerized systems) in self-
management outcomes (clinical and process of care outcomes) of CKD
patients.

Luo, Li et al (2019) [Systematic Review] Telehealth for the management of
blood pressure in patients with chronic kidney disease: A systematic
review?

Background: Most patients with chronic kidney disease (CKD) fail to achieve
blood pressure (BP) management as recommended. Meanwhile, the effects
of promising intervention and telehealth on BP control in CKD patients
remain unclear. We aimed to evaluate the efficacy of telehealth for BP in CKD
non-dialysis patients. Methods: Databases including MEDLINE, EMBASE,
CENTRAL, CNKI, Wanfang, VIP and CBM were systematically searched for
randomised controlled trials or quasi-randomised controlled trials on
telehealth for BP control of CKD3-5 non-dialysis patients. We analysed
systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial
pressure (MAP), serum creatinine, and estimated glomerular filtration rate
(eGFR) with a fixed-effects model. Results: Three studies, with total 680
subjects, were included in our systematic review and two were included for
meta-analysis. Pooled estimates showed decreased SBP (pooled mean
difference (MD), -5.10; 95% confidence interval (Cl), -11.34,1.14; p > 0.05, p =
0.11), increased DBP (pooled MD, 0.45; 95% Cl, -4.24,5.13; p > 0.05, p = 0.85),
decreased serum creatinine (pooled MD, -0.38; 95% Cl, -0.83, 0.07; p > 0.05, p
=0.10) and maintained eGFR (pooled MD, 4.72; 95% Cl, -1.85,11.29; p > 0.05, p
=0.16) in the telehealth group. There was no significant difference from the
control group. MAP (MD, 0.6; 95% Cl, -6.61, 7.81; p > 0.05, p = 0.87) and BP
control rate (p > 0.05, p = 0.8), respectively, shown in two studies also
demonstrated no statistical significance in the telehealth group. Conclusions:
There was no statistically significant evidence to support the superiority of
telehealth for BP management in CKD patients. This suggests further studies
with improved study design and optimised intervention are needed in the
future.

2 LuoL, Ye M, TanJ et al Telehealth for the management of blood pressure in patients with chronic kidney disease: A
systematic review. / Telerned Telecare 2019;252.:80- 92. doi:10.11771357633X17743276
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Shen, Hongxia et al (2019) [Systematic Review] Electronic Health Self-
Management Interventions for Patients With Chronic Kidney Disease:
Systematic Review of Quantitative and Qualitative Evidence®

Background: Chronic kidney disease (CKD) poses a major challenge to public
health. In CKD patients, adequate disease self-management has been shown
to improve both proximal and distal outcomes. Currently, eHealth
interventions are increasingly used to optimize patients' self-management
skills. Objective: This study aimed to systematically review the existing
evidence regarding the implementation and effectiveness of eHealth self-
management interventions for patients with CKD. Methods: Following a
search in 8 databases up to November 2017, quantitative and qualitative data
on process and effect outcomes were extracted from relevant studies.
Quality was appraised using the Crowe Critical Appraisal Tool; narrative
synthesis was performed to analyze the data extracted. Results: Of the 3307
articles retrieved, 24, comprising 23 studies, were included in this review; of
these, almost half were appraised to be of low to moderate quality. There
was considerable heterogeneity in the types of interventions used and the
outcomes measured. A total of 10 effect and 9 process outcome indicators
were identified. The most frequently reported effect outcome indicators
were specific laboratory tests and blood pressure (BP), whereas satisfaction
was the most frequently reported process outcome indicator. Positive
effects were found for proximal outcomes [eg BP control and medication
adherence], and mixed effects were found for more distal outcomes [eg
quality of life]. High feasibility, usability, and acceptability of and satisfaction
with eHealth self-management interventions were reported. The
determinant ability of health care professionals to monitor and, if necessary,
anticipate on patient measurements online was mostly cited to influence
patients' adherence to interventions. Conclusions: eHealth self-management
interventions have the potential to improve disease management and health
outcomes. To broaden the evidence base and facilitate intervention
upscaling, more detailed descriptions and thorough analysis of the
intervention components used are required. In addition, our review reveals
that outcomes closely related to the scope and duration of the intervention
implemented are most likely to be impacted. For instance, if a 4-week web-
based training to optimize disease management skills is implemented, the
outcome perceived control would more likely be affected than kidney

3 Shen H, van der Kleij RMJJ, van der Boog PJM, Chang X, Chavannes NH. Electronic Health Self-Management Interventions for
Patients With Chronic Kidney Disease: Systematic Review of Quantitative and Qualitative Evidence. /Med Internet Res.
2019;21(1):e12384. Published 2019 Nov 5. doi:10.2196/12384
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function. Although this seems obvious, most studies evaluate only distal
outcomes and thereby fail to capture intervention effects that might
contribute to long-term health improvement. We advise future researchers
to carefully consider their choice of outcomes based on their sensitivity for
change. In this way, we ensure that relevant effects are captured and
legitimate conclusions are drawn.

Stevenson, Jessica K et al (2019) [Cochrane Systematic Review] eHealth
interventions for people with chronic kidney disease”

Background: Chronic kidney disease (CKD) is associated with high morbidity
and death, which increases as CKD progresses to end-stage kidney disease
(ESKD). There has been increasing interest in developing innovative, effective
and cost-efficient methods to engage with patient populations and improve
health behaviours and outcomes. Worldwide there has been a tremendous
increase in the use of technologies, with increasing interest in using eHealth
interventions to improve patient access to relevant health information,
enhance the quality of healthcare and encourage the adoption of healthy
behaviours.

Objectives: This review aims to evaluate the benefits and harms of using
eHealth interventions to change health behaviours in people with CKD.
Search methods: We searched the Cochrane Kidney and Transplant Register
of Studies up to 14 January 2019 through contact with the Information
Specialist using search terms relevant to this review. Studies in the Register
are identified through searches of CENTRAL, MEDLINE, and EMBASE,
conference proceedings, the International Clinical Trials Register (ICTRP)
Search Portal and ClinicalTrials.gov. Selection criteria: Randomised
controlled trials (RCTs) and quasi-RCTs using an eHealth intervention to
promote behaviour change in people with CKD were included. There were no
restrictions on outcomes, language or publication type. Data collection and
analysis: Two authors independently assessed trial eligibility, extracted data
and assessed the risk of bias. The certainty of the evidence was assessed
using GRADE. Main results: We included 43 studies with 6617 participants
that evaluated the impact of an eHealth intervention in people with CKD.
Included studies were heterogeneous in terms of eHealth modalities
employed, type of intervention, CKD population studied and outcomes
assessed. The majority of studies were conducted in an adult population,
with 16 studies (37%) conducted in those on dialysis, 11 studies (26%) in the

“ Stevenson JK, Campbell ZC, Webster AC et al eHealth interventions for people with chronic kidney disease. Cochrane
Database Syst Rev. 2019;88.:CD012379. Published 2019 Aug 6. doi:10.1002/14651858.CD012379.pub2
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pre-dialysis population, 15 studies (35%) in transplant recipients and 1 study
(2%) in transplant candidates. We identified six different eHealth modalities
including: telehealth; mobile or tablet application; text or email messages;
electronic monitors; websites; and video or DVD. Three studies used a
combination of eHealth interventions. Interventions were categorised into
six types: educational; reminder systems; self-monitoring; behavioural
counselling; clinical decision-aid; and mixed intervention types. We identified
98 outcomes, which were categorised into nine domains: blood pressure (9
studies); biochemical parameters (6 studies); clinical end-points (16 studies);
dietary intake (3 studies); quality of life (9 studies); medication adherence (10
studies); behaviour (7 studies); physical activity (1 study); and cost-
effectiveness (7 studies). Only three outcomes could be meta-analysed as
there was substantial heterogeneity with respect to study population and
eHealth modalities utilised. There was found to be a reduction in interdialytic
weight gain of 0.13kg (& studies, 335 participants: MD -0.13,95% Cl -0.28 to
0.01;12 = 0%) and a reduction in dietary sodium intake of 197 mg/day (2
studies, 181 participants: MD -197,95% Cl -540.7 to 146.8; 12 = 0%). Both
dietary sodium and fluid management outcomes were graded as being of
low evidence due to high or unclear risk of bias and indirectness [interdialytic
weight gain] and high or unclear risk of bias and imprecision [dietary sodium
intake). Three studies reported death (2799 participants, 146 events), with 45
deaths/1000 cases compared to standard care of 61 deaths/1000 cases (RR
0.74,C10.53 t0 1.03; P = 0.08). We are uncertain whether using eHealth
interventions, in addition to usual care, impact on the number of deaths as
the certainty of this evidence was graded as low due to high or unclear risk
of bias, indirectness and imprecision. Authors' conclusions: eHealth
interventions may improve the management of dietary sodium intake and
fluid management. However, overall these data suggest that current
evidence for the use of eHealth interventions in the CKD population is of low
quality, with uncertain effects due to methodological limitations and
heterogeneity of eHealth modalities and intervention types. Our review has
highlighted the need for robust, high quality research that reports a core
minimum data set to enable meaningful evaluation of the literature.
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He, Ting et al (2017) [Systematic Review] Remote home management for
chronic kidney disease: A systematic review®

Background: Remote home management is a new healthcare model that
uses information technology to enhance patients' self-management of
disease in a home setting. This study is designed to identify the effects of
remote home management on patients with chronic kidney disease (CKD).
Methods: A comprehensive search of PubMed, MEDLINE, Embase, and the
Cochrane Central Register of Controlled Trials was performed in January
2015. The reference listings of the included articles in this review were also
manually examined. Randomized controlled trials (RCTs) designed to
evaluate the effects of remote home management on patients with CKD
were included. Results: Eight trials were identified. The results of this study
suggest that the quality of life (QOL) enabled by remote home management
was higher than typical care in certain dimensions. However, the effects of
remote home management on blood pressure (BP) remain inconclusive. The
studies that assessed health service utilization demonstrated a significant
decrease in hospital readmission, emergency room visits, and number of
days in the hospital. Another favorable result of this study is that regardless
of their gender, age or nationality, patients tend to comply with remote home
management programs and the use of related technologies. Conclusions:
The available data indicate that remote home management may be a novel
and effective disease management strategy for improving CKD patients' QOL
and influencing their attitudes and behaviors. And, relatively little is known
about BP and cost-effectiveness, so future research should focus on these
two aspects for the entire population of patients with CKD.

5HeT,LiuX, Li Y, Wu Q, Liu M, Yuan H. Remote home management for chronic kidney disease: A systematic review. / Telerned
Telecare 2017,231.:3-13. doi:10.11771357633X15626855
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Randomised
Controlled Trials

Thilly, Nathalie et al (2017) [Randomised Controlled Trial] Cost-
effectiveness of Home Telemonitoring in Chronic Kidney Disease Patients
at Different Stages by a Pragmatic Randomized Controlled Trial
(eNephro): Rationale and Study Design®

Background: Home telemonitoring has developed considerably over recent
years in chronic diseases in order to improve communication between
healthcare professionals and patients and to promote early detection of
deteriorating health status. In the nephrology setting, home telemonitoring
has been evaluated in home dialysis patients but data are scarce concerning
chronic kidney disease (CKD) patients before and after renal replacement
therapy. The eNephro study is designed to assess the cost effectiveness,
clinical/biological impact, and patient perception of a home telemonitoring
for CKD patients. Our purpose is to present the rationale, design and
organisational aspects of this study. Methods: eNephro is a pragmatic
randomised controlled trial, comparing home telemonitoring versus usual
care in three populations of CKD patients: stage 3B/4 (n = 320); stage 5D CKD
on dialysis (n = 260); stage 5 T CKD treated with transplantation (n= 260).
Five hospitals and three not-for-profit providers managing self-care dialysis
situated in three administrative regions in France are participating. The trial
began in December 2015, with a scheduled 12-month inclusion period and 12
months follow-up. Outcomes include clinical and biological data (eg blood
pressure, haemoglobin) collected from patient records, perceived health
status (eg health related quality of life) collected from self-administered
questionnaires, and health expenditure data retrieved from the French
health insurance database (SNIIRAM) using a probabilistic matching
procedure. Discussion: The hypothesis is that home telemonitoring enables
better control of clinical and biological parameters as well as improved
perceived health status. This better control should limit emergency
consultations and hospitalisations leading to decreased healthcare
expenditure, compensating for the financial investment due to the
telemedicine system. Trial registration: This study has been registered at

& Thilly N, Chanliau J, Frimat L et al Cost-effectiveness of home telemonitoring in chronic kidney disease patients at different
stages by a pragmatic randomized controlled trial (eNephro): rationale and study design. BMC Nephrol 2017,181.126.
Published 2017 Apr 5. doi:10.1186/s12882-017-0529-2
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ClinicalTrials.gov under NCT02082093; date of registration: February 14,
2014.

Ishani, Areef et al (2017) [Randomised Controlled Trial] Telehealth by an
Interprofessional Team in Patients With CKD: A Randomized Controlled
Trial’

Background: Telehealth and interprofessional case management are newer
strategies of care within chronic disease management. \We investigated
whether an interprofessional team using telehealth was a feasible care
delivery strategy and whether this strategy could affect health outcomes in
patients with chronic kidney disease (CKD). Study design: Randomized
clinical trial. Setting and Participants: Minneapolis Veterans Affairs Health
Care System (VAHCS), St. Cloud VAHCS, and affiliated clinics March 2012 to
November 2013 in patients with CKD (estimated glomerular filtration rate <
60mL/min/1.73m2.).

Interventions: Patients were randomly assigned to receive an intervention
(n=451) consisting of care by an interprofessional team (nephrologist, nurse
practitioner, nurses, clinical pharmacy specialist, psychologist, social worker,
and dietician) using a telehealth device (touch screen computer with
peripherals) or to usual care (n=150). Outcomes: The primary end point was a
composite of death, hospitalization, emergency department visits, or
admission to skilled nursing facilities, compared to usual care. Results:
Baseline characteristics of the overall study group: mean age, 75.1+8.1(SD)
years; men, 98.5%; white, 97.3%; and mean estimated glomerular filtration
rate, 37£9mUL/min/1.73m2. Telehealth and interprofessional care were
successfully implemented with meaningful engagement with the care
system. One year after randomization, 208 (46.2%) patients in the
intervention group versus 70 (46.7%) in the usual-care group had the
primary composite outcome (HR, 0.98; 95% Cl, 0.75-1.29; P=0.9). There was
no difference between groups for any component of the primary outcome:
all-cause mortality (HR, 1.46; 95% Cl, 0.42-5.11), hospitalization (HR, 1.15; 95%
Cl, 0.80-1.63), emergency department visits (HR, 0.92; 95% Cl, 0.68-1.24), or
nursing home admission (HR, 3.07; 95% Cl, 0.71-13.24). Limitations: Older
population, mostly men, potentially underpowered/wide Cls. Conclusions:
Telehealth by an interprofessional team is a feasible care delivery strategy in

7 Ishani A, Christopher J, Palmer D et al Telehealth by an Interprofessional Team in Patients With CKD: A Randomized
Controlled Trial. Arm / Kidney Dis. 2016;681..41- 49. doi:10.1053/j.ajkd.2016.01.018
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patients with CKD. There was no statistically significant evidence of
superiority of this intervention on health outcomes compared to usual care.

Miscellaneous

Hull, SA et al (2020) [Review] Do Virtual Renal Clinics Improve Access to

Kidney Care? A Preliminary Impact Evaluation of a Virtual Clinic in East
London®

Background: Early identification of people with CKD in primary care,
particularly those with risk factors such as diabetes and hypertension,
enables proactive management and referral to specialist services for
progressive disease. The 2019 NHS Long Term Plan endorses the
development of digitally-enabled services to replace the 'unsustainable'
growth of the traditional out-patient model of care. Shared views of the
complete health data available in the primary care electronic health record
(EHR) can bridge the divide between primary and secondary care, and offers
a practical solution to widen timely access to specialist advice. Methods: \We
describe an innovative community kidney service based in the renal
department at Barts Health NHS Trust and four local clinical commissioning
groups (CCGs) in east London. An impact evaluation of the changes in service
delivery used quantitative data from the virtual CKD clinic and from the
primary care electronic health records (EHR) of 166 participating practices.
Survey and interview data from health professionals were used to explore
changes to working practices. Results: Prior to the start of the service the
general nephrology referral rate was 0.8/1000 GP registered population, this
rose to 2.5/1000 registered patients by the second year of the service. The
majority (> 80%) did not require a traditional outpatient appointment, but
could be managed with written advice for the referring clinician. The wait for
specialist advice fell from 64 to 6 days. General practitioners (GPs) had
positive views of the service, valuing the rapid response to clinical questions
and improved access for patients unable to travel to clinic. They also
reported improved confidence in managing CKD, and high levels of patient
satisfaction. Nephrologists valued seeing the entire primary care record but
reported concerns about the volume of referrals and changes to working
practices. Conclusions: Virtual specialist services using shared access to the

8 Hull SA, Rajabzadeh V, Thomas N et al Do virtual renal clinics improve access to kidney care? A preliminary impact evaluation
of avirtual clinic in East London. BMC Nephirol 2020;211.:110. Published 2020 Jan 10. doi:10.1186/s12882-020-1682-6
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complete primary care EHR are feasible and can expand capacity to deliver
timely advice. To use both specialist and generalist expertise efficiently
these services require support from community interventions which engage
primary care clinicians in a data driven programme of service improvement.

Yang, Feng-Jung et al (2020) [Quasi-Experimental Study] The Impact of a
Sacial Networking Service-Enhanced Smart Care Model on Stage 5
Chronic Kidney Disease: Quasi-Experimental Study®

Background: Stage 5 chronic kidney disease (CKD) presents a high risk for
dialysis initiation and for complications such as uremic encephalopathy,
uremic symptoms, gastrointestinal bleeding, and infection. One of the most
common barriers to health care for patients with stage 5 CKD is poor
continuity of care due to unresolved communication gaps. Objective: Our aim
was to establish a powerful care model that includes the use of a social
networking service (SNS) to improve care quality for patients with CKD and
safely delay dialysis initiation. Methods: \We used a retrospective cohort of
CKD patients aged 20-85 years who received care between 2007 and 2017 to
evaluate the efficacy of incorporating an SNS into the health care system. In
2014, author Feng-Jung Yang, a nephrologist at the National Taiwan
University Hospital Yunlin Branch, started to use an SNS app to connect with
stage 5 CKD patients and their families. In cases of emergency, patients and
families could quickly report any condition to FJY. Using this app, FJY helped
facilitate productive interactions between these patients and the health care
system. The intention was to safely delay the initiation of dialysis therapy.
We divided patients into four groups: group 1included patients at the study
hospital during the 2007-2014 period who had contact only with
nephrologists other than FJY; group 2 included patients who visited FJY
during the 2007-2014 period before he began using the SNS app; group 3
included patients who visited nephrologists other than FJY during the 2014-
2017 period and had no interactions using the SNS; and group 4 included
patients who visited F-JY during the 2014-2017 period and interacted with
him using the SNS app. Results: We recruited 209 patients with stage 5 CKD
who had been enrolled in the study hospital's CKD program between 2007
and 2017. Each of the four groups initiated dialysis at different times. Before
adjusting for baseline estimated glomerular filtration rate (eGFR), the G4
patients had a longer time to dialysis (mean 761.7 days, SD 616.2 days) than
the other groups (G1: mean 403.6 days, SD 409.4 days, P=.011 for G4 vs G1; G2:

9 Yang F), Hou YH, Chang RE. The Impact of a Social Networking Service-Enhanced Smart Care Model on Stage 5 Chronic
Kidney Disease: Quasi-Experimental Study. /Med Internet Res. 2020,224.:15565. Published 2020 Apr 14. doi:10.2196/15565
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394.8 days, SD 318.8 days, P=.04; G3: 369.1 days, SD 330.8 days, P=.049).
After adjusting for baseline eGFR, G4 had a longer duration for each eGFR
drop (mean 84.8 days, SD 65.1 days) than the other groups (G1: mean 43.5
days, SD 45.4 days, P=.005; G2: mean 42.5 days, SD 26.5 days, P=.03; G3:
mean 3.8.7 days, SD 33.5 days, P=.002). Conclusions: The use of an SNS app
between patients with stage 5 CKD and their physicians can reduce the
communication gap between them and create benefits such as prolonging
time-to-dialysis initiation. The role of SNSs and associated care models
should be further investigated in a larger population.

Clemens, K et al (2019) [Scoping Review] Nonconventional diabetes-
related care strategies for patients with chronic kidney disease: A
scoping review of the literature'®

Background: Patients with diabetes and chronic kidney disease (CKD) are at
high risk of diabetes-related complications. Diabetes care can support these
individuals, but outpatient clinic appointments can be difficult to attend,
given their already high burden of multimorbidity. Methods: We
systematically searched the medical and grey literature for studies that
evaluated the effect of nonconventional diabetes care strategies on
diabetes-related outcomes in adults with stages 2-5 CKD or using dialysis.
We included both randomized-controlled trials and observational studies.
Study selection and data extraction were completed by two independent
reviewers. Diabetes-related outcomes included glycemic, blood pressure,
and lipid control, along with microvascular complications, macrovascular
complications, and death.

Results: After screening 2,177 relevant citations, we identified 34 studies
which met inclusion. The majority were observational studies. Studies were
frequently small, single-centered, and excluded patients with more
advanced CKD. Nonconventional diabetes care strategies included
community-based care, unique self-management and education programs,
nurse-led care clinics, dialysis-based diabetes programs, telemedicine, and
interdisciplinary care clinics. Programs were most often developed by study
investigators. Although there were limitations to several of the included
studies, programs were described to have modest effects on physiologic
outcomes, and in some cases, diabetes-related complications and death.
Conclusions: Nonconventional diabetes-related care might be helpful to

10 Clemens KK, Kalatharan V, Ryan BL, Reichert S. Nonconventional diabetes-related care strategies for patients with chronic
kidney disease: A scoping review of the literature. / Cormorb. 2019;9:2235042X19831918. Published 2019 Mar 1.
doi:10.1177/2235042X19831918
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patients with CKD. Prior to developing and implementing programs,
however, it will be important to study them more rigorously, understand
their acceptability to patients, and evaluate their costs and feasibility in a
real-world setting.

Doyle, N et al. (2019) [Intervention Study] The "Mikidney" smartphone app
pilot study: Empowering patients with Chronic Kidney Disease"
Background: Successful management of chronic kidney disease (CKD)
depends on patients' self-management efforts. Mobile health applications
can empower patients with CKD to manage their own condition. We
developed, with patient involvement, the MiKidney smartphone application.
Aim: Evaluate the MiKidney app as an aid to empowering patients with CKD
to become more engaged in the management of their condition. Design: Pilot
single group pre- and post-test intervention study. Setting: Renal clinic of an
urban University Hospital in Ireland. Patients: Aged over 18 years with CKD
and able to use a smartphone. Sample size based on expression of interest
and availability of free smartphones (n = 23); three patients withdrew prior
to T3 data collection (n = 20). Measurements: Data were collected at T1
(baseline), T2 (week 6) and when exiting the study (T3, 12 weeks) on physical
activity, body measurements and blood parameters. Information on app
usage and patient satisfaction collected at T2 and T3. Results: There was
significant improvement in the six-minute walking test (p = 0.02), total
cholesterol (p = 0.023) and LDL cholesterol (p = 0.005) serum levels and a
significant decrease in waist circumstance (p = 0.00) and body fat (p = 0.01)
measurements. Eighteen participants found the MiKidney app easy to
navigate. Conclusion: The MiKidney study highlights the viability and
usability of the MiKidney app. It has the potential to empower and motivate
patients to understand and self-manage their condition by providing them
with the necessary information on renal diet and symptom management.
Additionally, tools such as exercise tracker and reminder alerts are available
on a readily accessible user-friendly platform. Conflict of interest: article
added to this literature review by request of one of the authors.

11 Doyle N, Murphy M, Brennan L, Waugh A, McCann M, Mellotte G. The "Mikidney" smartphone app pilot study: Empowering
patients with Chronic Kidney Disease. / Ren Care. 2019;45(3)133-140. doi:10.1111/jorc.12281
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Park, Sook H et al (2019) [Review] Recent Advances of Biosensors for
Hypertension and Nephrology'

Purpose of review: Hypertension (HTN) and chronic kidney disease (CKD) are
significant problems. With recent advances in technologies, biosensors have
shown a great potential to provide better home monitoring in hypertension
(HTN), medication compliance, diagnostic device for kidney disease,
CKD/end-stage renal disease (ESRD) care, and post kidney transplant
management. Recent findings: Multiple devices/biosensors have been
developed related to HTN, kidney function including real-time glomerular
filtration rate, CKD/end-stage renal disease, and transplant care. In recent
advances in wearable biosensors, point of care monitoring system could
provide more integrated care to the patients via telenephrology. Summary:
This review focuses on the recent advances in biosensors which may be
useful for HTN and nephrology. We will discuss future potential clinical
implication of these biosensors.

Siddique, Abu Bakker et al (2019) [Scoping Review] Mobile Apps for the
Care Management of Chronic Kidney and End-Stage Renal Diseases:
Systematic Search in App Stores and Evaluation™

Background: Numerous free and low-cost mabile apps for the care
management of kidney disease have become available in recent years.
Although these appear to be promising tools, they have not been evaluated
comparatively based on standard mabile app metrics; and thus, limited
evidence is available regarding their efficacy. This study systematically
cataloged and assessed mobile apps designed to assist medication
compliance and nutrition tracking that are useful to the chronic kidney
disease (CKD) and the end-stage renal disease (ESRD) patients who are on
dialysis. Objective: The objective of this study was to comprehensively
evaluate mobile apps used for medication compliance and nutrition tracking
for possible use by CKD and ESRD patients. Methods: A systematic review
framework was applied to the search, screening, and assessment of apps
identified and downloaded from the iOS and Android app stores. We selected
apps using 13 relevant search terms, narrowed down based on a set of
inclusion and exclusion criteria, and then used the Mobile App Rating Scale

12 Park SH, Zhang Y, Rogers JA, Gallon L. Recent advances of biosensors for hypertension and nephrology. Curr Oirn Nephrol
Hypertens. 2019;284..390- 396. doi:10.1097/MNH.0000000000000517

'3 Siddique AB, Krebs M, Alvarez S et al Mobile Apps for the Care Management of Chronic Kidney and End-Stage Renal
Diseases: Systematic Search in App Stores and Evaluation. JMIR Mhealth Uhealth. 2019;7(9):e12604. Published 2019 Sep 4.

doi10.2196/12604
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(MARS), a widely adopted app evaluation tool to assess the effectiveness of
apps. The internal consistency and interrater reliability were tested using
Cronbach alpha and interclass correlation coefficients (ICCs), respectively.
Results: The MARS total score had excellent internal consistency (Cronbach
alpha=.90) and a moderate level of interrater reliability (2-way mixed ICC
0.65). Overall, 11 out of the 12 reviewed apps met the minimum acceptable
score of 3.0 in MARS rating. The 3 apps with the highest combined scores
were My Kidneys, My Health Handbook (MARS=4.68); My Food Coach
(MARS=4.48); and National Kidney Foundation Malaysia (MIARS=4.20). The
study identified general weaknesses in the existing apps: the apps fell short
of accommodating advanced interactive features such as providing
motivational feedback and promoting family member and caregiver
participations in the app utilization. Conclusions: The MARS rating system
performed well in the app evaluation. The 3 highest ranked apps scored
consistently high across the 5 dimensions specified in MARS. These apps
were developed in collaboration with reputable organizations and field
experts, demonstrating the importance of expert guidance in developing
medical apps.

Thomas, Nicola et al (2019) [Qualitative Analysis] Using Chronic Kidney
Disease Trigger Tools for Safety and Learning: A Qualitative Evaluation in
East London Primary Care™

Background: An innovative programme to improve identification and
management of chronic kidney disease (CKD) in primary care was
implemented across three clinical commissioning groups (CCGs) in 2016. This
included a falling estimated glomerular filtration rate (eGFR) trigger tool built
from data in the electronic health record (EHR). This tool notifies GP practices
of falling eGFR values. By alerting clinicians to patients with possible CKD
progression the tool invites clinical review, a referral option, and written
reflection on management. Aim: To identify practitioner perceptions of
trigger tool use from interviews, and compare these with reflections on
clinical management recorded within the tools. Design and setting: A
qualitative analysis set in 136 practices across East London during 2016-
2018. Method: Eight semi-structured interviews with GPs and practice staff
were recorded, and thematic analysis was undertaken using framework
analysis. The reflective comments recorded in the trigger tools of 1921 cases

" Thomas N, Rajabzadeh V, Hull S. Using chronic kidney disease trigger tools for safety and learning: a qualitative evaluation in
East London primary care. Br/Gen Pract. 2019;69(687):e715- e723. Published 2019 Sep 26. doi:10.3399/bjgp19X705497
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were categorised by age group, referral status, and by the drop in eGFR (>15
or >25 mi/min).

Results: Three themes emerged from the interviews: getting started; patient
safety; and trigger tools for learning. Well-organised practices found the tool
was readily embedded into workflow and expressed greater motivation for
using it. The tool was seen to support patient safety, and was used for
learning about CKD management, both individually and as a practice.
Reflective comments from 1921 trigger tools were reviewed. These
supported the theme of patient safety. The free-text data, stratified by age,
challenged the expectation that younger cases, at higher risk of progressive
CKD, would have higher referral rates. Conclusion: Building electronic trigger
tools from the EHR can identify patients with a falling eGFR, prompting
review of the eGFR trajectory and management plan. Interview and reflective
dataillustrated that practice use of the tool supports the patient safety
agenda and encourages learning about CKD management.

Bonner, Ann et al (2018) [Cross-Sectional Study] Evaluating the
prevalence and opportunity for technology use in chronic kidney disease
patients: a cross-sectional study'

Background: Chronic kidney disease (CKD) is increasing worldwide and early
education to improve adherence to self-management is a key strategy to
slow CKD progression. The use of the Internet and mobile phone
technologies (mHealth) to support patients is considered an effective tool in
many other chronic disease populations. While a number of mHealth
platforms for CKD exist, few studies have investigated if and how this
population use technology to engage in self-management. Methods: Using a
cross-sectional design across five health districts in Queensland (Australia),
a 38-item self-report survey was distributed to adults with CKD attending
outpatient clinics or dialysis units to measure current use and type of
engagement with mHealth, perceived barriers to use, and opportunities to
support CKD self-management. Odds ratio (OR) were calculated to identify
associations between demographic characteristic and mHealth use. Results:
Of the 708 participants surveyed, the majority had computer access (89.2%)
and owned a mabile phone (83.5%). The most likely users of the Internet
were those aged = 60 years (OR: 7.35, 95% confidence interval: 4.25-12.75, p <
0.001), employed (OR: 7.67,95% Cl: 2.58-22.78, p < 0.001), from non-

1> Bonner A, Gillespie K, Campbell KL et al Evaluating the prevalence and opportunity for technology use in chronic kidney
disease patients: a cross-sectional study. BMC Nephrol 2018;191.:28. Published 2018 Feb 2. doi:10.1186/s12882-018-0830-8
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indigenous background (OR: 6.98, 95% Cl: 3.50-13.93, p < 0.001), or having
completed higher levels of education (OR: 3.69, Cl: 2.38-5.73, p < 0.001). Those
using a mobile phone for complex communication were also younger (OR:
6.01,95% Cl: 3.55-10.19, p < 0.001), more educated (OR: 1.99, 95% Cl: 1.29-3.18,
p < 0.01), or from non-indigenous background (OR: 3.22, 95% Cl: 1.58-6.55, p <
0.001). Overall, less than 25% were aware of websites to obtain information
about renal healthcare. The mHealth technologies most preferred for
communication with their renal healthcare teams were by telephone
(56.5%), Internet (50%), email (48.3%) and text messages (46%).
Conclusion: In the CKD cohort, younger patients are more likely than older
patients to use mHealth intensively and interactively although all patients'
technology literacy ought to be thoroughly assessed by renal teams before
implementing in practice. Further research testing mHealth interventions to
improve self-management in a range of patient cohorts is warranted. Ethics
approval and consent to participate: Prior to undertaking the study, ethical
approval was obtained for each study site via the Metro South Human
Research Ethics Committee (HREC/15/QPAH/19), and also from the
Queensland University of Technology (1500000370). Participants were
advised that the questionnaire was anonymous and that completing the
questionnaire would indicate consent.

Lunney, Meaghan et al (2018) [Review] Impact of Telehealth
Interventions on Processes and Quality of Care for Patients With ESRD
Caring for patients with end-stage renal disease (ESRD) requiring dialysis is
intensive and expensive. Telehealth may improve the access and efficiency
of ESRD care. For this perspective, we systematically reviewed studies that
examined the effectiveness of telehealth versus or in addition to usual care
for ESRD management. 10 studies were identified, including 7 randomized
trials and 3 cohort studies. Study populations, modes of delivery including
telephone, telemetry, or videoconferencing, and the outcomes evaluated
varied substantially between studies. Two studies examined telehealth
interventions versus standard ESRD care and demonstrated mixed results
on processes of care, no differences in laboratory surrogate markers of
ESRD care, and reduced or similar rates of hospitalization. Eight studies
evaluated the addition of telehealth to usual care and demonstrated no
significant improvements in processes of care or surrogate laboratory

"6 Lunney M, Lee R, Tang K et al Impact of Telehealth Interventions on Processes and Quality of Care for Patients With ESRD.
Am JKidney Dis. 2018;724.:592- 600. doi:10.1053/j.ajkd.2018.02.353
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measures, variable impacts on hospitalization rates, and mixed impacts on
some domains of quality of life, including improvement in mental health.
Although potential benefits of telehealth in ESRD care have been reported,
optimal designs for delivery and elements of care that may be improved
through telehealth remain uncertain.

Salani, M et al (2018) [Review] Innovations in Wearable and Implantable
Artificial Kidneys'’

More than 2 million people worldwide receive treatment for end-stage renal
disease (ESRD). Current modalities of renal replacement therapy include in-
center hemodialysis, peritoneal dialysis, home hemaodialysis, and kidney
transplantation. Patient survival has gradually increased during the past 2
decades and efforts continue to improve mortality and quality of life for
patients with ESRD. Developments in sorbent technology, nanotechnology,
and cell culture techniques provide promise for new innovations in ESRD
management. New modalities currently in testing include wearable (WAKs)
and implantable artificial kidneys (IAKs). The automated WAK (AWAK) and
WAK are devices that have undergone small trials in humans. Additional
study is needed before regulatory approval, coverage decisions, and
widespread clinical implementation. The IAK is a biohybrid combining
artificial filters and living cells currently in preclinical testing. These portable
devices reduce the need for large quantities of water and continuous
electrical supply. This could lower some barriers to home dialysis, making
self-care renal replacement therapy more accessible and desirable. If widely
successful, these devices could reduce the need to build and staff dialysis
facilities, thus lowering health care costs associated with dialysis. The
potential advantages and shortcomings of the AWAK, WAK, and IAK are
described here.

Rosner, Mitchell H et al (2017) [Review] Perspectives From the Kidney
Health Initiative on Advancing Technologies to Facilitate Remote
Monitoring of Patient Self-Care in RRT"®

Telehealth and remote monitoring of a patient's health status has become
more commonplace in the last decade and has been applied to conditions
such as heart failure, diabetes mellitus, hypertension, and chronic

7 Salani M, Roy S, Fissell WH 4th. Innovations in Wearable and Implantable Artificial Kidneys. Arm ./ Kidney Dis. 2018;725.:745-
751. doi:10.1053/j.ajkd.2018.06.005

'8 Rosner MH, Lew SQ, Conway P et al Perspectives from the Kidney Health Initiative on Advancing Technologies to Facilitate
Remote Monitoring of Patient Self-Care in RRT. (lin JAm Soc Nephirol 2017;12(11):1900-1909. doi:10.2215/CIN.12781216
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obstructive pulmonary disease. Conversely, uptake of these technologies to
help engender and support home RRTs has lagged. Although studies have
looked at the role of telehealth in RRT, they are small and single-centered,
and both outcome and cost-effectiveness data are needed to inform future
decision making. Furthermore, alignment of payer and government
regulations with telehealth procedures is needed along with a better
understanding of the viewpoints of the various stakeholders in this process:
patients, caregivers, clinicians, payers, dialysis organizations, and
government regulators. Despite these barriers, telehealth has great
potential to increase the acceptance of home dialysis, and improve
outcomes and patient satisfaction while potentially decreasing costs. The
Kidney Health Initiative convened a multidisciplinary workgroup to examine
the current state of telehealth use in home RRTs as well as outline potential
benefits and drawbacks, impediments to implementation, and key
unanswered questions.

Solomon, Richard et al (2017) [Review] Real-time Measurement of
Glomerular Filtration Rate'

Purpose: Measurement of glomerular filtration rate is an essential tool for
determining the health or dysfunction of the kidney. The glomerular filtration
rate is a dynamic function that can change almost instantaneously in
response to stressors. Despite its central role in nephrology, there are no
techniques available to the clinician for monitoring glomerular filtration rate
in real time. Recent advances in technology to measure fluorescent
compounds through the skin are providing a new approach for real-time
monitoring of glomerular filtration rate. This review frames these
technologies within how such measurements might be used in clinical
medicine. Recent Findings: Fluorescent molecules that act as ideal filtration
markers are now available. Using transdermal sensors, the plasma
disappearance rate of these exogenous markers can be measured rather
than their steady state concentration. This eliminates the delay inherent in
using an endogenous marker of filtration and permits continuous monitoring
of GFR. Summary: These new technologies provide enhanced opportunities
for diagnosis of kidney dysfunction and therapeutic monitoring. Accurate
assessment of measured GFR will eliminate the erroneous diagnosis of
chronic kidney disease (CKD) from many patients. Assessment of renal
reserve will provide a new risk factor for progression of CKD. Real-time

19 Solomon R, Goldstein S. Real-time measurement of glomerular filtration rate. Curr Opin Crit Care. 2017,236.:470- 474,
doi:10.1097/MCC.0000000000000456
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monitoring of GFR in critically ill patients will allow for earlier diagnosis of
acute kidney injury and a dynamic metric to guide therapeutics. These are but
a few of the many opportunities that this new technology will provide in

both the clinical and research arenas.

Tuot, Delphine S et al (2017) [Review] Telehealth Applications to Enhance
CKD Knowledge and Awareness Among Patients and Providers?®

CKD affects 13% of the US adult population, causes excess mortality, and is
associated with significant sociodemographic disparities. Optimal CKD
management slows progression of disease and reduces cardiovascular-
related outcomes. Resources for patients and primary care providers, major
stakeholders in preventive CKD care, are critically needed to enhance
understanding of the disease and to optimize CKD health, particularly
because of the asymptomatic nature of kidney disease. Telehealth is defined
as the use of electronic communication and telecommunications technology
to support long-distance clinical health care, patient and professional
health-related education, and public health and health administration. It
provides new opportunities to enhance awareness and understanding
among these important stakeholders. This review will examine the role of
telehealth within existing educational theories, identify telehealth
applications that can enhance CKD knowledge and behavior change among
patients and primary care providers, and examine the advantages and
disadvantages of telehealth vs usual modalities for education.

Weiner, Shoshana et al (2017) [Review] Telemedicine to Promote Patient
Safety: Use of Phone-Based Interactive Voice-Response System to
Reduce Adverse Safety Events in Pre-dialysis CKD?'

CKD patients have several features conferring on them a high risk of adverse
safety events, which are defined as incidents with unintended harm related
to processes of care or medications. These characteristics include impaired
kidney function, polypharmacy, and frequent health system encounters. The
consequences of such events in CKD can include new or prolonged
hospitalization, accelerated kidney function loss, acute kidney injury, ESRD,
and death. Health information technology administered via telemedicine
presents opportunities for CKD patients to remotely communicate safety-
related findings to providers for the purpose of improving their care.

20 Tuot DS, Boulware LE. Telehealth Applications to Enhance CKD Knowledge and Awareness Among Patients and Providers.
Adv Chronic Kidney Dis. 2017;241.:39- 45. doi:10.1053/j.ackd.2016.11.017

21Weiner S, Fink JC. Telemedicine to Promote Patient Safety: Use of Phone-Based Interactive Voice-Response System to
Reduce Adverse Safety Events in Pre-dialysis CKD. Adv Chronic Kidrney Dis. 2017;241.:31- 38. doi10.1053/j.ackd.2016.12.004
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However, many CKD patients have limitations that hinder their use of
telemedicine and access to the broad capabilities of health information
technology. In this review, we summarize previous assessments of the pre-
dialysis CKD populations' proficiency in using telemedicine modalities and
describe the use of interactive voice-response system to gauge the safety
phenotype of the CKD patient. We discuss the potential for expanded
interactive voice-response system use in CKD to address the safety threats
inherent to this population.

Ong, Stephanie W et al (2016) [Proof-of-Principle Study] Integrating a
Smartphone-Based Self-Management System into Usual Care of
Advanced CKD?

Background and Objectives: Patient self-management has been shown to
improve health outcomes. We developed a smartphone-based system to
boost self-care by patients with CKD and integrated its use into usual CKD
care. We determined its acceptability and examined changes in several
clinical parameters. Design, Setting, Participants, and Measurements: \We
recruited patients with stage 4 or 5 CKD attending outpatient renal clinics
who responded to a general information newsletter about this 6-month
proof-of-principle study. The smartphone application targeted four
behavioral elements: monitoring BP, medication management, symptom
assessment, and tracking laboratory results. Prebuilt customizable
algorithms provided real-time personalized patient feedback and alerts to
providers when predefined treatment thresholds were crossed or critical
changes occurred. Those who died or started RRT within the first 2 months
were replaced. Only participants followed for 6 months after recruitment
were included in assessing changes in clinical measures. Results: In total, 47
patients (26 men; mean age =59 years old; 33% were =65 years old) were
enrolled; 60% had never used a smartphone. User adherence was high
[>80% performed =80% of recommended assessments] and sustained. The
mean reductions in home BP readings between baseline and exit were
statistically significant (systolic BP, -3.4 mmHg; 95% confidence interval, -5.0
to -1.8 and diastolic BP, -2.1 mmHg; 95% confidence interval, -2.9 to -1.2); 27%
with normal clinic BP readings had newly identified masked hypertension.
One hundred twenty-seven medication discrepancies were identified; 59%
were medication errors that required an intervention to prevent harm. In exit
interviews, patients indicated feeling more confident and in control of their

22 Ong SW, Jassal SV, Miller JA et al Integrating a Smartphone-Based Self-Management System into Usual Care of Advanced
CKD. linJAm Soc Nephrol 2016;116.:1054-1062. doi:10.2215/CIN.10681015
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condition; clinicians perceived patients to be better informed and more
engaged. Conclusions: Integrating a smartphone-based self-management
system into usual care of patients with advanced CKD proved feasible and
acceptable, and it appeared to be clinically useful. The results provide strong
rationale for a randomized, controlled trial.
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Hong and Lee (2019) [Systematic Review and Meta-Analysis]
Effectiveness of Tele-Monitoring by Patient Severity and Intervention
Type in Chronic Obstructive Pulmonary Disease Patients: A Systematic
Review and Meta-Analysis'

Background: Chronic obstructive pulmonary disease is a major burden on
healthcare systems worldwide. Tele-monitoring has recently been used for
management of chronic obstructive pulmonary disease patients.

Objectives: We analyzed the effect of tele-monitoring on chronic obstructive
pulmonary disease patients and performed subgroup analysis by patient
severity and intervention type.

Design: Systematic review.

Data Source: Electronic databases including Ovid-Medline, Ovid-Embase, and
the Cochrane Library.

Review Methods: We conducted a meta-analysis of randomized controlled
trials published up to April 2017. Three databases were searched, two
investigators independently extracted data and assessed study quality using
risk of bias.

Results: Out of 1,185 studies, 27 articles were identified to be relevant for this
study. The included studies were divided by intervention: 15 studies used
tele-monitoring only, 4studies used integrated tele-monitoring [pure
control], and 8 studies used integrated tele-monitoring [not pure control].
We also divided the studies by patient severity: 16 studies included severely
ill patients, 8 studies included moderately ill patients, and 3 studies did not
discuss the severity of the patients' illness. Meta-analysis showed that tele-
monitoring reduced the emergency room visits (risk ratio 0.63, 95%

THong Y, Lee SH. Effectiveness of tele-monitoring by patient severity and intervention type in chronic obstructive pulmonary
disease patients: A systematic review and meta-analysis. /nt/ Nurs Stud. 2019;92:1-15. doi:10.1016/j.ijnurstu.2018.12.006
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confidence interval 0.55-0.72) and hospitalizations (risk ratio 0.88, 95%
confidence interval 0.80-0.97). The subgroup analysis of patient severity
showed that tele-monitoring more effectively reduced emergency room
visits in patients with severe vs. moderate disease (risk ratio 0.48, 95%
confidence interval 0.31-0.74; risk ratio 1.28, 95% confidence interval 0.61-
2.69, retrospectively) and hospitalizations (risk ratio 0.92, 95% confidence
interval 0.82-1.02; risk ratio 1.24, 95% confidence interval 0.57-2.70,
retrospectively). The mental health quality of life score (mean difference
3.06, 95% confidence interval 2.15-3.98) showed more improved quality of
life than the physical health quality of life score (mean difference -0.11, 95%
confidence interval -0.83-0.61).

Conclusions: Tele-monitoring reduced rates of emergency room visits and
hospitalizations and improved the mental health quality of life score.
Integrated tele-monitoring including the delivery of coping skills or
education by online methods including pulmonary rehabilitation is
recommended to produce significant improvement. This application of
integrated tele-monitoring U the delivery of education, exercise and other
interventions in addition to tele-monitoring U is more useful for patients with
severe chronic obstructive pulmonary disease than those with moderate
disease. Tele-monitoring might be a useful application of information and
communication technologies, if the intervention includes the appropriate
intervention components for eligible patients. Further studies such as large
size randomized controlled trials with sub-group by patient severity and
intervention type is needed to confirm these finding.

Baroi et al (2018) [Systematic Review] Advances in Remote Respiratory
Assessments for People With Chronic Obstructive Pulmonary Disease: A
Systematic Review?

Background: Chronic obstructive pulmonary disease (COPD) is a leading
cause of mortality. Advances in remote technologies and telemedicine
provide new ways to monitor respiratory function and improve chronic
disease management. However, telemedicine does not always include
remote respiratory assessments, and the current state of knowledge for
people with COPD has not been evaluated.

Objective: Systematically review the use of remote respiratory assessments
in people with COPD, including the following questions: What devices have

2 Baroi S, McNamara RJ, McKenzie DK, Gandevia S, Brodie MA. Advances in Remote Respiratory Assessments for People with
Chronic Obstructive Pulmonary Disease: A Systematic Review. Telerned J £ Health. 2018;24(6):415-424.
doi:10.1089/tm;j.2017.0160
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been used? Can acute exacerbations of chronic obstructive pulmonary
disease (AECOPD) be predicted by using remote devices? Do remote
respiratory assessments improve health-related outcomes?

Materials and Methods: The review protocol was registered (PROSPERO
2016:CRD42016049333). MEDLINE, EMBASE, and COMPENDEX databases
were searched for studies that included remote respiratory assessments in
people with COPD. A narrative synthesis was then conducted by two
reviewers according to Preferred Reporting ltems for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.

Results: Fifteen studies met the inclusion criteria. Forced expiratory volume
assessed daily by using a spirometer was the most common modality. Other
measurements included resting respiratory rate, respiratory sounds, and
end-tidal carbon dioxide level. Remote assessments had high user
satisfaction. Benefits included early detection of AECOPD, improved health-
related outcomes, and the ability to replace hospital care with a virtual ward.
Conclusion: Remote respiratory assessments are feasible and when
combined with sufficient organizational backup can improve health-related
outcomes in some but not all cohorts. Future research should focus on the
early detection, intervention, and rehabilitation for AECOPD in high-risk
people who have limited access to best care and investigate continuous as
well as intermittent monitoring.

Buekers et al (2018) [Systematic Review] Oxygen Saturation
Measurements in Telemonitoring of Patients With COPD: A Systematic
Review?

Telemonitoring applications are expected to become a key component in
future healthcare. Despite the frequent use of Sp02 measurementsin
telemonitoring of patients with chronic obstructive pulmonary disease
(COPD), no profound overview is available about these measurements. Areas
covered: A systematic search identified 71 articles that performed Sp02
measurements in COPD telemonitoring. The results indicate that long-term
follow-up of COPD patients using daily Sp0O2 spot checks is practically
feasible. Very few studies specified protocols for performing these
measurements. In many studies, deviating Sp02 values were used to raise
alerts that led to immediate action from healthcare professionals. However,
little information was available about the exact implementation and
performance of these alerts. Therefore, no firm conclusions can be drawn

3 Buekers J, De Boever P, Vaes AW, et al. Oxygen saturation measurements in telemonitoring of patients with COPD: a
systematic review. Expert Rev Respir Med. 2018;12(2):113-123. doi10.1080/17476348.2018.1417842
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about the real value of Sp02 measurements. Future research could optimize
performance of alerts using individualized, time-dependent thresholds or
predictive algorithms to account for individual differences and Sp02 baseline
changes. Additionally, the value of performing continuous measurements
should be examined. Expert commentary: Standardization of the
measurements, data science techniques and advancing technology can still
boost performance of telemonitoring applications. All these opportunities
should be thoroughly explored to assess the real value of Sp02 in COPD
telemonitoring.

Yang et al (2018) [Systematic Review and Meta-Analysis] Vobile Health
Applications in Self-Management of Patients With Chronic Obstructive
Pulmonary Disease: A Systematic Review and Meta-Analysis of Their
Efficacy”

Background: Mabile health applications are increasingly used in patients
with Chronic Obstructive Pulmonary Disease (COPD) to improve their self-
management, nonetheless, without firm evidence of their efficacy. This
meta-analysis was aimed to assess the efficacy of mobile health
applications in supporting self-management as an intervention to reduce
hospital admission rates and average days of hospitalization, etc. Methods:
PubMed, Web of Science, Cochrane Library, and Embase were searched for
relevant articles published before November 14, 2017. A total of 6 reports
with randomized controlled trials were finally included in this meta-analysis.
Results: Patients using mobile phone applications may have a lower risk for
hospital admissions than those in the usual care group (risk ratio (RR) = 0.73,
95% (I [0.52, 1.04]). However, there was no significant difference in reducing
the average days of hospitalization.

Conclusion: Self-management with mobile phone applications could reduce
hospital admissions of patients with COPD.

“Yang F,WangY, Yang C, Hu H, Xiong Z. Mobile health applications in self-management of patients with chronic obstructive
pulmonary disease: a systematic review and meta-analysis of their efficacy. BMC Pulm Med. 2018;18(1):147. Published 2018
Sep 4. doi:10.1186/s12890-018-0671-z
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Hanlon et al (2017) [Systematic Review] Telehealth Interventions to
Support Self-Management of Long-Term Conditions: A Systematic
Metareview of Diabetes, Heart Failure, Asthma, Chronic Obstructive
Pulmonary Disease, and Cancer®

Background: Self-management support is one mechanism by which
telehealth interventions have been proposed to facilitate management of
long-term conditions.

Objective: The objectives of this metareview were to: 1. assess the impact of
telehealth interventions to support self-management on disease control and
health care utilization; and 2. identify components of telehealth support and
their impact on disease control and the process of self-management. Our
goal was to synthesise evidence for telehealth-supported self-management
of diabetes, heart failure, asthma, chronic obstructive pulmonary disease
(COPD) and cancer to identify components of effective self-management
support.

Methods: We performed a metareview [a systematic review of systematic
reviews] of randomized controlled trials of telehealth interventions to
support self-management in 6 exemplar long-term conditions. We searched
7 databases for reviews published from January 2000 to May 2016 and
screened identified studies against eligibility criteria. \We weighted reviews
by quality, size, and relevance. \We then combined our results in a narrative
synthesis and using harvest plots.

Results: We included 53 systematic reviews, comprising 232 unique RCTs.
Reviews concerned diabetes (type 1: n=6; type 2, n=11; mixed, n=19), heart
failure (n=9), asthma (n=8), COPD (n=8), and cancer (n=3). Findings varied
between and within disease areas. The highest-weighted reviews showed
that blood glucose telemonitoring with feedback and some educational and
lifestyle interventions improved glycemic control in type 2, but not type 1,
diabetes, and that telemonitoring and telephone interventions reduced
mortality and hospital admissions in heart failure, but these findings were
not consistent in all reviews. Results for the other conditions were mixed,
although no reviews showed evidence of harm. Analysis of the mediating
role of self-management, and of components of successful interventions,
was limited and inconclusive. More intensive and multifaceted interventions
were associated with greater improvements in diabetes, heart failure, and
asthma.

5> Hanlon P, Daines L, Campbell C, McKinstry B, Weller D, Pinnock H. Telehealth Interventions to Support Self-Management of
Long-Term Conditions: A Systematic Metareview of Diabetes, Heart Failure, Asthma, Chronic Obstructive Pulmonary Disease,
and Cancer. /Med Internet Res. 2017;,19(5):e172. Published 2017 May 17. doi:10.2196/jmir.6688
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Conclusions: While telehealth-mediated self-management was not
consistently superior to usual care, none of the reviews reported any
negative effects, suggesting that telehealth is a safe option for delivery of
self-management support, particularly in conditions such as heart failure
and type 2 diabetes, where the evidence base is more developed. Larger-
scale trials of telehealth-supported self-management, based on explicit
self-management theory, are needed before the extent to which telehealth
technologies may be harnessed to support self-management can be
established.

Alwashmi et al (2016) [Systematic Review and Meta-Analysis] The Effect
of Smartphone Interventions on Patients With Chronic Obstructive
Pulmonary Disease Exacerbations: A Systematic Review and Meta-
Analysis®

Background: The prevalence and mortality rates of chronic obstructive
pulmonary disease (COPD) are increasing worldwide. Therefore, COPD
remains a major public health problem. There is a growing interest in the use
of smartphone technology for health promotion and disease management
interventions. However, the effectiveness of smartphones in reducing the
number of patients having a COPD exacerbation is poorly understood.
Objective: To summarize and quantify the association between smartphone
interventions and COPD exacerbations through a comprehensive systematic
review and meta-analysis.

Methods: A comprehensive search strategy was conducted across relevant
databases from inception to October 2015. We included studies that
assessed the use of smartphone interventions in the reduction of COPD
exacerbations compared with usual care. Full-text studies were excluded if
the investigators did not use a smartphone device or did not report on COPD
exacerbations. Observational studies, abstracts, and reviews were also
excluded. Two reviewers extracted the data and conducted a risk of bias
assessment using the US Preventive Services Task Force quality rating
criteria. A random effects model was used to meta-analyze the results from
included studies. Pooled odds ratios were used to measure the effectiveness
of smartphone interventions on COPD exacerbations. Heterogeneity was
also measured.

6 Alwashmi M, Hawboldt J, Davis €, Marra C, Gamble JM, Abu Ashour W. The Effect of Smartphone Interventions on Patients
With Chronic Obstructive Pulmonary Disease Exacerbations: A Systematic Review and Meta-Analysis. JMIR Mhealth Uhealth.
2016;4(3):e105. Published 2016 Sep 1. doi10.2196/mhealth.5921
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Results: Of the 245 unique citations screened, 6 studies were included in the
qualitative synthesis. Studies were relatively small with less than 100
participants in each study (range 30 to 99) and follow-up ranged from 4-9
months. The mean age was 70.5 years (SD 5.6) and 74% (281/380) were male.
The studies varied in terms of country, type of smartphone intervention,
frequency of data collection from the participants, and the feedback
strategy. Three studies were included in the meta-analysis. The overall
assessment of potential bias of the studies that were included in the meta-
analysis was good for one study and fair for 2 studies. The pooled random
effects odds ratio of patients having an exacerbation was 0.20 in patients
using a smartphone intervention (95% Cl 0.07-0.62), a reduction of 80% for
smartphone interventions compared with usual care. However, there was
moderate heterogeneity across the included studies.

Conclusion: Although current literature on the role of smartphones in
reducing COPD exacerbations is limited, findings from our review suggest
that smartphones are useful in reducing the number of patients having a
COPD exacerbation. Nevertheless, using smartphones require synergistic
strategies to achieve the desired outcome. These results should be
interpreted with caution due to the heterogeneity among the studies.
Researchers should focus on conducting rigorous studies with adequately
powered sample sizes to determine the validity and clinical utility of
smartphone interventions in the management of COPD.

Brunton et al (2015) [Systematic Review and Meta-Analysis] The
Contradictions of Telehealth User Experience in Chronic Obstructive
Pulmonary Disease (COPD): A Qualitative Meta-Synthesis’

Objective: As the global burden of chronic disease rises, policy makers are
showing a strong interest in adopting telehealth technologies for use in long
term condition management, including COPD. However, there remain
barriers to its implementation and sustained use. To date, there has been
limited qualitative investigation into how users U both patients/carers and
staff U perceive and experience the technology. We aimed to systematically
review and synthesise the findings from qualitative studies that investigated
user perspectives and experiences of telehealth in COPD management, in
order to identify factors which may impact on uptake.

Method: Systematic review and meta-synthesis of published qualitative
studies of user experience of telehealth technologies for the management of

7 Brunton L, Bower P, Sanders C. The Contradictions of Telehealth User Experience in Chronic Obstructive Pulmonary Disease
(COPD): A Qualitative Meta-Synthesis. PLoS One. 2015,10(10):e0139561. Published 2015 Oct 14. doi:10.1371/journal.pone.0139561

389


https://pubmed.ncbi.nlm.nih.gov/26465333/
https://pubmed.ncbi.nlm.nih.gov/26465333/
https://pubmed.ncbi.nlm.nih.gov/26465333/

National Health Library and Knowledge Service | Evidence Team
CURRENT ASAT 2JULY 2020

Chapter 5: Telemedicine and COPD

VERSION 1.0

Chronic Obstructive Pulmonary Disease. ASSIA, CINAHL, Embase, Medline,
Psychinfo and Web of Knowledge databases were searched up to October
2014. Reference lists of included studies and reference lists of key papers
were also searched. Quality appraisal was guided by an adapted version of
the CASP qualitative appraisal tool.

Findings: 705 references were identified and 10 papers, relating to 7 studies
were included in the review. Most authors of included studies had identified
both positive and negative experiences of telehealth use in the management
of COPD. Through a line of argument synthesis we were able to derive new
insights from the data to identify three overarching themes that have the
ability to either impede or promote positive user experience of telehealth in
COPD: the influence on moral dilemmas of help-seeking [enables
dependency or self-care]; transforming interactions [increases risk or
reassurance]; and reconfiguration of work practices [causes burden or
empowerment].

Conclusion: Findings from this meta-synthesis have implications for the
future design and implementation of telehealth services. Future research
needs to include potential users at an earlier stage of telehealth/service
development.

Lundell et al (2015) [Systematic Review and Meta-Analysis]
Telehealthcare in COPD: A Systematic Review and Meta-Analysis on
Physical Outcomes and Dyspnea®

Background: Only a minority of patients with chronic obstructive pulmonary
disease (COPD) have access to pulmonary rehabilitation (PR). Home-based
solutions such as telehealthcare, have been used in efforts to make PR more
available. The aim of this systematic review was to investigate the effects of
telehealthcare on physical activity level, physical capacity and dyspnea in
patients with COPD, and to describe the interventions used.

Methods: Randomized controlled trials were identified through database
searches, reference lists and included authors. Articles were reviewed based
on eligibility criteria by three authors. Risk of bias was assessed by two
authors. Standardized mean differences (SMD) or mean differences (MD)
with 95% Cl were calculated. Forest plots were used to present data visually.
Results: Nine studies [982 patients] were included. For physical activity level,
there was a significant effect favoring telehealthcare (MD, 64.7 min; 95% Cl,
54.4-74.9). No difference between groups was found for physical capacity

8 Lundell S, Holmner A, Rehn B, Nyberg A, Wadell K. Telehealthcare in COPD: a systematic review and meta-analysis on
physical outcomes and dyspnea. Respir Med. 2015;109(1):11-26. doi:10.1016/j.rmed.2014.10.008
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(MD, -1.3 m; 95% Cl, -8.1-5.5) and dyspnea (SMD, 0.088; 95% Cl, -0.056-
0.233). Telehealthcare was promoted through phone calls, websites or
mobile phones, often combined with education and/or exercise training.
Comparators were ordinary care, exercise training and/or education.
Conclusions: The use of telehealthcare may lead to improvements in
physical activity level, although the results should be interpreted with
caution given the heterogeneity in studies. This is an important area of
research and further studies of the effect of telehealthcare for patients with
COPD would be beneficial.

Pedone and Lelli (2015) [Systematic Review] Systematic Review of
Telemonitoring in COPD: An Update®

Telemedicine may support individual care plans in people with chronic
obstructive pulmonary disease (COPD), potentially improving the clinical
outcomes. To-date there is no clear evidence of benefit of telemedicine in
this patients. The aim of this study is to provide an update on the
effectiveness of telemedicine in reducing adverse clinical outcomes. We
searched the Pubmed database for articles published between January 2005
and December 2014. We included only randomized controlled trials
exclusively focused on patients with COPD and with a telemedicine
intervention arm. Evaluated outcomes were number of exacerbations, ER
visits, COPD hospitalizations, length of stay and death. We eventually
included 12 randomized controlled trials. Most of them had a small sample
size and was of poor quality, with a wide heterogeneity in the parameters
and technologies used. Most studies reported a positive effect of
telemonitoring on hospitalization for any cause, with risk reductions
between 10% and 63%; however only three studies reached statistical
significance. The same trend was observed for COPD-related hospital
admission and ER visits. No significative effects of telemedicine was
evidenced in reducing length of hospital stay, improving quality of life and
reducing deaths. In conclusion, our study confirms that the available
evidence on the effectiveness of telemedicine in COPD does not allow to
draw definite conclusions; most evidence suggests a positive effect of
telemonitoring on hospital admissions and ER visits. More trials with
adequate sample size and with adequate consideration of background
clinical services are needed to definitively establish its effectiveness.

9 Pedone C, Lelli D. Systematic review of telemonitoring in COPD: an update. Prieurmonol Alergol Pol 2015;83(6):476-484.
doi:10.5603/PiAP.2015.0077
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Randomised
Controlled Trials

Duiverman et al (2020) [Randomised Controlled Trial] Home Initiation of
Chronic Non-Invasive Ventilation in COPD Patients With Chronic
Hypercapnic Respiratory Failure: A Randomised Controlled Trial"
Introduction: Chronic non-invasive ventilation (NIV) has become evidence-
based care for stable hypercapnic COPD patients. \While the number of
patients increases, home initiation of NIV would greatly alleviate the
healthcare burden. We hypothesise that home initiation of NIV with the use
of telemedicine in stable hypercapnic COPD is non-inferior to in-hospital NIV
initiation.

Methods: Sixty-seven stable hypercapnic COPD patients were randomised to
initiation of NIV in the hospital or at home using telemedicine. Primary
outcome was daytime arterial carbon dioxide pressure (PaC02) reduction
after 6 months NIV, with a non-inferiority margin of 0.4 kPa. Secondary
outcomes were health-related quality of life (HRQoL) and costs.

Results: Home NIV initiation was non-inferior to in-hospital initiation
(adjusted mean difference in PaC02 change home vs in-hospital: 0.04 kPa
(95% C1-0.31to 0.38 kPa), with both groups showing a PaC0O2 reduction at 6
months compared with baseline (home: from 7.3+0.9 to 6.4+0.8 kPa
(p<0.001) and in-hospital: from 7.4+1.0 to 6.4+0.6 kPa (p<0.001)). In both
groups, HRQoL improved without a difference in change between groups
(Clinical COPD Questionnaire total score-adjusted mean difference 0.0 (95%
Cl-0.4to 0.5)). Furthermore, home NIV initiation was significantly cheaper
(home: median €3768 (IQR €3546-€4163) vs in-hospital: median €8537 (IQR
€7540-€9175); p<0.001).

Discussion: This is the first study showing that home initiation of chronic NIV
in stable hypercapnic COPD patients, with the use of telemedicine, is non-
inferior to in-hospital initiation, safe and reduces costs by over 50%.

10 Duiverman ML, Vonk JM, Bladder G, et al. Home initiation of chronic non-invasive ventilation in COPD patients with chronic
hypercapnic respiratory failure: a randomised controlled trial. 7A0rax. 2020;75(3):244-252. doi:10.1136/thoraxjnl-2019-213303
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Galdiz et al (2020) [Randomised Controlled Trial] Telerehabilitation
Programme as a Maintenance Strategy for COPD Patients: A 12-Month
Randomized Clinical Trial"

Background: There is uncertainty regarding efficacy of telehealth-based
approaches in COPD patients for sustaining benefits achieved with intensive
pulmonary rehabilitation (PR).

Research Question: To determine whether a maintenance pulmonary
telerehabilitation (TelePR) programme, after intensive initial PR, is superior
to usual care in sustaining over time benefits achieved by intensive PR.
Study Design and Methods: A multicentre open-label pragmatic parallel-
group randomized clinical trial was conducted. Two groups were created at
completion of an 8-week intensive outpatient hospital PR programme.
Intervention group (IG) patients were given appropriate training equipment
and instructed to perform three weekly training sessions and send
performance data through an app to a web-based platform. Patients in the
control group (CG) were advised to exercise regularly [usual care].

Results: Ninety-four patients (46 1G, 48 CG) were randomized. The analysis of
covariance showed non-significant improvements in 6-min walk distance
[19.9m (95% CI -4.1/+43.8)] and Chronic Respiratory Disease Questionnaire -
Emotion score [0.4 points (0-0.8)] in the IG. Secondary linear mixed models
showed improvements in the 1G in Short Form-36 mental component
summary [9.7, (4.0-15.4)] and Chronic Respiratory Disease Questionnaire -
Emotion [0.5, (0.2-0.9)] scores, but there was no association between
compliance and outcomes. Acute exacerbations were associated with a
marginally significant decrease in 6-minute walk distance of 15.8m (-
32.3/0.8) in linear models.

Conclusions: The TelePR maintenance strategy was both feasible and safe
but failed to show superiority over usual care, despite improvements in
some HRQol domains. Acute exacerbations may have an important negative
influence on long-term physical function.

" Galdiz JB, Gémez A, Rodriguez D, et al. Telerehabilitation Programme as a Maintenance Strategy for COPD Patients: A12-
Month Randomized Clinical Trial [published online ahead of print, 2020 May 18]. Arch Bronconeurmol. 2020;50300-
2896(20)30T16-2. doi:10.1016/j.arbres.2020.03.034
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Jiang et al (2020) [Randomised Controlled Trial] Evaluating an
Intervention Program Using WeChat for Patients With Chronic
Obstructive Pulmonary Disease: Randomized Controlled Trial"”
Background: The application of telemedicine in home pulmonary
rehabilitation interventions for the management of patients with chronic
obstructive pulmonary disease (COPD) has achieved promising results.
Objective: This study aimed to develop a \WeChat official account (Pulmonary
Internet Explorer Rehabilitation [PeR]) based on social media. It further
evaluated the effect of PeR on the quality of life, symptoms, and exercise
self-efficacy of patients with COPD.

Methods: The functional modules of PeR were developed by a
multidisciplinary team according to the electronic health-enhanced chronic
care model (eCCM) components. A total of 106 patients were randomly
selected (53 in the PeR group and 53 in the outpatient face-to-face group
[FtF]). Pulmonary rehabilitation intervention was conducted for 3 months,
and the outcome was observed for 3 months. The primary outcome was
patient quality of life measured with the COPD assessment test (CAT). The
secondary outcomes were evaluated using the modified Medical Research
Council scale (mMRC), exercise self-regulatory efficacy scale (Ex-SRES), and
St George's Respiratory Questionnaire (SGRQ).

Results: The intention-to-treat analysis was used in the study. A total of 94
participants completed the 6-month pulmonary rehabilitation program. No
statistically significant differences were observed in CAT (F13=7.78, P=.001),
Ex-SRES (F13=21.91, P<.001), and mMRC scores (F13=29.64, P<.001) between
the two groups with the variation in time tendency. The Ex-SRES score had a
significant effect on the CAT score (P=.03). The partial regression coefficient
of Ex-SRES to CAT was 0.81, and Exp (B) was 2.24.

Conclusions: The telemedicine technology was effective using the eCCM
combined with a behavioral intervention strategy centering on self-efficacy.
Pulmonary rehabilitation at home through PeR and FtF could improve the
sense of self-efficacy and quality of life and alleviate symptoms in patients
with COPD.

12 Jiang Y, Liu F, Guo J, et al. Evaluating an Intervention Program Using WeChat for Patients With Chronic Obstructive Pulmonary
Disease: Randomized Controlled Trial. / Med Internet Res. 2020;22(4):e17089. Published 2020 Apr 21.doi:10.2196/17089
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Jimenez-Reguera et al (2020) [Randomised Controlled Trial]
Development And Preliminary Evaluation Of The Effects Of An mHealth
Web-based Platform (HappyAir™) on Adherence To a Maintenance
Program After Pulmonary Rehabilitation In COPD Patients: Randomized
Controlled Trial®

Background: Pulmonary rehabilitation (PR) is one of the main interventions
to reduce the use of health resources, and it promotes a reduction in chronic
obstructive pulmonary disease (COPD) costs. mHealth systems in COPD aim
to improve adherence to maintenance programs after PR by promoting the
change in attitude and behavior necessary for patient involvement in the
management of the disease.

Objective: This study aimed to assess the effects of an integrated care plan
based on an mHealth web-based platform [HappyAir™)] on adherence to a 1-
year maintenance program applied after PR in COPD patients.

Methods: COPD patients from three hospitals were randomized to a control
group (CG) or an intervention group [HappyAir™ group [HG]]. Patients from
both groups received an 8-week program of PR and educational sessions
about their illness. After completion of the process, only the HG performed
an integrated care plan for 10 months, supervised by an mHealth system and
therapeutic educator. The CG only underwent the scheduled check-ups.
Adherence to the program was rated using the CAP FISIO questionnaire.
Other variables analyzed were adherence to physical activity (Morisky-
Green Test), quality of life (CAT, SGRQ and EuroQOL-5D), exercise capacity
(BMWT) and lung function.

Results: In total, 44 patients were recruited and randomized in the CG (n=24)
and HG (n=20). Eight patients dropped out for different reasons. The CAP
FISIO questionnaire results showed an improvement in adherence during
follow-up period for the HG, which was statistically different compared to
the CG at 12 months (56.1+4 vs 44+13.6; P=.004) after PR.

Conclusions: mHealth systems designed for COPD patients improve
adherence to maintenance programs, as long as they are accompanied by
disease awareness and patient involvement in management.

3 Jiménez-Reguera B, Maroto Lopez E, Fitch S, et al. Development And Preliminary Evaluation Of The Effects Of An mHealth
Web-based Platform (HappyAir™) on Adherence To a Maintenance Program After Pulmonary Rehabilitation In COPD
Patients: Randomized Controlled Trial [published online ahead of print, 2020 Jun 3). JMIR Mhealth Uhealth.
2020;10.2196/18465. doi:10.2196/18465
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Sink et al (2020) [Randomised Controlled Trial] Effectiveness of a Novel,
Automated Telephone Intervention on Time to Hospitalisation in Patients
With COPD: A Randomised Controlled Trial™

Introduction: Owing to its capacity to perform remote assessments,
telemedicine is rising as a new force in chronic obstructive pulmonary
disease (COPD) management. We conducted an eight month randomised-
controlled-trial to study the effect of an automated telemedicine
intervention on patients' time-to-hospitalisation.

Methods: A total of 168 patients with a diagnosis of COPD in the past 24
months were enrolled to receive the intervention at a primary care clinic. The
treatment group received daily phone messages from an automated system
asking them to report if they were breathing better than, worse than, or the
same as the day prior. Patients reported their breathing status by
responding to the text message or call. If a patient reported breathing worse,
an alert was sent directly to that patient's provider within the clinic. The
control group received the same daily phone messages as the treatment
group. However, no proactive breathing alerts were ever generated to the
provider for these subjects. The primary outcome was the subjects’ time-to-
first-COPD-related hospitalisation following the start of messages.

Results: The treatment group's time-to-hospitalisation was significantly
different than the control group's with a hazard ratio of 2.36 (95%
confidence interval 1.02-5.45, p=0.0443). The number needed-to-treat ratio
was 8.62. Subject engagement consistently ranged between 60% and 75%.
The treatment group received both proactive monitoring and follow-up care
from the providers.

Discussion: Active monitoring with provider feedback enables the detection
of exacerbation events early enough for subjects to avoid admissions. The
use of non-smartphone interventions reduces barriers to care presented by
more complicated and expensive technologies. This intervention represents
a simple, innovative, and inexpensive tool for improved COPD management.

14 Sink E, Patel K, Groenendyk J, et al. Effectiveness of a novel, automated telephone intervention on time to hospitalisation in
patients with COPD: A randomised controlled trial. / Telerned Telecare. 2020;26(3):132-139. doi:10.1177/1357633X18800211
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Boer et al (2019) [Randomised Controlled Trial] A Smart Mobile Health
Tool Versus a Paper Action Plan to Support Self-Management of Chronic
Obstructive Pulmonary Disease Exacerbations: Randomized Controlled
Trial®

Background: Many patients with chronic obstructive pulmonary disease
(COPD) suffer from exacerbations, a worsening of their respiratory
symptoms that warrants medical treatment. Exacerbations are often poorly
recognized or managed by patients, leading to increased disease burden and
health care costs.

Objective: This study aimed to examine the effects of a smart mobile health
(mHealth) tool that supports COPD patients in the self-management of
exacerbations by providing predictions of early exacerbation onset and
timely treatment advice without the interference of health care
professionals.

Methods: In a multicenter, 2-arm randomized controlled trial with 12-
months follow-up, patients with COPD used the smart mHealth tool
[intervention group] or a paper action plan [control group] when they
experienced worsening of respiratory symptoms. For our primary outcome
exacerbation-free time, expressed as weeks without exacerbation, we used
an automated telephone questionnaire system to measure weekly
respiratory symptoms and treatment actions. Secondary outcomes were
health status, self-efficacy, self-management behavior, health care
utilization, and usability. For our analyses, we used negative binomial
regression, multilevel logistic regression, and generalized estimating
equation regression models.

Results: Of the 87 patients with COPD recruited from primary and secondary
care centers, 43 were randomized to the intervention group. We found no
statistically significant differences between the intervention group and the
control group in exacerbation-free weeks (mean 30.6, SD 13.3 vs mean 28.0,
SD 14.8 weeks, respectively; rate ratio 1.21; 95% Cl 0.77-1.91) or in health
status, self-efficacy, self-management behavior, and health care utilization.
Patients using the mHealth tool valued it as a more supportive tool than
patients using the paper action plan. Patients considered the usability of the
mHealth tool as good.

Conclusions: This study did not show beneficial effects of a smart mHealth
tool on exacerbation-free time, health status, self-efficacy, self-

5 Boer L, Bischoff E, van der Heijden M, et al. A Smart Mobile Health Tool Versus a Paper Action Plan to Support Self-
Management of Chronic Obstructive Pulmonary Disease Exacerbations: Randomized Controlled Trial. JMIR Mhealth Uhealth.
2019;7(10):e14408. Published 2019 Oct 9. doi:10.2196/14408
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management behavior, and health care utilization in patients with COPD
compared with the use of a paper action plan. Participants were positive
about the supportive function and the usability of the mHealth tool. mHealth
may be a valuable alternative for COPD patients who prefer a digital tool
instead of a paper action plan.

Ancochea et al (2018) [Randomised Controlled Trial] Efficacy and Costs of
Telehealth for the Management of COPD: The PROMETE Il Trial'®

Chronic obstructive pulmonary disease (COPD) is a significant and largely
underdiagnosed cause of morbidity and mortality worldwide. More long-
term survivors with advanced disease have led to an ageing COPD
population profile with an increased level of acute exacerbations,
hospitalisations and polymorbidity.

Attention has been placed on identifying and validating innovative COPD care
models, such as telehealth, particularly for high-cost patients with severe
COPD and/or frequent acute exacerbations. Early intervention during an
exacerbation has been shown to reduce severity, duration and
hospitalisation rates, and may lead to a slower decline in lung function and
reduced clinical or social care costs.

Remote patient monitoring is often a key element of new care programmes
as it permits the regular collection of physiological and symptomatic data
from patients at home, which can be used to promptly identify exacerbations
and initiate treatment.

Previously, the PROMETE | study confirmed the practicality of a telehealth
intervention for severe COPD patients, and produced directional cost and
clinical benefit data. As a development and refinement of this study, the
larger and longer PROMETE Il project was designed. The primary objective
was to reduce the number of COPD exacerbations leading to emergency
department visits/hospital admissions with telehealth.

Broadbent et al (2018) [Randomised Controlled Trial] Using Robots at
Home to Support Patients With Chronic Obstructive Pulmonary Disease:
Pilot Randomized Controlled Trial"

Background: Socially assistive robots are being developed for patients to
help manage chronic health conditions such as chronic obstructive

6 Ancochea J, Garcia-Rio F, Vazquez-Espinosa E, et al. Efficacy and costs of telehealth for the management of COPD: the
PROMETE Il trial. £ur Respir /. 2018;51(5):1800354. Published 2018 May 30. doi:10.1183/13993003.00354-2018

7 Broadbent E, Garrett J, Jepsen N, et al. Using Robots at Home to Support Patients With Chronic Obstructive Pulmonary
Disease: Pilot Randomized Controlled Trial. /Med Internet Res. 2018;20(2):e45. Published 2018 Feb 13. doi:10.2196/jmir.8640
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pulmonary disease (COPD). Adherence to medication and availability of
rehabilitation are suboptimal in this patient group, which increases the risk
of hospitalization.

Objective: This pilot study aimed to investigate the effectiveness of a robot
delivering telehealth care to increase adherence to medication and home
rehabilitation, improve quality of life, and reduce hospital readmission
compared with a standard care control group.

Methods: At discharge from hospital for a COPD admission, 60 patients were
randomized to receive a robot at home for 4 months or to a control group.
Number of hospitalization days for respiratory admissions over the 4-month
study period was the primary outcome. Medication adherence, frequency of
rehabilitation exercise, and quality of life were also assessed.
Implementation interviews as well as benefit-cost analysis were conducted.
Results: Intention-to-treat and per protocol analyses showed no significant
differences in the number of respiratory-related hospitalizations between
groups. The intervention group was more adherent to their long-acting
inhalers (mean number of prescribed puffs taken per day=48.5%) than the
control group (mean 29.5%, P=.03, d=0.68) assessed via electronic recording.
Self-reported adherence was also higher in the intervention group after
controlling for covariates (P=.04). The intervention group increased their
rehabilitation exercise frequency compared with the control group (mean
difference -4.53,95% Cl -7.16 to -1.92). There were no significant differences
in quality of life. Of the 25 patients who had the robot, 19 had favorable
attitudes.

Conclusions: This pilot study suggests that a homecare robot can improve
adherence to medication and increase exercise. Further research is needed
with a larger sample size to further investigate effects on hospitalizations
after improvements are made to the robots. The robots could be especially
useful for patients struggling with adherence.
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Kwon et al (2018) [Randomised Controlled Trial] An mHealth
Management Platform for Patients With Chronic Obstructive Pulmonary
Disease (Efil Breath): Randomized Controlled Trial'®

Background: Chronic obstructive pulmonary disease (COPD) is one of the
major morbidities in public health, and the use of mHealth technology for
rehabilitation of patients with COPD can help increase physical activity and
ameliorate respiratory symptoms.

Objective: This study aimed to develop a comprehensive rehabilitation
management platform to improve physical activity and quality of life in
patients with COPD.

Methods: The study comprised the following 2 stages: 1. a pilot stage in
which a prototype app was developed; and 2. a fully-fledged platform
development stage in which 2 apps and 1 COPD patient monitoring website
were developed. We conducted a randomized clinical trial to investigate the
efficacy of the apps developed in the second stage of the study. In addition,
two 12-week exercise regimens [fixed and fixed-interactive] were tested for
the trial. The clinical parameters of the respiratory function and patient
global assessment (PGA) of the app were obtained and analyzed. Notably,
Android was the chosen operating system for apps.

Results: We developed 2 COPD rehabilitation apps and 1 patient monitoring
website. For the clinical trial, 85 patients were randomized into the following
3 groups: 57 were allocated to the 2 intervention groups and 28 to the
control group. After 6 weeks, the COPD assessment test scores were
significantly reduced in the fixed group (P=.01), and signs of improvement
were witnessed in the fixed-interactive group. In addition, the PGA score was
moderate or high in all aspects of the user experience of the apps in both
intervention groups.

Conclusions: A well-designed mobile rehabilitation app for monitoring and
managing patients with COPD can supplement or replace traditional center-
based rehabilitation programs and achieve improved patient health
outcomes.

'8 Kwon H, Lee S, Jung EJ, et al. An mHealth Management Platform for Patients with Chronic Obstructive Pulmonary Disease
(efil breath): Randomized Controlled Trial. JMIR Mhealth Uhealth. 2018;6(8):e10502. Published 2018 Aug 24. doi:10.2196/10502
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Soriano et al (2018) [Randomised Controlled Trial] A Multicentre,
Randomized Controlled Trial of Telehealth for the Management of COPD™
Background: Evidence is needed to determine the role of telehealth (TH) in
COPD management.

Methods: PROMETE Il was a multicentre, randomized, 12-month trial. Severe
COPD patients in stable condition were randomized to a specific monitoring
protocol with TH or routine clinical practice (RCP). The primary objective was
to reduce the number of COPD exacerbations leading to ER visits/hospital
admissions between groups.

Results: Overall, 237 COPD patients were screened, and 229 (96.6%) were
randomized to TH (n =115) or RCP (n =114), with age of 71 = 8 years and 80%
were men. Overall, 169 completed the full follow-up period. There were no
statistical differences at one year between groups in the proportion of
participants who had a COPD exacerbation (60% in TH vs. 53.5% in RCP; p =
0.321). There was, however, a marked but non-significant trend towards a
shorter duration of hospitalization and days in ICU in the TH group (18.9 +
16.0 and 6.0 + 4.6 days) compared to the RCP group (22.4 +19.5and 13.3 = 11.1
days). The number of all-cause deaths was comparable between groups (12
in TH vs. 13 in RCP) as was total resource utilization cost (7912€ in TH vs.
8918€ in RCP). Telehealth was evaluated highly positively by patients and
doctors.

Conclusions: Remote patient management did not reduce COPD-related ER
visits or hospital admissions compared to RCP within 12 months.

Tupper et al (2018) [Randomised Controlled Trial] Effect of Tele-Health
Care on Quality of Life in Patients With Severe COPD: A Randomized
Clinical Trial*°

Background and Objective: Telemonitoring (TM) of patients with COPD has
gained much interest, but studies have produced conflicting results. We
aimed to investigate the effect of TM with the option of video consultations
on quality of life (QoL) in patients with severe COPD.

Patients and Methods: COPD patients at high risk of exacerbations were
eligible for the 6-month study and a total of 281 patients were equally
randomized to either TM (n=141) or usual care (n=140). TM comprised

19 Soriano JB, Garcia-Rio F, Vazquez-Espinosa E, et al. A multicentre, randomized controlled trial of telehealth for the
management of COPD. Respir Med. 2018;144:74-81. doi:10.1016/.rmed.2018.10.008

20 Tupper OD, Gregersen TL, Ringbaek T, et al. Effect of tele-health care on quality of life in patients with severe COPD: a
randomized clinical trial. /nt/ Chiron Obstruct Pulmon Dis. 2018;13:2657-2662. Published 2018 Aug 29. doi:10.2147/COPD.S164121
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recording of symptoms, oxygen saturation, spirometry, and video
consultations. Algorithms generated alerts if readings breached thresholds.
Both groups filled in a health-related QoL questionnaire (15D°) and the COPD
Assessment Test (CAT) at baseline and at 6 months. Within-group
differences were analyzed by paired #-test.

Results: Most of the enrolled patients had severe COPD: 86% with Global
Initiative for Chronic Obstructive Lung Disease stage 3 or 4 and 45% with
admission for COPD within the last year, respectively. No difference in drop-
out rate and mortality was found between the groups, and likewise there
was no difference in 15D or CAT at baseline. At 6 months, a significant
improvement of 0.016 in 15D score (p=0.03; minimal clinically important
difference 0.015) was observed in the TM group compared to baseline, while
there was no improvement in the control group -0.003 (p=0.68). After
stratifying 15D score at baseline to <0.75 or 20.75, respectively, there was a
significant difference in the <0.75 TM group of 0.037 (p=0.001), which is a
substantial improvement. No statistically significant changes were found in
CAT score.

Conclusion: Compared to the nonintervention group, TM as an add-on to
usual care over a 6-month period improved Qol, as assessed by the 15D
questionnaire, in patients with severe COPD, whereas no difference between
groups was observed in CAT score.

Walker et al (2018) [Randomised Controlled Trial] Telemonitoring in
Chronic Obstructive Pulmonary Disease (CHROMED). A Randomized
Clinical Trial*'

Rationale: Early detection of chronic obstructive pulmonary disease (COPD)
exacerbations using telemonitoring of physiological variables might reduce
the frequency of hospitalization.

Objectives: To evaluate the efficacy of home monitoring of lung mechanics
by the forced oscillation technique and cardiac parameters in older patients
with COPD and comorbidities.

Methods: This multicenter, randomized clinical trial recruited 312 patients
with Global Initiative for Chronic Obstructive Lung Disease grades |l to IV
COPD (median age, 71 yr [interquartile range, 66-76 yr]; 49.6% grade Il, 50.4%
grades llI-1V), with a history of exacerbation in the previous year and at least
one nonpulmonary comorbidity. Patients were randomized to usual care (n =

2'\Walker PP, Pompilio PP, Zanaboni P, et al. Telemonitoring in Chronic Obstructive Pulmonary Disease (CHROMED). A
Randomized Clinical Trial. Arm/ Respir Crit Care Med, 2018;198(5):620-628. doi:10.1164/rccm.201712-24040C
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158) or telemonitoring (n = 154) and followed for 9 months. All
telemonitoring patients self-assessed lung mechanics daily, and in a
subgroup with congestive heart failure (n = 37) cardiac parameters were also
monitored. An algorithm identified deterioration, triggering a telephone
contact to determine appropriate interventions.

Measurements and Main Results: Primary outcomes were time to first
hospitalization (TTFH) and change in the EuroQol EQ-5D utility index score.
Secondary outcomes included: rate of antibiotic/corticosteroid prescription;
hospitalization; the COPD Assessment Tool, Patient Health Questionnaire-9,
and Minnesota Living with Heart Failure questionnaire scores; quality-
adjusted life years; and healthcare costs. Telemonitoring did not affect TTFH,
EQ-5D utility index score, antibiotic prescriptions, hospitalization rate, or
questionnaire scores. In an exploratory analysis, telemedicine was
associated with fewer repeat hospitalizations (-54%; P = 0.017).

Conclusions: In older patients with COPD and comorbidities, remote
monitoring of lung function by forced oscillation technique and cardiac
parameters did not change TTFH and EQ-5D.

Bourne et al (2017) [Randomised Controlled Trial] Online Versus Face-To-
Face Pulmonary Rehabilitation for Patients With Chronic Obstructive
Pulmonary Disease: Randomised Controlled Trial*

Objective: To obtain evidence whether the online pulmonary
rehabilitation(PR) programme 'my-PR' is non-inferior to a conventional face-
to-face PR in improving physical performance and symptom scores in
patients with COPD.

Design: A two-arm parallel single-blind, randomised controlled trial.
Setting: The online arm carried out pulmonary rehabilitation in their own
homes and the face to face arm in a local rehabilitation facility.

Participants: 90 patients with a diagnosis of chronic obstructive pulmonary
disease (COPD), modified Medical Research Council score of 2 or greater
referred for pulmonary rehabilitation (PR), randomised in a 2:1 ratio to online
(n=64) or face-to-face PR (n=26). Participants unable to use an internet-
enabled device at home were excluded.

Main Outcome Measures: Coprimary outcomes were 6 min walk distance
test and the COPD assessment test (CAT) score at completion of the
programme.

22 Bourne S, DeVos R, North M, et al. Online versus face-to-face pulmonary rehabilitation for patients with chronic obstructive
pulmonary disease: randomised controlled trial. BM/ Open. 2017;7(7):e014580. Published 2017 Jul 17. doi:10.1136/bmjopen-

2016-014580
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Interventions: A 6-week PR programme organised either as group sessions
in a local rehabilitation facility, or online PR via log in and access to 'myPR'.
Results: The adjusted mean difference for the 6 min walk test (6MWT)
between groups for the intention-to-treat (ITT) population was 23.8 m with
the lower 95% Cl well above the non-inferiority threshold of -40.5 mat -4.5
m with an upper 95% Cl of +52.2 m. This result was consistent in the per-
protocol (PP) population with a mean adjusted difference of 15 m (-13.7 to
43.8). The CAT score difference in the ITT was -1.0 in favour of the online
intervention with the upper 95% Cl well below the non-inferiority threshold
of 1.8 at 0.86 and the lower 95% Cl of -2.9. The PP analysis was consistent
with the ITT.

Conclusion: PR is an evidenced-based and guideline-mandated intervention
for patients with COPD with functional limitation. A 6-week programme of
online-supported PR was non-inferior to a conventional model delivered in
face-to-face sessions in terms of effects on 6BMWT distance, and symptom
scores and was safe and well tolerated.

Chaplin et al (2017) [Randomised Controlled Trial] Interactive Web-Based
Pulmonary Rehabilitation Programme: A Randomised Controlled
Feasibility Trial*

Objectives: The aim of this study was to determine if an interactive web-
based pulmonary rehabilitation (PR) programme is a feasible alternative to
conventional PR.

Design: Randomised controlled feasibility trial.

Setting: Participants with a diagnosis of chronic obstructive pulmonary
disease were recruited from PR assessments, primary care and community
rehabilitation programmes. Patients randomised to conventional
rehabilitation started the programme according to the standard care at their
referred site on the next available date.

Participants: 103 patients were recruited to the study and randomised: 52 to
conventional rehabilitation (mean (+SD) age 66 (+8) years, Medical Research
Council (MRC) 3 (IQR2-4)); 51 to the web arm (mean (+SD) age 66 (+10) years,
MRC 3 (IQR2-4)). Participants had to be willing to participate in either arm of
the trial, have internet access and be web literate.

Interventions: Patients randomised to the web-based programme worked
through the website, exercising and recording their progress as well as

23 Chaplin €, Hewitt S, Apps L, et al. Interactive web-based pulmonary rehabilitation programme: a randomised controlled
feasibility trial. BM/ Open. 2017;7(3):e013682. Published 2017 Mar 31. doi:10.1136/bmjopen-2016-013682
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reading educational material. Conventional PR consisted of twice weekly, 2
hourly sessions, an hour for exercise training and an hour for education.
Outcome Measures: Recruitment rates, eligibility, patient preference and
dropout and completion rates for both programmes were collected.
Standard outcomes for a PR assessment including measures of exercise
capacity and quality of life questionnaires were also evaluated.

Results: A statistically significant improvement (p=<0.01) was observed within
each group in the endurance shuttle walk test (WEB: mean change 189+211.1;
PR classes: mean change 184.5+247.4 s) and Chronic Respiratory disease
Questionnaire-Dyspnoea (CRQ-D; WEB: mean change 0.7+1.2; PR classes:
mean change 0.8+1.0). However, there were no significant differences
between the groups in any outcome. Dropout rates were higher in the web-
based programme (57% vs 23%).

Conclusions: An interactive web-based PR programme is feasible and
acceptable when compared with conventional PR. Future trials maybe
around choice-based PR programmes for select patients enabling
stratification of patient care.

Farmer et al (2017) [Randomised Controlled Trial] Self-Management
Support Using a Digital Health System Compared With Usual Care for
Chronic Obstructive Pulmonary Disease: Randomized Controlled Trial**
Background: We conducted a randomized controlled trial of a digital health
system supporting clinical care through monitoring and self-management
support in community-based patients with moderate to very severe chronic
obstructive pulmonary disease (COPD).

Objective: The aim of this study was to determine the efficacy of a fully
automated Internet-linked, tablet computer-based system of monitoring
and self-management support (EDGE' sElf-management anD support
proGrammeE) in improving quality of life and clinical outcomes.

Methods: We compared daily use of EDGE with usual care for 12 months. The
primary outcome was COPD-specific health status measured with the St
George's Respiratory Questionnaire for COPD (SGRQ-C).

Results: A total of 166 patients were randomized: 110 EDGE vs. 56 usual care.
All patients were included in an intention to treat analysis. The estimated
difference in SGRQ-C at 12 months was -1.7 with a 95% Cl of -6.6 to 3.2
(p=.49). The relative risk of hospital admission for EDGE was 0.83 (0.56-1.24,

24 Farmer A, Williams V, Velardo C, et al. Self-Management Support Using a Digital Health System Compared With Usual Care
for Chronic Obstructive Pulmonary Disease: Randomized Controlled Trial. /Med Interriet Res. 2017:19(5):e144. Published 2017

May 3. doi:10.2196/jmir. 7116
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p=.37) compared with usual care. Generic health status (EQ-5D, EuroQol 5-
Dimension Questionnaire) between the groups differed significantly with
better health status for the EDGE group (0.076, 95% CI 0.008-0.14, P=.03).
The median number of visits to general practitioners for EDGE versus usual
care were 4 versus 5.5 (p=.06) and to practice nurses were 1.5 versus 2.5
(p=.03), respectively.

Conclusions: The EDGE clinical trial does not provide evidence for an effect
on COPD-specific health status in comparison with usual care, despite
uptake of the intervention. However, there appears to be an overall benefit in
generic health status; and the effect sizes for improved depression score,
reductions in hospital admissions, and general practice visits warrants
further evaluation and could make an important contribution to supporting
people with COPD.

Rixon et al (2017) [Randomised Controlled Trial] A RCT of Telehealth for
COPD Patient's Quality of Life: The Whole System Demonstrator
Evaluation®

Introduction and Objectives: Despite some concerns that the introduction of
telehealth (TH) may lead to reductions in quality of life (QoL), lower mood
and increased anxiety in response to using assistive technologies to reduce
health care utilisation and manage long term conditions, this research
focuses on the extent to which providing people with tools to monitor their
condition can improve QoL.

Methods: The Chronic Obstructive Pulmonary Disease (COPD) cohort of the
Whole Systems Demonstrator Trialis a pragmatic General Practitioner (GP)
clustered randomised controlled trial (RCT) evaluating TH in the UK from
three regions in England. All patients at a participating GP practice were
deemed eligible for inclusion in the study if they were diagnosed with COPD.
Results: 447 participants completed baseline and either a short [4 months]
or long term [12 months] follow-up. There was a trend of improved QoL and
mood in the TH group at longer-term follow-up, but not short term follow-
up. Emotional functioning (g = 0.280 95%(Cl, 0.051-0.510) and mastery
reached (g = 2.979 95%(Cl, 0-0.46) significance at P < 0.05 [all Hedges g <0.3].
Conclusions: TH showed minimal benefit to QoL in COPD patients who were
not preselected to be at increased risk of acute exacerbations. Benefits were
more likely in disease specific measures at longer term follow-up. THis a

25 Rixon L, Hirani SP, Cartwright M, et al. A RCT of telehealth for COPD patient's quality of life: the whole system demonstrator
evaluation. (lin Respir /. 2017;11(4):459-469. doi:10.1111/crj12359


https://pubmed.ncbi.nlm.nih.gov/26260325/
https://pubmed.ncbi.nlm.nih.gov/26260325/
https://pubmed.ncbi.nlm.nih.gov/26260325/

National Health Library and Knowledge Service | Evidence Team
CURRENT ASAT 2JULY 2020

Chapter 5: Telemedicine and COPD

VERSION 1.0

complex intervention and should be embedded in a service that is evidenced
based. Outcome measures must be sensitive enough to detect changesin
the target population for the specific intervention.

Shah et al (2017) [Randomised Controlled Trial] Exacerbations in Chronic
Obstructive Pulmonary Disease: Identification and Prediction Using a
Digital Health System?®

Background: Chronic obstructive pulmonary disease (COPD) is a progressive,
chronic respiratory disease with a significant socioeconomic burden.
Exacerbations, the sudden and sustained worsening of symptoms, can lead
to hospitalization and reduce quality of life. Major limitations of previous
telemonitoring interventions for COPD include low compliance, lack of
consensus on what constitutes an exacerbation, limited numbers of
patients, and short monitoring periods. \We developed a telemonitoring
system based on a digital health platform that was used to collect data from
the 1-year EDGE [Self-Management and Support Programme] COPD clinical
trial aiming at daily monitoring in a heterogeneous group of patients with
moderate to severe COPD.

Objective: The objectives of the study were as follows: first, to develop a
systematic and reproducible approach to exacerbation identification and to
track the progression of patient condition during remote monitoring; and
second, to develop a robust algorithm able to predict COPD exacerbation,
based on vital signs acquired from a pulse oximeter.

Methods: We used data from 110 patients, with a combined monitoring
period of more than 35,000 days. We propose a finite-state machine-based
approach for modeling COPD exacerbation to gain a deeper insight into COPD
patient condition during home monitoring to take account of the time course
of symptoms. A robust algorithm based on short-period trend analysis and
logistic regression using vital signs derived from a pulse oximeter is also
developed to predict exacerbations.

Results: On the basis of 27,260 sessions recorded during the clinical trial with
average usage of 5.3 times per week for 12 months, there were 361
exacerbation events. There was considerable variation in the length of
exacerbation events, with a mean length of 8.8 days. The mean value of
oxygen saturation was lower, and both the pulse rate and respiratory rate
were higher before an impending exacerbation episode, compared with
stable periods. On the basis of the classifier developed in this work,

26 Shah SA, Velardo C, Farmer A, Tarassenko L. Exacerbations in Chronic Obstructive Pulmonary Disease: Identification and
Prediction Using a Digital Health System. /Med Internet Res. 201719(3):e69. Published 2017 Mar 7. doi:10.2196/jmir.7207

107


https://pubmed.ncbi.nlm.nih.gov/28270380/
https://pubmed.ncbi.nlm.nih.gov/28270380/
https://pubmed.ncbi.nlm.nih.gov/28270380/

National Health Library and Knowledge Service | Evidence Team
CURRENT ASAT 2JULY 2020

Chapter 5: Telemedicine and COPD

VERSION 1.0

prediction of COPD exacerbation episodes with 60%-80% sensitivity will
result in 68%-36% specificity.

Conclusions: All 3 vital signs acquired from a pulse oximeter U pulse rate,
oxygen saturation, and respiratory rate U are predictive of COPD
exacerbation events, with oxygen saturation being the most predictive,
followed by respiratory rate and pulse rate. Combination of these vital signs
with a robust algorithm based on machine learning leads to further
improvement in positive predictive accuracy.

Tsai et al (2017) [Randomised Controlled Trial] Home-based
Telerehabilitation via Real-Time Videoconferencing Improves Endurance
Exercise Capacity in Patients With COPD: The Randomized Controlled
TeleR Study?’

Background and Objective: Telerehabilitation has the potential to increase
access to pulmonary rehabilitation (PR) for patients with COPD who have
difficulty accessing centre-based PR due to poor mobility, lack of transport
and cost of travel. We aimed to determine the effect of supervised, home-
based, real-time videoconferencing telerehabilitation on exercise capacity,
self-efficacy, health-related quality of life (HRQoL) and physical activity in
patients with COPD compared with usual care without exercise training.
Methods: Patients with COPD were randomized to either a supervised home-
based telerehabilitation group (TG) that received exercise training three
times a week for 8 weeks or a control group (CG) that received usual care
without exercise training. Outcomes were measured at baseline and
following the intervention.

Results: Thirty-six out of 37 participants (mean + SD age = 74 + 8 years,
forced expiratory volume in1s (FEV; ) = 64 + 21% predicted) completed the
study. Compared with the CG, the TG showed a statistically significant
increase in endurance shuttle walk test time (mean difference = 340 s (95%
Cl:153-526, P < 0.001)), an increase in self-efficacy (mean difference = 8
points (95% Cl: 2-14, P < 0.007)), a trend towards a statistically significant
increase in the Chronic Respiratory Disease Questionnaire total score (mean
difference = 8 points (95% Cl: -1to 16, P = 0.07)) and no difference in physical
activity (mean difference = 475 steps per day (95% Cl: -200 to 1151, P = 0.16)).

27 Tsai LL, McNamara RJ, Moddel C, Alison JA, McKenzie DK, McKeough ZJ. Home-based telerehabilitation via real-time
videoconferencing improves endurance exercise capacity in patients with COPD: The randomized controlled TeleR
Study. Respirology. 2017;22(4):699-707. doi:10.1111/resp.12966
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Conclusion: This study showed that telerehabilitation improved endurance
exercise capacity and self-efficacy in patients with COPD when compared
with usual care.

Vasilopoulou et al (2017) [Randomised Controlled Trial] Home-based
Maintenance Tele-Rehabilitation Reduces the Risk for Acute
Exacerbations of COPD, Hospitalisations and Emergency Department
Visits?®

Pulmonary rehabilitation (PR) remains grossly underutilised by suitable
patients worldwide. \We investigated whether home-based maintenance
tele-rehabilitation will be as effective as hospital-based maintenance
rehabilitation and superior to usual care in reducing the risk for acute chronic
obstructive pulmonary disease (COPD) exacerbations, hospitalisations and
emergency department (ED) visits. Following completion of an initial 2-
month PR programme this prospective, randomised controlled trial between
December 2013 and July 2015 compared 12 months of home-based
maintenance tele-rehabilitation (n=47) with 12 months of hospital-based,
outpatient, maintenance rehabilitation (n=50) and also to 12 months of usual
care treatment (n=50) without initial PR. In a multivariate analysis during the
12-month follow-up, both home-based tele-rehabilitation and hospital-
based PR remained independent predictors of a lower risk for 1) acute COPD
exacerbation (incidence rate ratio (IRR) 0.517, 95% (I 0.389-0.687, and IRR
0.635, 95% Cl 0.473-0.853), respectively, and 2) hospitalisations for acute
COPD exacerbation (IRR 0.189, 95% CI 0.100-0.358, and IRR 0.375, 95% Cl
0.207-0.681), respectively. However, only home-based maintenance tele-
rehabilitation and not hospital-based, outpatient, maintenance PR was an
independent predictor of ED visits (IRR 0.116, 95% Cl 0.072-0.185). Home-
based maintenance tele-rehabilitation is equally effective as hospital-based,
outpatient, maintenance PR in reducing the risk for acute COPD exacerbation
and hospitalisations. In addition, it encounters a lower risk for ED visits,
thereby constituting a potentially effective alternative strategy to hospital-
based, outpatient, maintenance PR.

28 Vasilopoulou M, Papaioannou Al, Kaltsakas G, et al. Home-based maintenance tele-rehabilitation reduces the risk for acute
exacerbations of COPD, hospitalisations and emergency department visits. £urRespir /. 2017;49(5):1602129. Published 2017
May 25. doi:10.1183/13993003.02129-2016
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Velardo et al (2017) [Randomised Controlled Trial] Digital Health System
for Personalised COPD Long-Term Management®

Background: Recent telehealth studies have demonstrated minor impact on
patients affected by long-term conditions. The use of technology does not
guarantee the compliance required for sustained collection of high-quality
symptom and physiological data. Remote monitoring alone is not sufficient
for successful disease management. A patient-centred design approachis
needed in order to allow the personalisation of interventions and encourage
the completion of daily self-management tasks.

Methods: A digital health system was designed to support patients suffering
from chronic obstructive pulmonary disease in self-managing their
condition. The system includes a mobile application running on a consumer
tablet personal computer and a secure backend server accessible to the
health professionals in charge of patient management. The patient daily
routine included the completion of an adaptive, electronic symptom diary on
the tablet, and the measurement of oxygen saturation via a wireless pulse
oximeter.

Results: The design of the system was based on a patient-centred design
approach, informed by patient workshops. One hundred and ten patients in
the intervention arm of a randomised controlled trial were subsequently
given the tablet computer and pulse oximeter for a 12-month period.
Patients were encouraged, but not mandated, to use the digital health
system daily. The average used was 6.0 times a week by all those who
participated in the full trial. Three months after enrolment, patients were
able to complete their symptom diary and oxygen saturation measurement
in less than 1 m 40s [96% of symptom diaries]. Custom algorithms, based on
the self-monitoring data collected during the first 50 days of use, were
developed to personalise alert thresholds.

Conclusions: Strategies and tools aimed at refining a digital health
intervention require iterative use to enable convergence on an optimal,
usable design. Continuous improvement allowed feedback from users to
have an immediate impact on the design of the system such as collection of
quality data resulting in high compliance with self-monitoring over a
prolonged period of time. Health professionals were prompted by
prioritisation algorithms to review patient data, which led to their regular use
of the remote monitoring website throughout the trial.

2% \/elardo C, Shah SA, Gibson O, et al. Digital health system for personalised COPD long-term management. BMC Med Inform
Decis Mak. 2017:17(1):19. Published 2017 Feb 20. doi:10.1186/s12911-017-0414-8
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Cameron-Tucker et al (2016) [Randomised Controlled Trial] A Randomized
Controlled Trial of Telephone-Mentoring With Home-Based Walking
Preceding Rehabilitation in COPD3°

Purpose: With the limited reach of pulmonary rehabilitation (PR) and low
levels of daily physical activity in chronic obstructive pulmonary disease
(COPD), a need exists to increase daily exercise. This study evaluated
telephone health-mentoring targeting home-based walking [tele-
rehabilitation] compared to usual waiting time [usual care] followed by
group PR.

Patients and Methods: People with COPD were randomized to tele-rehab
[intervention] or usual care [controls]. Tele-rehab delivered by trained nurse
health-mentors supported participants' home-based walking over 8-12
weeks. PR, delivered to both groups simultaneously, included 8 weeks of
once-weekly education and self-management skills, with separate
supervised exercise. Data were collected at three time-points: baseline (TP1),
before (TP2), and after (TP3) pulmonary rehabilitation. The primary outcome
was change in physical capacity measured by 6-minute walk distance
(BMWD) with two tests performed at each time-point. Secondary outcomes
included changes in self-reported home-based walking, health-related
quality of life, and health behaviors.

Results: Of 65 recruits, 25 withdrew before completing PR. Forty attended a
median of 6 (4) education sessions. Seventeen attended supervised exercise
(5+2 sessions). Between TP1and TP2, there was a statistically significant
increase in the median 6MWD of 12 (39.1) m in controls, but no change in the
tele-rehab group. There were no significant changes in 6MWD between
other time-points or groups, or significant change in any secondary
outcomes. Participants attending supervised exercise showed a
nonsignificant improvement in 6MWD, 12.3 (71) m, while others showed no
change, 0 (33) m. The mean 6MWD was significantly greater, but not
clinically meaningful, for the second test compared to the first at all time-
points.

Conclusion: Telephone-mentoring for home-based walking demonstrated
no benefit to exercise capacity. Two 6-minute walking tests at each time-

30 Cameron-Tucker HL, Wood-Baker R, Joseph L, Walters JA, Schiiz N, Walters EH. A randomized controlled trial of telephone-
mentoring with home-based walking preceding rehabilitation in COPD. /it Chron Obstruct Pulmon Dis. 2016;11:1991-2000.
Published 2016 Aug 25. doi:10.2147/COPD.S109820
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point may not be necessary. Supervised exercise seems essential in PR. The
challenge of incorporating exercise into daily life in COPD is substantial.

Chatwin et al (2016) [Randomised Controlled Trial] Randomised
Crossover Trial of Telemonitoring in Chronic Respiratory Patients
(TeleCRAFT Trial)*'

Design: Randomised crossover trial with 6 months of standard best practice
clinical care [control group] and 6 months with the addition of
telemonitoring.

Participants: 68 patients with chronic lung disease (38 with COPD; 30 with
chronic respiratory failure due to other causes), who had a hospital
admission for an exacerbation within 6 months of randomisation and either
used long-term oxygen therapy or had an arterial oxygen saturation (Sp02)
of <90% on air during the previous admission. Individuals received
telemonitoring via broadband link to a hospital-based care team.

Outcome Measures: Primary outcome measure was time to first hospital
admission for an acute exacerbation. Secondary outcome measures were
hospital admissions, general practitioner consultations and home visits by
nurses, quality of life measured by EuroQol-5D and hospital anxiety and
depression (HAD) scale, and self-efficacy score (Stanford).

Results: Median (IQR) number of days to first admission showed no
difference between the two groups—77 (114) telemonitoring, 77.5 (61) control
(p=0.189). Hospital admission rate at 6 months increased (0.63
telemonitoring vs 0.32 control p=0.026). Home visits increased during
telemonitoring; GP consultations were unchanged. Self-efficacy fell, while
HAD depression score improved marginally during telemonitoring.
Conclusions: Telemonitoring added to standard care did not alter time to
next acute hospital admission, increased hospital admissions and home
visits overall, and did not improve quality of life in chronic respiratory
patients

31 Chatwin M, Hawkins G, Panicchia L, et al. Randomised crossover trial of telemonitoring in chronic respiratory patients
(TeleCRAFT trial). 7H0rax. 2016;71(4):305-311. doi10.1136/thoraxjnl-2015-207045
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Cordova et al (2016) [Randomised Controlled Trial] A Telemedicine-Based

Intervention Reduces the Frequency and Severity of COPD Exacerbation
Symptoms: A Randomized Controlled Trial**

Background: Patients with chronic obstructive pulmonary disease (COPD)
may not recognize worsening symptoms that require intensification of
therapy. They may also be reluctant to contact a healthcare provider for
minor worsening of symptoms. A telemedicine application for daily
symptom reporting may reduce these barriers and improve patient
outcomes.

Materials and Methods: Patients hospitalized for a COPD exacerbation within
the past year or using supplemental 02 were approached for participation.
Patients received optimal COPD care and were given a telecommunication
device for symptom reporting. Initial symptom scores were obtained while
patients were in their usual state of health. Patients were randomly assigned
to an intervention group or a control group [usual medical care]. The control
group patients were instructed to seek medical care if their condition
worsened. The intervention group symptom scores were assessed by a
computer algorithm and compared with initial values. Scores 1 or more
points above the initial score generated an alert, and patients were reviewed
by a nurse and referred to a physician who prescribed treatment.

Results: Eighty-six patients were screened; 79 met entry criteria and were
randomized (intervention group, n=39; control group, n=40). Twelve patients
submitted five or fewer symptom reports and were excluded from the
analysis. Daily peak flow and dyspnea scores improved only in the
intervention group. There were no differences in hospitalization and
mortality rates between groups. No serious adverse events were reported.
Conclusions: A telemedicine-based symptom reporting program facilitated
early treatment of symptoms and improved lung function and functional
status.

Franke et al (2016) [Randomised Controlled Trial] Telemonitoring of Home
Exercise Cycle Training in Patients With COPD*3

Background: Regular physical activity is associated with reduced mortality in
patients with chronic obstructive pulmonary disease (COPD). Interventions

32 Cordova FC, Ciccolella D, Grabianowski C, et al. A Telemedicine-Based Intervention Reduces the Frequency and Severity of
COPD Exacerbation Symptoms: A Randomized, Controlled Trial. 7elerned J £ Health. 2016;22(2):14-122.
doi:10.1089/tm;j.2015.0035

33 Franke KJ, Domanski U, Schroeder M, et al. Telemonitoring of home exercise cycle training in patients with COPD. /nt/ Chron
Obstruct Pulmon Dis. 2016;11:2821-2829. Published 2016 Nov 11. doi:10.2147/COPD.S114181
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to reduce time spent in sedentary behavior could improve outcomes. The
primary purpose was to investigate the impact of telemonitoring with
supportive phone calls on daily exercise times with newly established home
exercise bicycle training. The secondary aim was to examine the potential
improvement in health-related quality of life and physical activity compared
to baseline.

Methods: This prospective crossover-randomized study was performed
over 6 months in stable COPD patients. The intervention phase [domiciliary
training with supporting telephone calls] and the control phase [training
without phone calls] were randomly assigned to the first or the last 3
months. In the intervention phase, patients were called once a week if they
did not achieve a real-time monitored daily cycle time of 20 minutes.
Secondary aims were evaluated at baseline and after 3 and 6 months.
Health-related quality of life was measured by the COPD Assessment Test
(CAT), physical activity by the Godin Leisure Time Exercise Questionnaire
(GLTEQ).

Results: Of the 53 included patients, 44 patients completed the study (forced
expiratory volume in 1second 47.5%=+15.8% predicted). In the intervention
phase, daily exercise time was significantly higher compared to the control
phase (24.2+9.4 versus 19.6+10.3 minutes). Compared to baseline (17.6+6.1),
the CAT-score improved in the intervention phase to 15.3+7.6 and in the
control phase to15.7+7.3 units. The GLTEQ-score increased from 12.2+12.1
points to 36.3+16.3 and 33.7+17.3.

Conclusion: Telemonitoring is a simple method to enhance home exercise
training and physical activity, improving health-related quality of life.

Ho et al (2016) [Randomised Controlled Trial] Effectiveness of
Telemonitoring in Patients With Chronic Obstructive Pulmonary Disease
in Taiwan-A Randomized Controlled Trial®*

Chronic obstructive pulmonary disease (COPD) is the leading cause of death
worldwide, and poses a substantial economic and social burden.
Telemonitoring has been proposed as a solution to this growing problem, but
its impact on patient outcome is equivocal. This randomized controlled trial
aimed to investigate effectiveness of telemonitoring in improving COPD
patient outcome. In total, 106 subjects were randomly assigned to the

34 Ho TW, Huang CT, Chiu HC, et al. Effectiveness of Telemonitoring in Patients with Chronic Obstructive Pulmonary Disease in
Taiwan-A Randomized Controlled Trial. 5S¢/ Rep. 2016;6:23797. Published 2016 Mar 31. doi:10.1038/srep23797
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telemonitoring (n = 53) or usual care (n = 53) group. During the two months
following discharge, telemonitoring group patients had to report their
symptoms daily using an electronic diary. The primary outcome measure
was time to first re-admission for COPD exacerbation within six months of
discharge. During the follow-up period, time to first re-admission for COPD
exacerbation was significantly increased in the telemonitoring group thanin
the usual care group (p = 0.026). Telemonitoring was also associated with a
reduced number of all-cause re-admissions (0.23 vs. 0.68/patient; p = 0.002)
and emergency room visits (0.36 vs. 0.91/patient; p = 0.006). In conclusion,
telemonitoring intervention was associated with improved outcomes among
COPD patients admitted for exacerbation in a country characterized by a
small territory and high accessibility to medical services. The findings are
encouraging and add further support to implementation of telemonitoring as
part of COPD care.

Ritchie et al (2016) [Randomised Controlled Trial] The E-Coach
Technology-Assisted Care Transition System: A Pragmatic Randomized
Trial®®

Care transitions from the hospital to home remain a vulnerable time for
many patients, especially for those with heart failure (CHF) and chronic
obstructive pulmonary disease (COPD). Despite regular use in chronic
disease management, it remains unclear how technology can best support
patients during their transition from the hospital. We sought to evaluate the
impact of a technology-supported care transition support program on
hospitalizations, days out of the community and mortality. Using a pragmatic
randomized trial, we enrolled patients (511 enrolled, 478 analyzed)
hospitalized with CHF/COPD to E-Coach, an intervention with condition-
specific customization and in-hospital and post-discharge support by a care
transition nurse (CTN), interactive voice response post-discharge calls, and
CTN follow-up versus usual post-discharge care (UC). The primary outcome
was 30-day rehospitalization. Secondary outcomes included 1.
rehospitalization and death; and 2. days in the hospital and out of the
community. E-Coach and UC groups were similar at baseline except for
gender imbalance (p = 0.02). After adjustment for gender, our primary
outcome, 30-day rehospitalization rates did not differ between the E-Coach
and UC groups (15.0 vs. 16.3 %, adjusted hazard ratio [95 % confidence

35 Ritchie CS, Houston TK, Richman JS, et al. The E-Coach technology-assisted care transition system: a pragmatic randomized
trial. 7ransl Behav Med. 2016;6(3):428-437. doi10.1007/s13142-016-0422-8
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interval]: 0.94 [0.60, 1.49]). However, in the COPD subgroup, E-Coach was
associated with significantly fewer days in the hospital (0.5 vs. 1.6, p = 0.03).
E-Coach, an IVR-augmented care transition intervention did not reduce
rehospitalization. The positive impact on our secondary outcome (days in
hospital) among COPD patients, but not in CHF, may suggest that E-Coach
may be more beneficial among patients with COPD.

Talboom-Kamp et al (2016) [Randomised Controlled Trial] e-Vita: Design
of an Innovative Approach to COPD Disease Management in Primary Care
Through eHealth Application3®

Background: COPD is a highly complex disease to manage as patients show
great variation in symptoms and limitations in daily life. In the last decade
self-management support of COPD has been introduced as an effective
method to improve quality and efficiency of care, and to reduce healthcare
costs. Despite the urge to change the organisation of health care and the
potential of eHealth to support this, large-scale implementation in daily
practice remains behind, especially in the Netherlands.

Methods: We designed a multilevel study, called e-Vita, to investigate
different organisational implementation methods of a self-management
web portal to support and empower patients with COPD in three different
primary care settings. Using a parallel cohort design, the clinical effects of
the web portal will be assessed using an interrupted times series (ITS) study
design and measured according to changes in health status with the Clinical
COPD Questionnaire (CCQ). The different implementations and net benefits
of self-management through eHealth on clinical outcomes will be evaluated
from human, organisational, and technical perspectives.

Discussion: To our knowledge this is the first study to combine different
study designs that enable simultaneous investigation of clinical effects, as
well as effects of different organisational implementation methods whilst
controlling for confounding effects of the organisational characteristics. \We
hypothesize that an implementation with higher levels of personal
assistance, and integrated in an existing care program will result in increased
use of and satisfaction with the platform, thereby increasing health status
and diminishing exacerbation and hospitalisation.

36 Talboom-Kamp EP, Verdijk NA, Blom CM, et al. e-Vita: design of an innovative approach to COPD disease management in
primary care through eHealth application. BMC Pulm Med. 2016;16(1):121. Published 2016 Aug 16. doi:10.1186/s12890-016-0282-
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Vianello et al (2016) [Randomised Controlled Trial] Home Telemonitoring
for Patients With Acute Exacerbation of Chronic Obstructive Pulmonary
Disease: A Randomized Controlled Trial*’

Background: Although a number of studies have suggested that the use of
Telemonitoring (TM) in patients with Chronic Obstructive Pulmonary Disease
(COPD) can be useful and efficacious, its real utility in detecting Acute
Exacerbation (AE) signaling the need for prompt treatment is not entirely
clear. The current study aimed to investigate the benefits of a TM system in
managing AE in advanced-stage COPD patients to improve their Health-
Related Quality of Life (HRQL) and to reduce utilization of healthcare
services.

Methods: A 12-month Randomised Controlled Trial (RCT) was conducted in
the Veneto region of Italy. Adult patients diagnosed with Class llI-IV COPD in
accordance with the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) classification were recruited and provided a TM system to alert the
clinical staff via a trained operator whenever variations in respiratory
parameters fell beyond the individual's normal range. The study's primary
endpoint was HRQL, measured by the Italian version of the two Short Form
36-item Health Survey (SF36v2). Its secondary endpoints were: scores on the
Hospital Anxiety and Depression Scale (HADS); the number and duration of
hospitalizations; the number of readmissions; the number of appointments
with a pulmonary specialist; the number of visits to the emergency
department; and the number of deaths.

Results: Three hundred thirty-four patients were enrolled and randomized
into two groups for a 1-year period. At its conclusion, changes in the SF36
Physical and Mental Component Summary scores did not significantly differ
between the TM and control groups [(-2.07 (8.98) vs -1.91(7.75); p = 0.889
and -1.08 (11.30) vs -1.92 (10.92); p = 0.5754, respectively]. Variations in HADS
were not significantly different between the two groups [0.85 (3.68) vs 0.62
(3.6); p=0.65and 0.50 (4.3) vs 0.72 (4.5); p = 0.71]. The hospitalization rate for
AECOPD and/or for any cause was not significantly different in the two
groups [IRR = 0.89 (95% C1 0.79-1,04); p = 0.16 and IRR = 0.91(95% CI 0,75 -
1.04); p = 0.16, respectively]. The readmission rate for AECOPD and/or any
cause was, however, significantly lower in the TM group with respect to the

37Vianello A, Fusello M, Gubian L, et al. Home telemonitoring for patients with acute exacerbation of chronic obstructive
pulmonary disease: a randomized controlled trial. BMC Pulrm Med. 2016;16(1):157. Published 2016 Nov 22. doi:10.1186/s12890-
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control one [IRR = 0.43 (95% Cl 0.19-0.98); p = 0.01 and 0.46 (95% Cl 0.24-
0.89); p = 0.01, respectively].

Conclusion: Study results showed that in areas where medical services are
well established, TM does not significantly improve HRQL in patients with
COPD who develop AE. Although not effective in reducing hospitalizations,
TM can nevertheless facilitate continuity of care during hospital-to-home
transition by reducing the need for early readmission.

Vitacca et al (2016) [Randomised Controlled Trial] Is There Any Additional
Effect of Tele-Assistance on Long-Term Care Programmes in Hypercapnic
COPD Patients? A Retrospective Study?>2

The evidence for tele-assistance (TA) in hypercapnic chronic obstructive
pulmonary disease (COPD) patients on long-term oxygen therapy (LTOT) is
scarce. The aim of this study was to evaluate the effects of addition of long-
term TA to LTOT with or without non-invasive ventilation (NIV) in these
patients. Retrospective analysis of a previous randomised study of patients
on LTOT. According to the care programme patients were divided into Group
1: LTOT; Group 2: LTOT + NIV; Group 3: LTOT + TAand Group 4: LTOT + NIV+TA.
Primary Outcomes: Time to first exacerbation and hospitalisation during 12
months of long-term care. Risk of exacerbation was statistically different
among groups (p = 0.0002). TA addition to NIV significantly reduced
exacerbation risk when compared with that to all groups. Hospitalisation risk
was statistically different among groups (p = 0.049). Addition of TAto LTOT
but not to NIV significantly reduced hospitalisation risk when compared to
Group 1(p = 0.013). Risk of mortality did not differ among groups (p = 0.074).
In chronically hypercapnic COPD patients on LTOT, 1. TA alone and with
greater efficacy when combined with NIV may reduce the frequency of
exacerbations and 2. TA added to LTOT, but not to NIV, may reduce the
frequency of hospitalisations.

38 \/itacca M, Paneroni M|, Grossetti F, Ambrosino N. Is There Any Additional Effect of Tele-Assistance on Long-Term Care
Programmes in Hypercapnic COPD Patients? A Retrospective Study. COPD. 2016;13(5):576-582.
doi10.3109/15412555.2016.1147542
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Vorrink et al (2016) [Randomised Controlled Trial] Efficacy of an mHealth
Intervention to Stimulate Physical Activity in COPD Patients After
Pulmonary Rehabilitation?®

Physical inactivity in patients with chronic obstructive pulmonary disease
(COPD) is associated with poor health status and increased disease burden.
The present study aims to test the efficacy of a previously developed mobile
(m)Health intervention to improve or maintain physical activity in patients
with COPD after pulmonary rehabilitation. A randomised controlled trial was
performed in 32 physiotherapy practices in the Netherlands. COPD patients
were randomised into intervention or usual care groups. The intervention
consisted of a smartphone application for the patients and a monitoring
website for the physiotherapists. Measurements were performed at 0, 3, 6
and 12 months. Physical activity, functional exercise capacity, lung function,
health-related quality of life and body mass index were assessed.157
patients started the study and 121 completed it. There were no significant
positive effects of the intervention on physical activity (at 0 months:
intervention 5824+3418 steps per weekday, usual care 57172870 steps per
weekday; at T2 months: intervention 48192526 steps per weekday, usual
care 4950+2634 steps per weekday; p=0.811) or on the secondary end-
points. There was a significant decrease over time in physical activity
(p<0.001), lung function (p<0.001) and mastery (p=0.017), but not in
functional exercise capacity (p=0.585). Although functional exercise capacity
did not deteriorate, our mHealth intervention did not improve or maintain
physical activity in patients with COPD after a period of pulmonary
rehabilitation.

Zanaboni et al (2016) [Randomised Controlled Trial] Long-term Integrated
Telerehabilitation of COPD Patients: A Multicentre Randomised
Controlled Trial (iTrain)*°

Background: Pulmonary rehabilitation (PR) is an effective intervention for the
management of people with chronic obstructive pulmonary disease (COPD).
However, available resources are often limited, and many patients bear with
poor availability of programmes. Sustaining PR benefits and regular exercise
over the long term is difficult without any exercise maintenance strategy. In
contrast to traditional centre-based PR programmes, telerehabilitation may

39Vorrink SN, Kort HS, Troosters T, Zanen P, Lammers JJ. Efficacy of an mHealth intervention to stimulate physical activity in
COPD patients after pulmonary rehabilitation. £ur Respir /. 2016;48(4):1019-1029. doi:10.1183/13993003.00083-2016

40 Zanaboni P, Dinesen B, Hjalmarsen A, et al. Long-term integrated telerehabilitation of COPD Patients: a multicentre
randomised controlled trial (iTrain). BMC Pulm Med. 2016;16(1):126. Published 2016 Aug 22. doi:10.1186/512890-016-0288-z
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promote more effective integration of exercise routines into daily life over
the longer term and broaden its applicability and availability. A few studies
showed promising results for telerehabilitation, but mostly with short-term
interventions. The aim of this study is to compare long-term
telerehabilitation with unsupervised exercise training at home and with
standard care.

Methods: An international multicentre randomised controlled trial
conducted across sites in three countries will recruit 120 patients with COPD.
Participants will be randomly assigned to telerehabilitation, treadmill and
control, and followed up for 2 years. The telerehabilitation intervention
consists of individualised exercise training at home on a treadmill,
telemonitoring by a physiotherapist via videoconferencing using a tablet
computer, and self-management via a customised website. Patients in the
treadmill arm are provided with a treadmill only to perform unsupervised
exercise training at home. Patients in the control arm are offered standard
care. The primary outcome is the combined number of hospitalisations and
emergency department presentations. Secondary outcomes include
changes in health status, quality of life, anxiety and depression, self-efficacy,
subjective impression of change, physical performance, level of physical
activity, and personal experiences in telerehabilitation.

Discussion: This trial will provide evidence on whether long-term
telerehabilitation represents a cost-effective strategy for the follow-up of
patients with COPD. The delivery of telerehabilitation services will also
broaden the availability of PR and maintenance strategies, especially to
those living in remote areas and with no access to centre-based exercise
programmes.

Dyrvig et al (2015) [Cohort Study] A Cohort Study Following Upona
Randomised Controlled Trial of a Telemedicine Application in COPD
Patients"'

Introduction: The studies that constitute the knowledge base of evidence
based medicine represent only 5%-50% of patients seen in routine clinical
practice. Therefore, whether the available evidence applies to the
implementation of a particular service often remains unclear. Chronic
obstructive pulmonary disease (COPD) is no exception.

Methods: In this article, the effects of implementing a telemedicine
intervention for COPD patients were analysed using data collected before,

“1 Dyrvig AK, Gerke 0, Kidholm K, Vondeling H. A cohort study following up on a randomised controlled trial of a telemedicine
application in COPD patients. / Telerned Telecare. 2015;21(7):377-384. doi:10.1177/1357633X15572202
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during, and after a randomised controlled trial (RCT).More specifically,
regression techniques using robust variance estimators were used to
analyse whether the use of telemedicine, patient age, and gender could
explain the risk of readmission, length of hospital admission, and death
during a five-year observation period.

Results: Increased risk of readmission was significantly related to both use
of telemedicine and increased age in three sub-periods of the study,
whereas women showed a more pronounced risk of readmission than men
only during and after the RCT period. The number of days admitted to
hospital was higher for patients using telemedicine and being of older age.
Risk of death during the observation period was decreased for patients using
telemedicine and for female patients and increased for elderly patients. No
interaction between intervention and time period was observed.Statistically
significant relationships were identified between use of telemedicine and
risk of readmission, days admitted to hospital, and death.

Discussion: Research on effect modification in telemedicine is essential in
designing future implementation of interventions as it cannot be taken for
granted that effectiveness follows from efficacy.

Jakobsen et al (2015) [Randomised Controlled Trial] Home-based
Telehealth Hospitalization for Exacerbation of Chronic Obstructive
Pulmonary Disease: Findings From The Virtual Hospital Trial*?
Background: Telehealth interventions for patients with chronic obstructive
pulmonary disease (COPD) have focused primarily on stable outpatients.
Telehealth designed to handle the acute exacerbation that normally requires
hospitalization could also be of interest. The aim of this study was to
compare the effect of home-based telehealth hospitalization with
conventional hospitalization for exacerbation in severe COPD.

Materials and Methods: A two-center, noninferiority, randomized, controlled
effectiveness trial was conducted between June 2010 and December 2011.
Patients with severe COPD admitted because of exacerbation were
randomized 1:1 either to home-based telehealth hospitalization or to
continue standard treatment and care at the hospital. The primary outcome
was treatment failure defined as re-admission due to exacerbation in COPD
within 30 days after initial discharge. The noninferiority margin was set at
20% of the control group's risk of re-admission. Secondary outcomes were

42 Jakobsen AS, Laursen LC, Rydahl-Hansen S, et al. Home-based telehealth hospitalization for exacerbation of chronic
obstructive pulmonary disease: findings from "the virtual hospital" trial. 7elerned J € Health. 2015;21(5):364-373.
doi:10.1089/tm;j.2014.0098
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mortality, need for manual or mechanical ventilation or noninvasive
ventilation, length of hospitalization, physiological parameters, health-
related quality of life, user satisfaction, healthcare costs, and adverse
events.

Results: In total, 57 patients were randomized: 29 participants in the
telehealth group and 28 participants in the control group. Testing the
incidence of re-admission within 30 days after discharge could not confirm
noninferiority (lower 95% confidence limit, -24.8%; p=0.35). Results were
also nonsignificant at 90 days (lower 95% CL, -16.2%; p=0.33) and 180 days
(lower 95% CL, -16.6%; p =0.33) after discharge. Superiority testing on
secondary outcomes showed nonsignificant differences between groups.
Healthcare costs have not yet been evaluated.

Conclusions: Whether home-based telehealth hospitalization is noninferior
to conventional hospitalization requires further investigation. The results
indicate that a subgroup of patients with severe COPD can be treated for
acute exacerbation at home using telehealth, without the physical presence
of health professionals and with a proper organizational back-up.

McDowell et al (2015) [Randomised Controlled Trial] A Randomised
Clinical Trial of the Effectiveness of Home-Based Health Care With
Telemonitoring in Patients With COPD**

We studied the effect of telemonitoring in addition to usual care compared to
usual care alone in patients with chronic obstructive pulmonary disease
(COPD). A total of 110 patients with moderate to severe COPD were recruited
from a specialist respiratory service in Northern Ireland. Patients had at least
two of: emergency department admissions, hospital admissions or
emergency general practitioner contacts in the 12 months before the study.
Exclusion criteria were patients who had any respiratory disorder other than
COPD, or were cognitively unable to learn the process of monitoring. Patients
were randomised to receive six months of home telemonitoring with usual
care, or six months of usual care. The primary outcome measure was
disease-specific quality of life, as measured by the St George's Respiratory
Questionnaire for COPD patients (SGRQ-C). Of 100 patients completing the
study, 48 patients were randomised to telemonitoring and 52 patients were
randomised to the control group. The SGRQ-C scores improved significantly
in the intervention group compared to usual care (P = 0.001). The HADS
anxiety score was significantly higher in the telehealth group compared to

43 McDowvell JE, McClean S, FitzGibbon F, Tate S. A randomised clinical trial of the effectiveness of home-based health care
with telemonitoring in patients with COPD. / Telerned Telecare. 2015;21(2):80-87. doi:10.1177/1357633X14566575
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the usual care group (P = 0.01). There were significantly more contacts with
the Community Respiratory Team in the telemonitoring group compared to
the control group (P = 0.029). There were no significant between group
differences in EQ-5D scores, HADS depression scores, GP activity, emergency
department visits, hospital admissions or exacerbations. The total cost to
the health service of the intervention over the 6-month study period was
£2039, giving an estimated ICER of £203,900. In selected patients with COPD,
telemonitoring was effective in improving health-related quality of life and
anxiety, but was not a cost-effective intervention.

Ringbaek et al (2015) [Randomised Controlled Trial] Effect of Tele Health
Care on Exacerbations and Hospital Admissions in Patients With Chronic
Obstructive Pulmonary Disease: A Randomized Clinical Trial**
Background and Objective: Tele monitoring (TM) of patients with chronic
obstructive pulmonary disease (COPD) has gained much interest, but studies
have produced conflicting results. Our aim was to investigate the effect of
TM with the option of video consultations on exacerbations and hospital
admissions in patients with severe COPD.

Materials and Methods: Patients with severe COPD at high risk of
exacerbations were eligible for the study. Of 560 eligible patients identified,
279 (50%) declined to participate. The remaining patients were equally
randomized to either TM (n=141) or usual care (n=140) for the 6-month study
period. TM comprised recording of symptoms, saturation, spirometry, and
weekly video consultations. Algorithms generated alerts if readings
breached thresholds. Both groups received standard care. The primary
outcome was number of hospital admissions for exacerbation of COPD
during the study period.

Results: Most of the enrolled patients had severe COPD [forced expiratory
volume in 1 second <50%pred in 86% and =hospital admission for COPD in
the year prior to enrollment in 45%, respectively, of the patients]. No
difference in drop-out rate and mortality was found between the groups.
With regard to the primary outcome, no significant difference was found in
hospital admissions for COPD between the groups (P=0.74), and likewise, no
difference was found in time to first admission or all-cause hospital
admissions. Compared with the control group, TM group patients had more
moderate exacerbations (ie treated with antibiotics/corticosteroid, but not

44 Ringbaek T, Green A, Laursen LC, Frausing E, Brondum E, Ulrik CS. Effect of tele health care on exacerbations and hospital
admissions in patients with chronic obstructive pulmonary disease: a randomized clinical trial. /7t / Chron Obstruct Pulmon
Dis. 2015;10:1801-1808. Published 2015 Sep 3. doi:10.2147/COPD.S85596
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requiring hospital admission; P<0.001), whereas the control group had more
visits to outpatient clinics (P<0.001).

Conclusion: Our study of patients with severe COPD showed that TM
including video consultations as add-on to standard care did not reduce
hospital admissions for exacerbated COPD, but TM may be an alternative to
visits at respiratory outpatient clinics. Further studies are needed to
establish the optimal role of TM in the management of severe COPD.

Miscellaneous

Bentley et al (2020) [Feasibility Study] The Use of a Smartphone App and

an Activity Tracker to Promote Physical Activity in the Mlanagement of
Chronic Obstructive Pulmonary Disease: Randomized Controlled
Feasibility Study**

Background: Chronic obstructive pulmonary disease (COPD) is highly
prevalent and significantly affects the daily functioning of patients. Self-
management strategies, including increasing physical activity, can help
people with COPD have better health and a better quality of life. Digital
mobile health techniques have the potential to aid the delivery of self-
management interventions for COPD. We developed an mHealth intervention
(Self-Management supported by Assistive, Rehabilitative, and Telehealth
technologies-COPD [SMART-COPD]), delivered via a smartphone app and an
activity tracker, to help people with COPD maintain (or increase) physical
activity after undertaking pulmonary rehabilitation (PR).

Objective: This study aimed to determine the feasibility and acceptability of
using the SMART-COPD intervention for the self-management of physical
activity and to explore the feasibility of conducting a future randomized
controlled trial (RCT) to investigate its effectiveness.

Methods: We conducted a randomized feasibility study. A total of 30
participants with COPD were randomly allocated to receive the SMART -
COPD intervention (n=19) or control (n=11). Participants used SMART-COPD
throughout PR and for 8 weeks afterward (ie, maintenance) to set physical
activity goals and monitor their progress. Questionnaire-based and physical
activity-based outcome measures were taken at baseline, the end of PR, and

45 Bentley CL, Powell L, Potter S, et al. The Use of a Smartphone App and an Activity Tracker to Promote Physical Activity in the
Management of Chronic Obstructive Pulmonary Disease: Randomized Controlled Feasibility Study. JMIR Mhealth Uhealth.
2020;8(6):216203. Published 2020 Jun 3.doi:10.2196/16203
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the end of maintenance. Participants, and health care professionals involved
in PR delivery, were interviewed about their experiences with the technology.
Results: Overall, 47% (14/30) of participants withdrew from the study.
Difficulty in using the technology was a common reason for withdrawal.
Participants who completed the study had better baseline health and more
prior experience with digital technology, compared with participants who
withdrew. Participants who completed the study were generally positive
about the technology and found it easy to use. Some participants felt their
health had benefitted from using the technology and that it assisted them in
achieving physical activity goals. Activity tracking and self-reporting were
both found to be problematic as outcome measures of physical activity for
this study. There was dissatisfaction among some control group members
regarding their allocation.

Conclusions: mHealth shows promise in helping people with COPD self-
manage their physical activity levels. mHealth interventions for COPD self-
management may be more acceptable to people with prior experience of
using digital technology and may be more beneficial if used at an earlier
stage of COPD. Simplicity and usability were more important for engagement
with the SMART-COPD intervention than personalization; therefore, the
intervention should be simplified for future use. Future evaluation will
require consideration of individual factors and their effect on mHealth
efficacy and use; within-subject comparison of step count values; and an
opportunity for control group participants to use the intervention if an RCT
were to be carried out. Sample size calculations for a future evaluation
would need to consider the high dropout rates.

Holmner et al (2020) [Longitudinal Study] How Stable Is Lung Function in
Patients With Stable Chronic Obstructive Pulmonary Disease When
Monitored Using a Telehealth System? A Longitudinal and Home-Based
Study*“®

Background: Many telehealth systems have been designed to identify signs
of exacerbations in patients with chronic obstructive pulmonary disease
(COPD), but few previous studies have reported the nature of recorded lung
function data and what variations to expect in this group of individuals. The
aim of the study was to evaluate the nature of individual diurnal, day-to-day

46 Holmner A, Ohberg F, Wiklund U, Bergmann E, Blomberg A, Wadell K. How stable is lung function in patients with stable
chronic obstructive pulmonary disease when monitored using a telehealth system? A longitudinal and home-based
study. BMC Med Inform Decis Mak. 2020;20(1):87. Published 2020 May 12. doi:10.1186/512911-020-1103-6
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and long-term variation in important prognostic markers of COPD
exacerbations by employing a telehealth system developed in-house.
Methods: Eight women and five men with COPD performed measurements
(spirometry, pulse oximetry and the COPD assessment test (CAT)) three
times per week for 4-6 months using the telehealth system. Short-term and
long-term individual variations were assessed using the relative density and
weekly means respectively. Quality of the spirometry measurements (forced
expiratory volume in one second (FEV:) and inspiratory capacity (IC)) was
assessed employing the criteria of American Thoracic Society
(ATS)/European Respiratory Society (ERS) guidelines.

Results: Close to 1100 measurements of both FEV; and IC were performed
during a total of 240 patient weeks. The two standard deviation ranges for
intra-individual short-term variation were approximately £210 mL and £ 350
mL for FEV; and IC respectively. In long-term, spirometry values increased
and decreased without notable changes in symptoms as reported by CAT,
although it was unusual with a decrease of more than 50 mL per
measurement of FEV, between three consecutive measurement days. No
exacerbation occurred. There was a moderate to strong positive correlation
between FEV;and IC, but weak or absent correlation with the other
prognostic markers in the majority of the participants.

Conclusions: Although FEV; and IC varied within a noticeable range, no
corresponding change in symptoms occurred. Therefore, this study reveals
important and, to our knowledge, previously not reported information about
short and long-term variability in prognostic markers in stable patients with
COPD. The present data are of significance when defining criteria for
detecting exacerbations using telehealth strategies.

Rodriquez Hermosa et al (2020) [Cohort Study] Compliance and Utility of
a Smartphone App for the Detection of Exacerbations in Patients With
Chronic Obstructive Pulmonary Disease: Cohort Study*’

Background: In recent years, mobile health (mHealth)-related apps have
been developed to help manage chronic diseases. Apps may allow patients
with a chronic disease characterized by exacerbations, such as chronic
obstructive pulmonary disease (COPD), to track and even suspect disease
exacerbations, thereby facilitating self-management and prompt

47 Rodriguez Hermosa JL, Fuster Gomila A, Puente Maestu L, et al. Compliance and Utility of a Smartphone App for the
Detection of Exacerbations in Patients With Chronic Obstructive Pulmonary Disease: Cohort Study. JMIR Mhealth Uhealth.
2020;8(3):€15699. Published 2020 Mar 19. doi:10.2196/15699
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intervention. Nevertheless, there is insufficient evidence regarding patient
compliance in the daily use of mHealth apps for chronic disease monitoring.
Objective: This study aimed to provide further evidence in support of
prospectively recording daily symptoms as a useful strategy to detect COPD
exacerbations through the smartphone app, Prevexair. It also aimed to
analyze daily compliance and the frequency and characteristics of acute
exacerbations of COPD recorded using Prevexair.

Methods: This is a multicenter cohort study with prospective case
recruitment including 116 patients with COPD who had a documented history
of frequent exacerbations and were monitored over the course of 6 months.
At recruitment, the Prevexair app was installed on their smartphones, and
patients were instructed on how to use the app. The information recorded in
the app included symptom changes, use of medication, and use of health
care resources. The patients received messages on healthy lifestyle
behaviors and a record of their cumulative symptoms in the app. There was
no regular contact with the research team and no mentoring process. An
exacerbation was considered reported if medical attention was sought and
considered unreported if it was not reported to a health care professional.
Results: Overall, compliance with daily records in the app was 66.6%
(120N180), with a duration compliance of 78.8%, which was similar across
disease severity, age, and comorbidity variables. However, patients who
were active smokers, with greater dyspnea and a diagnosis of depression
and obesity had lower compliance (P<.05). During the study, the patients
experienced a total of 262 exacerbations according to daily records in the
app, 99 (37.8%) of which were reported exacerbations and 163 (62.2%) were
unreported exacerbations. None of the subject-related variables were found
to be significantly associated with reporting. The duration of the event and
number of symptoms present during the first day were strongly associated
with reporting. Despite substantial variations in the COPD Assessment Test
(CAT), there was improvement only among patients with no exacerbation
and those with reported exacerbations. Nevertheless, CAT scores
deteriorated among patients with unreported exacerbations.

Conclusions: The daily use of the Prevexair app is feasible and acceptable for
patients with COPD who are motivated in their self-care because of frequent
exacerbations of their disease. Monitoring through the Prevexair app
showed great potential for the implementation of self-care plans and
offered a better diagnosis of their chronic condition.
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Sheridan et al (2020) [Evaluation] "A Breath of Fresh Air" for Tackling
Chronic Disease in Ireland? An Evaluation of a Self-Management Support
Service for People With Chronic Respiratory Diseases*3

Objective: To describe the impact of a nurse-led telephone self-management
support (SMS) service for people with asthma and COPD in Ireland.
Methods: A cross-sectional survey of all (442) SMS users, July 2016 to May
2017, described user demographics, self-reported experience, process and
outcome. Population utilisation was estimated and compared across groups.
Factors associated with key outcomes were identified.

Results: The response rate was 162 (36.7%). Utilisation varied across
population groups. Reported satisfaction was high, and 56.0% of users
without a written action plan reported developing one. Most users reported
positive cognitive and affective outcomes indicating effective patient
activation. Information pack receipt was independently associated with
better outcomes (odds ratio = 11.4 (95% Cl, 2.0, 216.6), p < 0.05).

Conclusion: A nurse-led telephone SMS intervention positively impacted
self-management for people with asthma and COPD in Ireland.

Practice implications: Roll-out of SMS should include staff training to
promote positive service user experience and should include routine
monitoring and evaluation to assure equitable reach and quality of key
evidence-based care processes.

Al Rajeh et al (2019) [Survey] Use, Utility and Methods of Telehealth for
Patients With COPD in England and Wales: A Healthcare Provider
Survey*?

Introduction: Although the effectiveness of domiciliary monitoring
(telehealth) to improve outcomes in chronic obstructive pulmonary disease
(COPD) is controversial, it is being used in the National Health Service (NHS).
Aim: To explore the use of teleheath for COPD across England and Wales, to
assess the perceptions of clinicians employing telehealth in COPD and to
summarise the techniques that have been used by healthcare providers to
personalise alarm limits for patients with COPD enrolled in telehealth
programmes.

48 Sheridan A, Jennings A, Keane S, Power A, Kavanagh P. "A breath of fresh air" for tackling chronic disease in Ireland? An
evaluation of a self-management support service for people with chronic respiratory diseases. /r/Med Sci. 2020;189(2):551-
556. doi:10.1007/s11845-019-02081-w

43 ALRajeh A, Steiner MIC, Aldabayan Y, et al. Use, utility and methods of telehealth for patients with COPD in England and
Wales: a healthcare provider survey. BM/ Open Respir Res. 2019;6(1):e000345. Published 2019 Feb 18. doi:10.1136/bmjresp-

2018-000345
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Methods: A cross-sectional survey consisting of 14 questions was sent to
230 COPD community services in England and Wales. Questions were
designed to cover five aspects of telehealth in COPD: purpose of use,
equipment type, clinician perceptions, variables monitored and
personalisation of alarm limits.

Results: 65 participants completed the survey from 52 different NHS Trusts.
46% of Trusts had used telehealth for COPD, and currently, 31% still
provided telehealth services to patients with COPD. Telehealth is most
commonly used for baseline monitoring and to allow early detection of
exacerbations, with 54% believing it to be effective. The three most
commonly monitored variables were oxygen saturation, heart rate and
breathlessness. A variety of methods were used to set alarm limits with the
majority of respondents believing that at least 40% of alarms were false.
Conclusion: Around one-third of responded community COPD services are
using telehealth, believing it to be effective without robust evidence, with a
variety of variables monitored, a variety of hardware and varying techniques
to set alarm limits with high false alarm frequencies.

Alharbey and Chatterjee (2019) [Design Study] An mHealth Assistive
System "MylLung" to Empower Patients With Chronic Obstructive
Pulmonary Disease: Design Science Research®°

Background: Chronic obstructive pulmonary disease (COPD) comprises a
group of progressive diseases that deteriorate lung functions. When patients
cannot breathe, nothing else in their lives matter. Breathlessness has
negative implications on patients' lives, which leads to physical and
psychological limitations. Moreover, the lack of relevant and updated
information about the causes and consequences of the disease can
exacerbate the problems of health literacy, information accessibility, and
medical adherence.

Objective: The objective of this study is to design an innovative maobile health
(mHealth) app system called MylLung that provides complete solutions in
order to increase self-awareness and promote better self-care
management. This system, an information technology artifact, includes
three novel integrative modules: education, risk reduction, and monitoring.
Methods: The utility and effectiveness of the assistive mobile-based
technology were evaluated using a mixed-methods approach. The study
combined quantitative and qualitative research methods to thoroughly

50 Alharbey R, Chatterjee S. An mHealth Assistive System "MylLung" to Empower Patients with Chronic Obstructive Pulmonary
Disease: Design Science Research. JMIR Form Res. 2019;3(1):e12489. Published 2019 Mar 19. doi:10.2196/12489
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understand how the assistive mobile-based technology can influence
patients' behavioral intention to change their lifestyle. Thirty patients were
categorized into two groups [intervention group and control group].
Results: The results from the quantitative analysis led to four follow-up
interviews in the qualitative study. The results of the quantitative study
provided significant evidence to show that the design of MylLung leads to a
change in the awareness level, self-efficacy, and behavioral intention for
patients with COPD. The t tests revealed a significant difference before and
after using the mobile-based app with regard to the awareness level (mean
3.28 vs 4.56; t10=6.062; P<.001), self-efficacy (mean 3.11 vs 5.56; t10=2.96;
P=.01), and behavioral intention (mean 2.91 vs 4.55; t10=3.212; P=.009).
Independent sample t tests revealed significant differences between the
intervention group and the control group in terms of the awareness level
(mean 4.56 vs 3.31; t1o=4.80; P<.001) and self-efficacy (mean 5.56 vs 3.66;
tik=2.8; P<.01). Integration of findings from quantitative and qualitative
studies reveled the impact of the design in a comprehensive manner. These
inferences are referred to as meta-inferences in this study.

Conclusions: We designed an innovative assistive mobile-based technology
to empower patients with COPD, which helped increase awareness and
engage patients in self-care management activities. The assistive
technology aims to inform patients about the risk factors of COPD and to
improve access to relevant information. Meta-inferences that emerge from
the research outputs contribute to research into chronic management
information systems by helping us gain a more complete understanding of
the potential impacts of this proposed mobile-based design on patients with
chronic disease.

Bowler et al (2019) [Observational Study] Real-world Use of Rescue
Inhaler Sensors, Electronic Symptom Questionnaires and Physical
Activity Monitors in COPD*'

Background: Chronic obstructive pulmonary disease (COPD) is a
heterogeneous disease characterised by airflow obstruction and other
morbidities such as respiratory symptoms, reduced physical activity and
frequent bronchodilator use. Recent advances in personal digital monitoring
devices can permit continuous collection of these data in COPD patients, but
the relationships among them are not well understood.

T Bowler R, Allinder M, Jacobson S, et al. Real-world use of rescue inhaler sensors, electronic symptom questionnaires and
physical activity monitors in COPD. BM/ Open Respir Res. 2019;6(1):eé000350. Published 2019 Feb 18. doi:10.1136/bmijresp-2018-
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Methods: 184 individuals from a single centre of the COPDGene cohort
agreed to participate in this 3-week observational study. Each participant
used a smartphone to complete a daily symptom diary [EXAcerbations of
Chronic pulmonary disease Tool, EXACT], wore a wrist-worn accelerometer
to record continuously physical activity and completed the Clinical Visit
PROactive Physical Activity in COPD questionnaire. 58 users of metered dose
inhalers for rescue were provided with an inhaler sensor, which time
stamped each inhaler actuation.

Results: Rescue inhaler use was strongly correlated with E-RS:COPD score,
while step counts were correlated with neither rescue use nor E-RS:COPD
score. Frequent, unpatterned inhaler use pattern was associated with worse
respiratory symptoms and less physical activity compared with frequent
inhaler use with a regular daily pattern. There was a strong week-by-week
correlation among measurements, suggesting that 1 week of monitoring is
sufficient to characterise stable patients with COPD.

Discussion: The study highlights the interaction and relevance of personal
real-time monitoring of respiratory symptoms, physical activity and rescue
medication in patients with COPD. Additionally, visual displays of longitudinal
data may be helpful for disease management to help drive conversations
between patients and caregivers and for risk-based monitoring in clinical
trials.

Buekers et al (2019) [Observational Study] Wearable Finger Pulse
Oximetry for Continuous Oxygen Saturation Measurements During Daily
Home Routines of Patients With Chronic Obstructive Pulmonary Disease
(COPD) Over One Week: Observational Study>?

Background: Chronic obstructive pulmonary disease (COPD) patients can
suffer from low blood oxygen concentrations. Peripheral blood oxygen
saturation (Sp02), as assessed by pulse oximetry, is commonly measured
during the day using a spot check, or continuously during one or two nights
to estimate nocturnal desaturation. Sampling at this frequency may overlook
natural fluctuations in SpO2.

Objective: This study used wearable finger pulse oximeters to continuously
measure Sp02 during daily home routines of COPD patients and assess
natural Sp02 fluctuations.

52 Buekers J, Theunis J, De Boever P, et al. Wearable Finger Pulse Oximetry for Continuous Oxygen Saturation Measurements
During Daily Home Routines of Patients With Chronic Obstructive Pulmonary Disease (COPD) Over One Week: Observational
Study. JMIR Mhealth Uhealth. 2019;7(6):€12866. Published 2019 Jun 6. doi:10.2196/12866
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Methods: A total of 20 COPD patients wore a WristOx2 pulse oximeter for 1
week to collect continuous Sp02 measurements. A Sense\Wear Armband
simultaneously collected actigraphy measurements to provide contextual
information. Sp02 time series were preprocessed and data quality was
assessed afterward. Mean Sp02, Sp02 SD, and cumulative time spent with
Sp02 below 90% (CT90) were calculated for every day, day in rest, and night
to assess Sp02 fluctuations.

Results: A high percentage of valid SpO2 data (daytime: 93.27%; nocturnal:
99.31%) could be obtained during a 7-day monitoring period, except during
moderate-to-vigorous physical activity (MVPA) (67.86%). Mean nocturnal
Sp02 (89.9%, SD 3.4) was lower than mean daytime Sp02 in rest (92.1%, SD
2.9; P<.001). On average, Sp02 in rest ranged over 10.8% (SD 4.4) within one
day. Highly varying CT90 values between different nights led to 50% (10/20)
of the included patients changing categories between desaturator and
nondesaturator over the course of 1 week.

Conclusions: Continuous Sp02 measurements with wearable finger pulse
oximeters identified significant Sp02 fluctuations between and within
multiple days and nights of patients with COPD. Continuous

Sp02 measurements during daily home routines of patients with COPD
generally had high amounts of valid data, except for motion artifacts during
MVPA. The identified fluctuations can have implications for telemonitoring
applications that are based on daily Sp02 spot checks. CT90 values can vary
greatly from night to night in patients with a nocturnal mean Sp0O2 around
90%, indicating that these patients cannot be consistently categorized as
desaturators or nondesaturators. \We recommend using wearable sensors
for continuous Sp02 measurements over longer time periods to determine
the clinical relevance of the identified SpO2 fluctuations.

Chan et al (2019) [Evaluation Study] A Smartphone Oximeter With a
Fingertip Probe for Use During Exercise Training: Usability, Validity and
Reliability in Individuals With Chronic Lung Disease and Healthy
Controls>3

Background and aim: Telehealth is a strategy to expand the reach of
pulmonary rehabilitation (PR). Smartphones can monitor and transmit
oxygen saturation (Sp02) and heart rate (HR) data to ensure patient safety
during home-based or other exercise. The purpose of this study was to

53 Chan C, Inskip JA, Kirkham AR, et al. A smartphone oximeter with a fingertip probe for use during exercise training: usability,
validity and reliability in individuals with chronic lung disease and healthy controls. Physiotherapy. 2019;105(3):297-306.
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evaluate the usability, validity and reliability of a Kenek 02 pulse oximeter
and custom prototype smartphone application [smartphone oximeter]
during rest and exercise in healthy participants and those with chronic lung
disease.

Methods: Fifteen individuals with chronic lung disease and 15 healthy
controls were recruited. Sp02 and HR were evaluated at rest and during
cycling and walking. Sp02 was valid if the mean bias was within ++2%, the
level of agreement (LoA) was within +4%; HR was valid if the mean bias was
within 5 beats per min (bpm), LoA was within +10bpm. Usability was
assessed with a questionnaire and direct observation.

Results: The smartphone oximeter was deemed easy to use. At rest, Sp02
measures were valid in both groups (bias <2%, lower bound LoA -2 to 3%).
During exercise, 5p02 measurement did not meet validity and reliability
thresholds in the patients with chronic lung disease, but was accurate for the
healthy controls. HR recording during exercise or rest was not valid
(LoA>10bpm) in either group.

Conclusions: The smartphone oximeter did not record HR or Sp02 accurately
in patients with chronic lung disease during exercise, although Sp02 was
valid at rest. During exercise, patients with chronic lung disease should
pause to ensure greatest accuracy of Sp02 and HR measurement.

Chung et al (2019) [Design Study] Remote Pulmonary Function Test
Monitoring in Cloud Platform via Smartphone Built-in Microphone*

With an aging population that continues to grow, health care technology
plays an increasingly active role, especially for chronic disease management.
In the health care market, cloud platform technology is becoming popular, as
both patients and physicians demand cost efficiency, easy access to
information, and security. Especially for asthma and chronic obstructive
pulmonary disease (COPD) patients, it is recommended that pulmonary
function test (PFT) be performed on a daily basis. However, it is difficult for
patients to frequently visit a hospital to perform the PFT. In this study, we
present an application and cloud platform for remote PFT monitoring that
can be directly measured by smartphone microphone with no external
devices. In addition, we adopted the IBM Watson Internet-of-Things (loT)
platform for PFT monitoring, using a smartphone's built-in microphone with
a high-resolution time-frequency representation. We successfully

54 Chung H, Jeong C, Luhach AK, Nam Y, Lee J. Remote Pulmonary Function Test Monitoring in Cloud Platform via Smartphone
Built-in Microphone. £vol Bioinform Online. 2019;15:1176934319888904. Published 2019 Nov 15. doi:10.1177/1176934319888904
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demonstrated real-time PFT monitoring using the cloud platform. The PFT
parameters of FEV1/FVC (%) could be remotely monitored when a subject
performed the PFT test. As a pilot study, we tested 13 healthy subjects, and
found that the absolute error mean was 4.12 and the standard deviation was
3.45 on all 13 subjects. With the developed applications on the cloud
platform, patients can freely measure the PFT parameters without
restriction on time and space, and a physician can monitor the patients'
status in real time. We hope that the PFT monitoring platform will work as a
means for early detection and treatment of patients with pulmonary
diseases, especially those having asthma and COPD.

Ding et al (2019) [Review] Digital Health for COPD Care: The Current State
of Play*®

Chronic obstructive pulmonary disease (COPD) imposes a huge burden to our
healthcare systems and societies. To alleviate the burden, digital health-"the
use of digital technologies for health"-has been recognized as a potential
solution for improving COPD care at scale. The aim of this review is to provide
an overview of digital health interventions in COPD care. We accordingly
reviewed recent and emerging evidence on digital transformation
approaches for COPD care focusing on: 1. self-management; 2. in-hospital
care; 3. post-discharge care; 4. hospital-at-home; 5. ambient environment;
and 6. public health surveillance. The emerging approaches included digital-
technology-enabled homecare programs, electronic records, big data
analytics, and environment-monitoring applications. The digital health
approaches of telemonitoring, telehealth and mHealth support the self-
management, post-discharge care, and hospital-at-home strategy, with
prospective effects on reducing acute COPD exacerbations and
hospitalizations. Electronic records and classification tools have been
implemented; and their effectiveness needs to be further evaluated in future
studies. Air pollution concentrations in the ambient environment are
associated with declined lung functions and increased risks for
hospitalization and mortality. In all the digital transformation approaches,
clinical evidence on reducing mortality, the ultimate goal of digital health
intervention, is often inconsistent or insufficient. Digital health
transformation provides great opportunities for clinical innovations and
discovery of new intervention strategies. Further research remains needed

%5 Ding H, Fatehi F, Maiorana A, Bashi N, Hu W, Edwards I. Digital health for COPD care: the current state of play. / 7horac Dis.
2019;11(Suppl 17):52210-52220. doi:10.21037/jtd.2019.10.17
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for achieving reliable improvements in clinical outcomes and cost-benefits in
future studies.

Farias et al (2019) [Observation Study] Innovating the Treatment of COPD

Exacerbations: A Phone Interactive Telesystem to Increase COPD Action
Plan Adherence’®

Introduction: Self-management interventions with Written Action Plans and
case management support have been shown to improve outcomes in
patients with chronic obstructive pulmonary disease (COPD). Novel
telehealth technologies may improve self-management interventions. The
objectives of this study were to determine whether the use of an interactive
phone telesystem increases Action Plan adherence, improves exacerbation
recovery and reduces healthcare use in a real-life practice of a COPD clinic.
Methods: Initially, 40 patients were followed by a COPD telesystem for 1
year. Detailed data from patients' behaviours during exacerbations was
recorded. The telesystem use was then extended to 256 patients froma
real-life COPD clinic. Healthcare utilisation for the year before and after
telesystem enrolment was then assessed through hospital administrative
databases.

Results: Thirty-three of the 40 patients completed the initial 1-year study.
Eighty-one exacerbations were reported in the 1-year follow-up. Action Plan
adherence was observed for 72% of the exacerbations and those who were
adherent had a significantly faster exacerbation recovery time. The large-
scale implementation of the telesystem resulted in a significant decrease in
the proportion of patients with =1 respiratory-related emergency room (ER)
visits (120 before vs 110 after enrolment, p<0.001) and with =1 COPD-related
hospitalisations (75 before vs 65 after enrolment, p<0.001).

Discussion: COPD Written Action Plan adherence was further enhanced with
the use of telehealth technologies in a specialised clinic with experience in
COPD self-management. Patients followed by the telesystem recovered
faster from exacerbations and had a further decrease in COPD-related ER
visits and hospitalisations.

%6 Farias R, Sedeno M, Beaucage D, et al. Innovating the treatment of COPD exacerbations: a phone interactive telesystem to
increase COPD Action Plan adherence. BM/ Open Respir Res. 2019;6(1):e000379. Published 2019 Apr 9. doi:10.1136/bmijresp-

2018-000379
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Fung et al (2019) [Feasibility Study] Design and Benchmark Testing for

Open Architecture Reconfigurable Mobile Spirometer and Exhaled Breath
Monitor With GPS and Data Telemetry®’

Portable and wearable medical instruments are poised to play an
increasingly important role in health monitoring. Mobile spirometers are
available commercially, and are used to monitor patients with advanced lung
disease. However, these commercial monitors have a fixed product
architecture determined by the manufacturer, and researchers cannot easily
experiment with new configurations or add additional novel sensors over
time. Spirometry combined with exhaled breath metabolite monitoring has
the potential to transform healthcare and improve clinical management
strategies. This research provides an updated design and benchmark testing
for a flexible, portable, open access architecture to measure lung function,
using common Arduino/Android microcontroller technologies. To
demonstrate the feasibility and the proof-of-concept of this easily-
adaptable platform technology, we had 43 subjects (healthy, and those with
lung diseases) perform three spirometry maneuvers using our
reconfigurable device and an office-based commercial spirometer. We found
that our system compared favorably with the traditional spirometer, with
high accuracy and agreement for forced expiratory volume in1s (FEV1) and
forced vital capacity (FVC), and gas measurements were feasible. This
provides an adaptable/reconfigurable open access personalized medicine
platform for researchers and patients, and new chemical sensors and other
modular instrumentation can extend the flexibility of the device in the future.

Gaveikaite et al (2019) [Mapping Study] A Systematic Map and In-Depth
Review of European Telehealth Interventions Efficacy for Chronic
Obstructive Pulmonary Disease®®

Background: Evidence to support the implementation of telehealth (TH)
interventions in the management of chronic obstructive pulmonary disease
(COPD) varies throughout Europe. Despite more than ten years of TH
research in COPD management, it is still not possible to define which TH
interventions are beneficial to which patient group. Therefore, informing

57 Fung AG, Tan LD, Duong TN, et al. Design and Benchmark Testing for Open Architecture Reconfigurable Mobile Spirometer
and Exhaled Breath Monitor with GPS and Data Telemetry. Diggnostics (Basel). 2019;9(3):100. Published 2019 Aug 21.
doi:10.3390/diagnostics9030100

58 Gaveikaite V, Grundstrom C, Winter S, Chouvarda |, Maglaveras N, Priori R. A systematic map and in-depth review of
European telehealth interventions efficacy for chronic obstructive pulmonary disease. Respir Med. 2019;158:78-88.
doi:10.1016/j.rmed.2019.09.005
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policymakers on TH implementation is complicated. \We aimed to examine
the provision and efficacy of TH for COPD management to guide future
decision-making.

Methods: A mapping study of twelve systematic reviews of TH interventions
for COPD management was conducted. This was followed by an in-depth
review of fourteen clinical trials performed in Europe extracted from the
systematic reviews. Efficacy outcomes for COPD management were
synthesized.

Results: The mapping study revealed that systematic reviews with a meta-
analysis often report positive clinical outcomes. Despite this, we identified a
lack of pragmatic trial design affecting the synthesis of reported outcomes.
The in-depth review visualized outcomes for three TH categories, which
revealed a plethora of heterogeneous outcomes. Suggestions for reporting
within these three outcomes are synthesized as targets for future empirical
research reporting.

Conclusion: The present study indicates the need for more standardized and
updated systematic reviews. Policymakers should advocate for improved TH
trial designs, focusing on the entire intervention's adoption process
evaluation. One of the policymakers' priorities should be the harmonization
of the outcome sets, which would be considered suitable for deciding about
subsequent reimbursement. \We propose possible outcome sets in three TH
categories which could be used for discussion with stakeholders.

Guber et al (2019) [Observation Study] Wrist-Sensor Pulse Oximeter
Enables Prolonged Patient Monitoring in Chronic Lung Diseases>®

Pulse oximetry is an important diagnostic tool in monitoring and treating
both in-patients and ambulatory patients. Modern pulse oximeters exploit
different body sites: eg fingertip, forehead or earlobe). All those are bulky
and uncomfortable, resulting in low patient compliance. Therefore, we
evaluated the accuracy and precision of a wrist-sensor pulse oximeter
[Oxitone-1000, Oxitone Medical] vs. the traditional fingertip device. Fifteen
healthy volunteers and 23 patients were recruited. The patient group
included chronic obstructive pulmonary disease (COPD) (N = 8), asthma (N =
6), sarcoidosis (N = 5) and others. Basic demographic data, skin tone type,
smoking status and medical history were recorded. Blood oxygen level
(Sp02) and pulse-rate values were determined by a non-invasive pulse
oximeter [Reference, a conventional FDA-cleared fingertip pulse oximeter]

59 Guber A, Epstein Shochet G, Kohn S, Shitrit D. Wrist-Sensor Pulse Oximeter Enables Prolonged Patient Monitoring in Chronic
Lung Diseases. / Med Syst. 2019;43(7):230. Published 2019 Jun 14. doi:10.1007/s10916-019-1317-2
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and by Oxitone-1000. All tests were performed in singleton and in a blinded
fashion. The measurements were done in sitting and standing positions, as
well as after a 6-min walk test. The mean age was 60.4 + 9.83 years, 55%
were male. No significant differences were observed between the wrist-
sensor and the traditional fingertip pulse oximeters in all tested parameters.
Mean Sp02 was 96.45% vs. 97.18% and the mean pulse was 74.64 vs. 74.6
bpm (Oxitone-1000 vs. Reference, respectively, p < 0.0001). Precision rate
was 2.28472% and the accuracy was met. The Oxitone-1000 is both accurate
and precise for Sp02 and pulse measurements during daily activities of
pulmonary patients, and is not inferior to standard devices for spot checking
or short period examinations. Its wrist-sensor design is comfortable and
provides the advantage of extended use.

Knox et al (2019) [Feasibility Study] Safety, Feasibility, and Effectiveness
of Virtual Pulmonary Rehabilitation in the Real World®®

Purpose: To assess the feasibility, safety, and effectiveness of a Virtual
PulmonAry Rehabilitation (VIPAR) program in a real-world setting.

Patients and methods: Twenty-one patients with stable chronic lung disease
at a spoke site received (VIPAR) through live video conferencing with a hub
where 24 patients were receiving 14 sessions of standard, outpatient, multi-
disciplinary pulmonary rehabilitation (PR) in a hospital. We studied three
such consecutive PR programs with 6-10 patients at each site. The hub had a
senior physiotherapist, occupational therapist, exercise assistant, and guest
lecturer, and the spoke usually had only an exercise instructor and nurse
present. Uptake, adverse events (AEs), and early clinical changes were
compared within and between groups. Travel distances were estimated
using zip codes.

Results: Mean attendance was 11.0 sessions in the hub and 10.5 sessions in
the spoke (P=0.65). There was a single (mild) AE (hypoglycemia) in all three
hub programs and no AEs in the three spoke programs. Mean COPD
Assessment Test scores improved from 25.3 to 21.5 in the hub (£<0.001, 95%
Cl2.43-5.17) and from 23.4 t0 18.8 (/<0.001, 2.23-7.02) in the spoke group,
with no difference between the groups (~=0.51, -3.35-1.70). Mean
incremental shuttle walk test scores improved from 142 to 208 m (/0.001,
75-199) in the hub and from 179 to 316 minutes in the spoke (/40.001, 39.3-
92.4), with a greater improvement in the spoke (P=0.025, 9.31-133). Twenty-

60 Knox L, Dunning M, Davies CA, et al. Safety, feasibility, and effectiveness of virtual pulmonary rehabilitation in the real
world. /ntJ Chron Obstruct Pulmon Dis. 2019;14:775-780. Published 2019 Apr 8. doi:10.2147/COPD.S193827
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one patients saved a total of 8,609.8 miles over the three programs by
having the PR in their local spoke, rather than traveling to the usual nearest
(hospital) hub.

Conclusion: Video-conferencing, which links a local site to a standard PR
program is feasible, safe, and demonstrates at least equivalent short-term
clinical gains. Throughput can be increased, with less staffing ratios and
significantly less traveling.

Locke et al (2019) [Retrospective Chart Review] Using Video Telehealth to
Facilitate Inhaler Training in Rural Patients With Obstructive Lung
Disease®

Background: Proper inhaler technique is important for effective drug delivery
and symptom control in chronic obstructive pulmonary disease (COPD) and
asthma, yet not all patients receive inhaler instructions.

Introduction: Using a retrospective chart review of participants in a video
telehealth inhaler training program, the study compared inhaler technique
within and between monthly telehealth visits and reports associated with
patient satisfaction.

Materials and methods: Seventy-four (N = 74) rural patients prescribed =1
inhaler participated in three to four pharmacist telehealth inhaler training
sessions using teach-to-goal methodology. Within and between visit inhaler
technique scores are compared, with descriptive statistics of pre- and
postprogram survey results including program satisfaction and computer
technical issues. Healthcare utilization is compared between pre- and post-
training periods.

Results: Sixty-nine (93%) patients completed all three to four video
telehealth inhaler training sessions. During the initial visit, patients
demonstrated improvement in inhaler technique for metered dose inhalers
(albuterol, budesonide/formoterol), dry powder inhalers (formoterol,
mometasone, tiotropium), and soft mist inhalers (ipratropium/albuterol) (p <
0.01for all). Improved inhaler technique was sustained at 2 months (p < 0.01).
Ninety-four percent of participants were satisfied with the program.
Although technical issues were common, occurring among 63% of
attempted visits, most of these visits (87%) could be completed. There was
no significant difference in emergency department visits and
hospitalizations pre- and post-training.

87 Locke ER, Thomas RM, Woo DIV, et al. Using Video Telehealth to Facilitate Inhaler Training in Rural Patients with Obstructive
Lung Disease. Telerned/ £ Health. 2019;25(3):230-236. doi:10.1089/tmj.2017.0330
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Discussion: This study demonstrated high patient acceptance of video
telehealth training and objective improvement in inhaler technique.
Conclusions: Video telehealth inhaler training using the teach-to-goal
methodology is a promising program that improved inhaler technique and
access to inhaler teaching for rural patients with COPD or asthma.

Lyth et al (2019) [Observational Study] Can a Telemonitoring System Lead
to Decreased Hospitalization in Elderly Patients?°>

Introduction: Expanding populations of elderly patients with chronic
obstructive pulmonary disease (COPD) or heart failure (HF) require more
healthcare. A four-year telehealth intervention - the Health Diary system
based on digital pen technology - was implemented. We hypothesized that
study patients with advanced COPD or HF would have lower rates of
hospitalization when using the Health Diary. The aim was to investigate the
effects of the intervention on healthcare costs and the number of
hospitalizations, as well as other care required in COPD and HF patients.
Methods: Patients were introduced to the telemonitoring system which was
supervised by a specialized hospital-based home care (HBHC) unit. Staff
associated with this unit were responsible for the healthcare provided. The
study included patients with COPD or HF, aged = 65 years who were
frequently hospitalized due to exacerbations - at least two inpatient
episodes within the last 12 months. Observed number of hospitalizations and
total healthcare costs were compared with the expected values, which were
calculated using the generalized estimating equations (GEE) method.
Results: A total of 36 COPD and 58 HF patients with advanced stages of
disease were included. The number of hospitalizations was significantly
reduced for both HF and COPD patients participating in telemonitoring.
Accordingly, hospitalization costs were significantly reduced for both
groups, but the total healthcare cost was not significantly different from the
expected costs.

Conclusion: A telemonitoring system, the Health Diary, combined with a
specialized HBHC unit significantly decreases the need for hospital care in
elderly patients with advanced HF or COPD without increasing total
healthcare costs.

62 Lyth J, Lind L, Persson HL, Wiréhn AB. Can a telemonitoring system lead to decreased hospitalization in elderly patients?
[published online ahead of print, 2019 Jul10]. / Telerned Telecare 2019;1357633X19858178. doi:10.1177/1357633X19858178
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Pericleous and van Staa (2019) [Review] The Use of Wearable Technology
to Monitor Physical Activity in Patients With COPD: A Literature Review®?
Background: Physical activity is an important predictor for survival in
patients with COPD. Wearable technology, such as pedometer or
accelerometer, may offer an opportunity to quantify physical activity and
evaluate related health benefits in these patients.

Objectives: To assess the performance of wearable technology in monitoring
and improving physical activity in COPD patients from published studies.
Methods: Literature search of Medline, Cochrane, Dare, Embase and PubMed
databases was made to find relevant articles that used wearable technology
to monitor physical activity in COPD patients.

Results: We identified 13 studies that used wearable technology, a
pedometer or an accelerator, to monitor physical activity in COPD patients.
Of these, six studies were randomized controlled trials (RCTs) which used
the monitors as part of the intervention. Two studies reported the same
outcomes and comparable units. They had measured the difference that the
intervention makes on the number of steps taken daily by the patients. The
results were highly heterogeneous with 1°=92%. The random-effects model
gave an effect outcome on the number of steps taken daily of 1,821.01 [-
282.71; 3,924.74] in favor of the wearable technology. Four of the 13 studies
have reported technical issues with the use of the wearable technology,
including high signal-to-noise ratio, memory storage problems and
inaccuracy of counts. While other studies did not mention any technical
issues, it is not clear whether these did not experience them or chose not to
report them.

Conclusions: Our literature search has shown that data on the use of
wearable technology to monitor physical activity in COPD patients are
limited by the small number of studies and their heterogeneous study
design. Further research and better-designed RCTs are needed to provide
reliable results before physical activity monitors can be implemented
routinely for COPD patients.

83 Pericleous P, van Staa TP. The use of wearable technology to monitor physical activity in patients with COPD: a literature
review. IntJ Chron Obstruct Pulmon Dis. 2019;,14:1317-1322. Published 2019 Jun 19. doi:10.2147/COPD.S193037
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Rutkowski et al (2019) [Evaluation] Effect of Virtual Reality-Based
Rehabilitation on Physical Fitness in Patients With Chronic Obstructive
Pulmonary Disease®*

The aim of the study was to evaluate the effects of rehabilitation in patients
with chronic obstructive pulmonary disease (COPD) using the Kinect system
during stationary rehabilitation. The study included 68 patients with COPD
(35 men, 33 women, mean age 61.3 + 3.7). The subjects were randomly
assigned to one of the two experimental groups described below. Group |
included 34 patients - non-participants in Kinect training. Group Il included
34 patients - participants in Kinect training. In all patients before and after
rehabilitation physical fitness was assessed using the Senior Fitness Test
(SFT). The Xbox 360 and Kinect motion sensor were used to carry out virtual
reality training. In group |, statistically significant improvements in SFT
performance were observed. Patients in group Il also showed statistically
significantimprovement in physical fitness in all attempts of the SFT. Virtual
rehabilitation training in patients with COPD seems to be a practical and
beneficial intervention capable of enhancing mobility and physical fitness.

Soler et al (2019) [Review] Validation of Respiratory Rate Measurements
From Remote Monitoring Device in COPD Patients®

With healthcare objectives and budget constraint, remote monitoring of
chronic obstructive pulmonary disease (COPD) patients is an important
challenge in most European countries. Recent works have shown that it is
possible to predict COPD exacerbation based on monitoring of simple
parameters, such as the respiratory rate (RR) of the patient in spontaneous
ventilation or under non-invasive ventilation. Until now, these devices do not
allow a daily automatic data remote transmission,[4] or it is restricted to
patients under mechanical ventilation. TeleOx® (SRETT, Boulogne-
Billancourt, France), the first oxygen flow rate remote monitoring device,
also allows a RR measurement by associating a pressure sensor and a fluidic
oscillator flow sensor. A median RR is output every 5 minutes based on time
interval between two consecutive respiratory cycles. In this study, we
compared the corresponding RR measurements between TeleOx® and the
reference polygraph (Nox-T3®, Nox Medical Inc. Reykjavik, Iceland) from

64 Rutkowski S, Rutkowska A, Jastrzebski D, Racheniuk H, Pawetczyk I\, Szczegielniak J. Effect of Virtual Reality-Based
Rehabilitation on Physical Fitness in Patients with Chronic Obstructive Pulmonary Disease. /Hum Kinet. 2019,69:149-157.
Published 2019 Oct 18. doi:10.2478/hukin-2019-0022

85 Soler J, Alves Pegoraro J, Le XL, et al. Validation of respiratory rate measurements from remote monitoring device in COPD
patients. Respir Med Res. 2019;76:1-3. doi:10.1016/j.resmer.2019.05.002
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COPD patients under nasal oxygen therapy with flow rates between 0.5 and
5.0 litres per minute. Patients without mechanical ventilation and without
any other respiratory pathology were eligible to the study if they would
undergo a ventilatory polygraph record for other reasons.

Clarke et al (2018) [Evaluation] Evaluation of the National Health Service
(NHS) Direct Pilot Telehealth Program: Cost-Effectiveness Analysis®®
Objective: To evaluate the cost-effectiveness of a pilot telehealth program
applied to a wide population of patients with chronic obstructive pulmonary
disease (COPD).

Design: Vital signs data were transmitted from the home of the patientona
daily basis using a patient monitoring system for review by community nurse
to assist decisions on management.

Setting: Community services for patients diagnosed with COPD.

Participants: Two Primary Care Trusts (PCTs) enrolled 321 patients
diagnosed with COPD into the telehealth program. Two hundred twenty-
seven (n = 227) patients having a complete baseline record of at least 88
days of continuous remote monitoring and meeting all inclusion criteria were
included in the statistical analysis.

Intervention: Remote monitoring.

Methods: Resource and cost data associated with patient events (inpatient
hospitalization, accident and emergency, and home visits) 12 months before,
immediately before and during monitoring, equipment, start-up, and
administration were collected and compared to determine cost-
effectiveness of the program.

Main outcome measures: Cost-effectiveness of program, impact on resource
usage, and patterns of change in resource usage.

Results: Cost-effectiveness was determined for the two PCTs and the two
periods before monitoring to provide four separate estimates. Cost-
effectiveness had high variance both between the PCTs and between the
comparison periods ranging from a saving of £140,800 ($176,000) to an
increase of £9,600 ($12,000). The average saving was £1,023 ($1,280) per
patient per year. The largest impact was on length of stay with a fall in the
average length of inpatient care in PCT1 from 11.5 days in the period 12
months before monitoring to 6.5 days during monitoring, and similarly in
PCT2 from 7.5to 5.2 days.

8 Clarke M, Fursse J, Brown-Connolly NE, Sharma U, Jones R. Evaluation of the National Health Service (NHS) Direct Pilot
Telehealth Program: Cost-Effectiveness Analysis. Telerned J € Health. 2018;24(1):67-76. doi:10.1089/tm;j.2016.0280
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Conclusion: There was a wide discrepancy in the results from the two PCTs.
This places doubt on outcomes and may indicate also why the literature on
cost-effectiveness remains inconclusive. The wide variance on savings and
the uncertainty of monitoring cost do not allow a definitive conclusion on the
cost-effectiveness as an outcome of this study. It might well be that the
average saving was £1,023 (%$1,280) per patient per year, but the variance is
too great to allow this to be statistically significant. Each locality-based
clinical service provides a service to achieve the same clinical goal, but it
does so in significantly different ways. The introduction of remote
monitoring has a profound effect on team learning and clinical practice and
thus distorts the cost-effectiveness evaluation of the use of the technology.
Cost-effectiveness studies will continue to struggle to provide a definitive
answer because outcome measurements are too dependent on factors
other than the technology.

Miron Rubio et al (2018) [Review] Telemonitoring and Home
Hospitalization in Patients With Chronic Obstructive Pulmonary Disease:
Study TELEPOC®’

Background: Chronic obstructive pulmonary disease (COPD) is a major
consumer of healthcare resources, with most costs related to disease
exacerbations. Telemonitoring of patients with COPD may help to reduce the
number of exacerbations and/or the related costs. On the other hand, home
hospitalization is a cost-saving alternative to inpatient hospitalization
associated with increased comfort for patients. The results are reported
regarding using telemonitoring and home hospitalization for the
management of patients with COPD.

Methods: Twenty-eight patients monitored their health parameters at home
for six months. A nurse remotely revised the collected parameters and
followed the patients as programmed. A home care unit was dispatched to
the patients' home if an alarm signal was detected. The outcomes were
compared to historical data from the same patients.

Results: The number of COPD exacerbations during the study period did not
reduce but the number of hospital admissions decreased by 60% and the
number of emergency room visits by 38%. On average, costs related to
utilization of healthcare resources were reduced by €1,860.80 per patient
per year.

67 Mirén Rubio M, Ceballos Fernédndez R, Parras Pastor |, et al. Telemonitoring and home hospitalization in patients with
chronic obstructive pulmonary disease: study TELEPOC. Expert Rev Respir Med. 2018;12(4):335-343.
doi10.1080/17476348.2018.1442214
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Conclusions: Telemonitoring of patients with COPD combined with home
hospitalization may allow for a reduction in healthcare costs, although its
usefulness in preventing exacerbations is still unclear.

Milkowska-Dymanowska (2018) [Pilot Study] A Pilot Study of Daily
Telemonitoring to Predict Acute Exacerbation in Chronic Obstructive
Pulmonary Disease®®

Background: Exacerbations of COPD (ECOPD) are important events in the
course of COPD and they accelerate the rate of decline of lung function, and
exacerbations requiring hospitalization are associated with significant
mortality. Therefore, developing approaches of prevention and early
treatment of ECOPDs are of special clinical interests. One of such approaches
is telecare, including home telemonitoring.

Material and methods: Daily telemonitoring of HR, BP, Sp02 and spirometry
was performed. Variables were compared using the bootstrap-boosted
inference tests: the paired t-test or Wilcoxon signed rank test, depending on
data normality, and categorical variables were compared using exact
McNemar's test.

Results: Nineteen patients were included to the study. \We observed
significant decrease in Sp02 7 days preceding ECOPD (P = 0.007; Pbootstrap-
boosted = 0.005) and increase in number of events of day-to-day decrease in
oxygen saturation >4% in the period of 7 days preceding ECOPD versus
reference period (P = 0.02).

Conclusions: Oxygen saturation telemonitoring would be successfully used
in predicting ECOPD. Recording of day-to-day decrease in oxygen saturation
>49% as alarming events would be effective approach which would be easily
implemented in telemonitoring devices, however this outcome should be
further validated in larger size samples.

O'Hoski et al (2018) [Review] Use of telemedicine in the assessment of
patients referred for pulmonary rehabilitation®

Rationale: Due to the high global prevalence and economic burden of COPD,
there is growing interest in new approaches to reduce the time from referral

68 Mitkowska-Dymanowska J, Biatas AJ, Obrebski W, Gérski P, Piotrowski WJ. A pilot study of daily telemonitoring to predict
acute exacerbation in chronic obstructive pulmonary disease. /nt/Med Inform. 2018;116:46-51.
doi:10.1016/j.ijmedinf.2018.04.013

89 O'Hoski, S, Butler, S, Dubois-\Webster, J, Brooks, D Goldstein, R Use of telemedicine in the assessment of patients referred for
pulmonary rehabilitation, Canadian Journal of Respiratory, Critical Care, and Slegp Medicine. 2018; 2(1) 4-8, DO
10.1080/24745332.2017.1391055

145


https://pubmed.ncbi.nlm.nih.gov/29887234/
https://pubmed.ncbi.nlm.nih.gov/29887234/
https://pubmed.ncbi.nlm.nih.gov/29887234/
https://doi.org/10.1080/24745332.2017.1391055
https://doi.org/10.1080/24745332.2017.1391055
https://doi.org/10.1080/24745332.2017.1391055

National Health Library and Knowledge Service | Evidence Team
CURRENT ASAT 2JULY 2020

Chapter 5: Telemedicine and COPD

VERSION 1.0

to assessment for rehabilitation, especially among those in remote
communities.

Objectives: To describe the structure of a pilot teleconsultation (TC) service
for people referred for inpatient pulmonary rehabilitation (PR) and the
characteristics of patients seen over four years.

Methods: Patient and clinic visit information since inception of the TC service
in 2012 was retrieved from the electronic record of the respiratory medicine
service at West Park Healthcare Centre. Descriptive statistics were
calculated for patient characteristics and TC data.

Main results: From January 2012 to December 2015, 112 patients were booked
for TC with the majority (n = 90, 80%) attending at least once. Of the 90
attendees, 78 (86%) were seen for assessment for inpatient PR and 61 of
them (78%) were subsequently enrolled. Of these 78 patients, the majority (n
=61, 78%) had chronic obstructive pulmonary disease (COPD) as their
primary lung condition and they resided in 46 locations across Ontario as
well as in Newfoundland, Alberta and New Brunswick. The patients located
in Ontario were saved a total of 70,070 km in travel which translates to a
travel-only cost savings of $28,028.

Conclusions: TCis an alternative to in-person visits for the assessment of
patients referred for PR. It results in meaningful cost savings and increased
convenience for the patient and will assist clinicians in identifying those for
whom PR would be a valuable intervention.

Siddiqui and Morshed (2018) [Review] Severity Classification of Chronic
Obstructive Pulmonary Disease and Asthma With Heart Rate and Sp02
Sensors’®

Asthma and Chronic Obstructive Pulmonary Disease are chronic and long-
term lung diseases. Disease monitoring with minimal sensors with high
efficacy can make the disease control simple and practical for patients. We
propose a model for the severity assessment of the diseases through
wearables and compatible with mobile health applications, using only heart
rate and Sp02 from pulse oximeter sensor. Patient data were obtained from
the MIMIC- Ill Waveform Database Matched Subset. The dataset consists of
158 subjects. Both heart rate and Sp02 signal of patients are analyzed via the
proposed algorithm to classify the severity of the diseases. Strategically, a
rule-based threshold approach in real time evaluation is considered for the
categorization scheme. Furthermore, a method is proposed to assess

70 Siddiqui T, Morshed BI. Severity Classification of Chronic Obstructive Pulmonary Disease and Asthma with Heart Rate and
Sp02 Sensors. Conf Proc IEEE Eng Med Biol Soc. 2018;2018:2929-2932. doi:10.1109/EMBC.2018.8512927
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severity as an Event of Interest (EOI) from the computed metrics in
retrospective. This type of autonomous system for real-time evaluation of
patient's condition has the potential to improve individual health through
continual monitoring and self- management, as well as improve the health
status of the overall Smart and Connected Community (SCC).

Sumino et al (2018) [Feasibility Study] Use of a Remote Inhaler Monitoring
Device to Measure Change in Inhaler Use With Chronic Obstructive
Pulmonary Disease Exacerbations”

Background: Remote inhaler monitoring is an emerging technology that
enables the healthcare team to monitor the time and location of a patient's
inhaler use. We assessed the feasibility of remote inhaler monitoring for
chronic obstructive pulmonary disease (COPD) patients and the pattern of
albuterol inhaler use associated with COPD exacerbations.

Methods: Thirty-five participants with COPD used an electronic inhaler
sensor for 12 weeks which recorded the date and time of each albuterol
actuation. Self-reported COPD exacerbations and healthcare utilization were
assessed monthly. We used generalized estimating equations with a logit
link to compare the odds of an exacerbation day to a nonexacerbation day by
the frequency of daily albuterol use.

Results: Average daily albuterol use on nonexacerbation days varied greatly
between patients, ranging from 1.5 to 17.5 puffs. There were 48 exacerbation
events observed in 29 participants during the study period, of which 16 were
moderate-to-severe exacerbations. During the moderate-to-severe
exacerbation days, the median value in average daily albuterol use increased
by 14.1% (interquartile range: 2.7%-56.9%) compared to average
nonexacerbation days. A100% increase in inhaler use was associated with
increased odds of a moderate-to severe exacerbation (odds ratio 1.54; 95%
Cl:1.21-1.97). Approximately 74% of participants reported satisfaction with
the sensor.

Conclusions: The electronic inhaler sensor was well received in older
patients with COPD over a 12-week period. Increased albuterol use captured
by the device was associated with self-reported episodes of moderate-to-
severe exacerbations.

7Sumino K, Locke ER, Magzamen S, et al. Use of a Remote Inhaler Monitoring Device to Measure Change in Inhaler Use with
Chronic Obstructive Pulmonary Disease Exacerbations. /Aerosol Med Pulm Drug Deliv. 2018;31(3):191-198.
doi:10.1089/jamp.2017.1383
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Tomasic et al (2018) [Review] Continuous Remote Monitoring of COPD
Patients-Justification and Explanation of the Requirements and a Survey
of the Available Technologies’

Remote patient monitoring should reduce mortality rates, improve care, and
reduce costs. We present an overview of the available technologies for the
remote monitoring of chronic obstructive pulmonary disease (COPD)
patients, together with the most important medical information regarding
COPD in a language that is adapted for engineers. Our aim is to bridge the gap
between the technical and medical worlds and to facilitate and motivate
future research in the field. We also present a justification, motivation, and
explanation of how to monitor the most important parameters for COPD
patients, together with pointers for the challenges that remain. Additionally,
we propose and justify the importance of electrocardiograms (ECGs) and the
arterial carbon dioxide partial pressure (PaC02) as two crucial physiological
parameters that have not been used so far to any great extent in the
monitoring of COPD patients. We cover four possibilities for the remote
monitoring of COPD patients: continuous monitoring during normal daily
activities for the prediction and early detection of exacerbations and life-
threatening events, monitoring during the home treatment of mild
exacerbations, monitoring oxygen therapy applications, and monitoring
exercise. We also present and discuss the current approaches to decision
support at remote locations and list the normal and pathological
values/ranges for all the relevant physiological parameters. The paper
concludes with our insights into the future developments and remaining
challenges for improvements to continuous remote monitoring systems.

Wu et al (2018) [Feasibility Study] Feasibility of Using a Smartwatch to
Intensively Monitor Patients With Chronic Obstructive Pulmonary
Disease: Prospective Cohort Study”

Background: Acute exacerbations of chronic obstructive pulmonary disease
(COPD) are associated with accelerated decline in lung function, diminished
quality of life, and higher mortality. Proactively monitoring patients for early
signs of an exacerbation and treating them early could prevent these
outcomes. The emergence of affordable wearable technology allows for

2 Tomasic |, Tomasic N, Trobec R, Krpan M, Kelava T. Continuous remote monitoring of COPD patients-justification and
explanation of the requirements and a survey of the available technologies. Med Biol Eng Comput. 2018;56(4):547-569.
doi:10.1007/s11517-018-1798-z

Wu R, Liagat D, de Lara E, et al. Feasibility of Using a Smartwatch to Intensively Monitor Patients With Chronic Obstructive
Pulmonary Disease: Prospective Cohort Study. JMIR Mhealth Uhealth. 2018:6(6):e10046. Published 2018 Jun 14.
doi:10.2196/10046
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nearly continuous monitoring of heart rate and physical activity as well as
recording of audio which can detect features such as coughing. These signals
may be able to be used with predictive analytics to detect early
exacerbations. Prior to full development, however, it is important to
determine the feasibility of using wearable devices such as smartwatches to
intensively monitor patients with COPD.

Objective: We conducted a feasibility study to determine if patients with
COPD would wear and maintain a smartwatch consistently and whether
they would reliably collect and transmit sensor data.

Methods: Patients with COPD were recruited from 3 hospitals and were
provided with a smartwatch that recorded audio, heart rate, and
accelerations. They were asked to wear and charge it daily for 90 days. They
were also asked to complete a daily symptom diary. At the end of the study
period, participants were asked what would motivate them to regularly use
a wearable for monitoring of their COPD.

Results: Of 28 patients enrolled, 16 participants completed the full 90 days.
The average age of participants was 68.5 years, and 36% (10/28) were
women. Survey, heart rate, and activity data were available for an average of
64.5, 65.1,and 60.2 days respectively. Technical issues caused heart rate and
activity data to be unavailable for approximately 13 and 17 days, respectively.
Feedback provided by participants indicated that they wanted to actively
engage with the smartwatch and receive feedback about their activity, heart
rate, and how to better manage their COPD.

Conclusions: Some patients with COPD will wear and maintain
smartwatches that passively monitor audio, heart rate, and physical activity,
and wearables were able to reliably capture near-continuous patient data.
Further work is necessary to increase acceptability and improve the patient
experience.

Crooks et al (2017) [Observational Study] Continuous Cough Monitoring
Using Ambient Sound Recording During Convalescence From a COPD
Exacerbation’

Purpose: Cough is common in chronic obstructive pulmonary disease (COPD)
and is associated with frequent exacerbations and increased mortality.
Cough increases during acute exacerbations (AE-COPD), representing a
possible metric of clinical deterioration. Conventional cough monitors
accurately report cough counts over short time periods. We describe a novel

74 Crooks MG, den Brinker A, Hayman Y, et al. Continuous Cough Monitoring Using Ambient Sound Recording During
Convalescence from a COPD Exacerbation. Lung 2017;195(3):289-294. doi:10.1007/s00408-017-9996-2
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monitoring system which we used to record cough continuously for up to 45
days during AE-COPD convalescence.

Methods: This is a longitudinal, observational study of cough monitoring in
AE-COPD patients discharged from a single teaching hospital. Ambient
sound was recorded from two sites in the domestic environment and
analysed using novel cough classifier software. For comparison, the
validated hybrid HACC/LCM cough monitoring system was used on days 1, 5,
20 and 45. Patients were asked to record symptoms daily using diaries.
Results: Cough monitoring data were available for 16 subjects with a total of
568 monitored days. Daily cough count fell significantly from mean + SEM
272.7 +54.5 on day 1t0 110.9 + 26.3 on day 9 (p < 0.01) before plateauing. The
absolute cough count detected by the continuous monitoring system was
significantly lower than detected by the hybrid HACC/LCM system but
normalised counts strongly correlated (r = 0.88, p < 0.01) demonstrating an
ability to detect trends. Objective cough count and subjective cough scores
modestly correlated (r = 0.46).

Conclusions: Cough frequency declines significantly following AE-COPD and
the reducing trend can be detected using continuous ambient sound
recording and novel cough classifier software. Objective measurement of
cough frequency has the potential to enhance our ability to monitor the
clinical state in patients with COPD.

Kargiannakis et al (2017) [Review] Does Telehealth Monitoring Identify
Exacerbations of Chronic Obstructive Pulmonary Disease and Reduce
Hospitalisations? An Analysis of System Data’”

Background: The increasing prevalence and associated cost of treating
chronic obstructive pulmonary disease (COPD) is unsustainable. Health care
organizations are focusing on ways to support self-management and
prevent hospital admissions, including telehealth-monitoring services
capturing physiological and health status data. This paper reports on data
captured during a pilot randomized controlled trial of telehealth-supported
care within a community-based service for patients discharged from
hospital following an exacerbation of their COPD.

Objective: The aim was to undertake the first analysis of system data to
determine whether telehealth monitoring can identify an exacerbation of

75 Kargiannakis M, Fitzsimmons DA, Bentley CL, Mountain GA. Does Telehealth Monitoring Identify Exacerbations of Chronic
Obstructive Pulmonary Disease and Reduce Hospitalisations? An Analysis of System Data. JMIR Med Inform. 2017;5(1):e8.
Published 2017 Mar 22. doi:10.2196/medinform.6359
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COPD, providing clinicians with an opportunity to intervene with timely
treatment and prevent hospital readmission.

Methods: A total of 23 participants received a telehealth-supported
intervention. This paper reports on the analysis of data from a telehealth
monitoring system that captured data from two sources: 1. data uploaded
both manually and using Bluetooth peripheral devices by the 23 participants;
and 2. clinical records entered as nursing notes by the clinicians. Rules
embedded in the telehealth monitoring system triggered system alerts to be
reviewed by remote clinicians who determined whether clinical intervention
was required. We also analyzed data on the frequency and length of hospital
admissions, frequency of hospital Accident and Emergency visits that did not
lead to hospital admission, and frequency and type of community health
care service contacts-other than the COPD discharge service-for all
participants for the duration of the intervention and 6 months
postintervention.

Results: Patients generated 512 alerts, 451 of which occurred during the first
42 days that all participants used the equipment. Patients generated fewer
alerts over time with typically seven alerts per day within the first 10 days
and four alerts per day thereafter. They also had three times more days
without alerts than with alerts. Alerts were most commonly triggered by
reports of being more tired, having difficulty with self-care, and blood
pressure being out of range. During the 8-week intervention, and for 6-
month follow-up, eight of the 23 patients were hospitalized. Hospital
readmission rates (2/23, 9%) in the first 28 days of service were lower than
the 20% UK norm.

Conclusions: It seems that the clinical team can identify exacerbations based
on both an increase in alerts and the types of system-generated alerts as
evidenced by their efforts to provided treatment interventions. There was
some indication that telehealth monitoring potentially delayed
hospitalizations until after patients had been discharged from the service.
We suggest that telehealth-supported care can fulfill an important role in
enabling patients with COPD to better manage their condition and remain out
of hospital, but adequate resourcing and timely response to alerts is a critical
factor in supporting patients to remain at home.
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Merone et al (2017) [Report] A Decision Support System for Tele-
Monitoring COPD-Related Worrisome Events’®

Chronic Obstructive Pulmonary Disease (COPD) is a preventable, treatable,
and slowly progressive disease, whose course is aggravated by a periodic
worsening of symptoms and lung function lasting for several days. The
development of home telemonitoring systems has made possible to collect
symptoms and physiological data in electronic records, boosting the
development of decision support systems (DSSs). Current DSSs work with
physiological measurements collected by means of several measuring and
communication devices as well as with symptoms gathered by
questionnaires submitted to COPD subjects. However, this contrasts with the
advices provided by the World Health Organization and the Global initiative
for chronic Obstructive Lung Disease that recommend to avoid invasive or
complex daily measurements. ReportFor these reasons this manuscript
presents a DSS detecting the onset of worrisome events in COPD subjects. It
uses the hearth rate and the oxygen saturation, which can be collected via a
pulse oximeter. The DSS consists in a binary finite state machine, whose
training stage allows a subject specific personalization of the predictive
model, triggering warnings, and alarms as the health status evolves over
time. The experiments on data collected from 22 COPD patients tele-
monitored at home for six months show that the system recognition
performance is better than the one achieved by medical experts.
Furthermore, the support offered by the system in the decision-making
process allows to increase the agreement between the specialists, largely
impacting the recognition of the worrisome events.

Rubio et al (2017) [Observational Study] Home Monitoring of Breathing
Rate in People With Chronic Obstructive Pulmonary Disease:
Observational Study of Feasibility, Acceptability, and Change After
Exacerbation”’

Telehealth programs to promote early identification and timely self-
management of acute exacerbations of chronic obstructive pulmonary
diseases (AECOPDs) have yielded disappointing results, in part, because
parameters monitored [symptoms, pulse oximetry, and spirometry] are
weak predictors of exacerbations.

76 Merone M, Pedone C, Capasso G, Incalzi RA, Soda P. A Decision Support System for Tele-Monitoring COPD-Related
Worrisome Events. /EEE J Biormed Health Inform. 2017;21(2):296-302. doi:10.1109//BHI.2017.2654682

77 Rubio N, Parker RA, Drost EM, et al. Home monitoring of breathing rate in people with chronic obstructive pulmonary
disease: observational study of feasibility, acceptability, and change after exacerbation. /it ./ Chron Obstruct Pulmon Dis.
2017;12:1221-1231. Published 2017 Apr 20. doi:10.2147/COPD.S120706
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Purpose: Breathing rate (BR) rises during AECOPD and may be a promising
predictor. Devices suitable for home use to measure BR have recently
become available, but their accuracy, acceptability, and ability to detect
changes in people with COPD is not known.

Patients and methods: We compared five BR monitors, which used different
monitoring technologies, with a gold standard [Oxycon Mobile®; CareFusion’,
a subsidiary of Becton Dickinson, San Diego, CA, USA]. The monitors were
validated in 21 stable COPD patients during a 57-min "activities of daily living
protocol" in a laboratory setting. The two best performing monitors were
then tested in a 14-day trial in a home setting in 23 stable COPD patients to
determine patient acceptability and reliability of signal. Acceptability was
explored in qualitative interviews. The better performing monitor was then
given to 18 patients recruited during an AECOPD who wore the monitor to
observe BR during the recovery phase of an AECOPD.

Results: While two monitors demonstrated acceptable accuracy compared
with the gold standard, some participants found them intrusive particularly
when ill with an exacerbation, limiting their potential utility in acute
situations. A reduction in resting BR during the recovery from an AECOPD
was observed in some, but not in all participants and there was considerable
day-to-day individual variation.

Conclusion: Resting BR shows some promise in identifying exacerbations;
however, further prospective study to assess this is required.

Talboom-Kamp et al (2017) [Cohort Study] The Effect of Integration of
Self-Management Web Platforms on Health Status in Chronic Obstructive
Pulmonary Disease Management in Primary Care (e-Vita Study):
Interrupted Time Series Design’®

Background: Worldwide nearly 3 million people die from chronic obstructive
pulmonary disease (COPD) every year. Integrated disease management
(IDM) improves quality of life for COPD patients and can reduce
hospitalization. Self-management of COPD through eHealth is an effective
method to improve IDM and clinical outcomes.

Objectives: The objective of this implementation study was to investigate the
effect of 3 chronic obstructive pulmonary disease eHealth programs applied
in primary care on health status. The e-Vita COPD study compares different
levels of integration of Web-based self-management platforms in IDM in 3

78 Talboom-Kamp EP, Verdijk NA, Kasteleyn M), et al. The Effect of Integration of Self-Management \Web Platforms on Health
Status in Chronic Obstructive Pulmonary Disease Management in Primary Care (e-Vita Study): Interrupted Time Series
Design. /Med Internet Res. 2017:19(8):e291. Published 2017 Aug 16. doi:10.2196/jmir.8262
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primary care settings. Patient health status is examined using the Clinical
COPD Questionnaire (CCQ).

Methods: The parallel cohort design includes 3 levels of integration in IDM
[groups 1, 2, 3] and randomization of 2 levels of personal assistance for
patients [group A, high assistance, group B, low assistance]. Interrupted time
series (ITS) design was used to collect CCQ data at multiple time points
before and after intervention, and multilevel linear regression modeling was
used to analyze CCQ data.

Results: Of the 702 invited patients, 215 (30.6%) registered to a platform. Of
these, 82 participated in group 1 (high integration IDM), 36 in group 1A (high
assistance), and 46 in group 1B (low assistance); 96 participated in group 2
(medium integration IDM), 44 in group 2A (high assistance) and 52 in group
2B (low assistance); also, 37 participated in group 3 (no integration IDM). In
the total group, no significant difference was found in change in CCQ trend
(P=.334) before (-0.47% per month) and after the intervention (-0.084% per
month). Also, no significant difference was found in CCQ changes before
versus after the intervention between the groups with high versus low
personal assistance. In all subgroups, there was no significant change in the
CCQ trend before and after the intervention (group 1A, P=.237;1B, P=.991; 2A,
P=.120; 2B, P=.166; 3, P=.945).

Conclusions: The e-Vita eHealth-supported COPD programs had no
beneficial impact on the health status of COPD patients. Also, no differences
were found between the patient groups receiving different levels of personal
assistance.

Thomas et al (2017) [Pilot Study] Inhaler Training Delivered by Internet-
Based Home Videoconferencing Improves Technique and Quality of Life”
Background: COPD is common, and inhaled medications can reduce the risk
of exacerbations. Incorrect inhaler use is also common and may lead to
worse symptoms and increased exacerbations. \We examined whether
inhaler training could be delivered using Internet-based home
videoconferencing and its effect on inhaler technique, self-efficacy, quality
of life, and adherence.

Methods: In this pre-post pilot study, participants with COPD had 3 monthly
Internet-based home videoconference visits with a pharmacist who
provided inhaler training using teach-to-goal methodology. Participants

78 Thomas RM, Locke ER, Woo DM, et al. Inhaler Training Delivered by Internet-Based Home Videoconferencing Improves
Technique and Quality of Life. Respir Care. 2017,62(11)1412-1422. doi:10.4187/respcare.05445
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completed mailed questionnaires to ascertain COPD severity, self-efficacy,
health literacy, quality of life, adherence, and satisfaction with the
intervention.

Results: A total of 41 participants completed at least one, and 38 completed
all 3 home videoconference visits. During each visit, technique improved for
allinhalers, with significant improvements for the albuterol metered-dose
inhaler, budesonide/formoterol metered-dose inhaler, and tiotropium dry
powder inhaler. Improved technique was sustained for nearly all inhalers at 1
and 2 months. Quality of life measured with the Chronic Respiratory
Questionnaire improved following the training: dyspnea (+0.3 points, P =.01),
fatigue (+0.6 points, P <.001), emotional function (+0.5 points, P =.001), and
mastery (+0.7 points, P <.001). Coping skills measured with the Seattle
Obstructive Lung Disease Questionnaire improved (+9.9 points, P =.003).
Participants reported increased confidence in inhaler use; for example, mean
self-efficacy for using albuterol increased 3 points (P <.001). Inhaler
adherence improved significantly after the intervention from 1.6 at the initial
visit to 1.1 at month 2 (P =.045). The pharmacist reported technical issues in
64% of visits.

Conclusions: Inhaler training using teach-to-goal methodology delivered by
home videoconference is a promising means to provide training to patients
with COPD that can improve technique, quality of life, self-efficacy, and
adherence.

Tillis et al (2017) [Feasibilty Study] Implementation of Activity Sensor
Equipment in the Homes of Chronic Obstructive Pulmonary Disease
Patients®°

Introduction: Telemedicine care models for managing advanced chronic
obstructive pulmonary disease (COPD) may benefit from the addition of
motion sensing, spirometry, and tablet-based symptom diary tracking.
Methods: We conducted a feasibility study of telemedicine in the home
setting using multiple activity sensor monitoring equipment. Deployment
and monitoring were supported by home health nurses with technical advice
from the equipment makers as needed. Data analytics for motion sensing
was provided by the research sponsor, but was not used for care decisions.
On study intake, a health risk assessment, Quality of Life (SF-36) survey, and
the St. George Respiratory Questionnaire were administered to assess

80 Tillis W, Bond WF, Svendsen J, Guither S. Implementation of Activity Sensor Equipment in the Homes of Chronic Obstructive
Pulmonary Disease Patients. Telermed J € Health. 2017;23(11):920-929. doi:10.1089/tmj.2016.0201
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patients' self-perception of quality of life, activities of daily life function, and
difficulty living with COPD.

Results: Twenty-eight patients were enrolled and data were gathered for a
minimum of 6 months and maximum of 9 months. The researchers
demonstrated that augmentation of traditional telemedicine methods with
motion sensing, spirometry, and symptom diaries appears feasible. The
technical, process, logistics barriers, and solutions required for system
deployment are described. The researchers demonstrated that
augmentation of traditional telemedicine methods with motion sensing,
spirometry, and symptom diaries appears feasible.

Conclusions: Further exploration will be needed to determine the value of
this information in preventing outcomes relevant to patients.

Zanaboni et al (2017) [Pilot Study] Long-term Exercise Maintenance in
COPD via Telerehabilitation: A Two-Year Pilot Study®’

Introduction: Pulmonary rehabilitation (PR) is an integral part of the
management of chronic obstructive pulmonary disease (COPD). However,
many patients do not access or complete PR, and long-term exercise
maintenance has been difficult to achieve after PR. This study aimed to
investigate feasibility, long-term exercise maintenance, clinical effects,
quality of life and use of hospital resources of a telerehabilitation
intervention. Methods: Ten patients with COPD were offered a two-year
follow-up via telerehabilitation after attending PR. The intervention
consisted of home exercise, telemonitoring and self-management via a
webpage combined with weekly videoconferencing sessions. Equipment
included a treadmill, a pulse oximeter and a tablet. Data collected at baseline,
one year and two years were six-minute walking distance (6MWD), COPD
assessment test (CAT), EuroQol 5 dimensions (EQ-5D), hospitalisations and
outpatient visits.

Results: No dropout occurred. Physical performance, lung capacity, health
status and quality of life were all maintained at two years. At one year,
6MWD improved by a mean of 40 metres from baseline, CAT decreased by
four points and EQ visual analogue scale (EQ VAS) improved by 15.6 points.
Discussion: Long-term exercise maintenance in COPD via telerehabilitation is
feasible. Results are encouraging and suggest that telerehabilitation can
prevent deterioration and improve physical performance, health status and
quality of life.

81 Zanaboni P, Hoaas H, Aargen Lien L, Hjalmarsen A, Wootton R. Long-term exercise maintenance in COPD via
telerehabilitation: a two-year pilot study. / Telerned Telecare. 2017;23(1):74-82. doi:10.11771357633X156 25545
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Esteban et al (2016) [Observational Study] Outcomes of a Telemonitoring-
Based Program (telEPOC) in Frequently Hospitalized COPD Patients®?
Background: The increasing prevalence of chronic diseases requires changes
in health care delivery. In COPD, telemedicine appears to be a useful tool. Our
objective was to evaluate the efficacy (in improving health care-resource use
and clinical outcomes) of a telemonitoring-based program (telEPOC) in COPD
patients with frequent hospitalizations.

Materials and methods: We conducted a nonrandomized observational
study in an intervention cohort of 119 patients (Galdakao-Usansolo Hospital)
and a control cohort of 78 patients (Cruces Hospital), followed up for 2 years.
The inclusion criteria were two or more hospital admissions in the previous
year or three or more admissions in the previous 2 years. The intervention
group received telemonitoring plus education and controls usual care.
Results: Most participants were men (13% women), and the sample had a
mean age of 70 years, forced expiratory volume in 1 second of 45%, Charlson
comorbidity index score of 3.5, and BODE (body mass index, airflow
obstruction, dyspnea, and exercise capacity) index score of 4.1. In
multivariate analysis, the intervention was independently related to lower
rates of hospital admission (odds ratio [OR] 0.38, 95% confidence interval [Cl]
0.27-0.54; /A~<0.0001), emergency department attendance (OR 0.56, 95% Cl
0.35-0.92; /A0.02), and 30-day readmission (OR 0.46, 95% Cl 0.29-

0.74; £<0.001), as well as cumulative length of stay (OR 0.58, 95% Cl 0.46-
0.73; A<0.0001). The intervention was independently related to changes in
several clinical variables during the 2-year follow-up.

Conclusion: An intervention including telemonitoring and education was able
to reduce the health care-resource use and stabilize the clinical condition of
frequently admitted COPD patients.

Hamad et al (2016) [Observational Study] The Value of Telehealth in the
Early Detection of Chronic Obstructive Pulmonary Disease Exacerbations:
A Prospective Observational Study®?

We aim to establish the value of telemonitoring in the early detection of
chronic obstructive pulmonary disease exacerbations. \We followed up
patients undergoing chronic obstructive pulmonary disease telemonitoring

82 Esteban C, Moraza J, Iriberri M, et al. Outcomes of a telemonitoring-based program (telEPOC) in frequently hospitalized
COPD patients. /ntJ Chron Obstruct Pulmon Dis. 2016;11:2919-2930. Published 2016 Nov 24. doi:10.2147/COPD.S115350

83 Hamad GA, Crooks M, Morice AH. The value of telehealth in the early detection of chronic obstructive pulmonary disease
exacerbations: A prospective observational study. Health Informatics J. 2016;22(2):406-413. doi:10.11771460458214564434
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for 4 months. We studied changes in the telemonitored data in the week
prior to admission or to community chronic obstructive pulmonary disease
exacerbation. A total of 183 patients were studied. In all, 30 chronic
obstructive pulmonary disease-related hospital admissions and 68 chronic
obstructive pulmonary disease community exacerbations were recorded.
Changes in telehealth parameters occurred in 80 per cent (24/30) of
admissions and 82 per cent (56/68) of community exacerbations. Although
changes in telehealth data occurred in the majority of exacerbations, most
individual symptoms was present in less than half the exacerbations and
almost 20 per cent of exacerbations were not preceded by any change in
telemonitoring data. Cough created significantly more alerts by those
treated in the community (p = 0.008), whereas a drop in oxygen saturation
created significantly more alerts pre-hospitalisation (p = 0.049). We
conclude that further work is required to develop methods of identifying
impending chronic obstructive pulmonary disease exacerbations with
greater sensitivity and specificity.

Huygens et al (2016) [Qualitative Study] Expectations and Needs of
Patients With a Chronic Disease Toward Self-Management and eHealth
for Self-Management Purposes®*

Background: Self-management is considered as an essential component of
chronic care by primary care professionals. eHealth is expected to play an
important role in supporting patients in their self-management. For effective
implementation of eHealth it is important to investigate patients'
expectations and needs regarding self-management and eHealth. The
objectives of this study are to investigate expectations and needs of people
with a chronic condition regarding self-management and eHealth for self-
management purposes, their willingness to use eHealth, and possible
differences between patient groups regarding these topics.

Methods: Five focus groups with people with diabetes (n = 14), COPD (n =9),
and a cardiovascular condition (n = 7) were conducted in this qualitative
research. Separate focus groups were organized based on patients' chronic
condition. The following themes were discussed: 1. the impact of the chronic
disease on patients' daily life; 2. their opinions and needs regarding self-
management; and 3. their expectations and needs regarding, and willingness

84 Huygens MW, Vermeulen J, Swinkels IC, Friele RD, van Schayck OC, de Witte LP. Expectations and needs of patients with a
chronic disease toward self-management and eHealth for self-management purposes. BMC Health Serv Res. 2016;16:232.
Published 2016 Jul 8. doi:10.1186/s12913-016-1484-5
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to use, eHealth for self-management purposes. A conventional content
analysis approach was used for coding.

Results: Patient groups seem to differ in expectations and needs regarding
self-management and eHealth for self-management purposes. People with
diabetes reported most needs and benefits regarding self-management and
were most willing to use eHealth, followed by the COPD group. People with a
cardiovascular condition mentioned having fewer needs for self-
management support, because their disease had little impact on their life. In
all patient groups it was reported that the patient, not the care professional,
should choose whether or not to use eHealth. Moreover, participants
reported that eHealth should not replace, but complement personal care.
Many participants reported expecting feelings of anxiety by doing
measurement themselves and uncertainty about follow-up of deviant data
of measurements. In addition, many participants worried about the
implementation of eHealth being a consequence of budget cuts in care.
Conclusion: This study suggests that aspects of eHealth, and the way in
which it should be implemented, should be tailored to the patient. Patients'
expected benefits of using eHealth to support self-management and their
perceived controllability over their disease seem to play an important role in
patients' willingness to use eHealth for self-management purposes.

McNamara et al (2016) [Prospective Study] VMieasurement of Daily
Physical Activity Using the SenselWear Armband: Compliance, Comfort,
Adverse Side Effects and Usability®®

Little is known about the acceptability of wearing physical activity-
monitoring devices. This study aimed to examine the compliance, comfort,
incidence of adverse side effects, and usability when wearing the Sense\Wear
Armband (SWA) for daily physical activity assessment. In a prospective
study, 314 participants (252 people with COPD, 36 people with a dust-related
respiratory disease and 26 healthy age-matched people) completed a
purpose-designed questionnaire following a 7-day period of wearing the
SWA. Compliance, comfort levels during the day and night, adverse side
effects and ease of using the device were recorded. Non-compliance with
wearing the SWA over 7 days was 8%. The main reasons for removing the
device were adverse side effects and discomfort. The SWA comfort level
during the day was rated by 11% of participants as uncomfortable/very
uncomfortable, with higher levels of discomfort reported during the night

85 McNamara RJ, Tsai LL, Wootton SL, et al. Measurement of daily physical activity using the SenseWWear Armband:
Compliance, comfort, adverse side effects and usability. Cron Respir Dis. 2016;13(2):144-154. doi10.11771479972316631138
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(16%). Nearly half of the participants (46%) experienced at least one adverse
skin irritation side effect from wearing the SWA including itchiness, skin
irritation and rashes, and/or bruising. Compliance with wearing the SWA for
measurement of daily physical activity was found to be good, despite reports
of discomfort and a high incidence of adverse side effects.

Fernandez-Granero et al (2015) [Pilot Study] Computerised Analysis of
Telemonitored Respiratory Sounds for Predicting Acute Exacerbations of
COPD?e®

Chronic obstructive pulmonary disease (COPD) is one of the commonest
causes of death in the world and poses a substantial burden on healthcare
systems and patients' quality of life. The largest component of the related
healthcare costs is attributable to admissions due to acute exacerbation
(AECOPD). The evidence that might support the effectiveness of the
telemonitoring interventions in COPD is limited partially due to the lack of
useful predictors for the early detection of AECOPD. Electronic stethoscopes
and computerised analyses of respiratory sounds (CARS) techniques provide
an opportunity for substantial improvement in the management of
respiratory diseases. This exploratory study aimed to evaluate the feasibility
of using: (a) a respiratory sensor embedded in a self-tailored housing for
ageing users; (b) a telehealth framework; (c) CARS and (d) machine learning
techniques for the remote early detection of the AECOPD. In a 6-month pilot
study, 16 patients with COPD were equipped with a home base-station and a
sensor to daily record their respiratory sounds. Principal component analysis
(PCA) and a support vector machine (SVM) classifier was designed to predict
AECOPD. 75.8% exacerbations were early detected with an average of 5+ 1.9
days in advance at medical attention. The proposed method could provide
support to patients, physicians and healthcare systems.

Mohktar et al (2015) [Review] Predicting the Risk of Exacerbation in
Patients With Chronic Obstructive Pulmonary Disease Using Home
Telehealth Measurement Data®’

Background: The use of telehealth technologies to remotely monitor
patients suffering chronic diseases may enable preemptive treatment of

86 Fernandez-Granero MA, Sanchez-Morillo D, Leon-Jimenez A. Computerised Analysis of Telemonitored Respiratory Sounds
for Predicting Acute Exacerbations of COPD. Sensors (Basel). 2015;15(10):26978-26996. Published 2015 Oct 23.
doi:10.3390/s151026978

87 Mohktar MS, Redmond SJ, Antoniades NC, et al. Predicting the risk of exacerbation in patients with chronic obstructive
pulmonary disease using home telehealth measurement data. Artifintell Med. 2015;63(1):51-59.
doi:10.1016/j.artmed.2014.12.003

160


https://pubmed.ncbi.nlm.nih.gov/26512667/
https://pubmed.ncbi.nlm.nih.gov/26512667/
https://pubmed.ncbi.nlm.nih.gov/26512667/
https://pubmed.ncbi.nlm.nih.gov/25704112/
https://pubmed.ncbi.nlm.nih.gov/25704112/
https://pubmed.ncbi.nlm.nih.gov/25704112/

National Health Library and Knowledge Service | Evidence Team
CURRENT ASAT 2JULY 2020

Chapter 5: Telemedicine and COPD

VERSION 1.0

worsening health conditions before a significant deterioration in the
subject's health status occurs, requiring hospital admission.

Objective: The objective of this study was to develop and validate a
classification algorithm for the early identification of patients, with a
background of chronic obstructive pulmonary disease (COPD), who appear to
be at high risk of an imminent exacerbation event. The algorithm attempts to
predict the patient's condition one day in advance, based on a comparison of
their current physiological measurements against the distribution of their
measurements over the previous month.

Method: The proposed algorithm, which uses a classification and regression
tree (CART), has been validated using telehealth measurement data
recorded from patients with moderate/severe COPD living at home. The data
were collected from February 2007 to January 2008, using a telehealth home
monitoring unit.

Results: The CART algorithm can classify home telehealth measurement
data into either a low risk or high risk category with 71.8% accuracy, 80.4%
specificity and 61.1% sensitivity. The algorithm was able to detect a 'high risk’
condition one day prior to patients actually being observed as having a
worsening in their COPD condition, as defined by symptom and medication
records.

Conclusion: The CART analyses have shown that features extracted from
three types of physiological measurements; forced expiratory volumeins
(FEV1), arterial oxygen saturation (SPO2) and weight have the most
predictive power in stratifying the patients condition. This CART algorithm
for early detection could trigger the initiation of timely treatment, thereby
potentially reducing exacerbation severity and recovery time and improving
the patient's health. This study highlights the potential usefulness of
automated analysis of home telehealth data in the early detection of
exacerbation events among COPD patients.

Paneroni et al (2015) [Feasibility Study] Is Telerehabilitation a Safe and
Viable Option for Patients With COPD? A Feasibility Study?3

In patients with COPD non-naive to rehabilitation we tested the feasibility,
adherence and satisfaction of a home-based reinforcement
telerehabilitation program (TRP). Outcomes were compared with a standard
outpatient rehabilitation program (ORP). Then 18 TRP patients underwent 28

88 Paneroni M, Colombo F, Papalia A, et al. Is Telerehabilitation a Safe and Viable Option for Patients with COPD? A Feasibility
Study. COPD. 2015;12(2):217-225. doi:10.3109/15412555.2014.933794
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sessions of strength exercises (60 min) and cycle training (40 min) using a
satellite platform provided telemonitoring, tele-prescription, video-
assistance and phone-calls, patients were equipped with an oximeter,
steps-counter, bicycle, remote control and interactive TV software. 18
matched ORP, retrospectively identified from our hospital ORP database,
were used as controls. At baseline and end of program, the 6-min walking
test (6BMWT), Medical Research Council (MRC) scale and Saint George's
Respiratory Questionnaire (SGRQ) were administered. In TRP only, we
assessed platform use, incremental exercise, steps walked/day and patient
satisfaction. TRP patients completed all sessions without side effects, used
the remote control 1,394 + 2,329 times being in the 84% of the cases
satisfied with the service. In 22% of the cases patients found the technology
unfriendly. Each health-professional performed 46 + 65 actions, 14.6 + 2.12
phone calls and 1 + 1.67 videoconference sessions per patient. TRP patients
increased physical activity (3,412 vs. 1,863 steps/day, p = 0.0002). Both
programs produced significant (all, p < 0.01) gains in BMWT [meters, TRP
+34.22 + 50.79; ORP +33.61 + 39.25], dyspnea [TRP - 0.72 + 0.89; ORP - 0.94 +
0.53] and SGRQ [TRP - 6.9 £ 9.96, ORP - 9.9 +12.92] without between-group
differences. In conclusion, TRP is feasible and well accepted by patients,
although sometimes technology was perceived as difficult. It seems to
improve walking capacity, dyspnea, quality of life and daily physical activity.
Future RCTs will demonstrate cost-effectiveness.

Sanchez-Morillo et al (2015) [Pilot Study] Detecting COPD Exacerbations
Early Using Daily Telemonitoring of Symptoms and K-Means Clustering: A
Pilot Study®®

COPD places an enormous burden on the healthcare systems and causes
diminished health-related quality of life. The highest proportion of human
and economic cost is associated with admissions for acute exacerbation of
respiratory symptoms (AECOPD). Since prompt detection and treatment of
exacerbations may improve outcomes, early detection of AECOPD is a critical
issue. This pilot study was aimed to determine whether a mobile health
system could enable early detection of AECOPD on a day-to-day basis. A
novel electronic questionnaire for the early detection of COPD exacerbations
was evaluated during a 6-months field trial in a group of 16 patients. Pattern
recognition techniques were applied. A k-means clustering algorithm was

89 Sanchez-Morillo D, Fernandez-Granero MA, Jiménez AL. Detecting COPD exacerbations early using daily telemonitoring of
symptoms and k-means clustering: a pilot study. Med Biol Eng Cornput. 2015;53(5):441-451. doi10.1007/511517-015-1252-4
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trained and validated, and its accuracy in detecting AECOPD was assessed.
Sensitivity and specificity were 74.6 and 89.7 %, respectively, and area under
the receiver operating characteristic curve was 0.84. 31 out of 33 AECOPD
were early identified with an average of 4.5 + 2.1 days prior to the onset of
the exacerbation that was considered the day of medical attendance. Based
on the findings of this preliminary pilot study, the proposed electronic
guestionnaire and the applied methodology could help to early detect COPD
exacerbations on a day-to-day basis and therefore could provide support to
patients and physicians.
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Lechtzin, Noah et al (2017) [Randomised Controlled Trial] Home
Monitoring of Patients With Cystic Fibrosis to Identify and Treat Acute
Pulmonary Exacerbations. elCE Study Results'

Rationale: Individuals with cystic fibrosis (CF) experience frequent acute
pulmonary exacerbations, which lead to decreased lung function and
reduced quality of life. Objectives: The goal of this study was to determine if
an intervention directed toward early detection of pulmonary exacerbations
using home spirometry and symptom monitoring would result in slower
decline in lung function than in control subjects. Methods: We conducted a
multicenter, randomized trial at 14 CF centers with subjects at least 14 years
old. The early intervention arm subjects measured home spirometry and
symptoms electronically twice per week. Sites were notified if a participant
met criteria for an exacerbation and contacted participants to determine if
treatment for acute exacerbation was required. Participants in the usual care
arm were seen every 3 months and were asked to contact the site if they
were concerned about worsening pulmonary symptoms. Measurements
and main results: The primary outcome was the 52-week change in FEV1.
Secondary outcomes included time to first exacerbation and subsequent
exacerbation, quality of life, and change in weight. A total of 267 patients
were randomized, and the study arms were well matched at baseline. There
was no significant difference between study arms in 52-week mean change
in FEV1 slope (mean slope difference, 0.00 L, 95% confidence interval, -0.07
to 0.07; P = 0.99). The early intervention arm subjects detected exacerbations
more frequently than usual care arm subjects (time to first exacerbation
hazard ratio, 1.45; 95% confidence interval, 1.09 to 1.93; P = 0.01). Adverse

" Lechtzin N, Mayer-Hamblett N, West NE et al Home Monitoring of Patients with Cystic Fibrosis to Identify and Treat Acute
Pulmonary Exacerbations. elCE Study Results. Am J Respir Crit Care Med. 2017;196(9):1144- 1151. doi10.1164/rccm.201610-
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events were not significantly different between treatment arms.
Conclusions: An intervention of home monitoring among patients with CF
was able to detect more exacerbations than usual care, but this did not
result in slower decline in lung function. Clinical trial registered with
www.clinicaltrials.gov (NCTO1104402) SEE ALSO:

Lechtzin, Noah et al (2013) [Randomised Controlled Trial] Rationale and
Design of a Randomized Trial of Home Electronic Symptom and Lung
Function Monitoring to Detect Cystic Fibrosis Pulmonary Exacerbations:
The Early Intervention in Cystic Fibrosis Exacerbation (elCE) Trial?
Background: Acute pulmonary exacerbations are central events in the lives
of individuals with cystic fibrosis (CF). Pulmonary exacerbations lead to
impaired lung function, worse quality of life, and shorter survival. We
hypothesized that aggressive early treatment of acute pulmonary
exacerbation may improve clinical outcomes. Purpose: Describe the rationale
of an ongoing trial designed to determine the efficacy of home monitoring of
both lung function measurements and symptoms for early detection and
subsequent early treatment of acute CF pulmonary exacerbations. Study
Design: A randomized, non-blinded, multi-center trial in 320 individuals with
CF aged 14 years and older. The study compares usual care to a twice a week
assessment of home spirometry and CF respiratory symptoms using an
electronic device with data transmission to the research personnel to
identify and trigger early treatment of CF pulmonary exacerbation.
Participants will be enrolled in the study for 12 months. The primary endpoint
is change in FEV1 (L) from baseline to 12 months determined by a linear
mixed effects model incorporating all quarterly FEV1 measurements.
Secondary endpoints include time to first acute protocol-defined pulmonary
exacerbation, number of acute pulmonary exacerbations, number of
hospitalization days for acute pulmonary exacerbation, time from the end of
acute pulmonary exacerbation to onset of subsequent pulmonary
exacerbation, change in health related quality of life, change in treatment
burden, change in CF respiratory symptoms, and adherence to the study
protocol. Conclusions: This study is a first step in establishing alternative
approaches to the care of CF pulmonary exacerbations. \We hypothesize that
early treatment of pulmonary exacerbations has the potential to slow lung

2 Lechtzin N, West N, Allgood S et al Rationale and design of a randomized trial of home electronic symptom and lung function
monitoring to detect cystic fibrosis pulmonary exacerbations: the early intervention in cystic fibrosis exacerbation (elCE) trial.
Conternp Clin Trials. 2013;362.:460- 469. doi:10.1016/).cct.2013.09.004
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function decline, reduce respiratory symptoms and improve the quality of
life for individuals with CF.

Murgia, F et al (2015) [Randomised Controlled Trial] Telemedicine home
program in patients with cystic fibrosis: Results after 10 years®
Objectives: We studied the effect of telehomecare (THC) in a group of cystic
fibrosis (CF) patients. Materials and Methods: Forced Expiratory Volume in
the first second (FEV1) was monitored at home, with the aim of an early
recognition of the relapses of pulmonary infections. FEV1 was monitored for
4.5 years, using THC as a tool, in addition to the standard therapeutic
protocol. 16 CF patients were followed by doctors experts in the treatment of
CF, over a period of 4.5 years. We compared a control group among patients
seen in the past for an identical period, matching for number, age, sex,
respiratory function, bacterial colonization, 02 dependency, and
complications. 16 CF patients with similar characteristics of age, degree of
pulmonary involvement, bacterial colonization and 02 dependency. We
calculated the annual mean values of FEV1in both groups. Results:
Spirometry data showed a significant improvement in annual Fevl mean
values for the THC patients as compared to the control group. Discussion:
The data are encouraging for a possible role of Telemedicine as a tool for
domestic assistance of patients affected by chronic diseases, such as CF.
However, reliable data on the long-term effectiveness of the use of THCin
the treatment of CF patients is still lacking. The time has come to obtain
reliable data through a multicenter collaboration study, also in order to
standardize the international Telemedicine protocols.

Miscellaneous

Calthorpe, Rebecca Jane et al (2020) [Review] Using Digital Technology

for Home Monitoring, Adherence and Self-Management in Cystic Fibrosis:
A State-Of-The-Art Review"

Digital healthcare is a rapidly growing healthcare sector. Its importance has
been recognised at both national and international level, with the \WHO
recently publishing its first global strategy for digital health. The use of

3 Murgia F, Bianciardi F, Solvoll T et al Telemedicine Home Program in Patients with Cystic Fibrosis: Results after 10 Years. Clin
Ter. 2015;1666..e384- e388. doi:10.7417/T.2015.1905

“ Calthorpe RJ, Smith S, Gathercole K, Smyth AR. Using digital technology for home monitoring, adherence and self-
management in cystic fibrosis: a state-of-the-art review. 7horax 2020;751.:72- 77. doi10.1136/thoraxjnl-2019-213233
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digital technology within cystic fibrosis (CF) has also increased. CF is a
chronic, life-limiting condition, in which the treatment burden is high and
treatment regimens are not static. Digital technologies present an
opportunity to support the lives of people with CF. We included 59 articles
and protocols in this state-of-the-art review, relating to 48 studies from
1999 until 2019. This provides a comprehensive overview of the expansion
and evolution of the use of digital technology. Technology has been used
with the aim of increasing accessibility to healthcare, earlier detection of
pulmonary exacerbations and objective electronic adherence monitoring. It
may also be used to promote adherence and self-management through
education, treatment management Apps and social media. Competing
interests: ARS has provided consultancy for Vertex and holds a current
unrestricted research grant from Vertex. He has taken part in clinical trials
sponsored by Vertex, Raptor and Insmed. He has given lectures at meetings
sponsored by Teva and Vertex.

Compton, Martina et al (2020) [Feasibility Study] A Feasibility Study of
Urgent Implementation of Cystic Fibrosis Multidisciplinary Telemedicine
Clinic in the Face of COVID-19 Pandemic: Single-Center Experience’
Introduction: The coronavirus 2019 (COVID-19) pandemic has become a major
world health problem. All US states have advised their cystic fibrosis (CF)
populations to socially isolate. Major health care payors such as Medicare
and most private insurance companies have agreed to reimburse health care
providers for telemedicine and telephone visits. Methods: The CF adult team
at the University of Virginia (UVA) transitioned from face-to-face clinics to
multidisciplinary telemedicine clinics by using WebEx®, a Health Insurance
Portability and Accountability Act of 1996 (HIPAA) compliant platform.
Interventions: Patients were contacted before scheduled visits and triaged
into: 1. patients eligible for the multidisciplinary telemedicine clinic; 2.
patients to be seen in clinic urgently due to acute needs; and 3. stable
patients who can be rescheduled at a later time. Ineligible patients for the
telemedicine clinic due to lack of access to technology were followed up via
telephone. Results: A total of 63 patients were scheduled to be seen in the
UVA clinic over 4 weeks, 10 clinic days. Of these patients, 20 (32%)
rescheduled their appointment. In addition, 2 patients (3%) were seen in
clinic for acute needs and 38 (60%) were seen by the multidisciplinary team

5> Compton M, Soper M, Reilly B et al A Feasibility Study of Urgent Implementation of Cystic Fibrosis Multidisciplinary
Telemedicine Clinic in the Face of COVID-19 Pandemic: Single-Center Experience [published online ahead of print, 2020 Apr
30). Telermned J € Health.2020;10.1089/tm;j.2020.0091.
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through telemedicine. Conclusions: In the context of the COVID-19 pandemic,
implementing a telemedicine clinic process that serves the needs of a
multidisciplinary care team is paramount to preserving the CF care model.
Through a systematic design and test process, a feasible and sustainable
program was created that can be utilized by other multidisciplinary
programs to adapt to their context.

Cuartero, Maria et al (2019) Wearable Potentiometric Sensors for Medical
Applications®

Wearable potentiometric sensors have received considerable attention
owing to their great potential in a wide range of physiological and clinical
applications, particularly involving ion detection in sweat. Despite the
significant progress in the manner that potentiometric sensors are
integrated in wearable devices, in terms of materials and fabrication
approaches, there is yet plenty of room for improvement in the strategy
adopted for the sample collection. Essentially, this involves a fluidic
sampling cell for continuous sweat analysis during sport performance or
sweat accumulation via iontophoresis induction for one-spot measurements
in medical settings. Even though the majority of the reported papers from
the last five years describe on-body tests of wearable potentiometric
sensors while the individual is practicing a physical activity, the medical
utilization of these devices has been demonstrated on very few occasions
and only in the context of cystic fibrosis diagnosis. In this sense, it may be
important to explore the implementation of wearable potentiometric
sensors into the analysis of other biofluids, such as saliva, tears and urine, as
herein discussed. While the fabrication and uses of wearable potentiometric
sensors vary widely, there are many common issues related to the analytical
characterization of such devices that must be consciously addressed,
especially in terms of sensor calibration and the validation of on-body
measurements. After the assessment of key wearable potentiometric
sensors reported over the last five years, with particular attention paid to
those for medical applications, the present review offers tentative guidance
regarding the characterization of analytical performance as well as
analytical and clinical validations, thereby aiming at generating debate in the
scientific community to allow for the establishment of well-conceived
protocols.

& Cuartero M, Parrilla M, Crespo GA. Wearable Potentiometric Sensors for Medical Applications. Sensors (Basel). 2019;,192.:363.
Published 2019 Jan 17. doi:10.3390/s19020363
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Gao, Wei et al (2019) Flexible Electronics Toward Wearable Sensing’
Wearable sensors play a crucial role in realizing personalized medicine, as
they can continuously collect data from the human body to capture
meaningful health status changes in time for preventive intervention.
However, motion artifacts and mechanical mismatches between
conventional rigid electronic materials and soft skin often lead to substantial
sensor errors during epidermal measurement. Because of its unique
properties such as high flexibility and conformability, flexible electronics
enables a natural interaction between electronics and the human body. In
this Account, we summarize our recent studies on the design of flexible
electronic devices and systems for physical and chemical monitoring.
Material innovation, sensor design, device fabrication, system integration,
and human studies employed toward continuous and noninvasive wearable
sensing are discussed. A flexible electronic device typically contains several
key components, including the substrate, the active layer, and the interface
layer. The inorganic-nanomaterials-based active layer prepared by a
physical transfer or solution process is shown to have good physicochemical
properties, electron/hole mobility, and mechanical strength. Flexible
electronics based on the printed and transferred active materials has shown
great promise for physical sensing. For example, integrating a nanowire
transistor array for the active matrix and a conductive pressure-sensitive
rubber enables tactile pressure mapping; tactile-pressure-sensitive e-skin
and organic light-emitting diodes can be integrated for instantaneous
pressure visualization. Such printed sensors have been applied as wearable
patches to monitor skin temperature, electrocardiograms, and human
activities. In addition, liquid metals could serve as an attractive candidate for
flexible electronics because of their excellent conductivity, flexibility, and
stretchability. Liquid-metal-enabled electronics based on liquid-Lliquid
heterojunctions and embedded microchannels have been utilized to monitor
a wide range of physiological parameters: eg pulse and temperature. Despite
the rapid growth in wearable sensing technologies, there is an urgent need
for the development of flexible devices that can capture molecular data from
the human body to retrieve more insightful health information. \We have
developed a wearable and flexible sweat-sensing platform toward real-time
multiplexed perspiration analysis. An integrated iontophoresis module on a
wearable sweat sensor could enable autonomous and programmed sweat
extraction. A microfluidics-based sensing system was demonstrated for

7 Gao W, Ota H, Kiriya D, Takei K, Javey A. Flexible Electronics toward \Wearable Sensing. Acc Cherm Res. 2019;523.:523- 533.
doi:10.1021/acs.accounts.8b00500
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sweat sampling, sensing, and sweat rate analysis. Roll-to-roll gravure
printing allows for mass production of high-performance flexible chemical
sensors at low cost. These wearable and flexible sweat sensors have shown
great promise in dehydration monitoring, cystic fibrosis diagnosis, drug
monitoring, and noninvasive glucose monitoring. Future work in this field
should focus on designing robust wearable sensing systems to accurately
collect data from the human body and on large-scale human studies to
determine how the measured physical and chemical information relates to
the individual's specific health conditions. Further research in these
directions, along with the large sets of data collected via these wearable and
flexible sensing technologies, will have a significant impact on future
personalized healthcare.

Lee, Eun Kwang et al (2019) [Review] Skin-Mountable Biosensors and
Therapeutics: A Review®

Miniaturization of electronic components and advances in flexible and
stretchable materials have stimulated the development of wearable health
care systems that can reflect and monitor personal health status by health
care professionals. New skin-mountable devices that offer seamless contact
onto the human skin, even under large deformations by natural motions of
the wearer, provide a route for both high-fidelity monitoring and patient-
controlled therapy. This article provides an overview of several important
aspects of skin-mountable devices and their applications in many medical
settings and clinical practices. We comprehensively describe various
transdermal sensors and therapeutic systems that are capable of detecting
physical, electrophysiological, and electrochemical responses and/or
providing electrical and thermal therapies and drug delivery services, and we
discuss the current challenges, opportunities, and future perspectives in the
field. Finally, we present ways to protect the embedded electronic
components of skin-mountable devices from the environment by use of
mechanically soft packaging materials.

8 Lee EK, Kim MK, Lee CH. Skin-Mountable Biosensors and Therapeutics: A Review. Anru Rev Biomed Eng. 2019;21:299- 323.
doi:10.1146/annurev-biceng-060418-052315
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Martinez-Millana, Antonio et al (2019) [Mixed-Methods Study] The
Potential of Self-Management mHealth for Pediatric Cystic Fibrosis:
Mixed-Methods Study for Health Care and App Assessment®
Background: Remote care services and patient empowerment have boosted
mobile health. A study of user needs related to mHealth for pediatric cystic
fibrosis (PCF) identified the set of preferred features mobile apps should
support; however, the potential use of PCF apps and their suitability to fit
into PCF clinical management remains unexplored. Objective: \We examine
whether PCF holds potential for the implementation of mHealth care.
Methods: The study is based on a literature review and qualitative analysis
of content and was conducted in two parts: 1. we reviewed scientific and
gray literature to explore how European countries manage PCF and
conducted a qualitative study of 6 PCF units; and 2. we performed a
systematic review of apps available in the myhealthapps.net repository
searching for cystic fibrosis (CF) management and nutrition apps, which we
analyzed for characteristics, business models, number of downloads, and
usability. Results: European CF routine care guidelines are acknowledged in
most European countries, and treatments are fully covered in almost all
countries. The majority of teams in CF units are interdisciplinary. With
respect to the systematic review of apps, we reviewed 12 apps for CF
management and 9 for general nutrition management in the
myhealthapps.net directory. All analyzed apps provided functionalities for
recording aspects related to the disease and nutrition such as medication,
meals, measurements, reminders, and educational material. None of the
apps reviewed in this study supported pancreatic enzyme replacement
therapy. CF apps proved to be less appealing and usable than nutrition apps
(2.66 [SD 1.15] vs 4.01 [SD 0.90]; P<.001, z-value: -2.6). User needs detected in
previous research are partially matched by current apps for CF management.
Conclusions: The health care context for PCF is a unique opportunity for the
adoption of mHealth. Well-established clinical guidelines, heterogeneous
clinical teams, and coverage by national health care systems provide a
suitable scenario for the use of mHealth solutions. However, available apps
for CF self-management do not cover essential aspects such as nutrition and
education. To increase the adoption of mHealth for CF self-management,
new apps should include these features. International registered report
identifier (irrid): RR2-10.1136/bmjopen-2016-014931.

9 Martinez-Millana A, Zettl A, Floch J et al The Potential of Self-Management mHealth for Pediatric Cystic Fibrosis: Mixed-
Methods Study for Health Care and App Assessment. JMIR Mhealth Uhealth. 2019;74..13362. Published 2019 Apr 18.

doi10.2196/13362
171
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Wood, Jamie et al (2019) High Usability of a Smartphone Application for
Reporting Symptoms in Adults With Cystic Fibrosis'

Introduction: In cystic fibrosis, exacerbations impair lung function and
health-related quality of life, increase healthcare costs and reduce survival.
Delayed reporting of worsening symptoms can result in more severe
exacerbations and worse clinical outcomes; therefore, there is a need for a
novel approach to facilitate the early identification and treatment of
exacerbations in this population. This study investigated the usability of a
smartphone application to report symptoms in adults with cystic fibrosis,
and the observer agreement in clinical decision-making between senior
clinicians interpreting smartphone application responses. Methods: Adults
with cystic fibrosis used the smartphone application weekly for four weeks.
The application comprised 10 yes/no questions regarding respiratory
symptoms and two regarding emotional well-being. Usability was measured
with the System Usability Scale; observer agreement was tested by
providing a cystic fibrosis physician and a nurse practitioner with 45 clinical
scenarios. For each scenario the clinicians, who were blinded to each other's
responses, were asked to indicate whether or not they would: 1. initiate
telephone contact; and/or 2. request a clinic visit for the individual. Results: 10
participants (5 female), aged mean (SD) 33 (11) years, FEV149 (27)%
predicted completed the study. The mean (SD) System Usability Scale score
was 94 6.. There was perfect agreement between clinicians for initiating
contact with the participant (x =1.0, p < 0.001), and near-perfect for
requesting a clinic visit (x = 0.86, p < 0.001). Discussion The use of a
smartphone application for reporting symptoms in adults with cystic fibrosis
has excellent usability and near-perfect agreement between senior
clinicians when interpreting the application responses.

'©Wood J, Jenkins S, Putrino D et al High usability of a smartphone application for reporting symptoms in adults with cystic
fibrosis. / Telemed Telecare. 2018;248.:.547- 552. doi:10.11771357633X17723366
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Calvo-Lerma, Joaquim et al (2017) Innovative approach for self-
management and social welfare of children with cystic fibrosis in Europe:
Development, validation and implementation of an mHealth tool
(MyCyFAPP)"

Introduction: For the optimal management of children with cystic fibrosis,
there are currently no efficient tools for the precise adjustment of pancreatic
enzyme replacement therapy, either for advice on appropriate dietary intake
or for achieving an optimal nutrition status. Therefore, we aim to develop a
mobile application that ensures a successful nutritional therapy in children
with cystic fibrosis. Methods and analysis: A multidisciplinary team of 12
partners coordinate their efforts in 9 work packages that cover the entire so-
called 'from laboratory to market' approach by means of an original and
innovative co-design process. A cohort of 200 patients with cystic fibrosis
aged 1-17 years are enrolled. We will develop an innovative, clinically tested
mobile health application for patients and health professionals involved in
cystic fibrosis management. The mobile application integrates the research
knowledge and innovative tools for maximising self-management with the
aim of leading to a better nutritional status, quality of life and disease
prognosis. Bringing together different and complementary areas of
knowledge is fundamental for tackling complex challenges in disease
treatment, such as optimal nutrition and pancreatic enzyme replacement
therapy in cystic fibrosis. Patients are expected to benefit the most from the
outcomes of this innovative project. Ethics and dissemination: The project is
approved by the Ethics Committee of the coordinating organisation, Hospital
Universitari La Fe (Ref: 2014/0484). Scientific findings will be disseminated
via journals and conferences addressed to clinicians, food scientists,
information and communications technology experts and patients. The
specific dissemination working group within the project will address the
wide audience communication through the website
(http://mww.mycyfapp.eu), the social networks and the newsletter.

" Calvo-Lerma J, Martinez-Jimenez CP, Lazaro-Ramos JP et al Innovative approach for self-management and social welfare of
children with cystic fibrosis in Europe: development, validation and implementation of an mHealth tool (MyCyFAPP). BM/
Open. 2017;73..e014931. Published 2017 Mar 16. doi:10.1136/bmjopen-2016-014931
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Emaminejad, Sam et al (2017) Autonomous Sweat Extraction and Analysis
Applied to Cystic Fibrosis and Glucose Monitoring Using a Fully Integrated
Wearable Platform'

Perspiration-based wearable biosensors facilitate continuous monitoring of
individuals' health states with real-time and molecular-level insight. The
inherent inaccessibility of sweat in sedentary individuals in large volume
(210 pL) for on-demand and in situ analysis has limited our ability to
capitalize on this noninvasive and rich source of information. A wearable and
miniaturized iontophoresis interface is an excellent solution to overcome
this barrier. The iontophoresis process involves delivery of stimulating
agonists to the sweat glands with the aid of an electrical current. The
challenge remains in devising an iontophoresis interface that can extract
sufficient amount of sweat for robust sensing, without electrode corrosion
and burning/causing discomfort in subjects. Here, we overcame this
challenge through realizing an electrochemically enhanced iontophoresis
interface, integrated in a wearable sweat analysis platform. This interface
can be programmed to induce sweat with various secretion profiles for real-
time analysis, a capability which can be exploited to advance our knowledge
of the sweat gland physiology and the secretion process. To demonstrate
the clinical value of our platform, human subject studies were performed in
the context of the cystic fibrosis diagnosis and preliminary investigation of
the blood/sweat glucose correlation. With our platform, we detected the
elevated sweat electrolyte content of cystic fibrosis patients compared with
that of healthy control subjects. Furthermore, our results indicate that oral
glucose consumption in the fasting state is followed by increased glucose
levels in both sweat and blood. Our solution opens the possibility for a broad
range of noninvasive diagnostic and general population health monitoring
applications.

Cox, Narelle S et al (2015) [Feasibility Study] Feasibility and acceptability
of an Internet-Based program to promote physical activity in adults with
cystic fibrosis'

Background: Lifelong physical activity is an important component of the
therapeutic management of patients with cystic fibrosis (CF). Use of the
Internet to monitor and encourage participation in physical activity has not

2 Emaminejad S, Gao W, Wu E et al Autonomous sweat extraction and analysis applied to cystic fibrosis and glucose
monitoring using a fully integrated wearable platform. Proc Natl Acad Sci U S A. 2017;114(18):4625- 4630.
doi:10.1073/pnas.1701740114

13 Cox NS, Alison JA, Button BM, Wilson JW, Holland AE. Feasibility and acceptability of an Internet-based program to promote
physical activity in adults with cystic fibrosis. Respir Care 2015;603.:422- 429. doi:10.4187/respcare.03165
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been assessed in adults with CF. \We aimed to establish the feasibility and
acceptability of a specifically developed Internet-based program to monitor
and encourage physical activity participation in adults with CF. Methods:
Subjects were recruited at hospital discharge to trial an Internet-based
physical activity program (ActivOnline) for 8 weeks, which incorporated
fortnightly telephone consultation to support physical activity behavior
change. Acceptability of the program was assessed by semistructured
interview, as well as subject-rated system usability and perceived benefit
using Likert scales. Feasibility was assessed by frequency of access of the
online site and number of physical activity sessions recorded. Results: Ten
subjects were recruited who rated system usability and perceived benefit
favorably (median score usability of 89% [interquartile range of 84-95%);
median score of perceived benefit (maximum of 5) of 4 [interquartile range
of 3-4.8]). During interviews, subjects described a positive reaction to
receiving graphical representation of their activity participation; however,
80% would have preferred a more mobile interface such as an app. Subjects
accessed ActivOnline on a mean = SD of 13 + 11 occasions over 8 weeks and
recorded a mean of 35 (range of 15-57) physical activity sessions.
Conclusions: Use of an Internet-based program to encourage participationin
physical activity was both feasible and acceptable to adults with CF.
Feasibility may be further improved with the ability to access the program
through a mobile application.
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Andrees et al (2020) [Systematic Review] Live interactive
teledermatology compared to in-person care - a systematic review'
Teledermatology is a rapidly developing field of dermatological care, giving
the opportunity to deliver more efficient healthcare to patients in remote
areas. Live interactive (LI) teledermatology uses videoconferencing and,
hence, allows for direct communication. A current overview on effectiveness,
costs, feasibility and accuracy of LI applications compared to standard care
is missing. The present systematic review provides this overview on LI
teledermatology. Two databases were searched until April 2019, followed by
title, abstract and full-text screening. Additionally, reference lists of the
detected eligible articles were screened for further eligible studies. Studies
comparing LI applications with standard care were included. Data on study
design, sample size, country, objectives, main findings and characteristics of
LI applications were extracted. Results on time effectiveness, costs, accuracy
and feasibility of LI applications were synthesized. Additionally, the quality of
included studies was assessed. Twenty-three publications were included in
the final analysis: seventeen case-control studies and six randomized
controlled trials. Included studies were published between 1997 and 2017.
Study quality differed across studies. The studies were carried out in eight
different countries. Eleven studies focused on patient consultation, three on
patient organization and nine on combined applications of the
aforementioned. Nine studies investigated applications facilitating patient-
provider interaction. Fourteen studies evaluated applications combining
patient-provider and provider-provider interaction, meaning the patient sits
next to one provider while using LI applications to interact with another
provider. This review reveals that Ll applications can be a time effective
substitute of or supplement to standard dermatological care. Results
demonstrated that LI and standard care are comparable with regard to

T Andrees V, Klein TM, Augustin M, Otten M. Live interactive teledermatology compared to in-person care - a systematic
review. / Eur Acad Dermatol Venereol. 2020;34(4):733-745. doi:10.1111/jdv.16070
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feasibility and accuracy. No clear tendencies can be reported with regard to
costs. However, there is a lack of current comparative studies.

Freeman et al (2020) [Systematic Review] Algorithm based smartphone
apps to assess risk of skin cancer in adults: systematic review of
diagnostic accuracy studies?

Objective: To examine the validity and findings of studies that examine the
accuracy of algorithm based smartphone applications (“apps”) to assess risk
of skin cancer in suspicious skin lesions.

Design: Systematic review of diagnostic accuracy studies.

Data sources: Cochrane Central Register of Controlled Trials, MEDLINE,
Embase, CINAHL, CPCl, Zetoc, Science Citation Index, and online trial registers
from database inception to 10 April, 2019.

Eligibility criteria for selecting studies: Studies of any design that evaluated
algorithm based smartphone apps to assess images of skin lesions
suspicious for skin cancer. Reference standards included histological
diagnosis or follow-up, and expert recommendation for further investigation
or intervention. Two authors independently extracted data and assessed
validity using QUADAS-2. Estimates of sensitivity and specificity were
reported for each app.

Results: Nine studies that evaluated six different identifiable smartphone
apps were included. Six verified results by using histology or follow-up
(n=725 lesions), and three verified results by using expert recommendations
(n=407 lesions). Studies were small and of poor methodological quality, with
selective recruitment, high rates of unevaluable images, and differential
verification. Lesion selection and image acquisition were performed by
clinicians rather than smartphone users. Two CE [Conformit Europenne]
marked apps are available for download. No published peer reviewed study
was found evaluating the TeleSkin skinScan app. SkinVision was evaluated in
three studies (n=267, 66 malignant or premalignant lesions) and achieved a
sensitivity of 80% (95% confidence interval 63% to 92%) and a specificity of
78% (67% to 87%) for the detection of malignant or premalignant lesions.
Accuracy of the SkinVision app verified against expert recommendations
was poor (three studies).

Conclusions: Current algorithm based smartphone apps cannot be relied on
to detect all cases of melanoma or other skin cancers. Test performance is

2 Freeman K, Dinnes J, Chuchu N, et al. Algorithm based smartphone apps to assess risk of skin cancer in adults: systematic
review of diagnostic accuracy studies [published correction appears in BMJ. 2020 Feb 25;368:m645). BV, 2020;368:m127.
Published 2020 Feb 10. doi:10.1136/bmj.m127
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likely to be poorer than reported here when used in clinically relevant
populations and by the intended users of the apps. The current regulatory
process for awarding the CE marking for algorithm based apps does not
provide adequate protection to the public.

Pala et al (2020) [Systematic Review] Teledermatology: idea, benefits and
risks of modern age - a systematic review based on melanoma’®
Telemedicine may be described as a modern technology supporting health
care at a distance. Dermatology, as a visually-dependent specialty, is
particularly suited for this kind of the health care model. This has been
proven in a number of recent studies, which emphasized feasibility and
reliability of teledermatology. Many patients in the world still do not have
access to appropriate dermatological care, while skin cancers morbidity is on
an upward trend. Technological development has enabled clinicians to care
for diverse patient populations in need of skin expertise without increasing
their overhead costs. Teledermatology has been used for various purposes:
health care workers can use this technology to provide clinical services to
patients, to monitor patient health, to consult with other health care
providers and to provide patients with access to educational resources. It
seems that teledermatology might be the answer to numerous issues
concerning diagnosing, screening and managing cancers as well as
pigmented skin lesions.

Bruce et al (2018) [Systematic Review] The use of teledermoscopy in the
accurate identification of cancerous skin lesions in the adult population:
A systematic review"

Background: The use of teledermoscopy in the diagnostic management of
pre-cancerous and cancerous skin lesions involves digital dermoscopic
images transmitted over telecommunication networks via email or web
applications. Teledermoscopy may improve the accuracy in clinical
diagnoses of melanoma skin cancer if integrated into electronic medical
records and made available to rural communities, potentially leading to
decreased morbidity and mortality.

Objective and Method: The purpose of this paper is to present a systematic
review of evidence on the use of teledermoscopy to improve the accuracy of
skin lesion identification in adult populations. The PRISMA method guided

3 Pala P, Bergler-Czop BS, Gwizdz JM. Teledermatology: idea, benefits and risks of modern age - a systematic review based on
melanoma. Postepy Dermatol Alergol. 2020;37(2):159-167. doi:10.5114/ada.2020.94834

4 Bruce AF, Mallow JA, Theeke LA. The use of teledermoscopy in the accurate identification of cancerous skin lesions in the
adult population: A systematic review. / Telemed Telecare. 2018;24(2):75-83. doi:10.1177/1357633X16686 770
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the development of this systematic review. A total of seven scholarly
databases were searched for articles published between the years of 2000
and 2015. All studies were critically appraised using the Rosswurm and
Larrabee critique worksheet, placed in a matrix for comparison evaluating
internal and external validity and inspected for homogeneity of findings.
Results: Sixteen articles met inclusion criteria for this review. A majority of
the studies were cross-sectional and non-experimental. Ten of the 16
focused on interobserver concordance and diagnostic agreement between
teledermoscopy and another comparator. Instrumentation in conducting the
studies showed inconsistency with reported results.

Discussion: Higher level evidence is needed to support clinical application of
teledermoscopy for accuracy of diagnostic measurement in the treatment of
pre-cancerous and cancerous skin lesions in adults. Future research is
needed to develop a standardized, reliable and valid measurement tool for
implementation in clinical practice.

Choi et a (2018) [Systematic Review] mHealth Approaches in Managing
Skin Cancer: Systematic Review of Evidence-Based Research Using
Integrative Mapping®

Background: mHealth, which encompasses maobile health technologies and
interventions, is rapidly evolving in various medical specialties, and its
impact is evident in oncology. In particular, mHealth has established itself as
a prominent part of dermatology for cancer screening. Intensified research
to seek its use and effectiveness in each phase of the skin cancer continuum
is needed in this fast-growing field of teledermatology.

Objective: The purpose of this review was to describe current trends in
research addressing the integration of mHealth and its contributions across
the skin cancer continuum.

Methods: A systematic review framework was applied to the search using
three electronic databases: PubMed, Web of Science, and Embase. We
extensively reviewed appropriate studies regarding skin cancer and mobile
technology published between 2007 and 2017. Studies of the role and impact
of mobile technology in the prevention and management of skin cancer were
included. We selected 18 studies adhering to the inclusion and exclusion
criteria for analysis.

Results: Of the 18 studies, 5 (28%) evaluated prevention interventions, 6
(33%) assessed diagnostic accuracy, and 7 (39%) pertained to feasibility in

5 Choi J, Cho Y, Woo H. mHealth Approaches in Managing Skin Cancer: Systematic Review of Evidence-Based Research Using
Integrative Mapping. JMIR Mhealth Uhealth. 2018;6(8):e164. Published 2018 Aug 2. doi:10.2196/mhealth.8554
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the context of mHealth approaches for skin cancer care. These studies
portray the potential of mobile teledermatology in the prevention and
management of skin cancer. However, not all phases of skin cancer involve
mHealth, and not all have been addressed by research.

Conclusions: This review extends our knowledge not only on the
contributions of mHealth technologies, but also on their integration in
different phases of skin cancer care. To optimize the effectiveness of
mHealth in dermatology, larger numbers of robust, evidence-based studies
on teledermatology implementations, distributed evenly across the care
continuum, should be conducted so that research can be expanded to
systematic reviews.

Chuchu et al (2018) [Systematic Review] Smartphone applications for
triaging adults with skin lesions that are suspicious for melanoma®
Background: Melanoma accounts for a small proportion of all skin cancer
cases but is responsible for most skin cancer-related deaths. Early detection
and treatment can improve survival. Smartphone applications are readily
accessible and potentially offer an instant risk assessment of the likelihood
of malignancy so that the right people seek further medical attention from a
clinician for more detailed assessment of the lesion. There is, however, a risk
that melanomas will be missed and treatment delayed if the application
reassures the user that their lesion is low risk.

Objectives: To assess the diagnostic accuracy of smartphone applications to
rule out cutaneous invasive melanoma and atypical intraepidermal
melanocytic variants in adults with concerns about suspicious skin lesions.
Search methods: We undertook a comprehensive search of the following
databases from inception to August 2016: Cochrane Central Register of
Controlled Trials; MEDLINE; Embase; CINAHL; CPCI; Zetoc; Science Citation
Index; US National Institutes of Health Ongoing Trials Register; NIHR Clinical
Research Network Portfolio Database; and the World Health Organization
International Clinical Trials Registry Platform. We studied reference lists and
published systematic review articles.

Selection Criteria: Studies of any design evaluating smartphone applications
intended for use by individuals in a community setting who have lesions that
might be suspicious for melanoma or atypical intraepidermal melanocytic
variants versus a reference standard of histological confirmation or clinical
follow-up and expert opinion.

6 Chuchu N, Takwoingi Y, Dinnes J, et al. Smartphone applications for triaging adults with skin lesions that are suspicious for
melanoma. Cochirane Database Syst Rev. 2018;12(12):CD013192. Published 2018 Dec 4. doi:10.1002/14651858.CD013192
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Data Collection and Analysis: Two review authors independently extracted
all data using a standardised data extraction and quality assessment form
based on QUADAS-2. Due to scarcity of data and poor quality of studies, we
did not perform a meta-analysis for this review. For illustrative purposes, we
plotted estimates of sensitivity and specificity on coupled forest plots for
each application under consideration.

Main Results: This review reports on two cohorts of lesions published in two
studies. Both studies were at high risk of bias from selective participant
recruitment and high rates of non-evaluable images. Concerns about
applicability of findings were high due to inclusion only of lesions already
selected for excision in a dermatology clinic setting, and image acquisition by
clinicians rather than by smartphone app users.We report data for five
mobile phone applications and 332 suspicious skin lesions with 86
melanomas across the two studies. Across the four artificial intelligence-
based applications that classified lesion images as melanomas [one
application] or as high risk or problematic lesions [three applications] using a
pre-programmed algorithm, sensitivities ranged from 7% (95% Cl 2% to
16%) to 73% (95% Cl 52% to 88%) and specificities from 37% (95% Cl 29% to
46%) to 94% (95% Cl 87% to 97%). The single application using store-and-
forward review of lesion images by a dermatologist had a sensitivity of 98%
(95% C190% to 100%) and specificity of 30% (95% Cl 22% to 40%).The
number of test failures U lesion images analysed by the applications but
classed as unevaluable and excluded by the study authors U ranged from 3
to 31 (or 2% to 18% of lesions analysed). The store-and-forward application
had one of the highest rates of test failure (15%). At least one melanoma was
classed as unevaluable in three of the four application evaluations.

Authors' Conclusions: Smartphone applications using artificial intelligence-
based analysis have not yet demonstrated sufficient promise in terms of
accuracy, and they are associated with a high likelihood of missing
melanomas. Applications based on store-and-forward images could have a
potential role in the timely presentation of people with potentially malignant
lesions by facilitating active self-management health practices and early
engagement of those with suspicious skin lesions; however, they may incur a
significant increase in resource and workload. In respect of the paucity of
evidence and low methodological quality of existing studies, it is not possible
to draw any implications for practice. Nevertheless, this is a rapidly
advancing field, and new and better applications with robust reporting of
studies could change these conclusions substantially.
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Chuchu et al (2018) [Systematic Review] Teledermatology for diagnosing
skin cancer in adults’

Background: Early accurate detection of all skin cancer types is essential to
guide appropriate management and to improve morbidity and survival.
Melanoma and squamous cell carcinoma (SCC) are high-risk skin cancers
which have the potential to metastasise and ultimately lead to death,
whereas basal cell carcinoma (BCC) is usually localised with potential to
infiltrate and damage surrounding tissue. Anxiety around missing early
curable cases needs to be balanced against inappropriate referral and
unnecessary excision of benign lesions. Teledermatology provides a way for
generalist clinicians to access the opinion of a specialist dermatologist for
skin lesions that they consider to be suspicious without referring the
patients through the normal referral pathway. Teledermatology
consultations can be 'store-and-forward' with electronic digital images of a
lesion sent to a dermatologist for review at a later time, or can be live and
interactive consultations using videoconferencing to connect the patient,
referrer and dermatologist in real time.

Objectives: To determine the diagnostic accuracy of teledermatology for the
detection of any skin cancer U melanoma, BCC or cutaneous squamous cell
carcinoma (cSCC) U in adults, and to compare its accuracy with that of in-
person diagnosis.

Search methods: We undertook a comprehensive search of the following
databases from inception up to August 2016: Cochrane Central Register of
Controlled Trials, MEDLINE, Embase, CINAHL, CPCI, Zetoc, Science Citation
Index, US National Institutes of Health Ongoing Trials Register, NIHR Clinical
Research Network Portfolio Database and the World Health Organization
International Clinical Trials Registry Platform. We studied reference lists and
published systematic review articles.

Selection criteria: Studies evaluating skin cancer diagnosis for
teledermatology alone, or in comparison with face-to-face diagnosis by a
specialist clinician, compared with a reference standard of histological
confirmation or clinical follow-up and expert opinion. We also included
studies evaluating the referral accuracy of teledermatology compared with a
reference standard of face-to-face diagnosis by a specialist clinician.

Data collection and analysis: Two review authors independently extracted
all data using a standardised data extraction and quality assessment form
based on QUADAS-2. We contacted authors of included studies where there

7 Chuchu N, Dinnes J, Takwoingi Y, et al. Teledermatology for diagnosing skin cancer in adults. Cochirane Database Syst Rev.
2018;12(12):CD013193. Published 2018 Dec 4. doi:10.1002/14651858.CD013193
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were information related to the target condition of any skin cancer missing.
Data permitting, we estimated summary sensitivities and specificities using
the bivariate hierarchical model. Due to the scarcity of data, we undertook no
covariate investigations for this review. For illustrative purposes, we plotted
estimates of sensitivity and specificity on coupled forest plots for diagnostic
threshold and target condition under consideration.

Main results: The review included 22 studies reporting diagnostic accuracy
data for 4057 lesions and 879 malignant cases [16 studies] and referral
accuracy data for reported data for 1449 lesions and 270 positive cases as
determined by the reference standard face-to-face decision [6 studies].
Methodological quality was variable with poor reporting hindering
assessment. The overall risk of bias was high or unclear for participant
selection, reference standard, and participant flow and timing in at least half
of all studies; the majority were at low risk of bias for the index test. The
applicability of study findings were of high or unclear concern for most
studies in all domains assessed due to the recruitment of participants from
secondary care settings or specialist clinics rather than from primary or
community-based settings in which teledermatology is more likely to be
used and due to the acquisition of lesion images by dermatologists or in
specialist imaging units rather than by primary care clinicians.Seven studies
provided data for the primary target condition of any skin cancer: 1588
lesions and 638 malignancies. For the correct diagnosis of lesions as
malignant using photographic images, summary sensitivity was 94.9% (95%
confidence interval (Cl) 90.1% to 97.4%) and summary specificity was 84.3%
(95% Cl 48.5% to 96.8%). Individual study estimates using dermoscopic
images or a combination of photographic and dermoscopic images generally
suggested similarly high sensitivities with highly variable specificities.
Limited comparative data suggested similar diagnostic accuracy between
teledermatology assessment and in-person diagnosis by a dermatologist;
however, data were too scarce to draw firm conclusions. For the detection of
invasive melanoma or atypical intraepidermal melanocytic variants both
sensitivities and specificities were more variable. Sensitivities ranged from
59% (95% Cl 42% to 74%) to 100% (95% Cl 48% to 100%) and specificities
from 30% (95% Cl 22% to 40%) to 100% (95% Cl 93% to 100%), with
reported diagnostic thresholds including the correct diagnosis of melanoma,
classification of lesions as ‘atypical' or 'typical, and the decision to refer or to
excise a lesion.Referral accuracy data comparing teledermatology against a
face-to-face reference standard suggested good agreement for lesions
considered to require some positive action by face-to-face assessment. For
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lesions considered of less concern when assessed face-to-face U eg for
lesions not recommended for excision or referral U agreement was more
variable with teledermatology specificities ranging from 57% (95% Cl 39% to
73%) to 100% (95% CI 86% to 100%), suggesting that remote assessment is
more likely recommend excision, referral or follow-up compared to in-
person decisions.

Authors' Conclusions: Studies were generally small and heterogeneous and
methodological quality was difficult to judge due to poor reporting. Bearing
in mind concerns regarding the applicability of study participants and of
lesion image acquisition in specialist settings, our results suggest that
teledermatology can correctly identify the majority of malignant lesions.
Using a more widely defined threshold to identify possibly malignant cases
or lesions that should be considered for excision is likely to appropriately
triage those lesions requiring face-to-face assessment by a specialist.
Despite the increasing use of teledermatology on an international level, the
evidence base to support its ability to accurately diagnose lesions and to
triage lesions from primary to secondary care is lacking and further
prospective and pragmatic evaluation is needed.

Clark et al (2018) [Systematic Review] Systematic review of mobile
phone-based teledermatology®

Teledermatology is an expanding field within dermatology that has grown
and become more clinically accepted by both patients and doctors. With
approximately 260 million mobile phone users in the US and 4-6 billion
worldwide with access to mobile phones, teledermatology serves as a
potentially useful tool for diagnosis and management. In this review, we
provide a detailed overview of maobile phone technology and the
accumulating evidence for its incorporation into dermatology. Key questions
addressed include accuracy and concordance between mobile
teledermatology and face-to-face dermatology for the diagnosis of skin
conditions. Similarly, accuracy and concordance were compared for the
management of skin conditions. To track the development of mobile phone
technology, we also assessed how data were captured, stored, and
displayed in teledermatology studies.

8 Clark AK, Bosanac S, Ho B, Sivamani RK. Systematic review of mobile phone-based teledermatology. Arch Dermatol Res.
2018;310(9):675-689. doi:10.1007/s00403-018-1862-4
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Mounessa et al (2018) [Systematic Review] A systematic review of
satisfaction with teledermatology®

Background: The two most commonly used modalities of teledermatology
(TD) are store-and-forward (SF) and live-interactive (LI) TD. Existing studies
have not compared these tools with respect to patient and provider
satisfaction.

Objective: To systematically review all published studies of patient and
provider satisfaction with SF and LI TD. Methods PubMed, EMBASE, and
Cochrane databases were systematically searched for studies on provider or
patient satisfaction with SF or LI TD between January 2000 and June 2016.
Results: Forty eligible studies were identified: 32 with SF TD, 10 with LI TD,
and 2 evaluating both. With SF TD, 96% of studies assessing patient
satisfaction and 82% of studies assessing provider satisfaction
demonstrated satisfaction (n = 24 and 17, respectively). With LI TD, 89% of
studies assessing patient satisfaction and all studies assessing provider
satisfaction revealed satisfaction (n = 9 and 6, respectively). Conclusion:
Patients and providers are satisfied with both SF and LI TD. Studies assessing
satisfaction with LI have not been conducted in recent years, and have only
been conducted in limited geographic patient populations. Further research
assessing satisfaction with TD will help address any dissatisfaction with its
uses and allow for increased support and funding of future programmes.

Svendsen et al (2018) [Systematic Review] eHealth Technologies as an
intervention to improve adherence to topical antipsoriatics: a systematic
review'®

Background: Topical antipsoriatics are recommended first-line treatment of
psoriasis, but rates of adherence are low. Patient support by use of
electronic health services is suggested to improve medical adherence.
Objective: To review randomised controlled trials (RCTs) testing eHealth
interventions designed to improve adherence to topical antipsoriatics and to
review applications for smartphones incorporating the word psoriasis.
Results: Only one RCT was included, reporting on psoriasis patients' Internet
reporting their status of psoriasis over a 12-month period. The rate of
adherence was measured by Medication Event Monitoring System (MEMS®).

9 Mounessa JS, Chapman S, Braunberger T, et al. A systematic review of satisfaction with teledermatology. / Telermed
Telecare. 2018;24(4):263-270. doi:10.1177/1357633X17696587

10 Svendsen MT, Andersen F, Andersen KE. eHealth Technologies as an intervention to improve adherence to topical
antipsoriatics: a systematic review. / Dermatolog Treat. 2018;29(2):123-128. doi:10.1080/09546634.2017.1341612
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An improvement in medical adherence and reduction of severity of psoriasis
were reported. A total 184 apps contained the word psoriasis were found.
Conclusion: There is a critical need for high-quality RCTs testing if the
ubiquitous eHealth technologies, for example, some of the numerous apps,
can improve psoriasis patients' rates of adherence to topical antipsoriatics.

Finnane et al (2017) [Systematic Review] Teledermatology for the
Diagnosis and Management of Skin Cancer: A Systematic Review"
Importance: As technology becomes more commonplace in dermatological
practice, it is essential to continuously review the accuracy of
teledermatology devices and services compared with in-person care. The
last systematic review was conducted over 5 years ago.

Objective: To synthesize and assess the quality of the evidence to address 3
research questions: 1. How accurate is teledermatology for skin cancer
diagnosis compared with usual care [FTF diagnosis]? 2. Does
teledermatology save clinician and/or patient time, compared with usual
care? 3. What are the enablers and barriers to adoption of teledermatology
in clinical practice for the diagnosis of skin cancer?

Evidence Review: The review protocol was registered in the PROSPERO
database. Six databases U Cochrane, PubMed, Medline, Science Direct,
Embase, and Web of Science U were searched for studies investigating the
diagnostic accuracy and concordance, management accuracy and
concordance, measures of time, and enablers and barriers to
implementation. Potentially eligible articles were screened by 2 reviewers.
The QUADAS-2 tool was used to evaluate the risk of bias and applicability of
individual studies assessing diagnostic accuracy.

Findings: Twenty-one studies were reviewed. The diagnostic accuracy U
defined as agreement with histopathology for excised lesions or clinical
diagnosis for nonexcised lesions U of FTF dermatology consultation remains
higher (67%-85% agreement with reference standard, Cohen x, 0.90) when
compared with teledermatology (51%-85% agreement with reference
standard, k, 0.41-0.63), for the diagnosis of skin cancer. However, some
studies do report high accuracy of teledermatology diagnoses. Most studies
of diagnostic accuracy and concordance had significant methodological
limitations. Studies of health service outcomes found teledermatology
reduced waiting times and could result in earlier assessment and treatment.

" Finnane A, Dallest K, Janda M, Soyer HP. Teledermatology for the Diagnosis and Management of Skin Cancer: A Systematic
Review. JAMA Dermatol. 2017;153(3):319-327. doi10.1001/jamadermatol.2016.4361
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Patients reported high satisfaction and were willing to pay out of pocket for
access to such services.

Conclusions and Relevance: Robust implementation studies of
teledermatology are needed, paying careful attention to reducing risk of bias
when assessing diagnostic accuracy. Teledermatology services consistently
reduced waiting times to assessment and diagnosis, and patient satisfaction
was high.

Vyas et al (2017) [Systematic Review] A Systematic Review of the Use of
Telemedicine in Plastic and Reconstructive Surgery and Dermatology'
Background: Telemedicine, the use of information technology and
telecommunication to provide healthcare at a distance, is a burgeoning field
with applications throughout medicine. Given the visual nature of plastic
surgery and dermatology, telemedicine has a myriad of potential
applications within the field.

Methods: A comprehensive literature review of articles published on
telemedicine since January 2010 was performed. Articles were selected for
their relevance to plastic and reconstructive surgery and dermatology, and
then reviewed for their discussion of the applications, benefits, and
limitations of telemedicine in practice.

Results: A total of 3119 articles were identified in the initial query. Twenty-
three articles met the inclusion criteria in plastic surgery: 7 wound
management, 5 burn management, 5 trauma, 4 free flap care, 2 in cleft
lip/palate repair. Twenty-three (100%) reported a benefit of telemedicine
often related to improved postoperative monitoring, increased access to
expertise in rural settings, and cost savings, either predicted or actualized.
Eight (35%) reported limitations and barriers to the application of
telemedicine, including overdiagnosis and dependence on functional
telecommunication systems. Sixty-six articles focused on telemedicine in
dermatology and also demonstrated significant promise.

Conclusions: Telemedicine holds special promise in increasing the efficiency
of postoperative care for microsurgical procedures, improving care
coordination and management of burn wounds, facilitating interprofessional
collaboration across time and space, eliminating a significant number of
unnecessary referrals, and connecting patients located far from major
medical centers with professional expertise without impinging on-and in
some cases improving-the quality or accuracy of care provided.

12 \lyas KS, Hambrick HR, Shakir A, et al. A Systematic Review of the Use of Telemedicine in Plastic and Reconstructive Surgery
and Dermatology. Ann Plast Surg. 2017;78(6):736-768. doi:10.1097/SAP.0000000000001044
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Teledermatology consultation was found to be safe and has a comparable or
superior efficacy to the traditional in-patient consultation. The system was
consistently rated as convenient and easy to use by patients, referring
physicians, and consulting dermatologists. Teledermatology has also been
used as an educational tool for patients. A significant number of studies
detailed strategies to improve the current state of teledermatology, either by
implementing new programs or improving technologies. Telemedicine use is
widespread among plastic surgeons and is enabling the spread of expertise
beyond major medical centers. Further research is needed to conclusively

demonstrate benefit in routine clinical care.
Randomised
Controlled Trials

Janda et al (2020) [Randomised Controlled Trial] Accuracy of mobile
digital teledermoscopy for skin self-examinations in adults at high risk of
skin cancer: an open-label, randomised controlled trial™

Skin self-examinations supplemented with mobile teledermoscopy might
improve early detection of skin cancers compared with naked-eye skin self-
examinations. We aimed to assess whether mobile teledermoscopy-
enhanced skin self-examination can improve sensitivity and specificity of
self-detection of skin cancers when compared with naked-eye skin self-
examination.

Methods: This randomised, controlled trial was done in Brisbane, Australia.
Eligible participants aged =18 years had at least two skin cancer risk factors
as self-reported in the eligibility survey and had to own or have access to an
iPhone compatible with a dermatoscope attachment iPhone versions 5-8.
Participants were randomly assigned (1:1), via a computer-generated
randomisation procedure, to the intervention group [mobile dermoscopy-
enhanced self-skin examination] or the control group [naked-eye skin self-
examination]. Control group and intervention group participants received
web-based instructions on how to complete a whole body skin self-
examination. All participants completed skin examinations at baseline, 1
month, and 2 months; intervention group participants submitted

3 Janda M, Horsham C, Vagenas D, et al Accuracy of mobile digital teledermoscopy for skin self-examinations in adults at high
risk of skin cancer: an open-label, randomised controlled trial. Laricet Digit Health. 2020 2(3) €129-137.
https://doi.org/10.1016/52589-7500(20)30001-7.
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photographs of suspicious lesions to a dermatologist for telediagnosis after
each skin examination and control group participants noted lesions on a
body chart that was sent to the research team after each skin examination.
All participants had an in-person whole-body clinical skin examination
within 3 months of their last skin self-examination. Primary outcomes were
sensitivity and specificity of skin self-examination, patient selection of
clinically atypical lesions suspicious for melanoma or keratinocyte skin
cancers [body sites examined, number of lesions photographed, types of
lesions, and lesions missed), and diagnostic concordance of telediagnosis
versus in-person whole-body clinical skin examination diagnosis. All primary
outcomes were analysed in the modified intention-to-treat population,
which included all patients who had a clinical skin examination within 3
months of their last skin self-examination. This trial was registered with the
Australian and New Zealand Clinical Trials Registry, ACTRN12616000989448.
Findings: Between March 6, 2017, and June 7, 2018, 234 participants
consented to enrol in the study, of whom 116 (50%) were assigned to the
intervention group and 118 (50%) were assigned to the control group. 199
participants (98 participants in the intervention group and 101 participants in
the control group) attended the clinical skin examination and thus were
eligible for analyses. Participants in the intervention group submitted 615
lesions (median 6-0 per person; range 1-24) for telediagnosis and
participants in the control group identified and recorded 673 lesions (median
6-0 per person; range 1-16). At the lesion level, sensitivity for lesions clinically
suspicious for skin cancer was 75% (95% Cl 63-84) in the intervention group
and 88% (95% CI 80-91) in the control group (p=0-04). Specificity was 87%
(95% C1 85-90) in the intervention group and 89% (95% CI 87-91) in the
control group (p=0-42). At the individual level, the intervention group had a
sensitivity of 87% (95% Cl 76-99) compared with 97% (95% Cl 91-100) in the
control group (p=0-26), and a specificity of 95% (95% Cl 90-100) compared
with 96% (95% Cl1 91-100) in the control group. The overall diagnostic
concordance between the telediagnosis and in-person clinical skin
examination was 88%.

Interpretation: The use of mobile teledermoscopy did not increase sensitivity
for the detection of skin cancers compared with naked-eye skin self-
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examination; thus, further evidence is necessary for inclusion of skin self-
examination technology for public health benefit.

Walter et al (2020) [Randomised Controlled Trial] Effect of a Skin Self-
monitoring Smartphone Application on Time to Physician Consultation
Among Patients With Possible Melanoma: A Phase 2 Randomized Clinical
lalm

Importance: Melanoma is among the most lethal skin cancers; it has become
the fifth most common cancer in the UK, and incidence rates arerising.
Population approaches to reducing incidence have focused on mass media
campaigns to promote earlier presentation and potentially improve
melanoma outcomes; however, interventions using smartphone
applications targeting those with the greatest risk could promote earlier
presentation to health care professionals for individuals with new or
changing skin lesions.

Objective: To study the effect of a commercially available skin self-
monitoring (SSM) smartphone application among individuals with increased
risk of melanoma on their decision to seek help for changing skin lesions.
Design, setting, and participants: This phase 2 randomized clinical trial was
conducted in 12 family practices in Eastern England between 2016 and 2017.
A tota