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Abstract: Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory disease of the
airways and lung parenchyma with multiple systemic manifestations. Exacerbations of COPD are
important events during the course of the disease, as they are associated with increased mortality,
severe impairment of health-related quality of life, accelerated decline in lung function, significant
reduction in physical activity, and substantial economic burden. Telemedicine is the use of communi-
cation technologies to transmit medical data over short or long distances and to deliver healthcare
services. The need to limit in-person appointments during the COVID-19 pandemic has caused a
rapid increase in telemedicine services. In the present review of the literature covering published
randomized controlled trials reporting results regarding the use of digital tools in acute exacerbations
of COPD, we attempt to clarify the effectiveness of telemedicine for identifying, preventing, and
reducing COPD exacerbations and improving other clinically relevant outcomes, while describing in
detail the specific telemedicine interventions used.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic debilitating disease of
the airways and lung parenchyma with a prevalence of approximately 380 million cases
worldwide [1]. It is currently the third leading cause of death, responsible for approximately
6% of the world’s total deaths (approximately 3.3 million annually) [2]. An exacerbation
of COPD (AECOPD) is defined as an acute worsening of respiratory symptoms requiring
additional therapy, usually caused by a viral or bacterial lung infection [3]. AECOPDs are
important events during the course of the disease because they are associated with increased
mortality, severe impairment of health-related quality of life, accelerated decline in lung
function, significant reduction in physical activity, and substantial economic burden [4-6].

Telemedicine is defined as the use of communication technologies to transmit med-
ical data over long and short distances and to deliver healthcare services [7]. The term
telemedicine (from the Greek term “tele” and the Latin “medicus”) was devised in the
1970s by the American Thomas Bird and actually means “treating from a distance” [8]. The
origins of telemedicine date back to 1905, when Willem Einthoven successfully transmit-
ted both the first electrocardiogram and the heart sounds of a volunteer between his lab
and the Academic Hospital in Leiden, the Netherlands by a telephone line [9]. Progress
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in telemedicine has been expedited due to recent technological advances that offer user-
friendly and reliable applications, as depicted in Figure 1. In addition, the need to limit
in-person appointments during the COVID-19 pandemic has caused a rapid increase in
telemedicine services.
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Figure 1. The telemedicine ecosystem.

Telemedicine applications in COPD were introduced more than 20 years ago but
have rapidly expanded over the last decade [10]. These applications include tracking
COPD patients for earlier detection of disease exacerbations and early intervention to
prevent deterioration and the need for hospitalization [11]. Given that exacerbations of
COPD are associated with high mortality and morbidity as well as substantial healthcare
expenditures, well-designed telemedicine applications might become a valuable tool for
reducing AECOPDs.

A number of systematic reviews and meta-analyses have evaluated the role of telemedicine
in various clinical outcomes in patients with COPD [7,12-17]. A recent systematic review
and meta-analysis of 22 randomized controlled trials (RCTs) involving 2906 participants
in telemonitoring (TM) interventions for severe COPD exacerbations suggested that the
addition of TM to usual care decreased avoidable emergency department (ED) visits but
was unlikely to prevent hospitalizations due to COPD exacerbations [18]. However, the
authors underline the fact that there was ‘high’ bias in the ‘blinding of participants and
personnel’ in the included studies because it might have been difficult for the participants
and personnel to remain unaware of the interventions due to the nature of TM interventions.
In addition, they comment that there was significant clinical heterogeneity between trials
in terms of the study duration, study population, patient recruitment setting, type of
technology used, and TM interventions [18]. Similar diversity in outcomes has been found
among meta-analyses involving various telemedicine interventions in patients with COPD,
attributed to the complexity of telemedicine applications, lack of validated data collection
instruments, and lack of high-quality reporting [11].

The evidence as to whether digital tools are actually effective in early detection and
prevention of AECOPDs seems inconclusive and contradictory. In our comprehensive
review of the literature, we attempt to clarify the effectiveness of telemedicine for the
identification, prevention or reduction in AECOPDs. Specifically, we aim to classify the
studies into those reporting significant improvement in outcomes and those reporting
non-significant ones, and to describe in detail the specific telemedicine interventions used
in each study.

2. Methods

We conducted a search of EMBASE, PubMed, and Scopus databases using the follow-
ing search algorithm (“chronic obstructive pulmonary disease” OR “chronic obstructive
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airway disease” OR “chronic obstructive lung disease” OR “chronic obstructive bronchitis”
OR “COPD”) AND (“telemonitoring” OR “telehealth” OR “telemedicine” OR “telecom-
munication” OR “remote consultation”) AND (“random” OR “trial” OR “randomised
controlled trial” OR “randomized controlled trial” OR “clinical trial” OR “RCT”). Papers
published between 2006 and October 2021 in the English language were considered. C. K.
and A. G. assessed the identified randomized controlled trials (RCTs) studies for suitability.
Among the 325 identified studies, 35 RCTs containing a TM and control group reported
results regarding digital tools in AECOPDs and were considered appropriate for inclusion
in the review.

3. Studies with Positive Results
3.1. Telemedicine Involving Close Healthcare Monitoring

An RCT conducted in Taiwan by Ho et al. [19] including 106 COPD patients showed
a beneficial effect of TM in preventing AECOPDs and related admissions, using an elec-
tronic diary for the intervention group, which was easy to fill, consisting of 8 questions
about symptoms, vital signs, and weight. Based on an algorithm, data were scored and
transmitted to the medical team, while warnings related to the scores achieved generated
notifications if appropriate. TM took place for 2 months, with atotal follow-up of 6 months,
while the control group received the usual care. The time to first readmission for AECOPD
was increased in the TM group as compared with the usual care group (p = 0.026). The
probability of COPD-related readmission was significantly lower in the TM group (hazard
ratio 0.42, 95% CI: 0.19-0.92), and there was a trend for fewer episodes of COPD-related
readmissions (0.19 vs. 0.49; p = 0.11) or ED visits (0.23 vs. 0.55; p = 0.16) in this group. The
first COPD-related ED visit was also delayed (hazard ratio = 0.50). Finally, TM intervention
was associated with significant reductions in the numbers of all-cause readmissions and
ED visits for all causes compared to the usual care group. Investigators attributed the
effectiveness of TM to the items monitored and corresponding algorithm [19].

Kessler et al. [20] included 319 COPD patients with a mean forced expiratory vol-
ume in one second (FEV1) of 37.1% predicted and at least one severe exacerbation in the
previous year. Patients in the telehealth (TH) group were under home monitoring and
an e-health telephone and web platform was applied that transmitted FEV1, heart rate
(HR), pulse arterial oxygen saturation (SPO;) plus daily oxygen use, and respiratory ratio
(RR) data for patients on long-term oxygen therapy (LTOT). Upon deterioration, patients
were contacted by the investigators. No significant difference was observed regarding
hospitalization days, hospital admissions, AECOPDs, six minute walking test (6MWT),
Saint George’s respiratory questionnaire (SGRQ), or hospital anxiety and depression scale
(HADS) scores. Nevertheless in the TH group, acute care hospitalizations and mortality
rate were significantly lower (1.9% vs. 14.2%, p < 0.001), with greater improvements in
body mass index, airflow obstruction, dyspnea, and exercise capacity (BODE) index score
and a higher proportion of patients who quit smoking. One possible explanation for the
mortality rate reduction is that the TH management program may have promoted earlier
intervention, thereby preventing fatal complications of AECOPDs [20].

Koff et al. [21] recruited 40 GOLD COPD stage III or IV patients, administering in
the TM group a pulse oximeter, a FEV1 monitor, a pedometer, and a technology platform
for delivery of education and transmission of the results for 3 months. When a clinical
problem emerged, the coordinator would help facilitate its resolution by providing the
appropriate instructions. Patients receiving integrated care demonstrated a lower number
of hospitalizations and ED visits, improvement of SGRQ, and reduced healthcare costs.
However, the generalizability of the results is limited by the small number of participants
and the short duration of the study [21].

Pedone et al. [22], in an RCT including elderly patients with COPD in stages II and
III, used a simple, fully automated system that required no effort on the patient’s side and
was able to monitor vital signs several times a day and transmit them to a skilled physician
that could contact and advise the patient when appropriate. In total, 50 patients received
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the intervention and 49 received usual care, who were followed for 9 months. Although
statistical significance was not reached due to the lower incidence of events than expected, a
beneficial effect of home telemonitoring was shown, with a 33% reduction in exacerbations
(incidence rate ratio 0.67, 95% CI: 0.32-1.36) and related admissions (incidence rate ratio 0.66,
95% CI: 0.21-1.86). The only parameter monitored able to identify timely AECOPD was
oxygen saturation. Surprisingly, the average length of stay was shorter for the control group,
possibly because TM helped patients dealing with less severe exacerbations at home [22].

Similarly, Segrelles-Calvo et al. [23] recruited 60 COPD GOLD stage III-1V patients on
LTOT in order to assess the efficacy and effectiveness of a home TH program for COPD
patients with severe or very severe airflow obstruction. TM parameters included oxygen
saturation, HR, and blood pressure (BP) daily and peak expiratory flow (PEF) results three
times a week. In the TH group, reductions in the number of ED visits, hospital admissions,
length of hospitalization, and mortality were observed. The positive results of this study
could be attributed to the combination of TH resources with conventional care and prompt
interventions after an early detection of an AECOPD, together with the coordination of
primary care, pneumologists, and nursing staff. Moreover, the accessibility of the TM
device and the overall satisfaction rate, which was high, led to no withdrawals [23].

Shanny et al. [24] assessed the effects of TM in 42 COPD patients with severe or
very severe airflow obstruction. The TH intervention included measurements of pulse
saturation, temperature, HR, BP, and weight, daily symptoms, electrocardiogram, and
spirometry, with telephone support and home visits. Reductions in the total length of
stay for all admissions, time to first hospitalization, relative risk of ED visit or hospital
admission, and hospitalization costs were observed, while there was also a trend towards
reductions in the numbers of ED visits and hospital admissions [24].

In an RCT with a different design, Sink et al. [25] recruited 168 COPD patients with
mild to very severe airflow obstruction. Patients allocated to the treatment group received
a daily message regarding their breathing status. If a patient responded “worse”, then the
EpxCOPD system immediately triggered an alert to the assigned medical resident provider,
while if they were experiencing a medical emergency, they were advised to present to
the emergency department to seek care. The time to hospitalization was significantly
different between the two groups, favoring the TM group (hazard ratio 2.36, 95% CI:
1.02-5.45; p = 0.043), while the same applied for the number of hospital admissions. The
positive results were associated with the early intervention and proper consultation by the
health staff, leading to the prompt detection and treatment of AECOPDs and finally to the
reduction in hospital admissions [25].

Vitacca et al. [26] studied 101 COPD patients with the need for home mechanical ven-
tilation (HMV) or LTOT and at least one hospitalization for AECOPD in the previous year,
with a mean FEV1 of 39% pred. Patients allocated to the TH group received a pulse oxime-
try device that transmitted pulse saturation data via a telephone modem to a receiving
station, where a nurse was available to provide a real-time teleconsultation, for 12 months.
The on-duty respiratory physician was informed for unscheduled calls and provided a
consultation. The study demonstrated that patients in the intervention group had fewer hos-
pital admissions per month compared with controls (mean (SD) 0.17 (0.23) vs. 0.30 (0.30);
p = 0.019), experienced fewer hospitalizations (p = 0.018), and had a higher probability of
avoiding hospitalization (p = 0.012). Moreover, patients in the TM group had a significantly
higher probability of remaining free from AECOPDs (p = 0.0001), from further urgent
general practitioner (GP) calls (p = 0.013), and from further ED visits (p = 0.003). However,
the mortality rates did not differ between the two groups (p = 0.148) [26].

Clemente et al. [27] performed a randomized clinical trial to examine the role of
telemedicine in monitoring early-discharged and home-hospitalized COPD patients after
an exacerbation. The intervention group underwent TM during home hospitalization
using a multiparametric recording unit. Data on vital constants (electrocardiogram (ECG),
SPO2, HR, BP, temperature, and RR) were transmitted twice per day to the physician in
charge with a subsequent phone call by him concerning their clinical situation, and only
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2 home visits by healthcare staff were performed (intermediate and at discharge). The
control group received daily visits by nursing staff and a final visit from the physician.
Both groups were then followed for six months without TM. The main outcome was time
until first exacerbation; no difference was observed, with a median of 48 days in the control
group and 47 days in the intervention group (p = 0.52). Additionally, during the follow-up
period, no significant difference was observed in the numbers of AECOPDs that both
groups experienced. Notably, the durations of home hospitalization were similar in the
two groups (median 7 days), as were the numbers of readmissions observed. Thus, in this
study, home hospitalization using telemedicine after early discharge proved non-inferior to
conventional home follow-up [27].

A different aspect of how telemedicine can improve the health of COPD patients is
given by the study of de Toledo et al. [28], who used a technological platform called the
Chronic Care Management Center, which consists of a telephone center and a telemedicine
server that gives access to the electronic chronic patient records to all the members of
the care team from any location (patient’s home, hospital, primary care center). The
study lasted for a year and a total of 157 COPD patients were recruited during hospital
admission due to an exacerbation. The intervention group had telephone access to the
system’s center, while the multidisciplinary team caring for these patients had access to
the platform. Follow-up of the control group did not involve phone calls or telemedicine
support for the health providers. Care coordination and telephone support to patients led to
a significant reduction in readmissions (number of patients that did not need a readmission:
51% intervention vs. 33% control; p = 0.04), possibly due to early detection of AECOPD
symptoms. No difference in ED visit number or mortality was demonstrated [28].

3.2. Telemedicine Involving Primarily Self-Management Techniques

Casas et al. [29] showed that integrated care intervention could prevent COPD-related
hospitalizations. Here, 155 COPD patients from two different centers, Barcelona and
Leuven, who had an exacerbation, were recruited immediately after discharge, and 65 of
them were offered integrated care, which consisted of an individual well-defined care plan
shared between the primary care and hospital team, as well as accessibility to a specialized
nurse through a web-based call center. Patients in the intervention arm were educated
before discharge on several issues, including self-management techniques, receiving an
early joint visit from the specialized nurse and the primary care team or regular visits
from their GP, who had been contacted by the primary investigator. They also received
weekly reinforcement calls from the specialized nurse in the first month, while a chronic
platform (a call center coupled to a web-based application providing access to the patients’
records) was accessible by them and primary care providers. Patients in the control arm
were visited by their own physician, usually every six months, without additional support.
During 12-month follow-up, a significantly lower readmission rate was observed in the
intervention group (hazard ratio 0.55, 95% CI: 0.35-0.88; p = 0.01), the percentage of patients
without admissions was greater, while the difference in the rate of admissions per patient
between the follow-up and the previous year was also lower. No survival differences were
found. This positive result was possibly due to a combination of the effectiveness of patient
education programs along with the personalized health plan and higher accessibility to
healthcare professionals [29].

In a different approach, Jehn et al. [30] monitored 32 patients specifically during the
summer period (9 months in total), showing that climate change (heat stress) has a negative
impact on the clinical status, lung function, and exercise capacity of COPD stage II-IV
patients. Interesting remarks were made regarding exacerbations when the TM group was
compared to the control group. More specifically, the TM intervention included a daily
COPD assessment test (CAT), spirometry, and a weekly 6MWT measured by accelerometry
performed at home. Data were transmitted and reviewed daily, although the study had an
observational character. The intervention group exhibited significantly fewer AECOPDs
during summer (3 for TM vs. 14 for control group; p = 0.006) and over the rest of the
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year. Over the whole 9-month follow-up period, the intervention group had a significantly
lower number of exacerbation-related hospital admissions (7 vs. 22; p = 0.012), spent
significantly less time in hospital due to COPD (34 vs. 97 days), and performed significantly
fewer visits to the pulmonologist (24 vs. 42; p = 0.042). As there had been no medical
intervention, positive results were attributed to better disease awareness and improved
physical condition, possibly due to weekly performance of the 6MWT [30].

Paré et al. [31] included 120 COPD patients with a FEV1 under 45% pred. and at least
one hospitalization in the previous year. A digital device was provided to the intervention
group and the patients had to complete a daily data entry table documenting symptoms
and adherence to prescribed medication for 6 months. Patients were afterwards under
surveillance for the next 6 months, after the initial 6-month period. During the initial
6-month period, the TM group exhibited less ED visits (36% vs. 13% reduction, without
statistical significance) and hospital admissions, shorter length of hospitalization, less home
visits by nurses, and lower healthcare costs [31].

3.3. Telemedicine Involving Telerehabilitation

Dinesen et al. [32] constructed an RCT that showed that telerehabilitation using a
TM device could significantly reduce hospital admissions in patients with COPD. In total,
111 stage III and IV patients were randomized and 60 of them were instructed to use
digital equipment in order to measure, monitor, and transmit vital signs, training inputs
of the rehabilitation program, and spirometry values. All healthcare professionals (GP,
nurses, and hospital doctors), patients, and relatives had access to the data, while once a
month a video meeting was held between healthcare teams to coordinate the individual
rehabilitation programs of the patients. The control group performed home exercises by
themselves, without any contact. The TM program had a duration of 4 months and patients
were followed-up for 10 months in total, resulting in a reduction in admission rate to 0.48
over 10 months compared to 1.17 for the control group (p = 0.041). A trend towards a
longer time to first admission was also observed in the telerehabilitation group. A positive
preventative impact of the study was attributed to the improved self-management of the
illness and interactions among healthcare professionals and the patients with the help
of technology [32].

Tabak et al. [33] performed a pilot RCT including 29 COPD patients with three or
more AECOPDs or one hospitalization for respiratory disease in the preceding 2 years.
Patients in the TH group received a web-based exercise program, an activity coach, a
self-management module, and a teleconsultation module on the web portal for 9 months.
The TH group showed a lower number of hospital admissions, shorter hospitalization stay,
and improvement in the quality of life satisfaction with received care. These findings are
limited in their generalizability by the fact that it was a pilot study, the small number of
participants, and the significantly worse dyspnea levels in the control group [33].

Vasilopoulou et al. [34] recruited 147 GOLD COPD stage II or IV patients with at least
one AECOPD in the year prior to the study. Following the completion of an initial 2-month
pulmonary rehabilitation program, this RCT compared 12 months of home-based mainte-
nance telerehabilitation (1 = 47) with 12 months of hospital-based outpatient maintenance
rehabilitation (n = 50) and also 12 months of usual care treatment (1 = 50), without initial
pulmonary rehabilitation. Patients in the TM group received an oximeter, a spirometer,
a pedometer, and a video demonstration of the home exercises. The TH intervention led
to lower rates of AECOPDs, hospital admissions, and ED visits; improvement of health-
related quality of life (HRQL); higher functional capacity; and higher daily physical activity
compared to the usual care group. Notably, the results were comparable with the hospital-
based rehabilitation program for all parameters, while the reduction in ED visits was even
greater in the telerehabilitation arm [34]. Table 1 summarizes the characteristics of the RCTs
for TM, which showed positive results.
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Table 1. Telemedicine studies showing positive results.
. n Patient S - .
Author Primary Secondary COPD ™ . n Control Telemonitoring Telemonitoring  Exacerbation Other Study
Country A . . . Telemonitoring Effort .
(Year) Objective Objectives Severity Duration Group . Intervention Data Outcomes Outcomes
Group Required
Casas Spain, e .
(2006) Bel.  Rehospitalization - Discharge after 12m 65 90 Mild Web-based call - Readmission rate-  Mortality=
. rate, mortality AECOPD center
[29] gium
Acceptabi.l ity Electronic
to profession- . .
.. Chronic care chronic
De Toledo Readmissions, als, character- Discharge after telemedicine atient Readmissions-; ED
(2006) Spain ED visits, ization of the & 12m 67 90 Mild p ca ’ Acceptability+
. AECOPD system, phone calls record visits=; mortality=
[28] mortality patterns of b . .
y patients accessible to
use of the
the care team
system, costs
Telemonitoring PFTs, SPO2 .
AECOPDs, 4 4 Hospital .
Koff (2009) g HRQL healthcare ~ COFD GOLD 3m 20 20 High plus OMWT, admissions-; ER SGRQ;
[21] stage ITI-IV self-management shortness of - costs-
costs visits-
plus phone contact  breath, cough
Need for HMV
.. d/or need of
Reduction in an .
. L AECOPDs, LTOT and at Telemonitoring Ho'sp} tal
Vitacca Reduction in ED visits least one lus telenursin admissions-; Cost-
(2009) Ttaly hospital . hospitalization 12m 57 44 Mild P 5 SPO2 AECOPDs-; urgent ;
o urgent GP . and doctor on . effectiveness=
[26] admissions for AECOPD in GP calls-;
calls, cost- 3 demand .
effectiveness the previous year, mortality=
FEV1 % pred.
39%
. Hospital
Dinesen .. 4m/10 PFTs, HR, L .
(2012) Denmark Readmissions, - COPD GOLD m follow- 60 51 High Remote TM SPO2, BP, rea;lmlssmns—, “““e Costs-
costs stage III-IV : to first exacerbation
[32] up weight
+ (trend)
COPD GOLD
Jehn (2013) FEV1, 6MWT, stage II-1V, at ‘ PFTs, CAT, AECOPD-; h.()sPltal PFTs=; CAT-;
130] Germany CAT score, - least one 9m 32 30 High Remote TM 6MWT stay-; specialist 6MWT+
AECOPD AECOPD during consultations-

the previous year
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Author Count Primary Secondary COPD ™ Telem:;nitorin n Control I’;ftflg:\tt Telemonitoring Telemonitoring  Exacerbation Other Study
(Year) y Objective Objectives Severity Duration & Group R Intervention Data Outcomes Outcomes
Group Required
ED visits, hospi-
“ liimtlkiscl)(fm& Remote TM patient Cost-
hospi t§liza tion health status and effectiveness-;
, o, .
. home visits by FEV1 < 45%, at 6m/6m adherence to Symptoms and ED visits=; hospital home VlSlts.
Paré (2013) least one . therapy plus L . by nurses-;
Canada nurses and - oo follow- 60 60 Mild medication  admissions-; length "
[31] . hospitalization in self-management R home visits
respiratory h . up ! 1 . consumed of hospitalization- b .
therapists, and the previous year plus telenursing y respira-
economic viabil- and doctor h th.y _
ity of on demand physicians=
the program
HR, SPO2, AECOPD-, hospital
Pedone Patients > 65, TEMP, admissions—(not
2013 ltaly ~ AECOPD, related - COPD GOLD 9m 50 19 Mild Remote TM overall statisticall -
y admissions Y
[22] stage IT and III physical significant); length
activity of hospitalization+
ED visits,
Segrelles hO?pl.t al COPD GOLD Telemonitoring plus ED visits-; hospital
Calvo . admissions, . 4 PEF, SPO2, admissions-; length . .
Spain - stage III-IV and 7m 30 30 High teleconsultation o Satisfaction+
(2014) length of LTOT lus home visit HR, BP of hospitalization-;
[23] hospitalization, prus flome visits mortality-
P y
mortality
Hospital Functional ?ﬁ(iEiCtaoliI;]aDt?o?
Tabak admissions, capacity, for r};s irator Exercising plus self- Hospital HRQL+;
(2014) Netherlands  length of HRQL, daily roblemps in thg 5 9m 15 14 High management plus - admissions-; length 6MWT=;
2 ospitalization, sica . teleconsultation of hospitalization- satistaction+
[33] hospitalizati physical - PTo2 578 T 0 ] Itati f hospitalizati isfacti
and ED visits activity y p &
study entry
Time to first
ER visit for
Number of
I?uErE}Sa 1:2; SPO2, Time to first all-cause
Ho (2016) . Tgne. to‘ ﬁrsft all-cause Discharge after 2m/6m 1d Remote TM, HR, BF, Areadmlssfor‘l for ZOSP”?I re_.
[19] Taiwan readmission for hospital read- AECOPD follow-up 53 53 Mi e-diary symptoms, ECOPD+; time to admissions-;
AECOPD missions TEMP, first ER visit for the number
number o/f weight AECOPD+ of all-cause
all-cause ER visits-

ER visits
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Table 1. Cont.

Author Primary Secondary COorPD ™ "o n Control Patient Telemonitoring Telemonitoring  Exacerbation Other Study
Country A . . . Telemonitoring Effort .
(Year) Objective Objectives Severity Duration Group . Intervention Data Outcomes Outcomes
Group Required
ED visits, HRQL Telemonitoring plus ~ PFTs, SPO2,  ED visits=; hospital
Shany hospital anxie ’ COPD GOLD e-questionnaire HR, TEMP, admissions=; HRQL=;
(2017) Australia admissions, ty, 12m 21 21 High plus telephone BP, ECG, length of HADS=;
depression, stage III-1V . Lo
[24] length of costs support and weight, hospitalization-; costs-
hospitalization home visits symptoms TTFH+
Rate of moderate Functional st.S 2&51(\210211;3 a
Vasilopoulou to severe capacity, hi§t0ry of/acute TM plus SPO2, HR, AECOPDs; HRQL;
(2017) Greece AECO.P Ds, HRQL, daily exacerbations of 2m/12 47 50/50 High self-management PFTs, 6MWD’ ho§p %tal OMWT-;
) hospital . m question- admissions-, SGRQ-; CAT-;
[34] o physical COPD 1 year plus phone contact . -
admissions, A . . naire ED visits- mMRC-
ED visits activity prior to entering
the study
Number of PFTs, HR, Leneth of
AECOPDs, COPD GOLD SPO2, ques- ength o
France, acute care hos-  stage III-IV and tionnaire hospitalization=; BODE-;
Kessler Ger- Length of italizations, i at least TM plus lus for AECOPDs=; OMWT=;
(2018) many, ngth of P o 12m 157 162 High self-management P acute care SGRQ-=;
hospitalization mortality, one severe patients on R T
[20] Italy, S plus phone contact - hospitalizations-; HADS=; quit
: 6MWT, exacerbation in LTOT daily . - .
Spain . mortality-; hospital smoking+
BODE, the previous year oxygen use admissions=
HADS, SGQR and RR a
. . E-questionnaire . .
Sink (2020) USA TTFH H0§p1.tal COPD GOLD 8m 83 85 Low plus Symptoms TTFH+., hpspltal
[25] admissions stage I-IV . admissions-
teleconsultation
P Use of
tions, use of Time to first healthcare
heallthcare ECG (leads ], exacerbation=; resources-;
Clemente Time to first OSOUICES Early discharge 7d/6m IT and IIT), number of satisfaction+;
(2021) Spain : . . Y & follow- 58 58 Mild Remote TM SPO2, HR, exacerbations=; quality of
exacerbation satisfaction, after AECOPD . .
[27] . up BP, TEMP, costs = life+; anxiety-
HRQL anxiety— P -
. and RR (non-inferiority depression=;
depression, .
. proven) therapeutic
therapeutic -
adherence=
adherence

BODE: body mass index, airflow obstruction, dyspnea, and exercise capacity; CAT: COPD Assessment Tool; CSQ8: Client Satisfaction Questionnaire-8; COPD: chronic obstructive
pulmonary disease; ECG: electrocardiogram; ED: emergency department; FEV1: forced expiratory volume in one second; FOT: forced oscillation technique; HRQL: health-related
quality of life; HR: heart rate; HMV: home mechanical ventilation; HADS: hospital anxiety and depression scale; LTOT: long-term oxygen therapy; PEF: peak expiratory flow; PHQ-9:
Patient Health Questionnaire; PFTs: pulmonary function tests; RR: respiration rate; SGRQ: Saint George’s Respiratory Questionnaire; SPO2: pulse arterial oxygen saturation; SES: COPD

Self-Efficacy Scale; TEMP: temperature; TH: telehealth; TM: telemonitoring; TTFH: time to first hospitalization; 6MWT: six minute walking test.
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4. Studies with Negative Results
4.1. Telemedicine Involving Primarily Close Healthcare Monitoring

Antoniades et al. [35], in a pilot study including 44 patients with moderate to se-
vere COPD, aimed to explore the feasibility of remote monitoring and a possible reduc-
tion in healthcare use when this intervention is added to the standard of care (SOC).
Multiple parameters were monitored daily over a 12-month period (spirometry, weight,
temperature, BP, SPO2, ECG, sputum color and volume, symptoms, and medication
usage) with close revision by a nurse and frequent reminders. Adherence of up to
80% was observed, although the addition of TM did not achieve a significant reduction
in admission rate (SOC 1.5 £ 1.8 vs. TM 1.3 £ 1.7, p = 0.76) or length of hospitalization
(SOC 15.6 £19.4 vs. TM 11.4 £ 19.6, p = 0.66). Possible explanations are that the SOC was
not usual but was a very high-quality multidisciplinary referral institution approach to
COPD management, as well as the small size of the study. Nevertheless, patients who
received TM exhibited a significant trend toward fewer admissions during the study period
compared with the previous year (1 (0-2) admission/year during study period compared
to 2 (1-4) admissions/year during the year before, p = 0.052), implying that matching in
terms of history of prior admissions instead of disease severity and smoking habit may
have altered conclusions [35].

Boer et al. [36] recruited 87 patients with two or more AECOPDs, comparing exacer-
bation self-management strategies using either a paper exacerbation action plan (control
group) or an innovative mobile health tool (mHealth group), consisting of a mobile phone,
a pulse oximeter, a spirometer, a thermometer, and a question—answer system, which
provided automated advice based on a decision tree manufactured by experts and with
the help of a Bayesian prediction model (intervention group). In terms of exacerbation-
related outcomes, no differences were found between the two groups in the number of
exacerbation-free weeks, in the number of symptom-based exacerbations, the exacerba-
tions treated with antibiotics or prednisone, the unscheduled healthcare contacts, or the
hospital admissions. Furthermore, no difference in timely action that would prevent an
exacerbation was identified between the two groups. Apart from the small size of the
study, this result could be explained by the small room of improvement left, as both groups
were provided an introductive education session based on the recognition and treatment
of exacerbations [36].

Chau et al. [37] conducted a small 8-week study including 40 older COPD patients with
moderate or severe disease and history of at least one hospital admission for exacerbation
in the past year. Twenty-two patients in the intervention group received a telecare device
kit that monitored SPO2, HR, and RR indices transmitted to a health provider via an online
platform that could act promptly. A high level of user satisfaction was reported but no
significant differences in the numbers of ED visits and hospital readmissions between the
groups were observed. Nevertheless, the very small duration and size of the study did not
permit extraction of safe conclusions [37].

Cordova et al. [38] focused their research on daily symptom reporting using telemedicine
in a 24-month randomized control trial with 79 participants that had been hospitalized
for an AECOPD within the past year or were using supplemental O,. While the 40 pa-
tients in the control group were provided with peak flow meters and electronic diaries for
symptom reporting and had been advised to seek medical assistance if they worsened, the
39 patients in the intervention group received a telecommunication device for symptom
reporting and scoring via a computerized algorithm that included a score “alert”. The alert
was generated when the symptom score reflected a significant alteration of the baseline
symptoms, initiating appropriate medical intervention that was available 24 h/day. The
symptom assessment included PEF; dyspnea; and sputum quantity, color, and consistency.
Coughing, wheezing, sore throat, nasal congestion, and temperature were considered
minor symptoms. Although there were no differences in hospitalization rates, hospital-
ization durations, times to first hospitalization, or mortality rates between groups, acute
exacerbation symptoms were significantly different, with the intervention group reporting
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significantly fewer moderate and severe symptom days (p < 0.0001). The failure to show
either a mortality benefit or reduction in hospitalization days was attributed by the authors
to the slow recruitment rate and to a lower hospitalization rate observed across both groups
due to the optimized care [38].

De San Miguel and colleagues [39] attempted to show that self-monitoring combined
with remote monitoring via a TH instrument that measured COPD patients’ vital signs
could make a difference in health service utilization. In this RCT, which had a duration of
6 months and included 80 patients, BP, weight, temperature, HR, and oxygen saturation lev-
els were measured and transmitted automatically to the Internet, along with patients’ daily
answers related to their health, which became available to the TH nurse daily. Information
triggered an intervention when appropriate, while the parameters were also made available
to each participant’s physician. The intervention group had fewer hospitalizations and ED
presentations (almost half), as well as a reduced length of in-hospital stay (77 fewer days in
total), with a significant impact on health costs. However, the study did not reach statistical
significance, possibly due to the fact that it was performed in the summer period, when the
hospital admission rate was lower than expected [39].

Jakobsen et al. [40] compared home-based TH hospitalization in patients with severe
COPD that were admitted with an acute exacerbation and had an expected hospitalization
of more than 2 days to standard in-hospital treatment. Patients needing non-invasive or
invasive mechanical ventilation or intravenous antibiotics, had pH < 7.35, or with serious
comorbidities were excluded. This was a non-inferiority study and treatment failure was
defined as readmission due to COPD within 30 days after discharge. The intervention
group (29 patients) were provided with a touch screen with a webcam, pulse oximeter,
spirometer, thermometer, and medicines, and participated in daily scheduled virtual ward
rounds, while acute contacts were possible through a “call hospital” button. The control
group (28 patients) was hospitalized as usual. The study did not meet the primary endpoint,
which was a treatment failure rate less than 20% higher than that of the control group. A
possible explanation for this is the small sample size. No participants died within 30 days of
the discharge and 3 patients returned to the hospital due to technical failure, hyponatremia,
and nebulizer failure [40].

Another Spanish study by Jodar-Sanchez et al. [41], including 45 GOLD stage III-IV
patients with at least one severe exacerbation in the previous year, showed no benefit from
TM in terms of preventing serious exacerbations. The investigators included patients with
advanced COPD treated with long-term oxygen therapy. The intervention group measured
daily vital signs and spirometry twice a week, while transmitted measurements were
followed and evaluated and clinical responses were generated by alerts. Although a small,
non-significant reduction was observed in the number of ED visits, hospital admissions
were not fewer and most of the patients admitted had previously visited the ED. It was
noted that 33% of the serious exacerbations leading to hospitalization occurred during
weekends and holidays when the TH program was interrupted, a fact that should be taken
into consideration in future studies [41].

McDowell et al. [42] recruited 110 GOLD stage II-III patients with at least two ED
admissions, hospital admissions, or emergency GP contacts in the 12 months before the
study. The TM device recorded BP, HR, and SPO2 for six months and patients answered
questions relating to symptoms (difficulty in breathing, cough, sputum, tiredness). If an
alert occurred, a nurse contacted the patient and provided advice; if further escalation was
necessary, the nurse contacted the respiratory physician, who decided whether a home visit
or an ED admission was required. There were no significant differences between the two
groups in exacerbations, hospital admissions, ED visits, total GP calls, EQ-5D quality of life
scores, or HADS depression scores, and the intervention was not cost-effective. However,
the SGRQ score improved significantly in the TM group compared to usual care, exceeding
the minimum clinically important difference of at least four units (mean difference 5.75,
95% CI: 2.32-9.18; p = 0.001), and the same applied for the HADS anxiety score (p = 0.01).
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The negative results regarding AECOPDs, hospital admissions, ED visits, and total GP calls
could be attributed to the short duration of the TM (6 months) [42].

Pinnock et al. [43] included 256 COPD patients with admission to the hospital with an
AECOPD in the previous year. Patients in the TM group completed a daily questionnaire
regarding symptoms and use of treatment, and SPO2 was monitored. For the symptom
scores, the patients were asked to assess whether their dyspnea, cough, wheeze sputum
purulence, and volume had increased and if they had a fever or had developed an upper
respiratory tract infection. No significant difference was observed in the time to first
hospitalization, time to first hospitalization with an AECOPD or all cause death, number
and duration of hospital admissions with an AECOPD, number and duration of admissions
for any cause, number of exacerbations self-reported by participants, HRQL, anxiety, or
depression. However, patients in the TM group exhibited a significantly lower number of
deaths and higher use of healthcare resources [43].

Rose et al. [44] evaluated the effectiveness of a multi-component intervention including
individualized care action plans and telephone consults (12-weekly then 9-monthly) for
reducing emergency department visits. In total, 470 COPD patients with one or more
ED visits or hospital admissions for AECOPD in the previous 12 months and two or
more prognostically important COPD-associated comorbidities were randomized. The TH
intervention had no impact on either the number of ED visits or the number of hospital
admissions. However, TH significantly reduced mortality, a finding that could not be fully
explained by the authors [44].

Rinbaek et al. [45] recruited 281 COPD GOLD stage III-1V patients with one hospital
admission due to AECOPD within the previous 36 months or treated with LTOT for at
least 3 months. Patients allocated to the TM group were provided a tablet computer with
a web camera, a microphone, and measurement equipment (spirometer, pulse oximeter,
and mMRC scale), while patients reported changes in dyspnea and sputum color, volume,
and purulence. There was no significant difference between the two groups in number
of hospitalizations, AECOPDs, ED visits, length of hospitalization, all-cause hospital
admissions, time to first hospital admission, or all-cause mortality. Patients in the TM
group demonstrated a significantly lower number of visits to the outpatient clinic and
a significantly higher number of AECOPDs requiring treatment with systemic steroids
and antibiotics but not admission to hospital. The negative results of the study could be
attributed to the short duration of the TM (6 months) [45].

In a similar RCT, Soriano et al. [46] recruited 229 COPD GOLD stage III-1V patients
with LTOT and two or more moderate or severe AECOPDs in the previous year, with
or without hospitalization. Patients in the TM group received a pulse oximeter, a blood
pressure gauge, a spirometer, a respiratory rate, and an oxygen therapy compliance monitor
connected to the oxygen feed from their main oxygen source. No significant difference
in number of AECOPDs, ED visits, hospital admissions, mortality, health related costs,
or quality of life was observed. However, there was a trend towards shorter lengths of
hospitalization and days in intensive care unit. The negative results of the study could be
attributed to the fact that patients in the TM group had more hospital admissions in the
previous year, the reduced primary care integration (since it was a multicenter study), and
the high sensitivity of the clinical alert threshold applied to the TH group, which may have
increased ED visits and hospital admissions due to false alerts [46].

Vianello et al. [47] recruited 315 COPD GOLD stage III-IV patients with a mean FEV1
of 41.9% pred. at the time of discharge from hospital after an AECOPD episode or while
attending the outpatient respiratory medicine clinic. A finger pulse oximeter and a gateway
device for data transmission over a telephone line to a central data management unit
were applied to the patients for a 12-months period. When the transmitted values were
considered out-of-range, the clinical staff were alerted and the patient was contacted. The
readmission rate for AECOPD was significantly lower in the TM group compared to the
standard care group (incidence rate ratio 0.43, 95% CI: 0.19-0.98; p = 0.01), and the same ap-
plied for the number of appointments with a pulmonary specialist (incidence rate ratio 0.82,
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95% CI: 0.67-1; p = 0.049). However, the number and duration of hospitalizations due to
AECOPD or any other cause, the number of ED visits, and the number of deaths did not
differ significantly between the two groups, and neither did TH improve the quality of life
or emotional distress. The possible explanations for the negative results were firstly the
very low number of hospital admissions, which did not leave enough space for further
reductions as a result of a TM intervention, and secondly that changes in HR and SPO2,
which are used as markers of an unstable clinical condition, are often unable to reflect
changes in patient health status, leading to underestimation of AECOPDs [47].

Walker et al. [48] included 312 patients with COPD GOLD stage II or higher and
a history of AECOPD, with or without hospitalization in the previous 12 months, from
5 European countries, applying the CHROMED monitoring platform for 9 months at ap-
proximately the same time each day. The platform comprised a device that measured
within-breath respiratory mechanical impedance using the forced oscillation technique, a
touch screen computer, and a mobile modem. When an alert was generated, a variety of
actions were possible, ranging from no action to taking a course of antibiotics or corticos-
teroids or face-to-face assessment. There was no difference between the two groups in time
to first hospitalization, number of hospitalizations, number of moderate exacerbations, or
number of patients free from hospital admission. However, among patients previously
hospitalized for AECOPD, there was a 53% reduction in the hospitalization rate in the
treatment group compared with the control group (0.85 vs. 1.88 admissions/year; p = 0.017).
The negative results of the study could be attributed to the low number of hospitalizations
and the variation between different healthcare systems [48].

Telemonitoring requires commitment and appropriate training of the study team in
order to help COPD patients and to extract safe conclusions regarding the intervention’s
role in preventing exacerbations. This was shown in a pilot study by Bentley et al. [49],
which demonstrated a negative impact of TM when comparing to face-to-face visits. The
SOC team received 6 home visits after discharge, while the intervention team used TH
equipment that could monitor and transmit vital signs to the study clinicians after the third
visit. The intervention lasted 8 weeks. An increase in hospital admissions (34% vs. 16%) and
a higher duration of hospitalization were reported during the 8-month follow-up period.
The study had serious issues, such as slow recruitment and gaps in data collection due to
problems related to research team dedication (a frontline clinical team who experienced a
60% loss of staff capacity during the study) and inadequate staff training [49].

4.2. Telemedicine Involving Primarily Self-Management Techniques

Self-management supported by a digital health system did not improve exacerbation-
related outcomes in the study by Farmer et al. [50]. A fully automated, Internet-linked,
tablet-computer-based system for monitoring and self-management support was provided
to 110 patients with moderate to very severe COPD, while 56 patients received the usual
care. The intervention consisted of the monitoring of oxygen saturation and HR; a daily
symptom diary with questions regarding general well-being, cough, breathlessness, spu-
tum, and use of medications; monthly mood screening questionnaires; and training videos
with inhaler techniques, pulmonary rehabilitation exercises, and self-management tech-
niques for breathlessness. Safety thresholds for vital signs, symptoms, or psychological
scores generated “alerts” and data were reviewed by a member of the respiratory team
twice weekly. The study duration was 12 months. The primary outcome related to quality
of life improvement was not achieved and no reduction in the number of exacerbations was
seen in the intervention group. The relative risk of hospital admission for the digital health
group was 0.83 (0.56-1.24, p = 0.37) and no reduction in the use of healthcare services was
noticed, except for fewer visits to the GP practice nurses (1.5 for digital health versus 2.5 for
usual care, p = 0.03) [50].

Lewis et al. [51] included 40 COPD GOLD stage II-III patients after completing
at least 12 sessions of pulmonary rehabilitation. In the TH group, oxygen saturation,
temperature, and symptoms were recorded daily for 26 weeks. There was no difference
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between the two groups in ED visits, hospital admissions, or hospitalization days during
the monitoring period; however, in the TM group, fewer primary care contacts for chest
problems (p < 0.03) were documented. The small size of the study, the short duration,
and the fact the participants in the TM group were stabilized, since they had completed
the pulmonary rehabilitation course, could have contributed to the negative results of
the study [51].

Rassouli et al. [52] recruited 168 COPD patients with a mean FEV1 of 51%. Patients in
the TH group completed CAT scores weekly and answered six questions focused on the
detection of AECOPD daily. There was no difference in favor of the TH group regarding
total number of AECOPDs, hospital admissions, or ED visits. Nevertheless, in the TH group,
the rate of CAT increase was significantly reduced, more moderate AECOPDs were detected,
the satisfaction with care was higher, and there was a trend towards shorter length of
hospitalization and reduced COPD-related costs. The negative results regarding AECOPD
outcomes resulted from the fact that the study’s primary outcome was difference in weekly
CAT score, so there was insufficient statistical power to show significant differences, which
could be achieved by including considerably more patients [52].

In an RCT with a different approach, Sorknaes et al. [53] evaluated the effects of 7 days
real-time teleconsultations between hospital-based nurses and patients discharged after
hospital admission for an AECOPD. The study included a total of 266 COPD patients dis-
charged after an AECOPD. Patients in the TM group received a video device, an oximeter,
and a spirometer; they were evaluated daily for one week and received a proper telecon-
sultation from a nurse, initiated 24 h after discharge and with a 26-week follow-up. No
significant difference in total hospital readmissions, time before first readmission, mortality,
time to mortality, hospital readmissions per patient, or hospital days per patient at 4, 8, 12,
or 26 weeks after discharge was observed. The negative results could be attributed to the
very short duration of the intervention (7 days) and to the fact that the teleconsultation was
provided only by a nurse through a checklist [53]. Table 2 summarizes the characteristics of
the RCTs on TM that showed negative results.
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King- exacerbation COPD GOLD stage within-breath hospitali P
) e . . ospitalizations=;
Walker dom, rate;hospitalizations; > Il and a history respiratory moderate
(2018) Slove- TTFH, HRQL CAT, PHQ-9, and of AECOPD 9m 154 158 High Remote TM mechanical xacerbations=: HRQL=
[48] nia, MLHFQ in the impedance exacerbations=,
f X . . : readmission rate due to
Estonia, questionnaires; and previous 12 months using FOT
- N AECOPD-
and cost-utility analysis

Sweden
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Table 2. Cont.
" n Patient

Author Country Pr{ma.ry Secpnc!ary COPD Severity TM. Tele}'nom— Control Effort Telemonltqung Telemonitoring Exacerbation Outcomes Other Study

(Year) Objective Objectives Duration  toring G . Intervention Data Outcomes

G roup Required
roup
PFTs, HR,
Exacerbation-related SPO2, TEMP, health status=;
outcomes, health questionnaire self-efficacy=;
Boer (2019) Exacerbation-free status, self-efficacy, >2 AECOPDs in Self-management concerning exacerbation-free self-

136] Netherlands time self-management the previous 12 12m 43 44 High with an innovative changes in weeks= management

- behavior, healthcare months mobile health tool symptoms, - behavior=;

utilization, and physical healthcare

usability limitations, utilization=

and emotions
Number of AECOPDs
. . d hospital . AECOPDs=; ED visits=;

Rassouli Switzerla- . . anc P Daily . o CAT score-;

021) nd and Ge- Difference in weekly admlssm_)ns_, ler_lgth of FEV1 51% 12m 84 84 Mild Telehealth plus symptoms, hospital admissions=; satisfaction-;
CAT score hospitalization, self-management length of
[52] rmany CAT score Lo Costs=
treatment costs per hospitalization=

patient and year

BODE: body mass index, airflow obstruction, dyspnea, and exercise capacity; CAT: COPD Assessment Tool; CSQ8: Client Satisfaction Questionnaire-8; COPD: chronic obstructive
pulmonary disease; ECG: electrocardiogram; ED: emergency department; FEV1: forced expiratory volume in one second; FOT: forced oscillation technique; HRQL: health-related
quality of life; HR: heart rate; HMV: home mechanical ventilation; HADS: hospital anxiety and depression scale; LTOT: long term oxygen therapy; PEF: peak expiratory flow; PHQ-9:
Patient Health Questionnaire; PFTs: pulmonary function tests; RR: respiration rate; SGRQ: Saint George’s Respiratory Questionnaire; SPO2: pulse arterial oxygen saturation; SES: COPD
Self-Efficacy Scale; TEMP: temperature; TH: telehealth; TM: telemonitoring; TTFH: time to first hospitalization; 6MWT: six minute walking test.
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5. Conclusions and the Way Forward

The goal of telemedicine is the early identification and diagnosis of AECOPDs and
timely access to appropriate treatment in order to improve patient outcomes. An important
issue for the effective application of telemonitoring in COPD is the parameters monitored in
terms of reliable prediction of an AECOPD (e.g., FEV1, symptoms, pulse oximetry). When
an algorithm is used, the design is even more crucial regarding the satisfactory sensitivity
and specificity of the method. Moreover, the effort that was required from the patients was
not associated with the outcomes of the studies; however, it is likely that patients would
be more compliant to interventions that would require minimal effort on their end. The
results of the negative studies regarding exacerbations, hospital admissions, ED visits, and
total GP calls could be attributed to the short telemonitoring period and the fact that in
most of them, healthcare utilization and exacerbations were not the primary endpoints.
Importantly, the small number of participants may have led to negative results and may
have additionally precluded the extraction of safe conclusions. Additionally, the short
follow-up periods of many studies were not long enough to capture the natural history
of AECOPD, and in our opinion a minimum of 12 months would be required. Moreover,
adherence to inhaled medication, which is enhanced during RCTs, may additionally lead
to reduced AECOPDs and hospital admissions in both intervention and usual care groups,
thereby resulting in non-significant differences. The commitment and appropriate training
of the study team involved in such programs is crucial for successful telehealth services,
while the interruption of monitoring during weekends by healthcare interventions may
have affected the results in some cases, although prevention of exacerbations was reported
without active intervention by the study team, which was attributed to better disease
awareness and self-management. Finally, it is unknown which patients will benefit more
from telemedicine, and larger RCTs are needed with subgroup analysis to define the most
appropriate population for telemonitoring interventions. These studies would need to
be of a proper length and size, and following a multifactorial evaluation would need to
involve the appropriate participants who will adopt these telemonitoring interventions,
which ideally will require minimal patient effort, in order to maximize the engagement
and potential benefits. The proposed characteristics of future studies are summarized in
Table 3.

Table 3. Proposed characteristics of future studies.

. A minimum 12-month follow-up period

° AECOPDs and healthcare utilization should be the primary endpoint

e  Appropriate parameters monitored in terms of reliable prediction of an AECOPD (e.g., FEV1, symptoms, pulse oximetry, heart

rate, respiratory rate)

° Large number of participants

e  Subgroup analysis in order to define the most appropriate population for telemonitoring intervention

e  Commitment and appropriate training of the study team involved

e  Telemonitoring and teleconsultation during the weekends

e Interventions that would require minimal effort on the patients” end would achieve higher compliance
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