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How will telemedicine change clinical oo o1
practice in chronic obstructive pulmonary A

disease?
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Abstract: Within telehealth there are a number of domains relevant to pulmonary care:
telemonitoring, teleassistance, telerehabilitation, teleconsultation and second opinion calls. In
the last decade, several studies focusing on the effects of various telemanagement programs
for patients with chronic obstructive pulmonary disease (COPD) have been published but with
contradictory findings. From the literature, the best telemonitoring outcomes come from
programs dedicated to aged and very sick patients, frequent exacerbators with multimorbidity
and limited community support; programs using third-generation telemonitoring systems
providing constant analytical and decisionmaking support (24 h/day, 7 days/week]; countries
where strong community links are not available; and zones where telemonitoring and
rehabilitation can be delivered directly to the patient’s location. In the near future, it is
expected that telemedicine will produce changes in work practices, cultural attitudes and
organization, which will affect all professional figures involved in the provision of care. The
key to optimizing the use of telemonitoring is to correctly identify who the ideal candidates
are, at what time they need it, and for how long. The time course of disease progression varies
from patient to patient; hence identifying for each patient a ‘correct window’ for initiating

telemonitoring could be the correct solution.

In conclusion, as clinicians, we need to identify the specific challenges we face in delivering
care, and implement flexible systems that can be customized to individual patients’
requirements and adapted to our diverse healthcare contexts.
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Introduction

Chronic  obstructive  pulmonary disease
(COPD) is associated with a high cost burden.!
Modern information communication technolo-
gies offer new options for delivering remote
specialized healthcare, amongst which telem-
onitoring, a complex intervention that includes
both the electronic transmission of patient
information to the healthcare system and the
follow-up response by a healthcare professional.
Telehealth has been defined as the use of infor-
mation and communication technologies (ICT)
to deliver healthcare services and transmit med-
ical data over long and short distances.? It
encompasses a wide variety of technologies

such as videoconferencing, internet platforms,
store-and-forward devices, streaming media,
and terrestrial and wireless communication.
Telehealth may be used for a wide range of pur-
poses: to decrease the demand on existing hos-
pital and healthcare services; reduce the cost of
care; measure treatment adherence; identify
disease worsening; improve accessibility to
services; and to extend the reach of services
to remote locations. Telehealth is therefore
a broad concept that involves diagnosis,
treatment, monitoring, education and
prevention. Within telehealth there are a num-
ber of domains relevant to pulmonary
rehabilitation:
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(1) Telemonitoring: the use of ICT to moni-
tor patients at a distance.

(2) Teleassistance: the provision of clinical
care at a distance using ICT.

(3) Telerehabilitation: the use of ICT to pro-
vide clinical rehabilitation services at a
distance.?

Rationale for telehealth in COPD

The rationale for telemonitoring development in
patients presenting with COPD with or without
chronic respiratory failure is related to progressive
aging of the patient population, carrying with it an
increased burden of care at home; technological
advances; increased healthcare consumption and
the need to cut costs; difficulties associated with
hospital discharge; early remote detection of signs
and symptoms of COPD chronic respiratory insuf-
ficiency decompensation;* tailoring and monitor-
ing at a distance of mechanical ventilation and
providing education reinforcement for the patient
and caregiver; and an opportunity to improve the
access to pulmonary rehabilitation for aging popu-
lations in many developed countries and reduce
patient-related barriers to attendance.5

Telehealth opportunities

There are several opportunities related to e-health:
telemedicine (TM) with diagnosis at a distance
based on spirometry tracing, teleconsultation,
telemonitoring of biological signals, decision sup-
port systems, teletherapy, teleevaluation, telecare,
telerehabilitation, telecoaching/mentoring, tel-
econference and second opinion calls.® The dif-
ferent generations of e-health, as thy have evolved,
have proposed the following: measurements
transferred to the care provider asynchronously
(by store-and-forward protocols) (first genera-
tion); synchronized data transfer (automated
algorithms can recognize important changes but
delays can occur if the systems are not active 24 h/
day) (second generation); and constant analytical
and decisionmaking support in which monitoring
centers have full therapeutic authority 24 h/day, 7
days/week (third generation). The level of tech-
nology for an optimized e-health is available, but
so far no one platform has proven its superiority
over another. For this reason, the correct level of
technology to use needs to be determined accord-
ing to each individual patient, and it should be
safe, feasible, effective, sustainable and flexible to
the patient’s condition.

Clinical findings

To date, the evidence as to whether telemonitor-
ing is really effective in COPD seems inconclusive
and contradictory. For this reason authors have
proposed an ‘authors review’ based on a search of
EMBASE, CINALH, PubMed, PsychINFO and
Scopus databases using the following keywords:
telemonitoring and COPD, TM and COPD.
Papers published between 2003 and 2017 in
English language were considered. The first
author assessed the identified RCT studies for
appropriateness. Among 395 papers, 46 rand-
omized controlled trials (RCTs) were considered
as appropriate for analysis.

In the last decade, several studies have been pub-
lished on the effects of various telemanagement
programs for patients with COPD.733 Table 1
summarizes the RCTs on TM which showed pos-
itive results. Studies have been conducted in
Europe (n = 18), the USA (z = 4), Australia (n =
1) and China/Taiwan (z = 2). A total of 4366
patients (mean age 71 * 4 years) were studied
with a mean forced expiratory volume in 1 s
(FEV1) of 45 = 10%; 12 = 20% of the patients
were on long-term oxygen therapy (LTOT), and
all were frequent users of healthcare with a history
of relapses and hospitalizations. In the majority of
cases, the control groups were on the usual gen-
eral practitioner (GP) care while the COPD
groups were on a second-generation TM plat-
form in 60% of cases and on a third-generation
TM platform in 40% of cases for a mean time of
9 = 7 months. Reduction in hospitalizations and
use of other acute healthcare services, improve-
ment in the quality of life and patient satisfaction
were reported in the majority of studies providing
chronic home care interventions and patient edu-
cation at a distance (Table 1).8-33 These programs
were based on a strict adherence to care interven-
tions to enhance symptom self monitoring by
patients and their caregivers, through increasing
their understanding of drug therapy, monitoring
symptoms and treatment, and acting as a liaison
between primary care providers and hospital ser-
vices. This involved the delivery of time-intensive
education by nurses and other personnel such as
a respiratory therapist.54-56

Table 23442 reports RCT's which showed contra-
dictory results (both positive and negative
according to the different outcomes). The stud-
ies were conducted in Europe (n = 5), the USA
(n = 2) and Australia/New Zealand (n = 2). A
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total of 1259 patients (mean age 68 *= 5 years)
were studied with a mean FEV1 of 36 = 8% and
42 * 31% of cases were on LTOT; similarly to
the positive studies, all patients with COPD
were frequent users of healthcare and had a his-
tory of relapses and hospitalizations. Also in
these studies, the control groups were mainly
based on usual GP and home nurse care (some-
times with structured educational programs)
while the studied groups were on second-gener-
ation TM platforms in 78% of cases and on
third-generation TM platforms in 22% of cases
for a mean time of 9 = 7 months.

Table 343-33 shows RCTs with negative results
for TM use. These studies were conducted in
Europe (n = 8), the USA (n = 2) and Australia
(n = 1). A total of 5699 patients (mean age 69
+ 5 years) were studied with a mean FEV1 of
41 = 4%, in 3 = 8% of cases on LTOT, all fre-
quent users of healthcare with a history of
relapses and hospitalizations. The control
groups were in the majority of cases based on
usual GP care with stronger home care support
(home visits, nurse availability, social services)
compared with the positive studies. The experi-
mental groups were on second-generation TM
platforms in 73% of cases and on third-genera-
tion TM platforms in 27% of cases for a mean
time of 8 = 3 months.

The literature has shown that the best telemoni-
toring outcomes are expected in programs dedi-
cated to aged and very sick patients with severe
symptoms, frequent exacerbations, multimor-
bidity, on LTOT and with limited community
support; long-term interventions; programs
using third-generation telemonitoring systems
providing constant analytical and decisionmak-
ing support with monitoring centers led by a
physician, staffed by specialist nurses, and have
full therapeutic authority 24 h/day, 7 days/week;
countries where home care is not widely availa-
ble (if an extensive home care package with
strong community links exists, telemonitoring
may add little additional benefit); and zones
where ICT and rehabilitation can be delivered
directly to the patient’s location, regardless of
physical proximity to a rehabilitation center.
Whilst only a few pulmonary rehabilitation pro-
grams worldwide are currently offering telereha-
bilitation,57 this is likely to grow as telehealth
applications become increasingly accessible to
patients and clinicians.

Legal issues

The legal problems associated with teleassistance
and TM are still controversial. Given that many
processes of teleconsultation are patient specific
and unique, the legal principles applying to con-
ventional, face-to-face, doctor—patient relation-
ships may be equally as valid in the context of the
practice of medicine at a distance.>8:5° Important
system precautions need to be used by e-health
users:00:61

(1) Data security and confidentiality.
Suppliers and users must ensure the confi-
dentiality, the authenticity of the data and
their reporting, the authorized certification
of procedures with digital signature, the
protection of confidentiality, the security
and privacy of the assisted persons, and
the storage and transfer of sensitive data in
real time between one unit and the other
without manipulation.

Responsibilities and potential obliga-
tions of health professionals. Three key
aspects need to be specified: the responsi-
bility of the physician (teleconsultant) and
the patient at distance (teleconsulted); the
relationship and coresponsibility between
specialist consultant and the requesting
physician; the responsibility and the rela-
tionship between the applicant, consultant
and service supplier or suppliers.
Interoperability. Mutual exchange of
ICT-enabled solutions and of data are nec-
essary for better coordination and integra-
tion across the entire chain of healthcare
delivery to offer personalized solutions.

)

3)

How will TM change clinical practice?

In the near future it is expected that TM will pro-
duce changes in work practices, cultural attitudes
and organization, which need to be ‘negotiated’
among all the professional levels involved in the
provision of care. Table 4 summarizes the possi-
ble change of scenarios in COPD care using TM.
Table 5 summarizes barriers and difficulties to
TM development in terms of work organization,
cultural and technical concerns.%2-64

Discussion

A ‘one glove fits all’ approach in offering telem-
onitoring for COPD appears too simplistic for a
heterogeneous population such as these patients.
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Table 4. Changes and impact in scenarios for chronic obstructive pulmonary disease under telemedicine.

Work organization

Cultural changes required

Organizational changes required

Staff workload

Work distribution
Routines and patient pathways

Constant interaction

Number of medical units working
together to provide service

Time spent learning to use the
application

Productivity

Organization of primary care and
specialist care

Greater responsibility to nurses

Staff experiences with the
application

Positive view of the technology
Interactions with patients

Face-to-face nursing work

Interactions

Designing and implementation of
follow-up plans at home

Specific clinical practice
guidelines for each disease

Structure (norms, rules, values,
and resources)

Skills required

Need for a stakeholders network

Patient empowerment
Patient self management

Bidirectional message exchange
for communications between
the home of the patient and the
hospital

Reconfiguration of existing
practices and relationships

Access to healthcare

Regionalization prospective

Linkages between rural district
hospitals and the main national
hospitals

Training and education for

Renegotiation of professional
roles

Reconfiguration of work practices
(burden or empowerment)

Citizens consensus

Social influence

healthcare professionals in rural
areas

Implementation of national
health policies

New businesses

Factors that will be important for the successful
implementation of telemonitoring are an individ-
ually tailored approach, flexibility and a service
that is locally responsive.

There are a number of possible explanations why
the telemonitoring approach may not be superior
to standard management carried out at home,
which may be synthesized as follows:

(1) Patients with COPD who may benefit most
from telemonitoring have not yet been
identified. In fact, it is not clear which
patients would benefit from specific types
of care delivery and, more importantly,
what preferences patients have. Although
many studies have included patients with
severe disease, they vary in terms of the
inclusion and exclusion criteria regarding
baseline diagnosis, history of exacerba-
tions, previous use of healthcare services

such as home visits, hospitalizations, or
rehabilitation, as well as requirements for
supplemental oxygen or home mechanical
ventilation. Patients with severe symptoms,
frequent exacerbations, multimorbidity
and limited community support might well
benefit from telemonitoring.®> In another
study across the range of COPD severity,
patients with severe COPD (GOLD 3
[Global Initiative for Chronic Obstructive
Lung Disease] classification but not GOLD
4)and patients younger than 60 years are
likely to be the most cost-effective group.6°
It is also common experience that, in
patients with more severe disease, their
clinical condition is such that hospital
admissions are often inevitable: in any case,
telemonitoring does not have the unique
aim to avoid hospitalization per se but rather
to control the progression of the disease,
which sometimes will mean accelerating
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Table 5. Barriers and difficulties to telemedicine development.62-¢4,

Work organization

Cultural barriers

Technical concerns

Short-term funding

Sustainability

Integration of new technologies
into routine service delivery

Time limitations

Requirements for technical
competence

Poor uniformity for standards

Lack of interoperability among
different solutions

Low level of interest

Poor user-friendly technology

Low acceptance

Person’s illness and health
literacy

Too much responsibility for
patients with chronic disease

Poor knowledge and culture

Lack of knowledge of e-health
among patients, citizens and
healthcare professionals

Preferred outpatient clinic visits

Follow-up plan customized to
each patient

Complexity of the system

Many different software,
hardware and telecommunication
options

Poor specification design for
each condition

Legal/confidentiality problems
between subjects involved (poor
standard of care; manipulation,
poor protection

The network may show difficulty
to ascertain responsibilities and
potential obligations of health

Limited evidence of cost

effectiveness

Skepticism from doctors

professionals

High startup costs

Absence of reimbursements

@)

3

hospitalization, face-to-face visits or home
care visits. Early treatment of home exacer-
bations at distance is often useful to pre-
vent a catastrophic clinical worsening and
subsequent need for intensive care unit
admission or mechanical ventilation.

The use of different generations of the
telemonitoring and e-health devices and
platforms may have determined substantial
differences in the findings across studies.
Available telemonitoring devices range
from basic first-generation systems to the
far more complete third-generation sys-
tems. The role of the case manager/care
manager during telemonitoring use may
also vary among different countries depend-
ing on the current policy of each country’s
health system.

Previous results indicated that existing
resource patterns of patients and variations
in delivery-site practices might have a strong
influence on cost effectiveness, possibly
stronger than the included health or soci-
odemographic sources of heterogeneity.5%
To evaluate the real cost effectiveness of

)

new methods such as telemonitoring in this
population it is important to understand
what is meant by ‘standard care’ and ‘usual
care’ in the papers published so far. In fact,
standard care varies greatly not only among
European countries, but also within each
country.%” Some studies have also proposed
health economic assessments?437:52 but the
findings were inconclusive. Unfortunately,
this ‘standard’ care is not a common or
mandatory care approach in all European
Union (EU) countries. If an extensive home
care package with strong community links
exists, telemonitoring may add little addi-
tional benefit, whereas for trials in which
less community support was available
telemonitoring seems to show more benefit
in terms of team expertise and the patient’s
(or carer’s) self efficacy.

Now, the question to evaluate is if the
superiority of telemonitoring to the gold
standard is really the goal. Equivalence
between telemonitoring and the gold
standard may be a more appropriate goal;
indeed, an intervention that cost-effectively
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improves a suboptimal service bringing it
on a par with the gold standard would be a
success. Cost effectiveness could be the
‘gold standard’ for each new health service.
It is not important for each health organi-
zation to push for a ‘unique modality’ of
continuity of care but to press for the ‘most
efficient’ one respecting shared and stand-
ardized clinical and scientific targets for
chronic care.

Last but not least, negative or positive results
clearly depend on the expected outcomes of the
study (e.g. healthcare use, patient-related out-
comes, adherence, mechanical ventilation initia-
tion and adaptation, need for palliative care) and
corresponding methodological development,
which differ from one study to the next.

As shown in Table 5%2-%¢ major barriers for TM
implementation are lack of awareness/confidence
in e-health, supposed e-health complexity and
time consumption during the working day, neces-
sity for complicated medical licensing, the risk for
doctors to reduce the area of influence with a
decreased chain of command, more cooperation
requested between primary and secondary health-
care, risk of data protection and privacy, lack of
structured best practices, solid public or private
providers and dedicated call centers, the necessity
for infrastructure accreditation with certification
and labelling obstacles, and last but not least,
regional differences in accessing ICT services.

Future directions

Another important aspect in telemonitoring stud-
ies is using advanced analytics or machine learn-
ing to optimize the patient’s condition, for
example by early identification of COPD exacer-
bations. This is going to be an important future
direction and challenge in patients with COPD
breathing spontaneously.58-70

The ATS/ERS [American Thoracic Society/
European Respiratory Society] statement on pul-
monary rehabilitation states that ‘defining the
role of telehealth and other new technologies’ is
the key to addressing the research priority of
‘increasing the accessibility to pulmonary rehabili-
tation’.”! Critical future steps towards this will be
achieving a consensus on what constitutes ‘usual
care’, such that the additional benefits offered by
telehealth can be quantified (standardizing models

of telehealth in chronic lung disease for a more
uniform implementation, thus allowing meaning-
ful comparison across studies); defining the role of
telemonitoring and teleassistance across the spec-
trum of chronic lung disease, that is determining
in which diagnostic groups it is most useful, when
it should be offered (including considerations of
disease severity and acute versus stable disease)
and when it should be stopped; and conducting
robust cost-effectiveness studies to inform health
policy. Telehealth can improve access to care, par-
ticularly for those living away from major centers.
Simple yet innovative telehealth solutions to
improve access and uptake have already been
implemented in clinical practice, with good
results.”? Such programs, including simple telere-
habilitation models and teleconsulting, should be
made more widely available. Where high-quality
clinical care is already available it is less clear if
telerehabilitation adds significant benefit. Current
data do not yet justify the routine implementation
of telehealth in such a setting, although individual
patients may benefit. For future directions, more
attention needs to be focused on how to accom-
modate the increasing number of patients with
COPD in a postdischarge telemonitoring manage-
ment program with real integration between hos-
pital and primary care professionals according to
quality standards. The self-management support
must also become more integrated, with standard-
ized decision support and outcome measures plus
electronic information so that critical information
is shared among the various health professionals
involved in the home programs. In addition, more
research is required on the organizational implica-
tions of introducing telemonitoring so that a new
service does not duplicate the traditional system,
resulting only in greater inefficiency and more
costs. More research is also needed on the security
and confidentiality of patient data, on the respon-
sibilities and potential obligations of health
professionals and on EU jurisdictional problems
regarding e-health systems. Finally, we need to
provide a useful benchmarking picture of different
models of telemonitoring good practice around
Europe as an aid to those who fund telemonitor-
ing services in their decisionmaking regarding per-
sonnel investment, reduction of redundancy and
duplication of care services, as well as prioritiza-
tion of services. The ‘one glove fits all’ approach in
offering telemonitoring for COPD seems too sim-
plistic for a heterogeneous population such as
these patients. Factors important for the success-
ful implementation of telemonitoring are an
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individually tailored approach, flexibility and a
service that is locally responsive. Chronic diseases
increase the burden on healthcare systems.
Primary care needs to be sustained in the face of
increasing demands: home care and telemonitor-
ing may help primary care professionals and spe-
cialists to reduce the expected burden.
Hospitalization of chronically ill patients is a ‘fail-
ure’ for healthcare systems and chronic diseases
exemplify the need for the large-scale deployment
of follow-up programs. For these reasons, home
care programs and telemonitoring may provide an
opportunity for health organizations to develop
new strategies and clinical procedures. Another
important aspect that might limit the effectiveness
of telemonitoring studies is patient compliance
and acceptance: in general telemonitoring is well
accepted?* and patients are enthusiastic about this
service.”

Anyway, the patient’s perspective is not always
the doctor’s perspective: in a recent survey’4
about 50% of patients receiving home mechanical
ventilation responded that they would refuse
telemonitoring because it feels like ‘big brother’,
and expressed concerns about privacy of personal
information/data. They also felt it might increase
anxiety as a result of fewer visits and fewer oppor-
tunities to enjoy personal contact, and finally that
their actual home care settings ‘feels good and
they don’t want it adjusted’.

Home telemonitoring and telerehabilitation of
chronic diseases seems to be a promising patient
management strategy that could produce accu-
rate and reliable data, empower patients, influ-
ence their attitudes and behavior, and potentially
improve their medical conditions. Remote moni-
toring alone is not sufficient for successful disease
management. A patient-centered design approach
(continuous improvement allowed feedback from
users) has been used in order to allow the person-
alization of interventions and encourage the com-
pletion of daily self~-management tasks resulting
in high compliance with self monitoring over a
prolonged period of time (12 months).”>

The overall body of literature on this topic shows
that the extent and significance of benefits to
patients and economic organizational expecta-
tions are not always consistent and sometimes
remain inconclusive. The impact on clinical effec-
tiveness outcomes and economic viability likewise
remains unclear. At the moment the fundamental

prerequisite for the efficacy of telemonitoring in
COPD management is to establish common
standardized protocols rather than determine
how to deliver the care.”® It is clear that telemoni-
toring alone is not sufficient in itself to yield a bet-
ter outcome; telemonitoring could be a key
element in the management of COPD, but it is
difficult to evaluate its benefit without consider-
ing the other services received by patients (GP
network, home care, access to hospital, social
care). Considering the overall care ‘package’
received by the patient, telemonitoring may have
a place as one of the services offered within the
package. But other aspects, quality improvement,
integration of programs and services, increase in
collaboration and communication across the dif-
ferent care settings, and the development of a
shared vision, goals and priorities, are needed to
improve the efficiency of the healthcare services
provided for patients with chronic disease.”® The
key point in optimizing the use of telemonitoring
is to correctly identify who the ideal candidates
are, and at what time they should receive it and
for how long.”® The time course of disease for
each patient is different and a ‘correct window’
for personalized TM application could be the
answer. Initiating a TM program too early might
be useless and inefficient, while only the TM pro-
gram in very advanced conditions might be insuf-
ficient due to the high level of disability and
instability which cannot be completely managed
and monitored at a distance.

In conclusion, TM will provide a framework for
patient engagement and a new model of care
delivery utilizing integrated practice units, both of
which are needed to navigate the healthcare needs
of the 21st century. As clinicians we need to iden-
tify the specific challenges we face in delivering
care changing our future clinical practice imple-
menting flexible systems that can be customized
to individual patients’ requirements and adapted
to our diverse healthcare contexts.
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