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ABSTRACT The estimated prevalence of ventilator-dependent individuals in Europe is 6.6 per 100000
people. The increasing number and costs of these complex patients make present health organisations
largely insufficient to face their needs. As a consequence, their burden lays mostly over families. The need
to reduce healthcare costs and to increase safety has prompted the development of tele-monitoring for
home ventilatory assistance.

A European Respiratory Society Task Force produced a literature research based statement on commonly
accepted clinical criteria for indications, follow-up, equipment, facilities, legal and economic issues of tele-
monitoring of these patients.

Many remote health monitoring systems are available, ensuring safety, feasibility, effectiveness, sustainability
and flexibility to face different patients’ needs. The legal problems associated with tele-monitoring are still
controversial. National and European Union (EU) governments should develop guidelines and ethical, legal,
regulatory, technical, administrative standards for remote medicine. The economic advantages, if any, of this
new approach must be compared to a “gold standard” of home care that is very variable among different
European countries and within each European country.

Much more research is needed before considering tele-monitoring a real improvement in the
management of these patients.
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Introduction

The reported, although probably underestimated, prevalence of patients with chronic respiratory failure
(CRF) requiring home mechanical ventilation (HMV) in Europe is 6.6 per 100000 people [1]. There are
challenges when providing HMYV, including patients and caregiver training, adequacy of respiratory care,
reimbursement policy, and need of patient/family cooperation [2]. Furthermore, factors such as patients’
chronic diseases and their exacerbations, need of technology and lack of professional supervision make the
management of ventilator dependent individuals (VDI) by family and non-professional caregivers a
difficult task. Supervision by external companies has many limitations, such as lack of standardisation, lack
of regular feedback to the prescribing centres [3], costs and logistical problems. The need to reduce
healthcare costs and to improve safety has prompted the development of tele-monitoring for VDIs.

Information and communication technologies (ICT) applied to health and healthcare systems have been
considered able to increase their efficiency, improve quality of life and unlock innovation in health markets.
However, the EU considers this promise as still largely unfulfilled [4]. There is some confusion about the
terms used to define tele-health, as well as tele-medicine versus tele-monitoring. Home mechanical ventilators
are sometimes equipped with remote monitoring tools in order to improve supervision on the delivered
treatment and adapt settings to the patient’s need and comfort accordingly [5]. The economic issues of home
tele-monitoring are crucial for its rapid transfer to healthcare systems both in terms of cost/benefit ratio and
in term of reimbursing rules [6]. An assessment of the costs associated to such an innovative application
should be investigated in detail, together with regulatory (legal, insurance and reimbursement) issues. Other
relevant issues may include [7]: indications, modalities of follow-up, team expertise and composition,
technologies, outcome, adherence and compliance measures, tele-rehabilitation programmes. The aim of this
European Respiratory Society (ERS) task force was to provide a statement describing commonly accepted
indications, follow-up schedules, equipment and facilities, legal issues (if any). This may be useful to:
1) Promote common standards of clinical criteria, data transmission, management pathways, equipment,
facilities, and regulations of tele-monitoring systems in countries where these tools are already in use.
2) Describe models for countries developing new HMV systems of care. 3) Design clinical studies in the field
for HMV. Definitions regarding terminology referred to in this report are given in box 1.

Methods

Members of the task force searched EMBASE, CINALH, PubMed, PsychINFO and Scopus data bases
using the following keywords: ventilator-dependent, tele-monitoring, home mechanical ventilation, sleep
disorders, respiratory tele-medicine, tele-monitoring AND end of life. Papers published between 2003 and
2015 in English language were considered. Members assessed the identified studies for appropriateness.
For questions where there was a lacking in studies on VDIs, studies on non-ventilator dependent patients
were examined. Among 2975 papers, 150 were considered as appropriate for analysis. The document was
discussed among task force members by emailing correspondence, and in two, face-to-face meetings at the
ERS International Congress in 2014 and in 2015.

Tele-medicine has three dimensions: functionality, applications and technology. Applications may refer to
specialty, disease, site, or treatment [8].

Clinical scenarios

Neuromuscular diseases

Tele-monitoring has been used in neuromuscular diseases (NMD) management. A prospective, single-blind
controlled trial [9] of home noninvasive ventilation (NIV) in amyotrophic lateral sclerosis (ALS), showed that
compliance to NIV with or without tele-monitoring was similar, whereas NIV initial setting was successfully
managed by tele-monitoring. This study showed also that tele-monitoring might offer potential favourable
effects on costs, survival and functional status. A study [10] showed the easy use of a tele-monitoring device,
whereas another study [6] showed that tele-monitoring was cost-effective as compared to office-based
follow-up control visits with a €700 patient year cost saving. Tele-monitoring has been used also in other
NMD. In one study, by ZamarrON et al. [11], only three patients were rated by the authors as easy to use a
platform consisting of video-conferencing and tele-monitoring of cardio-respiratory variables. Another
prospective observational study, by GaruTr et al. [12], showed that the combination of tele-monitoring and
chest physiotherapy performed at home was feasible and resulted in reduction in hospital admissions.

Chronic obstructive pulmonary disease

The usefulness of long-term NIV in hypercapnic CRF due to chronic obstructive pulmonary disease (COPD)
is still discussed. The addition of long-term NIV to standard treatment improves survival in these patients
when it is aimed to significantly reduce arterial carbon dioxide tension [13]. Daily variations in respiratory
rate and percentage of respiratory cycles triggered by the patient might be able to predict the risk for
acute COPD exacerbations [14] and tele-monitoring is feasible to modify therapy in these patients [15].

DOI: 10.1183/13993003.01721-2015



DOI: 10.1183/13993003.01721-2015

BOX 1

Tele-medicine

Tele-communications

Telematics

Tele-consultation

Tele-monitoring

Decision support systems

Remote diagnosis

Tele-therapy
Tele-evaluation

Telecare

Tele-rehabilitation

Tele-coaching

Tele-conference, audio

Emergency calls

Tele-hospice

Terminology definitions
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Distribution of health services in conditions where distance is a critical
factor, by health care providers that use information and
communication technologies to exchange information useful for
diagnosis where doctor is able to perform diagnosis at distance.

Use of cable connections, the radio, optical means or other
electromagnetic channels to transmit or receive signals such as
voice, data or video communications.

Use of telecommunications to permit computers to transfer
programmes and data.

Second opinion on demand between patient/family and staff or among
health operators; opinions, advice provided at distance between two
or more parties separated geographically.

Digital/broadband/satellite/wireless or Bluetooth transmission of
physiologic and other non-invasive data (i.e. biological storage data
transfer).

According to a sentinel value, an alert starts for health personnel who
call patient.

Identifying a disease by the assessment of the data transmitted to the
receiving party through instrumentation monitoring a patient away.

Direct prescription.
On-demand data transfer to use as biological outcome measures.

Network of health and social services in a specific area; in case of
emergency, patient calls medical personnel, emergency call service
or members of family.

Allowed to receive homecare and guidance on the process of
rehabilitation through connections for point-to-point video
conferencing between a central control unit and a patient at home.

Direct reinforcement or recorded messages/communications to
improve adherence.

Electronic two-way voice communication between two or more people
located in different places, which make use of transmission systems
voice, video and/or data.

A service that gives the ability to initiate a call for help to an operation
centre, usually active 24 h a day throughout the year.

The use of tele-medicine technologies to provide palliative services to
patients with severe chronic disease or living with and dying from
advanced illness.

Starting NIV outside the hospital with the help of tele-monitoring might be an option in these patients since
it has been shown that home based NIV initiation is not inferior to hospital adaption in restrictive thoracic
diseases, NMD and obesity-hypoventilation patients being cost saving for the healthcare systems [16, 17].
Nevertheless clear conclusions based on randomised controlled trials (RCT) of tele-monitoring in these
patients are lacking.

Weaning
We identified only one case report about weaning from mechanical ventilation of a patient at home, with
the help of telephone assistance [18]. The patient was able to increase the time of spontaneous breathing.

Equipment and technology
The components of the technological dimensions can be grouped into four variables: synchronicity,
network design/configuration, connectivity and inter-operability [19].
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Synchronicity

Synchronicity is used here to incorporate both timing and technology. With regard to timing,
tele-monitoring may be “synchronous”, i.e. in real time, interacting simultaneously with participants in
different places. These systems provide constant analytical and decision making support. Monitoring
centres are usually led by physicians, staffed with specialised nurses, and have full, therapeutic authority
24/7. Data transfer is synchronous, meaning a real time processing of patient data by means of automated
algorithms to interpret them. Care providers can recognise important changes in essential measurements,
but delays can occur if the systems are only active during office hours. Other systems are “asynchronous”
(store-and-forward); the participants do not interact in real time. There is no full tele-medical system, and
the provider cannot respond immediately to patient needs. This, second generation, system has a
non-immediate analytical or decision making structure.

Network design/configuration

Network design/configuration includes three modalities: virtual private networks, the open internet, and
social networks, in which information is posted and shared. These three modalities substantially vary in
terms of security and ability to protect confidential information. Patient empowerment and digital health
literacy are essential for successful e-health deployment. Although the EU Commission [4] supports
activities aiming at increasing digital health literacy, a significant barrier lies in the lack of awareness of
e-Health opportunities and challenges for users (citizens, patients, health and social care professionals) [4].

Connectivity
Connectivity can be wired and wireless, both of which providing different levels of band-width, the
attendant speed and resolution or service quality.

Inter-operability.

Health Level Seven (HL7) International is a not-for-profit, American National Standards Institute
(ANSI)-accredited standards developing organisation, dedicated to providing a comprehensive framework
and related standards for the exchange, integration, sharing, and retrieval of electronic health information
that supports clinical practice and the management, delivery and evaluation of health services. The Clinical
Document Architecture, Release Two (CDA R2) standard by HL7 [20] is a product of HL7 International that
is dedicated to the production of standards in healthcare in order to facilitate inter-operability. CDA defines
the structure of a clinical document and uses the extensible mark-up language (XML) to label different
categories of information, making the inter-operability among different healthcare providers and settings
possible, executing exploitation services, facilitating the implementation of systematic control processes [21].

Table 1 summarises the literature on electronic devices, type of transferred signals and rationale for their
use. Many remote health monitoring systems are available. The appropriate technology may result in
safety, feasibility, effectiveness, sustainability and flexibility to face different patients’ conditions.

Follow-up

There is poor exchange of information and feedback among the centres prescribing HMV and the external
companies performing the ventilator servicing, with the frequency of communication ranging from
3-12 months [3, 15]. Tele-monitoring may play a major role in improving HMV quality control, by remotely
monitoring ventilation variables and facilitating exchange of information on quality control among partners
involved in HMV. Some programmes used weekly [42] or 3-month [43] phone calls as “store and-forward
necessity”. Viracca et al. [14, 18] proposed an interactive online system: continuous on-call service was
available 24/7 and arterial oxygen saturation measured by pulse oximetry (Sp0,) was accessible for check-point
analysis [14, 18].

Timing of evaluation of compliance to continuous positive airway pressure (CPAP) devices and feed-back
has been defined in the setting of obstructive sleep apnoea (OSA) management [44]; downloaded
information every week day morning (except holidays) and contacts to the patient, if any, of the following
were present: mask leak >40 L-min™" or >30% of the night, <4 h use for two consecutive nights, machine
measured apnoea-hypopnoea index (AHI) >10 events:h™, and 90th percentile of pressure >16 cmH,O.
The research coordinator called the patient and inquired about symptoms/side effects [44].

In a pilot study published as an abstract [45], of titration and surveillance of HMYV initiation, authors used a
ventilator connected with oximetry and Global System for Mobile Communications (GSM) modules and
Encore Anywhere software (Koninklijke Philips N.V., Amsterdam, the Netherlands). Compliance data were
downloaded on the 4th day and the 2nd month, while nocturnal oximetry (under HMV) was performed on
the 7th day and the 1st month. If efficacy of ventilation criteria were not fulfilled, remote titration of ventilator
settings were based on compliance/oximetry downloads (COD). At COD assessments phone calls were made
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TABLE 1 Shows the different technologies used in studies

Author [ref.]

Electronic device

Signals

Rationale for use

BerTini [22]

Vitacca [23]

Ritcuie [24]
Mivasaka[25]

VonTETsIANos [26]

Hovranp [27]

Smith [28]

Pacer [29]

TakauasHi [30]

SecreLLES [31]

Ure [32]

Pinnock [33]

ZamiTh [34]

TrAPPENBURG [35]

Digital multi-parametric recorder

Phone, pulse oximeter sensor, oximeter with solid
memory card plus a modem system and home
telephone line

An interactive voice response and personal phone

A tablet computer with webcam

Video conference camera

Commercially available webcam devices

Video device

Web based device “Genesis monitor”, telephone line

Video conferencing device

Spirometer, a pulse oximeter and heart rate monitor
(Spirotel; MIR Waukesha, WI, USAJ, blood pressure
monitor (model UA-767 BT; A&D San Jose, CA,
USAJ, modem (Tele-Modem; Aerotel Medical
Systems, Holon, Israel), and telephone lines

Touch screen computer

Touch screen, algorithms, telephone, and video link

Doc@Home device (Docobo, Leatherhead, UK,
oximetry (BCI 3303; Smiths Medical PM, Inc.,
Waukesha WI, USA) plus ECG

Portable device Health Buddy system

Tidal volume, respiratory frequency, minute
ventilation, arterial oxygen saturation, heart rate,
inspiratory positive airway pressure, expiratory
positive airway pressure

Voice, pulse oximetry data, pulse oximetry trend

Recorded voice
Video images

Voice

Skin colour vital signs

Blood pressure cuff, glucometer, pulse oximeter,

Scales, blood pressure cuff, glucometer, pulse
oximeter, and peak flow data

Blood pressure cuff, glucometer, pulse

oximeter, heart rate and peak flow data

Questionnaire answers

Questionnaire answers, video images and voice

Peak expiratory flow rate, oximetry,
ECG and messages

Oximetry, ECG; clinical questionnaires; messages

Once a week nocturnal monitoring and a
telephone counselling, when needed,
available 24/7 with medical doctors in charge

Calls contacts, home support helpline to identify
patient/equipment problems and strategies to
minimise risk for patients, healthcare
teams and manufacturers; monitoring

E-coach
Video conferencing

Rehabilitation programme prescription
and adherence monitoring

Caregiver’s use of the patient equipment, equipment
demonstrations, visual illustrations,
audio-recorded educational directions to facilitate
patient care

Daily recording of signals

Real-time video conferencing
capability tele-monitoring

Tele-monitoring

To record a validated daily symptom
score comprising questions

Tele-monitoring: the participant recorded and
transmitted a daily questionnaire about symptoms
and use of treatment and monitored oxygen
saturation

Monitoring signal and compliance, symptoms,
medication, sleep quality, smoking, impact on
exertion, and weight

To transfer patient-clinician data by Internet to
doctors; functional monitoring and prescription

Continued
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TABLE 1 Continued

Author [ref.]

Electronic device

Signals

Rationale for use

Avronso [36]

Pepone [37]

AntoniaDes [38]

Pinto [9],
De Aumeina [10]

Hazensere [17]1

ZamARRON [11]

Fravsse [39]

Isipa [40]

Nikanper [41]

BoreL [15]

Sensors connected through a body area network with
a platform configured to display the data and
transfer it to the server using general packet radio
service

SweetAge monitoring system, Bluetooth transmitter,
commercial pulse-oximeter, Bluetooth transmitter
coupled with the wristband, commercial cellular
telephone coupled with the wristband via Bluetooth
connection, and telephone equipped with software

Laptop computer touch plate stethoscope,
pneumotachograph, thermometer, and
questionnaire programme

Modem device with internal memory and integrated
transmission, oximeter (Pulsox-3iA; Konica Minolta
Sensing, Osaka, Japan] with SR-5C finger clip
(Konica Minolta Sensing] and helpline number

Telephone, transcutaneous monitor, laptop, and
software programme.

Commercially available telemedicine system, set top
box connected to the television as a user interface,
simple menu on television screen.

CPAP Secure Digital card

Wearable respiration monitoring system. (piezoelectric
sensor, a low-power 8-bit single chip
microcontroller, EEPROM and a 2.4 GHz low-power
transmitting mobile phone)

Telehealth enabled nebulizer system (Prodose
Adaptive Aerosol Delivery System; Philips
Respironics, Chichester, UK)

Noninvasive ventilation software

Vital signs

Heart rate, physical activity, near-body
temperature, and galvanic skin response

Blood pressure, pulse oximeter, electrocardiogram,
temperature, and information

Tidal volume, respiratory frequency, minute
ventilation, arterial oxygen saturation, heart rate,
inspiratory positive airway pressure and
expiratory positive airway pressure

Ventilator information (e.g. volume, frequency,
pressure levels, hours ventilator), carbon dioxide
and oxygen saturation

Oximetry, blood pressure and ECG alarms

Hours of use, CPAP level and leaks

Sequentially stores the movement signal

EXACT-Pro questionnaire every day plus continuous
monitoring of respiratory rate, percentage of
respiratory cycles triggered by the patient and
noninvasive ventilation daily use

Vital signs are collected and may be transmitted to
the data monitor centre

Functional and physical activity monitoring allowing
for reception of data transmitted by the wristband
and acted as a gateway to send the data to the
monitoring system

Data uploaded daily to a central server via internet
connection through the patient’s telephone line.
Scales for overall health, dyspnoea, sputum colour
and volume, symptoms of respiratory tract
infection and changes in medication usage

Ventilator Goodknight 425ST bi-level (Puritan
Bennett, Gosport, UK] device monitoring

Ventilator device monitoring use

Remote monitoring of biological signals,
videoconferencing,

Data transmitting box every week for 2 months

Detection of sleep apnoea syndrome, whether the
patient has breathed during that time

To delivery repeat medication in cystic fibrosis

To assess daily variations in three parameters to
predict the risk of exacerbation in patients with
chronic obstructive pulmonary disease treated by
home noninvasive ventilation

CPAP: continuous positive airway pressure; EEPROM: electrically erasable programmable read-only memory; EXACT-PRO: the exacerbations of chronic pulmonary disease tool
patient-reported outcome.
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by the homecare provider in order to check performance of the study protocol [45]. BERTINI ef al. [22], were
able to avoid emergency visits in 62.5% of cases with once a week and on-demand nocturnal monitoring,
using a Digital multiparametric recorder that included ventilator parameters and Spo, coupled with a
telephone counselling.

Equipment and technology for follow-up

There are different technologies and timings for data collection, ranging from digital videophone systems,
alone [25] or coupled with other systems [26] to weekly transmission of ventilator data through modems,
weekly phone interviews by nurses coupled with oximetry download through modems [34, 46-48], daily
oximetry readings [46-48], customised or commercial multifunctional devices [34, 35, 49]. For severe
COPD patients with CRF tele-spirometry may help in the monitoring of lung function and complement
the information in the VDIs [34]. In patients with CRF (63% of whom under HMV) ZawmrirH et al. [34]
collected peak expiratory flow rate data on a weekly basis coupled with symptom questionnaires filled
daily. More recent touch screen tele-monitoring equipment with integrated questionnaires was used with
the same frequency [45]. Other authors used stand-alone spirometers [31, 50] with modem transmission
three times a week in COPD patients under long-term oxygen therapy (LTOT). PeponE et al [37] used
commercial cellular phones coupled with sensors allowing for five measurements of each parameter over
3 h. Maroro et al. [42] monitored nocturnal Spo, twice a week. Different devices can be hooked-up to the
ventilator-monitoring system in order to provide a more comprehensive care. Which equipment,
technology and periodicity are best in the different clinical scenarios remains to be defined. Table 2 shows
a summary of the literature in the field.

Legal issues

The legal problems associated with tele-medicine are still controversial. Despite many processes of
tele-consultation are unique, the legal principles applying to conventional, face-to-face, doctor—patient
relationships may be equally as valid in the context of the practice of medicine at a distance [51, 52].
In tele-medicine, three roles can be held legally liable for the delivered performance [52]:

1) The person who transmits the data. Any application of tele-medicine is considered a medical act. The
relationship between the person using the service (especially when he/she is the patient) and other
stakeholders, must be governed by “informed consent”. This preliminary action allows the patient to be
adequately informed about the characteristics of the service, the potential risks, the precautions to reduce
them and to ensure the confidentiality of the information [51].

2) The person who receives data. The person who conducts the remote health service: he/she is the
medical user of the service and the medical consultant [51].

3) The service provider(s). The quality and confidentiality of the transmitted and received data must be
ensured by service providers [51].

The use of tele-monitoring carries several risks [52-54]: tele-consultation may fail to reach standard of
care; equipment or system may fail; electronic data can be manipulated; the electronic record may be
subject to abuse; the network may suffer from poor data protection (poor confidentiality, authenticity,
data report, procedure certification, security and privacy); the network may show difficulty to ascertain
responsibilities and potential obligations of health professionals.

Important system precautions need to be used by e-Health users [55, 56].

Data security and confidentiality

Suppliers and users must ensure the confidentiality, the authenticity of the data and their report, the
authorised certification of procedures with digital signature, the protection of confidentiality, the security
and privacy of the assisted persons, the storage and transfer of sensitive data in real time between one unit
and the other without manipulation.

Responsibilities and potential obligations of health professionals

Three key aspects need to be specified: 1) the responsibility of the physician (tele-consultant) and the
patient at distance (tele-consulted), 2) the relationship and co-responsibility between specialist consultant
and the requesting physician, and 3) the responsibility and the relationship among the applicant,
consultant and service supplier or suppliers.

Interoperability

Mutual exchange of ICT-enabled solutions and of data are necessary for better coordination and
integration across the entire chain of healthcare delivery to offer personalised solutions. Use of European
and international standards to ensure the interoperability of ICT solutions to offer appropriate services.
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TABLE 2 Time and modality of follow-up schedules

Author [ref.] Population Time to tele-assistance initiation Time of TM use
Mivasaka [25] Paediatric patients for home Implementation of a videophone system NA
ventilatory care n=7
Pinto [9] ALS n=40, all ventilated Controls: admission, 2-3 weeks later, 3 years
every 3 month thereafter
Intervention: every week by modem;
every 3 month in-office
De Acmeina [10] ALS Not mentioned NA
Vitacca [46] ALS n=73 (NIV n=18 and invasive Median time from diagnosis to TM 440 days 4 years
ventilation n=18) Phone calls per patient per month 4.8+2.5
Time per month of calls 3-256 min
Calls weekly scheduled or requested
by patient/career (unscheduled)
Vitacca [47] ALS n=40 (NIV n=19 and invasive 8-6 months (1-12 months)/>5 calls 1-12 months
ventilation n=12) per patient per month
Total calls: 2224
(1907 scheduled, 317 unscheduled)
Zamith [34] Asthma n=21 plus CRF n=51 Not mentioned 9 months
(LTOT n=41 and NIV n=32)
Berini [22] HMV n=16 (invasive MV n=5, NIV n=11, The data analysed routinely every week 2 years
COPD n=3, RTD n=4, NMD n=8, or in real time after a phone call by the
Ondine Syndrome® n=1) patient or care givers to the doctor in charge
De ToLepo [49] COPD n=157 On demand 1 year
Vonrtetsianos [26] COPD n=18 plus at least four hospitalisations in the Once a month via nurse 9 months
previous 2 years
TrapPENBURG [35] COPD (study n=59, controls n=56) Daily symptom surveillance 6 months
SeereLLEs [31] Home telehealth n=30, controls n=30; Monday-Sunday; From Monday through to Friday the 7 months
FEV1 <50%, age >50 years, LTOT, non-smokers, with data is monitored and assessed by the Clinical
at least one hospitalisation for respiratory illness Monitoring Center from 09:00 h to 17:00 h and during
in the previous year weekends the data is directly analysed
by pulmonologist
Jopar-SincHez [50] Telehealth n=24 and control group n=21 on usual care; Vital signs on weekdays and 4 months
under LTOT and with at least one hospitalisation for spirometry (2 days per week]
respiratory illness in the previous year
Maioro [42] COPD patients on LTOT n=2f0 and RTD n=3 Twice a week 12 months
Moreira [45] Patients n=35 (OSA 40.0%, COPD 22.8%, NMD 11.4%, TB  Compliance downloads on fourth day and 3 months
sequelae 2.9%, kyphoscoliosis 2.9% and 20.0% other second month, nocturnal oximetry on
CRF causes) seventh day and first month
Pinnock [33] Patients randomised to tele-monitoring n=128, patients Daily questionnaire about symptoms 12 months
randomised to usual care n=128 and oxygen saturation
Pepone [37] COPD n=50 (GOLD Il and Ill) patients in the System set up to perform five measurement 9 months
tele-monitoring group and controls n=49 of each parameter every 3 h
Vitacca [23] CRF patients needing LTOT or HMV plus at least one Continuous 24 h on-call service 1 year
hospitalisation for respiratory illness in the previous (interactive online system)
year, COPD 56%, RTD 15%, NMD 10%, ALS 9%, other
10%; of which 46% on NIV, 21.4% on IMV and 63%
onLTOT
BoreL [15] COPD on home NIV EXACT-Pro questionnaire every day plus continuous 6 months

monitoring of respiratory rate percentage of
respiratory cycles triggered
by the patient and NIV daily use

NA: not available; ALS: amyotrophic lateral sclerosis; NIV: noninvasive ventilation; TM: tele-monitoring; CRF: chronic respiratory failure;
LTOT: long-term oxygen therapy; HMV: home mechanical ventilation; MV: mechanical ventilation; COPD: chronic obstructive pulmonary
disease; RTD: respiratory tract disease; NMD: neuromuscular disorders; FEV1: forced expiratory volume in 1's; EXACT-PRO: the exacerbations
of chronic pulmonary disease tool patient-reported outcome. #: Also known as congenital central hypoventilation syndrome (CCHS).

8 DOI: 10.1183/13993003.01721-2015
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With the increasing diffusion of this technology, case law will be updated and give answers to issues
unresolved now. National and EU governments should promote common, ethical, legal, regulatory, technical,
and administrative standards for remote medicine to assist VDIs and caregivers in providing safe and
effective services [57].

Economic considerations

The proportion of the elderly (aged >65 years and <80 years) and older (aged >80 years) EU population is
expected to rise from 17.4% in 2010 to 30.0% in 2060 and from 4.7% in 2010 to 12.1% in 2060,
respectively. Patients often suffer from acute exacerbations of their chronic diseases resulting in frequent
hospitalisations in intensive care units (ICUs) or emergency room admissions, as well as general
practitioner (GP) visits. As a result, the EU average health expenditure rose from 5.9% in 1990 to 7.2% of
gross domestic product (GDP) in 2010, and the projections show that it may further grow to 8.5% GDP in
2060, due to the ageing population and other socio-economic and cultural factors. In addition, the
long-term care expenditure projection would on average almost double over this period. The impact of
these changes is already being perceived and is worsened by increased pressure on public budgets,
progressive decline in the number of health personnel, and growing demands and expectations from
citizens for higher quality services and social care [58-62].

Challenges and opportunities

Tele-monitoring can be considered as both a challenge and an opportunity for health services [63]. Particular
attention is given to dimensions such as safety, usability, and quality of patients’ knowledge of their disease as
the key factor of an effective self-management [64]. As a consequence, HMV requires a big amount of human
and financial resources [67]. Some studies have evaluated and compared the costs associated to home and
institutional or hospital setting alternative solutions. An early paper from Fierps et al [66] on the
cost-effectiveness of homecare technology for respiratory technology-dependent children, reports a mean
annual homecare cost >$100000 USA for ventilator-dependent children, and >$60000 for oxygen-dependent
tracheotomised patients, respectively. This corresponds to ~$79000 and $83000 per patient saving,
respectively, compared to alternative institutional cares. Another study [67] on ventilator dependent children
showed that health costs were 70% less than hospitalisation-related costs, while the average costs for homecare
were 87% less than a hospital setting care. In the UK, Noves et al. [68] compared the costs of service for
ventilator dependent children and young people at home and in hospital settings. They found that living at
home for children not needing employed carers was always cheaper than living in the hospital. However, for
children needing 24 h care by qualified nurses, the homecare package was ~1.5 time more expensive than for
children treated in the hospital setting. Also a recent literature review [61] outlines that HMV is a more
cost-effective therapy compared to in-patient care in ICUs reporting a cost reduction ranging from 62% to
74% in general. Furthermore, invasive HMV has a higher cost compared to home NIV, principally due to the
care equipment and partially due to the need for 24-h care by highly qualified personnel. Available
comparisons of institutional and at home solutions in VDI may underestimate the importance of comparing
at home alternatives such as: 1) tele-monitoring versus formal caregiver monitoring in VDI’s homecare, to
highlight the savings associated to tele-monitoring when compared to high intensity labour home activities;
and 2) quality-of-life comparison in patients using home and hospital care solutions.

Table 3 shows the few studies reporting the cost-effectiveness of remote monitoring in VDIs. For example,
the study by Viracca et al. [23] concluded that tele-monitoring was cost-effective in case of severe and
frail patients when LTOT and/or either NIV ventilator or invasive mechanical ventilation are needed,
considering activation and healthcare service provision costs. Constant costs were mainly based on the
number of calls, and savings in healthcare services costs were mainly due to the prevented hospitalisations.
Per patient costs were ~33% less than for usual outpatient follow-up, whereas per COPD patients
tele-monitoring costs were about 50% less than for usual outpatient follow-up. Despite these preliminary
studies have shown an advantage in applying tele-health systems, recent research casts some doubts that
these systems are more effective and less expensive than usual care [70-72].

To evaluate the real cost/effectiveness of new methods such as remote monitoring in this population it is
important to understand what “standard therapy” and “usual therapy” mean in the papers published until
now. It is clear that the superiority (if any) of this new method of care must be compared to a “gold standard”
of homecare that is very variable among the European countries and within each European country [57].

Alternatively, tele-monitoring may represent an opportunity for health services. Despite the economic
crisis, the potential e-health market is strong. The global tele-medicine market has grown from $9.8 billion
in 2010 to $11.6 billion in 2011, and is expected to continue to grow to $27.3 billion in 2016, representing
a compound 18.6% annual growth rate [4]. The health market enabled by digital technologies (mobile
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TABLE 3 The economic impact of ventilator dependent individuals tele-monitoring

Author [ref.]

Lopes [6]

Vitacca [69]

Vitacca [23]

Study design

Economic evaluation

Study population

Outcome measurements

Type of costs

Results

Conclusions

NIV follow-up by tele-monitoring plus regular office
visits at 3-month intervals versus NIV follow-up by
regular office visits at hospital centre

Economic impact of home tele-monitoring

2003-2006 prospective quasi-randomised and single-
blind trial with ALS patients aged 18-75 years,
40 patients (20 tele-monitoring and 20 controls)

Intention-to-treat analysis considering three
different type of costs, costs estimated by DRG

Hospital direct costs: outpatients’ office and
emergency visits, hospital admissions,
transportation, price per hour consultant specialist,
daily rental of ventilators and associated settings,
daily maintenance of monitoring equipment; NHS
directs costs: total costs for daily care for patient

Indirect costs: non-medical costs considering loss of
earnings due to caregivers absenteeism

Hospital costs mean total
costs per patient higher in the intervention group
€15791+14361 versus €5734+4276 (p=0.008),
mean annual costs per patient not statistical
different (control €8882.8+2718.5 intervention group
€9508+1325)

NHS direct costs. Both mean
total costs per patient (p=0.058) and mean
total annual costs per patient (p=0.005) higher in
control group €19 6655256 versus €8907+6553 for
the first, and €44 134+11316 versus €8186+6553 for
the latter

Indirect costs, differences in loss of earnings not
significant

Tele-monitoring of NIV in ALS cost-effective,
€ 700 per patient per year estimated long-term
annual NHS cost saving

Comparison of home on-demand mechanical cough
assistance versus institutionalisation
and versus continuous access to mechanical
in-exsufflation in ALS patients

Cost-effectiveness

2006-2008 39 ALS patients underwent follow-up: NIV
n=15, tracheostomy MV n=12, and no ventilation
n=12

Mortality, call numbers, respiratory therapist visits,
mechanical in-exsufflation requirement, avoided
hospitalisations

On-call telephone access costs; respiratory therapist
home visits; suction machine rental costs

On-demand in-exsufflator comparison with
continuous use of ventilator resulted in
€108 758 cost savings, plus 34 hospitalisations
avoided

Telephone access and as needed HMV including
manual assisted coughing cost effective

Tele-assistance programme versus usual out-patient
follow up in patients with LTOT or HMV

Cost-effectiveness

Prospective randomised clinical trial in 240 CRF
patients

Hospitalisations, home exacerbations, ER
admissions, urgent GP calls, cost-
effectiveness

Costs estimated by Medicare DRG

Tele-medicine costs: call centre, nurse and
medical second opinions, pulse oximetry
device

Healthcare system costs: hospitalisations in
respiratory ward and in ICUs, ER admissions,
outpatient visits, urgent GP visits, drugs and
transportations

Reduction of hospitalisations, higher probability of
remaining free of acute exacerbations, higher
probability of avoiding GP urgent calls after the
first, and higher probability to avoid further ER
admissions in tele-assistance group compared with
control group

Healthcare costs: deducting telemedicine cost, for
tele-assistance patient group the mean overall
costs per patient was €8907+17580 and
€14728+28 694 for control group

Au in severe and frail CRF patients on LTOT and or
HMV, a nurse-centred tele-assistance programme
is effective and cost-effective

NIV: noninvasive ventilation; ALS: amyotrophic lateral sclerosis; LTOT: long-term oxygen therapy; HMV: home mechanical ventilation; MV: mechanical ventilation; CRF: chronic respiratory
failure; DRG: diagnosis related group; ER: emergency room; GP: general practitioner; NHS: National Health Service; ICU: intensive care unit.
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applications, devices) is rapidly growing. The convergence between wireless communication technologies
and healthcare devices and between health and social care is creating new businesses [4].

Tele-rehabilitation to support VDIs

As a whole there is a lack of research on the effectiveness of tele-rehabilitation in VDIs. Mandatory items
for rehabilitation in VDIs are: education, change in lifestyle, physical activity, muscle training, airway
clearance, nutrition [73]. Tele-rehabilitation can be defined as the provision of services to support
functional status using technologies [74] according to four models of service delivery: 1) “face to face”
standard model used for interactive video conferencing; 2) “tele-homecare” with a nurse coordinating a
service named “tele-support”; 3) tele-monitoring with possible interactive tele-evaluation; and 4) tele-care
where the patient “plays” or performs exercises under home tele-monitoring and therapist may remotely
change settings.

Tele-rehabilitation was promoted through phone calls, and messages, email, video phones, websites or
mobile phones, video-conferencing; biological electronic sensors able to send data; medical devices able to
be programmed at distance; dedicated Internet software. Timing of application occurred after an hospital
discharge or to maintain benefits such as functional independence, education, participation, physical
change, early detection of relapses, adherence, airway clearance, exercise training. Among different
technologies, video-conferencing can vastly increase the provision of patients (particularly those in rural/
remote areas) with previously difficult access to services [75, 76]. An on-demand tele-consult and
mechanical insuflator-exsuflator device access programme avoided hospitalisations due to severe airway
encumbrance for patients with ALS with significant cost savings [69].

Age, education, experience in technology, home environment, cognitive deficits, motor and visual ability,
phonation and speech play an important role in the patient’s ability to use technology during
tele-rehabilitation [77]. The training to the use of technology and the structure of the programme should
be directed to caregivers in order to make them able to act in accordance with predefined protocols [78].
Whether these positive experiences mostly coming from non VDIs patients can be widely extended to
those patients must be confirmed by future research.

Role of tele-monitoring in sleep-related breathing disorders

Sleep-related breathing disorders are characterised by abnormalities of the respiratory pattern during sleep.
The most important are OSA and hypoventilation syndromes, central or ventilatory pump disorders or
obesity hypoventilation. CPAP and NIV may benefit these patients [81-81]. With the aim of improving
compliance as well as finding new diagnostic strategies, some studies investigated the role of
tele-monitoring in the management sleep disorders [81-86].

Although CPAP and NIV may reverse events and can improve survival and quality of life in hypoventilation
and nocturnal desaturation in NMD, and in patients with hypoventilation syndromes [79, 87], abnormalities
may occur at night, such as air leaks, ventilator-patient asynchrony, central events, and glottic closure
leading to desaturations, arousals, impaired sleep architecture, and poor adherence. Polysomnography using
conventionally available parameters is an important tool for accurately establishing the device setting
avoiding these abnormalities.

Unlike the well-established titration procedure of CPAP in OSA, the approach to follow-up patients with
hypoventilation syndromes under NIV is still unclear [88, 89]. In addition, nocturnal monitoring is
complex and unforeseen problems arise for many reasons, such as: 1) physiological variations of different
variables, 2) clinical problems (pain and secretions, among others) or 3) sleep disturbances. Finally, almost
all ventilator types are different, and knowing the algorithms operating in most of them is impossible,
which may generate difficulties or even mistakes. Marked differences can occur in ventilator performance,
mode of triggering, pressurisation slope and type of exhalation. In addition, leaks and upper airway
resistance variations may modify these patterns [88, 89].

According to the American Academy of Sleep Medicine recommendations, titration based on
polysomnography using conventionally available parameters is an important tool for accurately
establishing devices settings, to avoid abnormalities in most of the patients and to achieve optimal
treatment and maximal clinical improvement [90]. The potential of tele-monitoring in hypoventilation
syndrome has been less studied and no clear recommendations exist in clinical protocols [39, 87, 91-96]
or procedures [91, 97]. Indeed, ICT seems to have a great potential in this field. For example, in many
cases one night and follow-up visits in the sleep laboratory are not enough to adequately set the ventilator,
ICT can support the home refinement of the titration of these patients [98]. Tele-consultations can also
positively contribute to OSA management [99]. A recent multicentre randomised controlled trial provided
evidence that a strategy based on a web platform and tele-consultations, for the CPAP follow-up of OSA
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patients is as effective as the face-to-face approach at lower costs [87]. Caution is needed because data
transmitted by commercial devices come from different manufacturer strategies. Standardisation and
homogenisation of these data collection and transmission should be regulated by the relevant scientific
societies involved [100].

Despite these encouraging results, the penetration of these technological advances in the clinical practice is
still slow, especially when compared with other respiratory chronic diseases or others pathologies [98, 99,
101-103]. Furthermore recently published results questioned the validity of this technology as a method to
delivery healthcare for all populations [104]. Consequently, it appears crucial to carefully select proper
outcomes and most receptive target patients’ groups. We believe that it should be critical to assess the role
of ICTs in potentially suitable populations, such as patients on CPAP or NIV. At present, two major
topics concerning the hypoventilation and sleep should be considered: 1) Clinical procedures: indication of
treatment, device titration, and quality control [105], follow-up strategies as well as new approaches to
obtain daytime and night-time adequate ventilation and finally treatment compliance. 2) The required
innovation: cost-effectiveness analysis, improvement in procedures as well as in technology, specifically by
implementing and validating tele-monitoring applications. 3) We lack RCT evaluating the real impact of
tele-monitoring on survival in these patients.

Tele-monitoring in palliative care and at the end of life

Tele-hospice, the use of technologies to provide palliative services to patients with severe chronic disease or
living with and dying from advanced illness, may offer an innovative solution to the challenges of
providing high-quality, cost-effective end-of-life care. Specifically, the technology used for tele-hospice was
video contacts and videophones [32, 106-108] resulting to be both feasible and satisfactory. Most studies
were not conducted in VDIs. A 24-h telephone consultation service was proposed to fulfil GPs need
dealing with daily dilemmas in palliative care treatment for cancer patients [119]. Tele-hospice
interventions may be more readily accepted by nursing and administrative staff members, while those
employees who address primarily psychosocial issues may be reluctant to use such technology [110]. Using
tele-medicine, it is possible to reduce the number of in-person visits, thereby significantly decreasing the
cost of providing hospice care [111]. The use of videophone technology gave providers, patients, and
family members’ new means to communicate [106]. However, it has been emphasised that it must be
considered as an additional tool and not a substitute for actual visits [112]. Patients are usually satisfied
with tele-hospice and often express frustration that nurses do not use those pieces of equipment more
frequently [113]. Tele-hospice was able to decrease spiritual and medical burden, improving quality of life
and symptom management for veterans and families coping with end of life [114]. Home tele-health
consultations are a feasible and acceptable means of facilitating a palliative care consultation reducing the
burden on families also in paediatric patients [115, 116].

We identified only a feasibility study [117], showing the impact in severe CRF patients (13 on HMV)
discharged home at the end of their life. The programme consisted of scheduled phone calls, Spo,
recording, 24 h call centre, and specialised nurse and physician second opinion. This nurse-centred
programme improved communication between hospital staff and the patients’ relatives, optimised pain and
respiratory symptoms management, improved healthcare assistance and the healthcare needs [117].

Conclusion: problems and future directions
Due to paucity of literature the style of this document is very anecdotal and it could not provide a
systematic analysis of the core problems of tele-monitoring. Nevertheless some conclusions can be made.

1) Variable models of care exist for VDIs [118].

2) Despite the hopes in tele-monitoring as a means to face these problems, much more research is needed
before considering tele-monitoring a real improvement in the management of these patients.

3) Tele-monitoring might be a key element in HMV but it is difficult to assess without considering other
services received by patients (homecare, access to hospital, social care). Considering the overall care
received by the patient, tele-monitoring should be included in the full potential set of “care package” [7].

Major barriers hamper the wider diffusion of tele-monitoring. Solutions of these barriers are areas to be
solved for the future [4].

1) Lack of awareness of, and confidence in e-Health solutions among patients, citizens and healthcare
professionals.

2) Lack of interoperability between e-Health solutions.

3) Limited large-scale evidence of the cost-effectiveness.

4) Lack of legal clarity.

5) Lack of transparency of utilisation of data collected by such applications.
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6) Inadequate or fragmented legal frameworks including the lack of reimbursement schemes.
7) High start-up costs involved in setting up.
8) Regional differences in accessing ICT services, limited access in deprived areas.

Areas of future research may be effects of tele-monitoring on.

1) Physiological mechanism involved in HMV.

2) Outcomes (survival, quality of life, daily living activities, social interaction, autonomy, self-management,
care-giver burden).

3) Health services (phone calls, technical home visits).

4) Resources use (emergency visits, admissions, out-patient visits).
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