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The SARS-CoV-2 pandemic has sped up the adoption of telemedicine for chronic respiratory failure. 
The opportunity to make significant progress towards its widespread adoption should now be taken 
to improve the delivery of care for these patients. https://bit.ly/3qSu7d1

Patients with chronic respiratory failure are often required to attend multiple hospital appointments, 
which may be difficult due to their physical disabilities and the amount of equipment they are 
required to bring. Their caregivers often struggle with the lack of immediate care available when 
the patient suffers difficulties at home. Telemedicine is an opportunity to bridge the gap between 
home and healthcare professionals by allowing the healthcare team to reach into patients’ homes 
to provide more frequent support. The evidence for the use of telemedicine in patients with chronic 
respiratory failure remains equivocal. Although the uptake of telemedicine has been slow, the SARS-
CoV-2 pandemic has resulted in the rapid dissemination of telemedicine to allow the delivery of 
care to vulnerable patients while reducing the need for their attendance in hospital. Logistical and 
legal challenges to the delivery of telemedicine remain, but the pandemic may serve as a driver to 
ameliorate these challenges and facilitate wider use of this technology to improve the experience 
of patients with chronic respiratory failure.
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Review

Telemedicine in the 
management of patients with 
chronic respiratory failure

Telemedicine is the remote diagnosis and 
management of patients by telecommunications 
technology. Prior to the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) pandemic 

this treatment modality was slowly being adopted, 
but faced challenges around the availability of 
technology, acceptance of the technology by 
patients and healthcare professionals, legal issues 

Neeraj M. Shah 1,2,3, Georgios Kaltsakas1,2,3

georgios.kaltsakas@gstt.nhs.uk

@Neeraj0588, @LaneFoxResearch

Educational aims
●● To provide an overview of the rationale for delivering care via telemedicine 

for patients with chronic respiratory failure.

●● To provide the evidence base for establishing a telemedicine service.

●● To highlight the potential opportunities and challenges in delivering a 
telemedicine service for patients with chronic respiratory failure.
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around the transmission of confidential data and 
financing of a telemedicine system [1]. An umbrella 
review of countries within the Organisation for 
Economic Co-operation and Development (OECD) 
demonstrated the varied reports of effectiveness 
of telemedicine and barriers to its uptake. An 
important barrier was the low-quality evidence 
available in this field [2, 3], particularly for 
respiratory conditions [4, 5]. The impact on the 
delivery of conventional healthcare precipitated by 
the SARS-CoV-2 pandemic has provided an impetus 
to health systems worldwide to hasten the adoption 
of remote and telemedicine [6]. This review assesses 
the value of telemedicine in the management of 
patients with chronic respiratory failure, how 
it is currently used and explores opportunities 
for the future. Keywords searched for included 
“telemedicine”, “telehealth”, “telerehabilitation” 
and “respiratory failure”. A systematic review of 
the literature was not performed.

In this review, the term “chronic respiratory 
failure” encompasses both chronic hypoxic and 
hypercapnic respiratory failure. Chronic hypoxic 
respiratory failure can be caused by conditions such 
as COPD, interstitial lung disease, bronchiectasis and 
cystic fibrosis (CF), amongst many others. To treat 
chronic hypoxia in these conditions patients often 
receive long-term oxygen therapy (LTOT) at home 
[7]. Chronic hypercapnic respiratory failure can be 
caused by any condition contributing to a ventilation 
defect, such as COPD, neuromuscular diseases, 
chest wall diseases and obesity hypoventilation 
syndrome. There is an increasing body of evidence 
that suggests patients with chronic hypercapnic 
failure should be treated with domiciliary home 
mechanical ventilation (HMV) [8, 9]. Patients with 
both forms of respiratory failure require frequent 
monitoring by both primary and secondary care, 
and suffer frequent emergency department visits 
and hospitalisations [10, 11].

Rationale for telemedicine in 
chronic respiratory failure

Chronic respiratory failure can have a significant 
impact on the health-related quality of life (QoL) of 
patients. These patients require a multidisciplinary 
management approach, which can often result in 
numerous appointments with different specialists, 
all necessitating visits to hospital [12]. This can 
present difficulties for the patient, especially as many 
suffer from limited mobility due to comorbidities 
and the presence of extensive equipment [13]. 
Although there is now strong evidence for the 
use of HMV in patients with chronic hypercapnic 
respiratory failure for its effects on mortality and 
reducing hospital admissions [14], this effect is less 
clear for LTOT [15]. Therefore, it is important that 
these treatments do not have a negative impact 
on QoL. Investigations of the impact on QoL are 
mixed. Some studies suggest these treatment 

modalities improve QoL [16–18], while others 
report no change [19–22]. Perhaps unsurprisingly, 
patients receiving domiciliary invasive mechanical 
ventilation reported significantly impaired QoL 
[23, 24]. The specific effect of the presence of 
devices in the home and the impact of multiple 
hospital visits on QoL have not been extensively 
investigated [25]. The impact on caregiver QoL 
must also be considered. An early study reported 
significant frustrations from caregivers about being 
able to manage challenges quickly and effectively, 
due to lack of education about the treatment [26]. 
Qualitative data about the experiences of patients 
and caregivers on the transition to HMV also 
demonstrated that frustrations arise from the lack 
of knowledge and ability to obtain help efficiently 
[27]. Although not extensively investigated, one can 
surmise that patients and caregivers may benefit 
from the opportunity for more frequent input into 
their care, and that a reduction in the number of 
hospital visits is likely to provide benefit to their 
health-related QoL. A European Respiratory Society 
statement emphasised the need to reduce the 
burden of care on caregivers for patients receiving 
HMV by increasing the use of telemonitoring, while 
also illustrating the challenges that exist preventing 
this [28].

A feature of the traditional management of 
this patient group is a mobile home service, which 
visits patients in their home and can be an effective 
method to provide more regular care to patients 
who find it difficult to attend in-hospital visits and 
reduce the burden of care on caregivers. Services 
they may provide include clinical review, ventilator 
servicing, education and training, and tracheostomy 
change for patients receiving invasive mechanical 
ventilation. A recent qualitative study demonstrated 
the support a home care team provides to patients 
receiving long-term invasive mechanical ventilation 
[29]. Although clearly beneficial, this service 
presents a logistical and financial burden that 
must be considered. A telemedicine service could 
help to reduce this burden by potentially reducing 
the frequency of in-person review of the patients. 
Furthermore, during the SARS-CoV-2 pandemic, direct 
interaction with these vulnerable patients has been 
limited [30]. Telemedicine is likely to be a useful means 
of maintaining contact and providing support to 
patients, without the need for physical appointments.

Use of telehealth in chronic 
respiratory failure

The delivery of telemedicine can include direct 
consultations with the patient using remote 
technology, as well as indirect interactions such 
as the wireless delivery of data from the patient 
to the clinical team, wireless manipulation of 
treatment by the clinician, and monitoring of 
patient parameters using wearable sensors and 
associated smartphone applications [31]. This may 
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result in a reduced need for conducting in-person 
consultations and overnight in-hospital studies 
that increase the burden on the patient. More 
frequent and closer monitoring of these patients 
may also reduce the incidence of exacerbations 
and the need for hospitalisation. Aliverti [32] 
comprehensively reviewed the potential role of 
wearable devices in patients with a broad spectrum 
of respiratory conditions, including the monitoring 
of pulse oximetry, minute ventilation and pattern 
of breathing, physical activity and local air quality. 
For the delivery of pulmonary telerehabilitation, 
a systematic review identified that remote 
technologies can be used to define exercise plans, 
generate activity reports, provide patient education 
and schedule exercise tasks [33]. The exact set-up 
of a telemedicine service will vary depending upon 
the local healthcare system and the availability of 
infrastructure and resources; in figure 1 we propose 
a suggested model for a telemedicine service for 
patients with chronic respiratory failure that can 
be adapted to fit local requirements. While we have 
incorporated a central call centre and server (the 
“remote hub team”), it is recognised that not all 
healthcare systems will have the ability to resource 
this. Different configurations of our proposed 
model, such as direct transmission from the patient 
to the specialist team with/without a case manager, 
would also be plausible. There is a wide scope for 
the adoption of telemedicine practices to augment 
care specifically in patients with chronic respiratory 
failure; the data to support this is of varied quality 
and is reviewed in the following sections (table 1).

Hypoxic respiratory failure

COPD

The use of telemedicine has been investigated most 
in patients with COPD. Surveys of COPD practitioners 

have demonstrated that approximately one third 
are currently using telemedicine approaches 
in their practice [34, 35]. In a cohort of patients 
with primarily severe COPD (Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) grade 
IV, group D patients), the rate of hospitalisation 
was reduced compared with the expected values 
after adoption of a telemonitoring system, without 
any increase in healthcare cost [36]. Similarly, a 
cluster randomised study investigated the addition 
of a telehealth programme, which involved the 
daily remote assessment of heart rate, pulse 
oximetry and blood pressure and assessment of 
peak expiratory flow three times per week, to the 
care of patients with COPD receiving LTOT. After 
7 months of follow-up, individuals enrolled into the 
telehealth programme reported fewer emergency 
department visits, hospital admissions, reduced 
hospital length of stay and requirement for NIV 
[37]. A randomised controlled trial compared usual 
care with a tele-assistance programme (which 
involved wearing a pulse oximeter that transmitted 
peripheral oxygen saturation to the clinical team 
via a home modem) in patients with either LTOT 
and/or HMV [38]. This nurse-centred programme 
resulted in fewer hospitalisations and primary care 
interactions, with no increased cost burden. This 
effect was observed most in the COPD cohort. 
Conversely, a large randomised multicentre study 
comparing remote monitoring of forced oscillation 
technique with usual care failed to demonstrate 
any benefit of closer and more frequent review of 
airway mechanics on time to hospitalisation or 
QoL [39]. A small cohort of patients receiving LTOT 
underwent QoL assessment (36-item Short-Form 
Health Survey (SF-36)) before and 3 months after 
the initiation of a telemonitoring programme. The 
telemonitoring included remote monitoring use of 
the oxygen concentrator as well as pulse oximetry. 
Although summary SF-36 score did not improve, 
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Figure 1 Schematic demonstration of a proposed model for a telemedicine service for patients with chronic respiratory 
failure. The patient can contact their healthcare provider through a central call centre. All remote data will be transmitted 
through a central server. Information collected at the remote hub can then be transmitted to the specialist teams via a 
 personal case manager. The specialist teams can then communicate back to the patient and/or the equipment via the 
remote hub, or through outreach services who can then visit the patient. This model is likely to evolve as newer technologies 
become available. This schematic of a proposed telemedicine service has been designed based upon previously published 
descriptions [12, 124–126].
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the vitality and mental health sub-scores did 
improve significantly following the initiation of the 
programme, suggesting telemonitoring may have 
a role in the maintenance of QoL in these patients 
[40]. Another approach using remote monitoring 
of oximetry and activity using an accelerometer 
in patients requiring LTOT was well received, with 
good patient satisfaction [41]. The combination 
of oximetry and activity may allow the remote 
titration of oxygen prescription based upon how 
the patient’s daily activities change. Finally, a 
telemedicine programme delivering palliative care 
consultations remotely to patients with severe 
COPD to discuss advanced care plans was feasible 
and well accepted in the small sample population 
of 10 patients [42]. Although a small study, this 
study is a useful proof-of-concept for healthcare 
systems where palliative care manpower may be 
limited or patients are geographically dispersed, 
making home visits challenging. Despite these 
mostly encouraging findings, a recent meta-
analysis comparing telemonitoring with usual care 
in COPD reported that telemonitoring was unlikely 
to provide significant benefit on health outcomes 
[43]. It should be noted that this meta-analysis 
included studies investigating patients with COPD 
of any severity; an adequate number of randomised 
studies in patients with advanced COPD have not 
yet been conducted to warrant meta-analysis.

Cystic fibrosis

Patients with CF are frequently seen in outpatient 
services for monitoring and treatment, necessitating 
frequent visits to hospital. Telemedicine has been 

investigated for its potential to reduce this clinic 
burden for these patients. Remote monitoring of 
spirometry is feasible. In Australian children with 
CF it saved ∼5 h travel time per visit [44] with an 
obvious benefit on school attendance, which is a 
priority for school-age CF patients [45]. A modelling 
study based on data from 4 years of follow-up 
demonstrated that remote spirometry could result 
in financial savings of EUR 35 000–40 000 per 
patient over 10 years [46]. Patient satisfaction from 
daily remote monitoring was high [47] suggesting 
that the implementation of such a programme is 
feasible.

The impact of telemedicine on CF patient 
outcomes is less clear. Programmes to provide 
on-demand appointments via videoconferencing 
[48] and remote daily monitoring of spirometry and 
oxygen saturation with twice-weekly review [49] 
resulted in an increase in the number of clinics per 
patient and health-related QoL, with high patient 
satisfaction. These programmes also resulted in 
an increase in the number of antibiotic courses 
prescribed. Although this could be interpreted 
as a negative impact, it may also reflect that 
closer monitoring of these patients resulted in 
more infections being detected. A case–control 
study comparing standard care with a home 
telemonitoring system demonstrated that patients 
in the telemonitoring arm suffered significantly 
fewer infections with Pseudomonas aeruginosa 
than those in the usual care arm. In addition, there 
was a less prominent decline in forced expiratory 
volume in 1 s (FEV1) in the telemonitoring arm 
[50]. Conversely, a randomised controlled trial 
comparing weekly telemedicine assessment with 

Table 1 Potential benefits of telemedicine-delivered care in patients with conditions causing chronic 
respiratory failure

Condition Benefit

COPD Reduction in exacerbations, emergency department visits 
and hospitalisations [36–38, 63, 79]

Improved QoL [40]
Home set-up of noninvasive ventilation (NIV) [76, 92]

CF Reduced time spent attending appointments [44]
Increased frequency of clinical review [49]
Financial savings [46]

Non-CF bronchiectasis None identified

Idiopathic pulmonary fibrosis Improved psychological well-being [56]

Amyotrophic lateral sclerosis (ALS) Reduction in hospital presentations and admissions [83]
Reduced in-person clinical encounters [82]
Financial savings [86–88]

Neuromuscular conditions and 
chest wall diseases

Reduction in emergency presentations [94, 98, 101, 102]
Reduced in-person clinical reviews [99–101]
Home set-up of NIV [93]
Domiciliary-based chest physiotherapy [94]
Financial savings [93]

Obesity hypoventilation syndrome None identified
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usual care in patients awaiting lung transplant 
failed to demonstrate any difference in number of 
primary and secondary care visits, use of antibiotics 
or hospitalisations [51]. As a result of these data, 
reviews of the evidence have been unable to make a 
strong case for the implementation of telemedicine 
into CF programmes [52, 53], but given its potential 
to reduce the burden on patients there is value in 
conducting larger prospective randomised studies 
to identify any benefits. Despite the lack of clear 
evidence, the SARS-CoV-2 pandemic has forced 
the introduction of telemedicine services in CF to 
facilitate continued patient management and has 
been met with little resistance from either patients 
or healthcare professionals [54]. Interestingly, to the 
best of our knowledge, telemedicine has not been 
investigated in patients with non-CF bronchiectasis.

Interstitial lung disease

The uptake of telemedicine in interstitial lung 
diseases has been limited. A proof-of-concept 
study investigated the feasibility of using daily 
remote spirometry in patients with idiopathic 
pulmonary fibrosis [55]. This study demonstrated 
good agreement between in-person and remote 
spirometry and that patients found it a useful 
intervention in their management. The same group 
has recently published a randomised controlled 
study in idiopathic pulmonary fibrosis comparing 
usual care with a home monitoring package 
(remote spirometry, symptom reporting, patient-
reported outcomes, medication coaching and 
electronic consultations). There was no significant 
difference in QoL between the two groups, but the 
psychological domain of the King’s Brief Interstitial 
Lung Disease Questionnaire was higher in the home 
monitoring group [56]. A pilot study investigating 
the value of supervised remote video gaming to 
deliver pulmonary rehabilitation in patients with 
idiopathic pulmonary fibrosis failed to demonstrate 
any benefit in exercise capacity, breathlessness or 
QoL after a 12-week intervention [57]. The SARS-
CoV-2 pandemic has resulted in a temporary 
increase in the use of telemedicine in this patient 
group [58]. While designing studies in this patient 
group, who can have rapidly progressive disease, can 
be difficult, if well-designed studies with targeted 
interventions can demonstrate noninferiority or 
superiority compared with standard care, they are 
likely to act as catalysts for an increase in the use 
of telemedicine.

Pulmonary rehabilitation

Patients with respiratory failure are often referred 
for pulmonary rehabilitation to help maintain 
respiratory health and reduce physical decline. 
Access to this service can be variable due to 
provision of appropriately trained professionals 
and the system of renumeration. Telemedicine 
has been investigated as a method to widen access 

to a larger group of patients. Large-scale video-
assisted pulmonary rehabilitation programmes 
have already been introduced in the USA [59] and 
Canada [60], demonstrating feasibility and patient 
acceptance. An international survey of pulmonary 
rehabilitation practitioners revealed that 80% had 
a positive intention to use telerehabilitation [61]. 
Indeed, in response to the SARS-CoV-2 pandemic, 
an Australian case series demonstrated that the 
pulmonary rehabilitation practitioners were already 
well-versed and prepared to deliver a telemedicine-
based programme with success [62]. It is important 
to determine whether telerehabilitation has a 
positive impact on patient outcomes.

A randomised study compared telemedicine-
based maintenance rehabilitation with hospital-
based outpatient maintenance rehabilitation 
following a pulmonary rehabilitation programme 
for COPD patients. They demonstrated that the 
telemedicine-based programme was equally 
effective in reducing exacerbations of COPD 
and hospitalisations, and was more effective in 
reducing emergency department visits [63]. An 
observational study in COPD patients demonstrated 
that the delivery of a video-based rehabilitation 
programme following an exacerbation reduced 
the 30-day readmission rate compared with 
usual care [64]. Conversely, a multicentre 
randomised study comparing telerehabilitation 
with outpatient-based pulmonary rehabilitation 
did not demonstrate any significant difference in 
exercise capacity, hospitalisation rate or mortality 
at 12 months [65]. Similarly, another multicentre 
randomised study failed to demonstrate any 
benefit of telerehabilitation over usual care on 
exercise tolerance, symptomatology or health-
related QoL [66].

Technical challenges with delivering 
telerehabilitation have also been reported. 
Smartphone-based oximetry is not a reliable measure 
of oxygen saturation during exercise [67], and so this 
may impact on safety during remotely monitored 
exercise programmes. In addition, smartphone use 
during a 12-week remotely monitored pulmonary 
rehabilitation programme fell significantly with time, 
suggesting that the current technology available may 
not be suitable for the target population to maintain 
engagement over an extended period of time [68]. 
Other issues of concern that persist in the delivery 
of telerehabilitation include the risk of falls in this 
elderly population conducting independent exercise, 
the inability to rehearse correct technique with a 
practitioner and the lack of suitable equipment 
in the home. Further work is required to design 
appropriate and safe programmes that can be 
delivered remotely, without increasing the risk of 
falls and injury to the patient. Currently, without 
the physical presence of a practitioner, the level of 
difficulty of any telerehabilitation programme is 
limited [59].

A qualitative investigation about the beliefs 
of patients on the place of telemedicine-assisted 
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rehabilitation demonstrated that, while patients are 
not averse to it, several issues need to be considered 
when implementing a programme [69]. Most 
patients attending pulmonary rehabilitation are 
older; concern was raised about the familiarity of 
older people with the technology required and that 
a period of education about the devices used may 
be necessary. Patients commented on the benefit 
they receive from the social interaction with other 
patients, and their concern at this loss if using 
remote programmes. Positively, they also noted 
that the ability to have wearable devices at home 
that provide them with immediate feedback about 
their activity can be empowering.

A systematic review of telerehabilitation in COPD 
concluded that while it provides benefit in terms of 
exercise capacity and QoL over no intervention, these 
benefits are similar to those delivered via traditional 
inpatient or outpatient programmes [70]. A recent 
Cochrane review on telerehabilitation for chronic 
respiratory disease concluded that while outcomes 
delivered by telemedicine are similar to traditional 
pulmonary rehabilitation programmes, the certainty 
of this conclusion is limited by the dearth of high-
quality evidence available. Furthermore, they noted 
that studies need to be conducted in diseases 
other than COPD, on the economic efficacy of 
telerehabilitation and the duration of benefit beyond 
the main intervention, to allow more conclusive 
assessments to be made [71]. A potential trigger 
for these studies to be conducted is the onset of 
the SARS-CoV-2 pandemic. The pandemic has 
resulted in most in-person pulmonary rehabilitation 
programmes stopping, with the consequent 
potential clinical impact on this vulnerable 
population [72]. The need for the formalisation 
of telerehabilitation in respiratory failure with 
the development of a strong evidence base and 
guidelines to inform programme development has 
been acknowledged and may instigate more studies 
being conducted in this field [73].

Hypercapnic respiratory failure

For patients receiving HMV for hypercapnic 
respiratory failure, telemonitoring can be 
delivered through a cloud-based system, which 
allows transmission of vital signs from the patient 
and data about usage patterns, adherence and 
physiology from the ventilator. This also allows the 
healthcare team to adjust the ventilator settings 
based on the information received. Telemedicine 
has been used while setting patients up on HMV, 
as well as to monitor and titrate their treatment. A 
survey of HMV users reported that approximately 
half of HMV users and 60% of their carers would 
welcome telemonitoring [74]. An international 
survey of physicians delivering domiciliary NIV 
conducted in 2013 reported that only 5% offered 
a telehealth programme for monitoring COPD 
patients [75].

COPD

A recent randomised study demonstrated that 
the initiation of NIV at home with the assistance 
of telemedicine, in patients with COPD, was 
noninferior to the initiation of NIV in hospital 
[76]. The primary outcome assessed was change 
in daytime arterial carbon dioxide tension (PaCO2) 
after 6 months of NIV. An early feasibility study 
demonstrated that a telemonitoring system in 
patients requiring HMV, involving once a week 
nocturnal monitoring and the provision of 24/7 
telephone counselling, was feasible and acceptable 
to patients [77]. Remote monitoring of ventilator 
parameters (e.g. respiratory rate and the percentage 
of respiratory cycles triggered by the patient) was 
predictive of exacerbations as assessed by the 
EXACT-Pro questionnaire [78]. A retrospective 
study reported on the impact of the addition of tele-
assistance to COPD patients receiving LTOT with 
or without NIV. The tele-assistance programme 
involved continuous monitoring with pulse 
oximetry with 24-h availability of a pulmonologist 
or respiratory nurse to provide advice. The addition 
of tele-assistance reduced the risk of hospitalisation 
in the LTOT cohort and the risk of exacerbation in 
the NIV cohort [79]. Conversely, a randomised 
controlled study comparing usual care with an 
extensive telemonitoring system in patients with 
chronic respiratory failure who had suffered from 
an exacerbation reported no difference in time to 
the subsequent admission or QoL. In fact, the study 
reported an increase in hospitalisation rate in the 
telemonitoring arm [80].

Amyotrophic lateral sclerosis

There is understandable interest in the value 
of telemedicine in ALS, due to the significantly 
debilitating and rapidly progressive nature of this 
condition. The addition of a modem to a ventilator, 
to transmit ventilator parameters to the clinical team 
and to allow the clinical team to adjust ventilator 
settings has been demonstrated to be feasible, 
safe and well accepted by patients [81]. A 15-year 
retrospective report on the activity of the Maugeri 
Centre for Telehealth and Telecare demonstrated 
that a nurse tutor remotely delivered 50% of 
interactions for patients with ALS, which reduced 
the need for review by the pulmonologist and for 
in-hospital review [82]. Similarly, a prospective 
single-blind study demonstrated that the addition 
of a modem to the ventilator resulted in significantly 
lower emergency presentations and hospitalisations. 
However, the telemedicine arm did experience an 
increase in the need for intervention during the 
initial establishment of NIV, and this effect should 
not be discounted as the burden on the healthcare 
team can substantially increase as a result [83]. A 
retrospective cohort study compared ALS patients 
who chose to receive telemedicine against those 
who chose usual care. There was no difference 
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in survival time between the groups, and the 
telemedicine cohort had a lower rate of decline, 
although this may be explained by a better baseline 
state directing their choice to receive telemedicine 
[84]. A qualitative study in ALS patients revealed that 
telemedicine is well received. Patients found this 
approach empowering in promoting their well-being 
and they welcomed the potential reduction in clinical 
contact [85]. Telemonitoring of the NIV device 
resulted in cost savings of EUR 700 per patient per 
year, compared with usual care [86]. Similarly, a 
telemedicine service for ALS resulted in financial 
savings compared with usual care in the USA 
[87] and the provision of on-demand mechanical 
insufflation–exsufflation (MI–E) following remote 
consultations, compared with long-term loans of 
the MI–E device resulted in 59% less expense [88]. 
Although cost-effectiveness will depend on the 
local healthcare renumeration system, it is likely 
that by reducing the number of physical patient 
consultations, and possibly hospitalisations, the 
per-patient cost of care will improve. Despite 
these supportive studies, a systematic review 
has demonstrated that a key barrier to the use 
of telemedicine in ALS is healthcare professional 
reticence, due to perceived legal and financial 
challenges that have not yet been addressed [89]. 
Another review of the literature also highlighted 
the lack of studies and understanding of physician 
legal responsibilities and financing as an outstanding 
challenge to the delivery of telemedicine in ALS [90]. 
Finally, a systematic review investigating the use of 
telehealth specifically to improve access to care for 
ALS reported on various methods identified in the 
literature but that the quality of evidence was too 
low to provide firm conclusions [91].

Other neuromuscular conditions

Patients with neuromuscular disease-related 
respiratory failure suffer from multiple afflictions 
that require the input of different specialists 
including pulmonologists, physiotherapists, 
occupational therapists, speech and language 
therapists, and dieticians [12]. This can result 
in frequent hospital appointments, which are 
made more difficult as these patients often have 
physical impairments requiring mobility assistance. 
Therefore, there is understandable interest in the 
use of telemedicine to reduce the burden of travel 
for these patients. Despite this, the literature to 
support the use of telemedicine in this group, 
particularly in adults, is limited.

The first trial to investigate the feasibility of 
home initiation of NIV in patients with either 
neuromuscular or chest wall disease demonstrated 
that it is as effective as hospital set-up in reducing 
PaCO2 and health-related QoL [92]. Similarly, another 
randomised study has recently demonstrated that 
home initiation with telemedicine support was 
noninferior to hospital set-up, with potential cost 
savings of up to EUR 3200 per patient [93]. A 

small cohort study demonstrated the feasibility of 
the delivery of a chest physiotherapy programme 
based on remote monitoring of pulse oximetry in 
patients with neuromuscular disease. This resulted 
in a reduction in hospitalisations and presentations 
to the emergency department [94]. Small case series 
have reported on the long-term management of 
adult patients with congenital muscular dystrophies, 
demonstrating the feasibility of this approach [95, 
96]. Large-scale randomised studies are difficult 
to conduct in this patient group due to small 
numbers of patients being managed in individual 
centres and considerable heterogeneity within the 
patient populations [97]. The lack of comprehensive 
evidence, therefore, is likely to be a barrier to wider 
adoption of telemedicine in this group.

There are more supportive data for the use of 
telemedicine in the paediatric neuromuscular 
population. A case–control study compared 
telemonitoring (including planned weekly overnight 
recording of oxygen saturations, heart rate and 
ventilation) with usual care in young neuromuscular 
patients receiving HMV. They demonstrated that 
while telemonitoring did not reduce the frequency 
of exacerbations, it did result in fewer hospital 
admissions and hospital length of stay was shorter. 
They also demonstrated no detriment to caregiver 
burden and excellent caregiver satisfaction [98]. 
Cohort studies in children receiving HMV have 
reported that telemedicine via video consultations 
[99] and a remote ventilation monitoring system 
[100] was acceptable and appreciated by families 
and may have reduced the need for in-person 
reviews and emergency department presentations. 
In children receiving invasive mechanical ventilation 
at home supported by a telemedicine service, 
family satisfaction with the care provided was 
high. They reported that families felt telemedicine 
had reduced the need for hospital visits without 
any detriment to the child’s QoL or safety [101]. 
Another study in tracheotomised children reported 
that the majority of life-threatening events suffered 
at home were managed successfully using 
telemedicine, preventing hospital admission [102]. 
A recent study has reported on the restrictions that 
SARS-CoV-2 has placed upon planned in-person 
reviews of paediatric HMV patients, and how they 
successfully managed most problems using remote 
technology [103].

Opportunities and challenges 
in the use of telemedicine in 
chronic respiratory failure

There is considerable potential for the expansion 
of telemedicine services that could be offered to 
patients with chronic respiratory failure. The validity 
and acceptability of remote pulmonary function tests 
performed by the patient and caregiver in patients 
with ALS has been demonstrated [104]. This would 
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reduce the need for patients to attend hospital for 
routine monitoring, and with the wider availability 
of home-based initiation of NIV, the need for 
attendance at outpatient clinics in person may be 
significantly reduced. A toolset to conduct remote 
assessments of ALS patients, involving remote 
ventilator monitoring, digital speech analysis, remote 
cognitive assessment and audiovisual neurological 
assessment has been proposed to prevent hospital 
attendance during the SARS-CoV-2 pandemic [105]. 
If effective and financially viable, this model is likely 
to persist beyond the pandemic and extend to patient 
groups other than ALS, to reduce the burden of 
hospital attendance on these patients.

Recently, a report of a comprehensive 
telemonitoring system using 5G mobile data 
technology has demonstrated the rich amount 
of data that can be obtained from patients 
remotely [106]. With the distribution of 5G mobile 
technology, there is potential for larger amounts 
of rapid and reliable data transmission, which may 
contribute to its wider acceptance and uptake. 
Pépin et al. [107] note the potential of “big data 
capture” using telemedicine. Continuous recording 
of domiciliary ventilator data will result in huge 
repositories of data that can be interrogated to 
answer research questions, pose new hypotheses 
and facilitate personalised care of patients 
with chronic respiratory failure. International 
collaboration may also answer important questions 
about less common causes of chronic respiratory 
failure. This is particularly useful, because the 
feasibility of conducting large, randomised studies 
on telemedicine, particularly in neuromuscular 
diseases, is considered to be low [108].

The direct impact of the SARS-CoV-2 pandemic 
on the acceptance and use of telemedicine has not 
yet been formally evaluated, but given the rapid 
uptake of telemedicine services across the full 
spectrum of healthcare [109–111], it is likely that 
telemedicine is now here to stay. A survey of centres 
delivering domiciliary ventilator therapy has revealed 
a considerable reduction in in-patient assessment 
and treatment during the pandemic [112]. Although 
this did not result in a significant increase in 
telemedicine use (services were suspended during 
the pandemic), the authors conclude that there is 
now a need to use new telemedicine technologies 
to be able sustain services during the remainder 
of the pandemic and future pandemics. This drive 
will probably result in more research with stronger 
evidence either supporting or against telemedicine 
use in patients with chronic respiratory failure. 
This will be important as, prior to the SARS-CoV-2 
pandemic, evidence suggested that telemedicine 
may not be widely accepted. A 2013 review of 
patients with chronic respiratory conditions reported 
low acceptance of telehealth technologies to deliver 
care [113]. A review of telemedicine in developing 
countries highlighted that the technological 
infrastructure in these countries may not be able to 
support the requirements of advanced telemedicine 

solutions that are being used in the developed world 
[114]. Finally, limited cellular phone use, particularly 
smartphone use, in the elderly may also provide a 
barrier to its widespread use. A survey of the elderly in 
New Zealand revealed low use of cellular phones and 
the internet in octogenarians [115], while the use of 
smartphones for medical support in a South Korean 
population was associated with younger age [116]. 
Encouragingly however, with time, smartphone use 
appears to be increasing substantially among the 
elderly in Western populations [117]. With further 
development, and the increased prioritisation of 
telemedicine due to the SARS-CoV-2 pandemic, 
these barriers are likely to diminish. Patients will 
become more accustomed to its use as routine 
practice, developing countries will clearly undergo 
technological development and with successive 
generations, cellular phone technologies will be 
more widely used.

Despite the advances made during the SARS-
CoV-2 pandemic, the available evidence base and 
significant logistical and legal challenges are likely 
to persist as barriers to the widespread roll-out of 
telemedicine (table 2). This review has demonstrated 
the broad spread of evidence currently available for 
telemedicine in chronic respiratory failure. Most 
evidence syntheses have been inconclusive due to 
the small number of studies, as well as inclusion 
of different patient groups, different control groups 
and the assessment of different outcome measures. 
Without standardisation of study design and the 
development of a core outcome set in this field, it 
will remain difficult to make conclusive judgements. 
The heterogeneous nature of the patients included 
in studies to date make it difficult to identify which 
patient group will benefit from telemedicine [118]. 
Patients of mixed severity, and at times, mixed 
disease groups, are included in these studies, which 
is likely to contribute to the mixed results obtained. 
Furthermore, different telemedicine platforms and 
technologies are assessed in different studies, again 
presenting difficulty in identifying the approaches 
that would be of most benefit in this group.
Following the end of the SARS-CoV-2 pandemic, the 
legal issues that remain outstanding will need to be 
addressed. The public interest argument may have 
allowed telemedicine to be used where formal data 
sharing agreements were not in place and extensive 
assessment of data security was not performed [119, 
120]. Following the end of the pandemic, these issues 
will likely be reviewed and the concerns about data 
sharing and confidentiality of personal data during 
electronic transmission will need to be addressed 
[121]. Prior to the pandemic, a survey of healthcare 
professionals and medical students demonstrated 
concern about data security, responsibility for 
data ownership, the patient–doctor interpersonal 
relationship and reliability of electronically transmitted 
information [122]. These concerns will need to be 
addressed and reassurance provided to healthcare 
professionals, patients and regulatory bodies before 
telemedicine can be widely disseminated.
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To support the continued provision of 
telemedicine programmes, much more detailed 
analysis of the organisational costs to the healthcare 
system is required. While the potential for reducing 
healthcare costs by reducing outpatient visits and 
hospitalisations is attractive, this needs to be 
evaluated against the infrastructure costs required 
to provide a telemedicine platform, as well as the 
potential cost of increased and more frequent 
interactions requiring more clinical staff to deliver 
this [123]. Healthcare systems will also need to 
develop stringent renumeration policies to ensure 
all patient encounters are captured and accounted 
for. These changes may result in an increase in cost.

Summary

Patients with chronic respiratory failure and their 
caregivers can experience significant difficulty 
through the requirement to attend multiple 
in-hospital appointments and in managing their 

care using complex devices at home. Telemedicine 
is an opportunity to reduce this burden on the 
patient and caregiver by facilitating closer and more 
frequent contact with the healthcare team. Using 
telephone and cloud-based systems, the healthcare 
team is able to remotely monitor vital signs and 
ventilator data and make adjustments accordingly. 
The existing evidence for the use of telemedicine 
in chronic respiratory failure to improve clinical 
outcomes is equivocal. Although the SARS-
CoV-2 pandemic has presented an opportunity to 
increase the pace of its introduction, significant 
challenges need to be addressed before it will be 
widely adopted. Stronger evidence supporting its 
use is needed, particularly around which patient 
groups will benefit the most. Challenges around 
secure data transmission, acceptability to patients 
and healthcare professionals, and financial models 
remain. The end of the pandemic may act as 
the catalyst to deliver studies that investigate 
these outstanding issues and ultimately provide 
conclusive evidence.

Table 2 Opportunities and challenges in the introduction of telemedicine services in the management of patients with chronic respiratory 
failure

Opportunities Challenges

Reduce travel time and frequency of attendance at 
outpatient clinics [44, 82]

Patient and healthcare professional acceptance of 
telemedicine [74, 122]

More frequent monitoring and contact with patients [48, 49] Familiarity with technology [69, 114]

Reduce caregiver burden [101] Infrastructure costs [123]

Improve QoL [40, 47, 92] Data security and reliability [119, 121, 122]

Reduce attendance at primary care and emergency 
department [37, 38, 63, 94]

High-quality evidence to justify use [4, 5, 118]

Reduce hospitalisations [36, 38, 63, 64, 79, 94] An increase in workload to monitor large amounts of data [123]

Increase patient empowerment with immediate feedback [69]

Potential for long-term cost savings [46, 87]

Opportunity for big data analysis to answer outstanding 
questions in rare conditions [107]

Key points

●● There is ample scope to improve the delivery of care for patients with 
chronic respiratory failure with the adoption of telemedicine systems.

●● Telemedicine may help to reduce the requirement for acute care in these 
vulnerable patients, improve QoL and potentially result in financial savings 
to the healthcare system. The evidence base to support the adoption of 
telemedicine in chronic respiratory failure remains equivocal.

●● Challenges that need to be addressed include identifying the target 
population that will benefit from telemedicine, understanding the cost-
effectiveness of these interventions and legal considerations such as data 
security and clinician responsibility.
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