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the treatment (LTOT ± NIV) and restrictive or obstruc-
tive pattern. The 5-year survival rate of restrictive pa-
tients on LTOT was 21.4%, while it was 32.2% for ob-
structive patients on LTOT. For NIV ± LTOT, the 5-year 
survival rate of restrictive patients was 52.9 ± 8.4%, while 
it was 59.4 ± 6.3% for obstructive patients, significantly 
lower. At 10 years, the survival rate was better for the 
restrictive versus the obstructive, but the difference was 
not significant (35.1 ± 8.2% and 32.3 ± 6.1% respective-

ly). In the population treated with LTOT alone, the sur-
vival of COPD patients was studied according to the 
PaO2 value at the time of initial prescription (Fig. 5). No 
significant difference in the 10-year survival was ob-
served between patients whose initial PaO2 in ambient 
air was less than 55 mm Hg or ranged between 55 and 
60 mm Hg. However, the survival of patients with a 
PaO2 greater than or equal to 60 mm Hg was signifi-
cantly better (p < 0.02). 
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Fig. 2. Aetiologies of CRF patients treated: 
LTOT alone, NIV ± LTOT, CPAP ± LTOT.
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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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RTD (population of PICO 1) and patients with OHS (population of PICO 3). Therefore, we requested the
authors of these studies to provide separate data for these patient groups to perform a meta-analysis and
create a summary table. Evidence synthesis using meta-analysis was only possible for PICO 1 and 4,
because of the limited evidence available.

RCTs were assessed for risk of bias using the Cochrane Risk of Bias tool (version 1) [29] by one panellist,
discussed and agreed upon by another, and, if disagreement, by two other panellists. GRADE evidence
profiles were created for each PICO question using the GRADEpro guideline development tool (www.
gradepro.org), and the certainty of evidence was assessed with GRADE considering risk of bias,
indirectness, inconsistency, imprecision and publication bias/other bias [30]. The GRADE evidence
profiles were based on RCTs only. The overall quality of evidence is a combined rating of the quality of
evidence across all critical outcomes, and it is determined by the lowest quality of evidence for any of the
critical outcomes [31]. Narrative questions were assessed via narrative review only, with no risk of bias
assessment and GRADEing, following ERS rules [26].

TABLE 1 Summary of the clinical practice guideline PICO (Population, Intervention, Comparison, Outcome) questions and respective
recommendations

Questions Recommendation

Telemedicine during initiation of HMV
PICO 1 In patients with NMD or RTD, should initiation of long-term

HMV with telemedicine be used compared to initiation of
HMV without the use of telemedicine?

In patients with NMD or RTD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 2 In patients with COPD, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with COPD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 3 In patients with OHS, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with OHS, due to the lack of evidence, we were unable to
make any recommendation for or against the initiation of HMV with
the use of telemedicine versus initiation of HMV without the use of
telemedicine. (No recommendation for or against the intervention;
very low certainty of evidence.)

Telemedicine during HMV follow-up
PICO 4 Should telemedicine be used to follow-up patients on

long-term HMV compared to follow-up without
telemedicine?

In patients on long-term HMV, we suggest using either
telemedicine-guided follow-up or treatment follow-up without
telemedicine. (Conditional recommendation for either the
intervention or the comparison; very low certainty of evidence.)

PICO 5 Should extensive remote monitoring (e.g. remote gas
exchange, sleep quality/apnoea, patient–ventilator
synchrony) be used compared to limited remote monitoring
only using ventilator data in patients on long-term HMV?

Due to lack of studies addressing this issue, we were unable to make
any recommendation. (No recommendation.)

NMD: neuromuscular disease; RTD: restrictive thoracic disease; OHS: obesity hypoventilation syndrome; HMV: home mechanical ventilation.

TABLE 2 Key considerations regarding narrative questions (NQs)

Questions Key considerations

NQ 1 What are the patients’ and caregivers’ views, experiences and
challenges with telemedicine in HMV?

Narrative review of the evidence showed that patients and
caregiver value the use of telemedicine in HMV.

NQ 2 What are the barriers and facilitators including regional differences
which influence the implementation of telemedicine in the
initiation and follow-up of HMV?

Narrative review of the evidence showed that clinicians should
carefully consider local barriers and facilitators for the
implementation of HMV.

NQ 3 What are recent and expected technological advances and how might
these influence the implementation and effectiveness of initiation
and follow-up of HMV with telemedicine?

Narrative review of the evidence showed that telemedicine
technology might play a key role in the future of telemedicine
implementation and effectiveness in HMV.

HMV: home mechanical ventilation.
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authors of these studies to provide separate data for these patient groups to perform a meta-analysis and
create a summary table. Evidence synthesis using meta-analysis was only possible for PICO 1 and 4,
because of the limited evidence available.

RCTs were assessed for risk of bias using the Cochrane Risk of Bias tool (version 1) [29] by one panellist,
discussed and agreed upon by another, and, if disagreement, by two other panellists. GRADE evidence
profiles were created for each PICO question using the GRADEpro guideline development tool (www.
gradepro.org), and the certainty of evidence was assessed with GRADE considering risk of bias,
indirectness, inconsistency, imprecision and publication bias/other bias [30]. The GRADE evidence
profiles were based on RCTs only. The overall quality of evidence is a combined rating of the quality of
evidence across all critical outcomes, and it is determined by the lowest quality of evidence for any of the
critical outcomes [31]. Narrative questions were assessed via narrative review only, with no risk of bias
assessment and GRADEing, following ERS rules [26].
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Non-invasive ventilation

Table 2 Gas exchange

Home, N=23 Hospital, N=26
Adjusted mean difference in change home versus
in-hospital (95% CI)

Baseline 3 months 6 months Baseline 3 months 6 months 6 months–baseline

PaCO2, kPa 7.3±0.9 6.7±0.9* 6.4±0.8** 7.4±1.0 6.5±0.5* 6.4±0.6** 0.04 (−0.31 to 0.38)

PaO2, kPa 6.8±1.3 7.5±1.5 7.6±1.2 7.3±1.5 8.1±1.4* 8.0±1.2 −0.18 (−0.85 to 0.49)

HCO3
-, mmol/L 33.1±3.8 30.8±3.2* 29.8±2.9* 33.6±4.2 30.2±2.1* 29.7±2.8** 0.2 (−1.5 to 1.2)

Data are shown as mean±SD. A positive mean difference means an increase from baseline to 6 months for the home compared with the in-hospital group.
Compared with baseline within the group: *p<0.05 and **p<0.001.
HCO3-, bicarbonate; kPa, kilopascal; PaCO2, partial arterial carbon dioxide pressure; PaO2, partial arterial oxygen pressure.

Figure 2 Arterial carbon dioxide pressure (PaCO2) at daytime during spontaneous breathing without NIV. Shown are individual patient values of the 
home and hospital groups and the mean value (home: ∆; hospital: □). 3 mo, 3 months after NIV initiation; 6 mo, 6 months after NIV initiation; NIV, 
non-invasive ventilation.

regression analysis with correction for the baseline value calcu-
lating the adjusted mean difference between the groups. Other 
outcomes were tested in the same way. For outcome variables 
for which the change had a skewed distribution, the difference 
in change was tested with a Mann-Whitney U test. SPSS V.25.0 
was used to perform the analyses.

RESULTS
Baseline characteristics
The study flow chart is shown in figure 1. A total of 117 patients 
were screened as outpatients and 67 were randomised when they 
met all inclusion criteria, and subsequently planned for NIV 
initiation as soon as possible. Three patients dropped out during 
this period before they were initiated on NIV; one patient died, 
one patient exacerbated and was initiated on NIV acutely and 
one patient refused to participate further. The ‘waiting period’ 
was >30 days in 10 out of 31 patients (32%) with a median 
of 22 days (range 5–62 days) in the in-hospital group, while it 
was >30 days in 5 out of 30 patients (17%) with a median of 
21 days (range 7–53) days in the home group (difference not 
significant). Five patients in the home group, and four patients in 
the hospital group, were non-compliant with their NIV. Hospital 
initiation was offered in the non-compliant home group patients, 
but none of them wanted an in-hospital attempt. In total, three 
patients died during NIV therapy. Table 1 presents the baseline 
characteristics. Comorbidities were prevalent (online supple-
mentary table 1). Patients with unstable cardiac comorbidities 

or severe heart failure (left ventricular ejection fraction below 
45%) were excluded. In the included patients, cardiac function 
was generally well-preserved and comparable between the home 
and hospital groups in terms of systolic and diastolic left/right 
ventricular functional parameters (online supplementary table 
1). According to echocardiography guidelines, eight patients in 
the home group (25%) and seven patients in the hospital group 
(21%) were considered to have a high probability of pulmonary 
hypertension (p=0.49; online supplementary table 1).32 There 
were no significant differences between the home and hospital 
groups (table 1), nor between participants that dropped out and 
participants that did not drop out, except that the latter group 
less frequently followed a concurrent pulmonary rehabilitation 
programme (online supplementary table 2).

Gas exchange
In both groups, daytime PaCO2 decreased significantly over the 6 
months follow-up period (table 2, figure 2). The mean difference 
in change between the home group versus the hospital group at 
6 months was 0.04 kPa (95% CI −0.31 to 0. 38 kPa), showing 
non-inferiority of home NIV initiation. Other parameters of 
gas exchange improved in both groups, also without significant 
differences between groups.

4 Duiverman ML, et al. Thorax 2019;0:1–9. doi:10.1136/thoraxjnl-2019-213303
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RTD (population of PICO 1) and patients with OHS (population of PICO 3). Therefore, we requested the
authors of these studies to provide separate data for these patient groups to perform a meta-analysis and
create a summary table. Evidence synthesis using meta-analysis was only possible for PICO 1 and 4,
because of the limited evidence available.

RCTs were assessed for risk of bias using the Cochrane Risk of Bias tool (version 1) [29] by one panellist,
discussed and agreed upon by another, and, if disagreement, by two other panellists. GRADE evidence
profiles were created for each PICO question using the GRADEpro guideline development tool (www.
gradepro.org), and the certainty of evidence was assessed with GRADE considering risk of bias,
indirectness, inconsistency, imprecision and publication bias/other bias [30]. The GRADE evidence
profiles were based on RCTs only. The overall quality of evidence is a combined rating of the quality of
evidence across all critical outcomes, and it is determined by the lowest quality of evidence for any of the
critical outcomes [31]. Narrative questions were assessed via narrative review only, with no risk of bias
assessment and GRADEing, following ERS rules [26].

TABLE 1 Summary of the clinical practice guideline PICO (Population, Intervention, Comparison, Outcome) questions and respective
recommendations

Questions Recommendation

Telemedicine during initiation of HMV
PICO 1 In patients with NMD or RTD, should initiation of long-term

HMV with telemedicine be used compared to initiation of
HMV without the use of telemedicine?

In patients with NMD or RTD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 2 In patients with COPD, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with COPD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 3 In patients with OHS, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with OHS, due to the lack of evidence, we were unable to
make any recommendation for or against the initiation of HMV with
the use of telemedicine versus initiation of HMV without the use of
telemedicine. (No recommendation for or against the intervention;
very low certainty of evidence.)

Telemedicine during HMV follow-up
PICO 4 Should telemedicine be used to follow-up patients on

long-term HMV compared to follow-up without
telemedicine?

In patients on long-term HMV, we suggest using either
telemedicine-guided follow-up or treatment follow-up without
telemedicine. (Conditional recommendation for either the
intervention or the comparison; very low certainty of evidence.)

PICO 5 Should extensive remote monitoring (e.g. remote gas
exchange, sleep quality/apnoea, patient–ventilator
synchrony) be used compared to limited remote monitoring
only using ventilator data in patients on long-term HMV?

Due to lack of studies addressing this issue, we were unable to make
any recommendation. (No recommendation.)

NMD: neuromuscular disease; RTD: restrictive thoracic disease; OHS: obesity hypoventilation syndrome; HMV: home mechanical ventilation.

TABLE 2 Key considerations regarding narrative questions (NQs)

Questions Key considerations

NQ 1 What are the patients’ and caregivers’ views, experiences and
challenges with telemedicine in HMV?

Narrative review of the evidence showed that patients and
caregiver value the use of telemedicine in HMV.

NQ 2 What are the barriers and facilitators including regional differences
which influence the implementation of telemedicine in the
initiation and follow-up of HMV?

Narrative review of the evidence showed that clinicians should
carefully consider local barriers and facilitators for the
implementation of HMV.

NQ 3 What are recent and expected technological advances and how might
these influence the implementation and effectiveness of initiation
and follow-up of HMV with telemedicine?

Narrative review of the evidence showed that telemedicine
technology might play a key role in the future of telemedicine
implementation and effectiveness in HMV.

HMV: home mechanical ventilation.
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RTD (population of PICO 1) and patients with OHS (population of PICO 3). Therefore, we requested the
authors of these studies to provide separate data for these patient groups to perform a meta-analysis and
create a summary table. Evidence synthesis using meta-analysis was only possible for PICO 1 and 4,
because of the limited evidence available.

RCTs were assessed for risk of bias using the Cochrane Risk of Bias tool (version 1) [29] by one panellist,
discussed and agreed upon by another, and, if disagreement, by two other panellists. GRADE evidence
profiles were created for each PICO question using the GRADEpro guideline development tool (www.
gradepro.org), and the certainty of evidence was assessed with GRADE considering risk of bias,
indirectness, inconsistency, imprecision and publication bias/other bias [30]. The GRADE evidence
profiles were based on RCTs only. The overall quality of evidence is a combined rating of the quality of
evidence across all critical outcomes, and it is determined by the lowest quality of evidence for any of the
critical outcomes [31]. Narrative questions were assessed via narrative review only, with no risk of bias
assessment and GRADEing, following ERS rules [26].

TABLE 1 Summary of the clinical practice guideline PICO (Population, Intervention, Comparison, Outcome) questions and respective
recommendations

Questions Recommendation

Telemedicine during initiation of HMV
PICO 1 In patients with NMD or RTD, should initiation of long-term

HMV with telemedicine be used compared to initiation of
HMV without the use of telemedicine?

In patients with NMD or RTD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 2 In patients with COPD, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with COPD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 3 In patients with OHS, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with OHS, due to the lack of evidence, we were unable to
make any recommendation for or against the initiation of HMV with
the use of telemedicine versus initiation of HMV without the use of
telemedicine. (No recommendation for or against the intervention;
very low certainty of evidence.)

Telemedicine during HMV follow-up
PICO 4 Should telemedicine be used to follow-up patients on

long-term HMV compared to follow-up without
telemedicine?

In patients on long-term HMV, we suggest using either
telemedicine-guided follow-up or treatment follow-up without
telemedicine. (Conditional recommendation for either the
intervention or the comparison; very low certainty of evidence.)

PICO 5 Should extensive remote monitoring (e.g. remote gas
exchange, sleep quality/apnoea, patient–ventilator
synchrony) be used compared to limited remote monitoring
only using ventilator data in patients on long-term HMV?

Due to lack of studies addressing this issue, we were unable to make
any recommendation. (No recommendation.)

NMD: neuromuscular disease; RTD: restrictive thoracic disease; OHS: obesity hypoventilation syndrome; HMV: home mechanical ventilation.

TABLE 2 Key considerations regarding narrative questions (NQs)

Questions Key considerations

NQ 1 What are the patients’ and caregivers’ views, experiences and
challenges with telemedicine in HMV?

Narrative review of the evidence showed that patients and
caregiver value the use of telemedicine in HMV.

NQ 2 What are the barriers and facilitators including regional differences
which influence the implementation of telemedicine in the
initiation and follow-up of HMV?

Narrative review of the evidence showed that clinicians should
carefully consider local barriers and facilitators for the
implementation of HMV.

NQ 3 What are recent and expected technological advances and how might
these influence the implementation and effectiveness of initiation
and follow-up of HMV with telemedicine?

Narrative review of the evidence showed that telemedicine
technology might play a key role in the future of telemedicine
implementation and effectiveness in HMV.

HMV: home mechanical ventilation.
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RTD (population of PICO 1) and patients with OHS (population of PICO 3). Therefore, we requested the
authors of these studies to provide separate data for these patient groups to perform a meta-analysis and
create a summary table. Evidence synthesis using meta-analysis was only possible for PICO 1 and 4,
because of the limited evidence available.

RCTs were assessed for risk of bias using the Cochrane Risk of Bias tool (version 1) [29] by one panellist,
discussed and agreed upon by another, and, if disagreement, by two other panellists. GRADE evidence
profiles were created for each PICO question using the GRADEpro guideline development tool (www.
gradepro.org), and the certainty of evidence was assessed with GRADE considering risk of bias,
indirectness, inconsistency, imprecision and publication bias/other bias [30]. The GRADE evidence
profiles were based on RCTs only. The overall quality of evidence is a combined rating of the quality of
evidence across all critical outcomes, and it is determined by the lowest quality of evidence for any of the
critical outcomes [31]. Narrative questions were assessed via narrative review only, with no risk of bias
assessment and GRADEing, following ERS rules [26].

TABLE 1 Summary of the clinical practice guideline PICO (Population, Intervention, Comparison, Outcome) questions and respective
recommendations

Questions Recommendation

Telemedicine during initiation of HMV
PICO 1 In patients with NMD or RTD, should initiation of long-term

HMV with telemedicine be used compared to initiation of
HMV without the use of telemedicine?

In patients with NMD or RTD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 2 In patients with COPD, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with COPD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 3 In patients with OHS, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with OHS, due to the lack of evidence, we were unable to
make any recommendation for or against the initiation of HMV with
the use of telemedicine versus initiation of HMV without the use of
telemedicine. (No recommendation for or against the intervention;
very low certainty of evidence.)

Telemedicine during HMV follow-up
PICO 4 Should telemedicine be used to follow-up patients on

long-term HMV compared to follow-up without
telemedicine?

In patients on long-term HMV, we suggest using either
telemedicine-guided follow-up or treatment follow-up without
telemedicine. (Conditional recommendation for either the
intervention or the comparison; very low certainty of evidence.)

PICO 5 Should extensive remote monitoring (e.g. remote gas
exchange, sleep quality/apnoea, patient–ventilator
synchrony) be used compared to limited remote monitoring
only using ventilator data in patients on long-term HMV?

Due to lack of studies addressing this issue, we were unable to make
any recommendation. (No recommendation.)

NMD: neuromuscular disease; RTD: restrictive thoracic disease; OHS: obesity hypoventilation syndrome; HMV: home mechanical ventilation.

TABLE 2 Key considerations regarding narrative questions (NQs)

Questions Key considerations

NQ 1 What are the patients’ and caregivers’ views, experiences and
challenges with telemedicine in HMV?

Narrative review of the evidence showed that patients and
caregiver value the use of telemedicine in HMV.

NQ 2 What are the barriers and facilitators including regional differences
which influence the implementation of telemedicine in the
initiation and follow-up of HMV?

Narrative review of the evidence showed that clinicians should
carefully consider local barriers and facilitators for the
implementation of HMV.

NQ 3 What are recent and expected technological advances and how might
these influence the implementation and effectiveness of initiation
and follow-up of HMV with telemedicine?

Narrative review of the evidence showed that telemedicine
technology might play a key role in the future of telemedicine
implementation and effectiveness in HMV.

HMV: home mechanical ventilation.
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RTD (population of PICO 1) and patients with OHS (population of PICO 3). Therefore, we requested the
authors of these studies to provide separate data for these patient groups to perform a meta-analysis and
create a summary table. Evidence synthesis using meta-analysis was only possible for PICO 1 and 4,
because of the limited evidence available.

RCTs were assessed for risk of bias using the Cochrane Risk of Bias tool (version 1) [29] by one panellist,
discussed and agreed upon by another, and, if disagreement, by two other panellists. GRADE evidence
profiles were created for each PICO question using the GRADEpro guideline development tool (www.
gradepro.org), and the certainty of evidence was assessed with GRADE considering risk of bias,
indirectness, inconsistency, imprecision and publication bias/other bias [30]. The GRADE evidence
profiles were based on RCTs only. The overall quality of evidence is a combined rating of the quality of
evidence across all critical outcomes, and it is determined by the lowest quality of evidence for any of the
critical outcomes [31]. Narrative questions were assessed via narrative review only, with no risk of bias
assessment and GRADEing, following ERS rules [26].

TABLE 1 Summary of the clinical practice guideline PICO (Population, Intervention, Comparison, Outcome) questions and respective
recommendations

Questions Recommendation

Telemedicine during initiation of HMV
PICO 1 In patients with NMD or RTD, should initiation of long-term

HMV with telemedicine be used compared to initiation of
HMV without the use of telemedicine?

In patients with NMD or RTD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 2 In patients with COPD, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with COPD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 3 In patients with OHS, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with OHS, due to the lack of evidence, we were unable to
make any recommendation for or against the initiation of HMV with
the use of telemedicine versus initiation of HMV without the use of
telemedicine. (No recommendation for or against the intervention;
very low certainty of evidence.)

Telemedicine during HMV follow-up
PICO 4 Should telemedicine be used to follow-up patients on

long-term HMV compared to follow-up without
telemedicine?

In patients on long-term HMV, we suggest using either
telemedicine-guided follow-up or treatment follow-up without
telemedicine. (Conditional recommendation for either the
intervention or the comparison; very low certainty of evidence.)

PICO 5 Should extensive remote monitoring (e.g. remote gas
exchange, sleep quality/apnoea, patient–ventilator
synchrony) be used compared to limited remote monitoring
only using ventilator data in patients on long-term HMV?

Due to lack of studies addressing this issue, we were unable to make
any recommendation. (No recommendation.)

NMD: neuromuscular disease; RTD: restrictive thoracic disease; OHS: obesity hypoventilation syndrome; HMV: home mechanical ventilation.

TABLE 2 Key considerations regarding narrative questions (NQs)

Questions Key considerations

NQ 1 What are the patients’ and caregivers’ views, experiences and
challenges with telemedicine in HMV?

Narrative review of the evidence showed that patients and
caregiver value the use of telemedicine in HMV.

NQ 2 What are the barriers and facilitators including regional differences
which influence the implementation of telemedicine in the
initiation and follow-up of HMV?

Narrative review of the evidence showed that clinicians should
carefully consider local barriers and facilitators for the
implementation of HMV.

NQ 3 What are recent and expected technological advances and how might
these influence the implementation and effectiveness of initiation
and follow-up of HMV with telemedicine?

Narrative review of the evidence showed that telemedicine
technology might play a key role in the future of telemedicine
implementation and effectiveness in HMV.

HMV: home mechanical ventilation.
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RTD (population of PICO 1) and patients with OHS (population of PICO 3). Therefore, we requested the
authors of these studies to provide separate data for these patient groups to perform a meta-analysis and
create a summary table. Evidence synthesis using meta-analysis was only possible for PICO 1 and 4,
because of the limited evidence available.

RCTs were assessed for risk of bias using the Cochrane Risk of Bias tool (version 1) [29] by one panellist,
discussed and agreed upon by another, and, if disagreement, by two other panellists. GRADE evidence
profiles were created for each PICO question using the GRADEpro guideline development tool (www.
gradepro.org), and the certainty of evidence was assessed with GRADE considering risk of bias,
indirectness, inconsistency, imprecision and publication bias/other bias [30]. The GRADE evidence
profiles were based on RCTs only. The overall quality of evidence is a combined rating of the quality of
evidence across all critical outcomes, and it is determined by the lowest quality of evidence for any of the
critical outcomes [31]. Narrative questions were assessed via narrative review only, with no risk of bias
assessment and GRADEing, following ERS rules [26].

TABLE 1 Summary of the clinical practice guideline PICO (Population, Intervention, Comparison, Outcome) questions and respective
recommendations

Questions Recommendation

Telemedicine during initiation of HMV
PICO 1 In patients with NMD or RTD, should initiation of long-term

HMV with telemedicine be used compared to initiation of
HMV without the use of telemedicine?

In patients with NMD or RTD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 2 In patients with COPD, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with COPD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 3 In patients with OHS, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with OHS, due to the lack of evidence, we were unable to
make any recommendation for or against the initiation of HMV with
the use of telemedicine versus initiation of HMV without the use of
telemedicine. (No recommendation for or against the intervention;
very low certainty of evidence.)

Telemedicine during HMV follow-up
PICO 4 Should telemedicine be used to follow-up patients on

long-term HMV compared to follow-up without
telemedicine?

In patients on long-term HMV, we suggest using either
telemedicine-guided follow-up or treatment follow-up without
telemedicine. (Conditional recommendation for either the
intervention or the comparison; very low certainty of evidence.)

PICO 5 Should extensive remote monitoring (e.g. remote gas
exchange, sleep quality/apnoea, patient–ventilator
synchrony) be used compared to limited remote monitoring
only using ventilator data in patients on long-term HMV?

Due to lack of studies addressing this issue, we were unable to make
any recommendation. (No recommendation.)

NMD: neuromuscular disease; RTD: restrictive thoracic disease; OHS: obesity hypoventilation syndrome; HMV: home mechanical ventilation.

TABLE 2 Key considerations regarding narrative questions (NQs)

Questions Key considerations

NQ 1 What are the patients’ and caregivers’ views, experiences and
challenges with telemedicine in HMV?

Narrative review of the evidence showed that patients and
caregiver value the use of telemedicine in HMV.

NQ 2 What are the barriers and facilitators including regional differences
which influence the implementation of telemedicine in the
initiation and follow-up of HMV?

Narrative review of the evidence showed that clinicians should
carefully consider local barriers and facilitators for the
implementation of HMV.

NQ 3 What are recent and expected technological advances and how might
these influence the implementation and effectiveness of initiation
and follow-up of HMV with telemedicine?

Narrative review of the evidence showed that telemedicine
technology might play a key role in the future of telemedicine
implementation and effectiveness in HMV.

HMV: home mechanical ventilation.
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Duiverman M L, ERJ 2025RTD (population of PICO 1) and patients with OHS (population of PICO 3). Therefore, we requested the
authors of these studies to provide separate data for these patient groups to perform a meta-analysis and
create a summary table. Evidence synthesis using meta-analysis was only possible for PICO 1 and 4,
because of the limited evidence available.

RCTs were assessed for risk of bias using the Cochrane Risk of Bias tool (version 1) [29] by one panellist,
discussed and agreed upon by another, and, if disagreement, by two other panellists. GRADE evidence
profiles were created for each PICO question using the GRADEpro guideline development tool (www.
gradepro.org), and the certainty of evidence was assessed with GRADE considering risk of bias,
indirectness, inconsistency, imprecision and publication bias/other bias [30]. The GRADE evidence
profiles were based on RCTs only. The overall quality of evidence is a combined rating of the quality of
evidence across all critical outcomes, and it is determined by the lowest quality of evidence for any of the
critical outcomes [31]. Narrative questions were assessed via narrative review only, with no risk of bias
assessment and GRADEing, following ERS rules [26].

TABLE 1 Summary of the clinical practice guideline PICO (Population, Intervention, Comparison, Outcome) questions and respective
recommendations

Questions Recommendation

Telemedicine during initiation of HMV
PICO 1 In patients with NMD or RTD, should initiation of long-term

HMV with telemedicine be used compared to initiation of
HMV without the use of telemedicine?

In patients with NMD or RTD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 2 In patients with COPD, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with COPD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 3 In patients with OHS, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with OHS, due to the lack of evidence, we were unable to
make any recommendation for or against the initiation of HMV with
the use of telemedicine versus initiation of HMV without the use of
telemedicine. (No recommendation for or against the intervention;
very low certainty of evidence.)

Telemedicine during HMV follow-up
PICO 4 Should telemedicine be used to follow-up patients on

long-term HMV compared to follow-up without
telemedicine?

In patients on long-term HMV, we suggest using either
telemedicine-guided follow-up or treatment follow-up without
telemedicine. (Conditional recommendation for either the
intervention or the comparison; very low certainty of evidence.)

PICO 5 Should extensive remote monitoring (e.g. remote gas
exchange, sleep quality/apnoea, patient–ventilator
synchrony) be used compared to limited remote monitoring
only using ventilator data in patients on long-term HMV?

Due to lack of studies addressing this issue, we were unable to make
any recommendation. (No recommendation.)

NMD: neuromuscular disease; RTD: restrictive thoracic disease; OHS: obesity hypoventilation syndrome; HMV: home mechanical ventilation.

TABLE 2 Key considerations regarding narrative questions (NQs)

Questions Key considerations

NQ 1 What are the patients’ and caregivers’ views, experiences and
challenges with telemedicine in HMV?

Narrative review of the evidence showed that patients and
caregiver value the use of telemedicine in HMV.

NQ 2 What are the barriers and facilitators including regional differences
which influence the implementation of telemedicine in the
initiation and follow-up of HMV?

Narrative review of the evidence showed that clinicians should
carefully consider local barriers and facilitators for the
implementation of HMV.

NQ 3 What are recent and expected technological advances and how might
these influence the implementation and effectiveness of initiation
and follow-up of HMV with telemedicine?

Narrative review of the evidence showed that telemedicine
technology might play a key role in the future of telemedicine
implementation and effectiveness in HMV.

HMV: home mechanical ventilation.
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Duiverman M L, ERJ 2025RTD (population of PICO 1) and patients with OHS (population of PICO 3). Therefore, we requested the
authors of these studies to provide separate data for these patient groups to perform a meta-analysis and
create a summary table. Evidence synthesis using meta-analysis was only possible for PICO 1 and 4,
because of the limited evidence available.

RCTs were assessed for risk of bias using the Cochrane Risk of Bias tool (version 1) [29] by one panellist,
discussed and agreed upon by another, and, if disagreement, by two other panellists. GRADE evidence
profiles were created for each PICO question using the GRADEpro guideline development tool (www.
gradepro.org), and the certainty of evidence was assessed with GRADE considering risk of bias,
indirectness, inconsistency, imprecision and publication bias/other bias [30]. The GRADE evidence
profiles were based on RCTs only. The overall quality of evidence is a combined rating of the quality of
evidence across all critical outcomes, and it is determined by the lowest quality of evidence for any of the
critical outcomes [31]. Narrative questions were assessed via narrative review only, with no risk of bias
assessment and GRADEing, following ERS rules [26].

TABLE 1 Summary of the clinical practice guideline PICO (Population, Intervention, Comparison, Outcome) questions and respective
recommendations

Questions Recommendation

Telemedicine during initiation of HMV
PICO 1 In patients with NMD or RTD, should initiation of long-term

HMV with telemedicine be used compared to initiation of
HMV without the use of telemedicine?

In patients with NMD or RTD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 2 In patients with COPD, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with COPD we suggest the initiation of HMV with
telemedicine versus initiation of HMV without telemedicine.
(Conditional recommendation for the intervention; very low certainty
of evidence.)

PICO 3 In patients with OHS, should initiation of long-term HMV with
telemedicine be used compared to initiation of HMV without
the use of telemedicine?

In patients with OHS, due to the lack of evidence, we were unable to
make any recommendation for or against the initiation of HMV with
the use of telemedicine versus initiation of HMV without the use of
telemedicine. (No recommendation for or against the intervention;
very low certainty of evidence.)

Telemedicine during HMV follow-up
PICO 4 Should telemedicine be used to follow-up patients on

long-term HMV compared to follow-up without
telemedicine?

In patients on long-term HMV, we suggest using either
telemedicine-guided follow-up or treatment follow-up without
telemedicine. (Conditional recommendation for either the
intervention or the comparison; very low certainty of evidence.)

PICO 5 Should extensive remote monitoring (e.g. remote gas
exchange, sleep quality/apnoea, patient–ventilator
synchrony) be used compared to limited remote monitoring
only using ventilator data in patients on long-term HMV?

Due to lack of studies addressing this issue, we were unable to make
any recommendation. (No recommendation.)

NMD: neuromuscular disease; RTD: restrictive thoracic disease; OHS: obesity hypoventilation syndrome; HMV: home mechanical ventilation.

TABLE 2 Key considerations regarding narrative questions (NQs)

Questions Key considerations

NQ 1 What are the patients’ and caregivers’ views, experiences and
challenges with telemedicine in HMV?

Narrative review of the evidence showed that patients and
caregiver value the use of telemedicine in HMV.

NQ 2 What are the barriers and facilitators including regional differences
which influence the implementation of telemedicine in the
initiation and follow-up of HMV?

Narrative review of the evidence showed that clinicians should
carefully consider local barriers and facilitators for the
implementation of HMV.

NQ 3 What are recent and expected technological advances and how might
these influence the implementation and effectiveness of initiation
and follow-up of HMV with telemedicine?

Narrative review of the evidence showed that telemedicine
technology might play a key role in the future of telemedicine
implementation and effectiveness in HMV.

HMV: home mechanical ventilation.
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Tirzepatide for Treatment of Obstructive Sleep Apnea

Figure 1. Change in AHI and Body Weight.

The change in the apnea–hypopnea index (AHI, the number of apneas and hypopneas during an hour of sleep) (Panels A and B) and 
body weight (Panels C and D) from baseline to week 52 for trial 1 and trial 2 are shown according to the weeks since randomization, de-
rived from a mixed-model-for-repeated-measures analysis for the efficacy estimand, and no explicit imputations were performed for 
missing data. Week 52 estimates for the treatment-regimen estimand are also shown. For the treatment-regimen estimand, missing data 
at week 52 due to coronavirus disease 2019, missing data at week 52 from participants in the tirzepatide and placebo groups who com-
pleted the study period, missing data at week 52 after trial discontinuation due to the participant having undergone randomization in er-
ror, or missing data at baseline were assumed to be missing at random and were imputed with the use of multiple imputation from the 
same trial group. All other missing data at week 52 were considered to be not missing at random, and a placebo-based multiple imputa-
tion method was implemented. Least-squares means are shown unless otherwise noted. I bars indicate 95% confidence intervals.
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 Table 3. Pooled Trial 1 and Trial 2 Patient-Reported Outcomes.*

Variable
Tirzepatide
(N = 234)

Placebo
(N = 233)

Estimated Treatment 
Difference 
(95% CI) P Value

Change in PROMIS Sleep-
related Impairment T score

−7.5 (−8.8 to −6.3) −3.6 (−4.9 to −2.3) −3.9 (−5.7 to −2.2) <0.001

Change in PROMIS Sleep 
Disturbance T score

−5.7 (−6.8 to −4.7) −2.7 (−3.8 to −1.6) −3.1 (−4.5 to −1.5) <0.001

*  Data are least-squares means (95% confidence interval) unless otherwise stated. All changes shown are from baseline 
to week 52 in the modified intention-to-treat population.
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in parameters such as device usage or leaks. Questionable alerts required
reassessment at the next session, while clinically significant alerts
prompted immediate intervention.

Clinically significant alerts were mainly associated with reduced
device usage and increased unintentional leaks. Alerts related to respira-
tory rate or AHI were less frequent and were more commonly linked to
intercurrent events such as infections or exacerbations.

The median time spent managing alerts was 98 min per session [80
−130], corresponding to approximately 2 [1−3] minutes per patient.
Time distribution varied according to alert type: non−clinically significant
alerts accounted for a median of 33 min per session, questionable alerts for
21 min, and clinically significant alerts for 44 min. Although fewer in
number, clinically significant alerts required more time per event due to
the need for patient interaction and clinical decision-making.

Physician involvement was required for a median of 2 [1−3] patients
per week (4 [2−6]% of the weekly cohort). Similarly, home care pro-
vider intervention was required for a median of 2 [1−4] patients per
week (4 [2−7]%), mainly for technical adjustments or in-person evalua-
tion.

The telemonitoring team perceived improved care organization and
patient prioritization, facilitated identification of patients requiring
intervention without additional hospital visits, limited effectiveness for
early COPD exacerbation detection, room for improvement in care coor-
dination, and high overall satisfaction.

Telemonitoring generated numerous alerts, most of which were not
clinically significant. Individualized alert thresholds reduced false-posi-
tive alerts without compromising safety. Clinically significant alerts
mainly involved device usage and unintentional leaks. Although telemo-
nitoring improved care prioritization with limited workload, its ability
to detect acute exacerbations was perceived as limited.

The strengths of this study include its real-world design and hetero-
geneous patient population. Limitations include its single-center setting,
reliance on self-reported time measurements, exclusion of highly venti-
lator-dependent patients and the lack of follow-up data on alerts classi-
fied as questionable, which prevented evaluation of their subsequent
clinical evolution. In addition, alert data were not recorded at the indi-
vidual patient level, precluding comparison of alert patterns between
patient subgroups, including patients newly initiated on NIV and those
already established on treatment. Finally, this study was not designed to
evaluate clinical efficacy. Future prospective studies should determine
whether this telemonitoring strategy improves clinical outcomes.

In this real-world study, NIV telemonitoring generated many alerts,
most of which were not clinically significant. Nursing workload
remained manageable, physician involvement was limited, and individ-
ualized alert thresholds reduced alert burden without compromising
safety.
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