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Abstract
Home noninvasive ventilation (HNIV) improves outcomes in different disease categories. In this article, we
discuss indications for when and how to initiate HNIV in COPD, obesity hypoventilation syndrome (OHS)
and neuromuscular disorders (NMD). While in COPD, significant diurnal hypercapnia and high-intensity
HNIV are essential ingredients for success, in NMD and OHS, early respiratory changes are best detected
during sleep through oxy-capnography associated (or not) with respiratory polygraphy. In COPD and OHS,
it is crucial to consider the coexistence of obstructive sleep apnoea because treatment with continuous
positive airway pressure may be the simplest and most effective treatment that should be proposed even in
hypercapnic patients as first-line therapy. In NMD, the need for continuous HNIV and eventual switching
to tracheostomy ventilation makes this group’s management more challenging. Achieving successful HNIV
by improving quality of sleep, quality of life and keeping a good adherence to the therapy is a challenge,
above all in COPD patients. In OHS patients, on top of HNIV, initiation of other interventions such as
weight loss management is crucial. More resources should be invested in improving all these aspects.
Telemonitoring represents a promising method to improve titration and follow-up of HNIV.

Introduction
It is clear that the patient population eligible for home noninvasive ventilation (HNIV) is increasing
worldwide [1, 2]. The identification of potential candidates for HNIV may be a challenging task. First,
before starting HNIV, it is essential to ask three main questions: 1) Does the patient have a disease known
to cause ventilatory failure? 2) Does the patient have symptoms suggesting hypoventilation? 3) Does the
patient have physiological abnormalities confirming hypoventilation?

Sometimes, due to disease progression, ventilatory dependency may increase and ventilatory support must be
adapted accordingly. Monitoring the quality of ventilation is essential to assess the quality and effectiveness of
HNIV [3].

In this article, we review the three most important disease groups that are candidates for HNIV: COPD,
obesity hypoventilation syndrome (OHS) and neuromuscular disorders (NMD).

Criteria for considering studies for this review
A literature search of Medline/PubMed of HNIV articles published between 2000 and 2020 was performed.
The search items included “home non-invasive ventilation”, “chronic respiratory failure”, “chronic obstructive
pulmonary disease”, “obesity-hypoventilation syndrome” and “amyotrophic lateral sclerosis”.
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Chronic ventilatory support in COPD
When to start
Indication for HNIV in COPD patients with chronic hypercapnic respiratory failure is supported by a few
studies with contrasting results. A recent Task Force supported by the European Respiratory Society
considered two possible indications for HNIV treatment in COPD: 1) in stable chronic hypercapnic
patients, and 2) for persistent hypercapnia after 2–4 weeks following an exacerbation of COPD needing
mechanical ventilation [4]. Both indications were defined as “conditional recommendation with low
certainty evidence” due to the few, not homogeneous studies.

In the stable chronic hypercapnic patient
Data pooled from randomised studies were not able to show a significant reduction of mortality and
hospitalisation rate in this population. Probably the main reason was that not all the studies reached the aim
of significantly reducing the arterial carbon dioxide tension (PaCO2

) level. However, they showed that
HNIV could significantly improve dyspnoea score, 6-min walking distance and quality of life. Because of
the important social burden of these outcomes, the panel of experts decided upon a conditional
recommendation. On the other hand, it is already known that dyspnoea and exercise tolerance are
important predictors of mortality in COPD patients [5], which supports the indication to make a trial of
HNIV, possibly targeting the setting to obtain a significant reduction of diurnal PaCO2

. However, because
of the possible high cost-effectiveness of the treatment, a follow-up at 6–12 months should be mandatory
to verify the achievement of the purpose.

After an episode of acute hypercapnic respiratory failure
In this subgroup of patients, two recent studies with similar design showed different results in terms of
effect of HNIV on mortality and hospitalisation rate [6, 7]. The most important explanation for the
apparently contrasting results was the different timing in enrolment of patients. In the study by MURPHY

et al. [6], HNIV was shown to reduce the rate of deaths or hospitalisation in patients with persistent
hypercapnia 2–4 weeks after the acute phase. On the other hand, by enrolling the patients at the discharge
from hospitalisation, as in the study by STRUIK et al. [7], there is a risk of over-treatment due to possible
spontaneous recovery from hypercapnia, as already described by COSTELLO et al. [8].

Similar indications came from the American Thoracic Society guidelines that followed, on HNIV in
chronic hypercapnic COPD patients [9], which interestingly highlighted the importance of screening the
patient for obstructive sleep apnoea (OSA) before starting HNIV. In fact, the prevalence of overlap with
OSA was found to reach 50% in patients coming from an acute exacerbation of COPD [10]. This seems to
be of great importance, because patients with overlap syndrome may benefit from continuous positive
airway pressure (CPAP) to reverse hypercapnia. Figure 1 summarises practical suggestions in the approach
to chronic hypercapnic COPD.

How to ventilate the hypercapnic COPD patient: ventilation mode and setting
As raised by the Task Force panel, inhomogeneity of results from randomised controlled trials might be in
part due to the different ventilation settings used, which were not always targeted to normalise PaCO2

. This
may explain the absence of improvement or only slight improvement of outcomes in some studies. For this
reason, some years ago, high-intensity (HI) ventilation was proposed as a mode able to induce a
significantly higher reduction of PaCO2

when compared with usual settings, defined as low-intensity (LI)
[11]. HI ventilation was a pressure-targeted ventilation that aimed to reach the highest tolerated inspiratory
pressure and a high back-up rate (very close to the patient’s spontaneous respiratory rate) and was able to
significantly decrease PaCO2

or reach normocapnia. In a randomised crossover trial, DREHER et al. [11]
showed that HI ventilation was able to increase forced expiratory volume in 1 s and was associated with a
better adherence than LI ventilation. However, no studies compared the long-term outcomes of these two
ventilatory modes. A physiological study, albeit limited by the small number of patients enrolled, raised
the issue that the main determinant of PaCO2

reduction is the high inspiratory pressure, irrespective of
respiratory rate [12]. The physiological background may be the very high inspiratory drive that COPD
patients show [13], which may be overcome by a high rise-time and high inspiratory pressure. For the
same reason, the type of ventilator used can also make a difference because of significant differences in
pressurisation behaviour, as recently shown by a bench and clinical study [14]. Flow waveform recorded
by the built-in software of ventilators may help to better titrate these parameters. However, HI ventilation
may be responsible for hyperinflation and induce ineffective efforts and “de-ventilation dyspnoea”.
Ensuring a short inspiratory time with a high sensitivity of cycling criteria and/or setting a low maximal
inspiratory time may be useful to avoid this problem [15]. Again, detailed data from ventilators are useful
to detect this problem.
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It should be considered that the definition of hypercapnia in COPD patients is very different among the
different studies, as is the definition of the aim of noninvasive ventilation (NIV). Independently from the
baseline degree of hypercapnia, a normalisation of elevated PaCO2

levels is unlikely to be achieved in all
COPD patients even under high inspiratory positive airway pressure levels.

Managing overlapped OSA
As mentioned, screening for OSA should be performed in COPD patients before starting HNIV (figure 1).
This screening should use polygraphy. Some years ago, MARIN et al. [15] showed that patients with
overlapped COPD and OSA had a significantly higher risk of exacerbations than COPD patients with the
same level of obstruction and using the same therapy. In these overlap patients, the use of CPAP
significantly improved mortality and exacerbation rate. Moreover, CPAP is also able to significantly reduce
PaCO2

to normocapnia in overlap patients with chronic hypercapnic respiratory failure [16]. In these
patients, the main mechanism determinant of hypercapnia is probably the sleep disturbances, which, added
to the increased respiratory load of the obstructive disease, lead to nocturnal and, consequently, diurnal
hypoventilation. For all these reasons, a trial of CPAP treatment in overlap patients, even with hypercapnic
respiratory failure, should be suggested because, in some cases, it may allow a reduction of costs (in
countries where there is a reimbursement for both, CPAP is cheaper) and it may be easier to set. In fact,
NIV needs a deeper monitoring of detailed data (pressure and flow curves) or polygraphy to correctly
titrate expiratory positive airway pressure (EPAP) on the upper airway obstructive events and avoid
ineffective ventilation (figure 2). Moreover, in COPD patients, above all with a prevalent emphysema, due
to the significant reduction in the elastic recoil, hyperinflation induced by NIV may worsen the patient’s
symptoms, resulting in so-called “de-ventilation dyspnoea” [15]. When CPAP is not able to reduce PaCO2

level or is not well tolerated, a bilevel positive airway pressure is necessary. No study has compared the
effect of CPAP and NIV in overlap COPD and OSA patients with hypercapnic respiratory failure.

Hybrid modes, such as volume-targeted pressure-controlled modes, have not shown improved clinical
outcomes when compared to bilevel mode [17]. Moreover, the high respiratory drive of COPD patients
may contribute to generating high tidal volumes and, consequently, may induce a lower assistance and
ineffective matching with the patient’s inspiratory flow.

Where to initiate HNIV in chronic COPD patients is still a debated topic. Setting of ventilators is not
simple, high pressure is not always well tolerated and effective reduction of PaCO2

is not simple to reach

Recent admission for acute respiratory failure

needing mechanical ventilation

No Yes

Screening for OSA

Arterial blood gases

1 month after acute event

Hypercapnia

OSA Non-OSA

Bilevel PAPCPAP as first-line treatment

If persistent diurnal hypercapnia

Bilevel PAP

Follow-up with clear objectives

Normal PaCO2

Follow-up

(consider screening for OSA)

FIGURE 1 Chronic hypercapnic respiratory failure and indications for home noninvasive ventilation.
Hypercapnia was defined as arterial carbon dioxide tension (PaCO2

) >50 mmHg. OSA: obstructive sleep apnoea;
CPAP: continuous positive airway pressure; PAP: positive airway pressure.
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and to monitor at home. There are few data comparing titration performed in the hospital with home
titration. In a multicentre study enrolling 67 patients, home titration was showed to be non-inferior in terms
of ability to significantly reduce the diurnal PaCO2

and improve quality of life, allowing a significant cost
saving [18]. However, the follow-up of this study was only at 6 months. More data are needed to
understand if home titration may ensure a good adherence to the therapy and may be effective in terms of
long-term outcomes.

Follow-up of the hypercapnic COPD patient on HNIV
Achieving the target outcomes of HNIV represents a challenge in COPD patients with chronic hypercapnic
respiratory failure. A recent real-life study showed that, among different causes of chronic respiratory
failure with indication for HNIV, COPD patients represent a subgroup in which outcomes such as
improvements in quality of life, sleep quality, adherence and reduction of PaCO2

are reached on average in
30–60% of patients [19]. Nevertheless, adherence to the therapy is very important because it significantly
affects the efficacy of therapy. Many studies assumed a cut-off of 4 h per day, from data coming from
other pathologies underlying chronic respiratory failure. However, a recent study showed that in
hypercapnic COPD patients, longer daily usage of HNIV was associated with a longer time to death, with
the most significant improvement with a usage between 12 and 16 h per day [20]. For these reasons and
because of the low certainty of recommendation to use HNIV in chronic hypercapnic COPD, strict
monitoring should be mandatory to avoid useless costs for the health system. Therefore, it is very
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FIGURE 2 a) Pressure, b) flow and c) oxygen saturation measured by pulse oximetry (SpO2
) data from a patient with chronic hypercapnic COPD

ventilated with bilevel positive airway pressure. In the areas delimited by black boxes on the flow signal, there is an abrupt and intermittent flow
reduction, as a consequence of upper airway obstruction. Despite the ventilator delivering the pre-set pressure support, probably in back-up rate,
almost no volume is received by the patient. As a consequence, a significant oxygen desaturation is evident after 15 s.
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important not only to treat the hypercapnia, but also to have a clear aim for the individual patient (i.e.
reduction of exacerbations, improvement of symptoms, exercise tolerance, or quality of life), which should
be clarified with a standardised timing in the follow-up. Reaching a previously defined outcome may be a
reason to continue to use HNIV despite persistent hypercapnia.

Built-in software for downloading of recorded data is available in almost all ventilators in the market and
represents the best and cheapest way to monitor HNIV. This provides long-term data about adherence to the
therapy (up to some years) with details about interruptions of therapy and leaks for each day. Moreover,
pressure and flow waveforms are available for the last 3–7 days, according to the ventilators used.

Telemonitoring is a promising tool to improve HNIV outcomes in COPD patients and reduce patient admission
[21], although more prospective large multicentre studies are required for standardisation and validation.

Chronic ventilatory support in OHS
OHS is defined by daytime hypercapnia (i.e. PaCO2

>45 mmHg) associated with a body mass index (BMI)
>30 kg·m−2, without any other disorder that may explain hypercapnia [22]. Given the obesity pandemic
[23], OHS has become the most common cause of HNIV support initiation [24].

When to start chronic ventilatory support in patients with OHS
Initiation of HNIV after an acute respiratory failure is associated with a worse outcome than when initiated
electively [25]. Therefore, screening for OHS in obese patients is needed. Such screening is challenging, as
arterial blood gas measurements are not commonly performed in general practices. Therefore, the
measurement of serum bicarbonate level has been suggested, using a cut-off of 27 mmol·L−1 [22, 26].
However, such a screening strategy led to a high false-positive rate [27], given numerous treatments with
an impact on the level of bicarbonates [28]. Other studies have reported an increased likelihood of OHS
with increased BMI, neck circumference and haemoglobin A1c [29, 30]. In the largest cohort, the only
factor associated with OHS in multivariate analysis was the apnoea–hypopnoea index (AHI) [30].

OSA is a key factor for the onset and development of OHS. Severe OSA (AHI ⩾30 events·h−1) is
frequently seen in the OHS population [31]. Hence, performing an overnight sleep study is crucial for
adequate management of patients at risk of OHS. As obese patients are more likely to report excessive
daytime sleepiness [32], an overnight sleep study should be performed in patients with obesity, especially
prior to undergoing surgery. Undiagnosed OHS is associated with an increased risk of post-operative
complications [33] and with an increased mortality [34, 35].

In patients with OHS who are electively initiating HNIV, the decision to initiate will depend on the
presence or absence of severe OSA. In patients with an AHI <30 events·h−1, HNIV initiation is superior to
lifestyle intervention for PaCO2

reduction [36]. Initiation of HNIV also reduces hospitalisation in patients
adherent to ventilatory support use [37]. In patients with an AHI ⩾30 events·h−1 (figure 3), CPAP should
now be considered as the first-line treatment as its short-term and long-term efficacy is similar to HNIV
[31, 38]. To date, there is no predictive factor of CPAP failure or a consensual definition of CPAP.
Switching to HNIV should be considered in patients with persistent hypercapnia despite sufficient
adherence to CPAP, and may be considered in patients not tolerating CPAP [39].

Unfortunately, most patients with OHS have an episode of acute respiratory failure before being
established on HNIV [25, 40]. These patients differ from those managed electively as they have a higher
mortality [25], especially if they are not established on HNIV following their acute respiratory failure [41].
Henceforth, guidelines now advocate for every patient to be discharged with HNIV [26]. As none of the
randomised controlled trials assessing the benefit of HNIV were in patients following an acute respiratory
failure, the best management of patients established on HNIV after an acute event remains to be
determined. As patients with OHS and acute respiratory failure often have acute heart failure [42], an
accurate sleep study cannot be performed during the initial inpatient stay to assess whether the patient has
severe OSA (AHI ⩾30 events·h−1) or non-severe OSA (AHI <30 events·h−1). To determine whether the
patient should continue HNIV or whether switching to CPAP would be preferable, patients should be
re-evaluated within 3 months following discharge [26].

How to start chronic ventilatory support in patients with OHS
Unlike COPD or NMD, patients with OHS have a good prognosis [25, 37] and benefit from chronic
ventilatory support regarding their quality of life and their quality of sleep [43, 44]. Therefore, outpatient
HNIV setup is a safe option in this population. Several studies have assessed the efficacy of outpatient
chronic ventilatory support in patients with restrictive disease including patients with OHS [45, 46]. HNIV
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approaches may have a lower cost than in-hospital approaches [46] but findings vary greatly depending on
national healthcare organisation [47].

In patients with OHS, a pressure support ventilation is generally used, with a respiratory rate set at
2 breaths·min−1 less than the daytime respiratory rate, to avoid emergence of central events [48]. As patients
with OHS have a decreased lung compliance with restrictive ventilatory defect, the level of pressure support
is usually higher than that used in other diseases [25]. Given the high prevalence of OSA in patients with
OHS [31], a high level of EPAP is required to overcome upper airway obstruction. For patients previously on
positive airway pressure, an EPAP set 2 cmH2O below the pressure used previously seems to achieve similar
efficacy in ventilatory support [39]. As for patients with OSA [49], a nasal interface should be used
preferentially. However, in daily practice, most centres are using oronasal interfaces [25, 50].

In patients with OHS, automated modes of ventilation have been more largely evaluated than in other
disease groups. Although some concerns were raised with those modes only including a targeted volume
[51], those that also include an auto-EPAP titration for upper airway obstruction have satisfactory results.
Compared with manually titrated modes, auto-EPAP with targeted volume modes have shown similar
efficacy on the control of sleep disordered breathing, on sleep quality, on PaCO2

reduction and on
improvement in health-related quality of life [47, 52, 53]. The main benefit of these automated modes of
ventilation is the reduction in the time required for HNIV initiation [47, 53].

Follow-up of patients with OHS established on chronic ventilatory support
Objectives of chronic ventilatory support are to normalise daytime PaCO2

, to control upper airway obstruction
and to reduce acute admission for respiratory failure. These goals are usually achievable in patients with
OHS. Normalisation of daytime PaCO2

should be achieved in most patients 3–6 months following initiation of
chronic ventilatory support [36–38, 43, 44, 54, 55]. Control of upper airway obstruction may be monitored
using data from ventilator built-in software [3]. However, the accuracy of these data has not been validated
for all ventilator manufacturers [56] and such data should not be relied upon in the presence of leaks [57].
Therefore, overnight monitoring using oximetry and/or capnography should be performed [58].

Once these objectives are achieved, physicians should consider whether the patients can be stepped down
from ventilatory support to positive airway pressure. Positive airway pressure is cheaper and more
comfortable than ventilatory support. Few studies have assessed such a strategy, but it appears that around
20% of patients will fail such step-down for various reasons: recurrence of hypoventilation, less comfort
using positive airway pressure, or acute respiratory failure [59, 60]. However, as 80% of patients succeed
stepping down from ventilatory support to positive airway pressure, such trials should be performed in
patients with OHS established on chronic ventilatory support. It may be performed a year after initiation of
chronic ventilatory support.

Chronic ventilatory support in NMD
Many NMD can result in chronic ventilatory failure and benefit from home ventilation (table 1) [61]. It is
well known that patients with NMD can have both inspiratory and expiratory muscle weakness and so
apart from NIV they also need cough assistance (which is beyond the scope of this review) [62].
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The specificities of the different NMD will not be covered in this review. Amyotrophic lateral sclerosis
(ALS), an example of a rapidly evolving disease, requires a specific approach particularly for the bulbar
involvement, which may render noninvasive respiratory aids less effective [63]. Discussing respiratory
support management in ALS may make it easier to manage all other NMD.

When to start chronic ventilatory support in patients with ALS
According to the American Academy of Neurology guidelines [64], the presence of hypoventilation
symptoms (e.g. orthopnoea), a maximal inspiratory pressure (PImax) <60 cmH2O/sniff nasal inspiratory
pressure (SNIP) <40 cmH2O, or a forced vital capacity (FVC) <50% constitute an indication to start
ventilatory support. In the absence of PImax and SNIP, a positional change in FVC of >20% (from sitting
to supine) is a specific marker of diaphragm weakness, and supports the initiation of HNIV [65]. Specific
hypoventilation scores [66], sleep disordered breathing questionnaires [67] and dyspnoea scales [68] may
also be used in clinical practice to indicate initiation of HNIV.

Daytime hypercapnia is a late sign in NMD; nocturnal hypercapnia is preferred as an earlier marker of
hypoventilation and should be sought even in patients with normal sleep oximetry levels [69].
Transcutaneous carbon dioxide tension (PtcCO2

) devices to measure nocturnal PaCO2
still have some

technical challenges and measurement failure rates, requiring more supervision when measured at home.
However, they are preferred by patients and families [70].

Although there are no consensual definitions of nocturnal hypoventilation, a 10-mmHg increase in PtcCO2

above baseline, a PtcCO2
>49 mmHg for >10% of the total recording time, or a PtcCO2

peak >55 mmHg are
criteria proposed by experienced centres in NMD [71].

Particularly in ALS, BOENTERT et al. [72] have described four different nocturnal oxy-capnography
patterns: 1) patients with intermittent oxygen saturation without nocturnal hypercapnia (suggestive of pure
OSA); 2) rapid eye movement (REM) sleep desaturation and hypercapnia; 3) desaturation and hypercapnia
present during both non-REM and REM sleep; and 4) nocturnal hypercapnia without any significant
changes of nocturnal oxygen saturation.

Sleep polygraphy or polysomnography may be also useful to detect underlying OSA [72]. In the study by
BOENTERT et al. [72], AHI was ⩾5 events·h−1 in 114 (45.6%), ⩾15 events·h−1 in 41 (16.4%) and
⩾30 events·h−1 in 17 (6.8%) patients with ALS. Median AHI and prevalence of sleep apnoea were
significantly higher in male patients and in individuals with preserved bulbar function [72]. Moreover, the
presence of underlying OSA has been associated with a worse prognosis in ALS [73].

Induced upper airway obstruction in ALS
In NMD, as in other disorders, ventilator settings can be adjusted to ensure sufficient inspiratory assistance
to obtain normal daytime and nocturnal PaCO2

. In the majority of cases, oronasal masks are used for HNIV
initiation, but they may induce upper airway obstruction [74, 75]. Induced upper airway obstruction occurs
more commonly in ALS than in other NMD and may have an impact on long-term outcomes [76]. A
step-by-step approach has been proposed to solve this challenging event [77], starting with an interface
change (from oronasal to nasal mask), an adjustment in bed position (with the use of a pillow for example,
to avoid the position in which events occur), a change of the settings (increase in the EPAP levels up to
14 cmH2O if tolerated) or eventually a titration assisted with video-laryngoscopy [78]. In fact, the
development of a standardised protocol of HNIV titration assisted with video-laryngoscopy [79] will allow
a more complete understanding of the pathophysiology of upper airway obstruction and a better resolution
of these challenging cases.

TABLE 1 List of the most frequent neuromuscular disorders

Duchenne and Becker muscular dystrophy
Steinert myotonic dystrophy
Amyotrophic lateral sclerosis
Spinal muscular atrophies
Limb-girdle muscular dystrophy
Facioscapulohumeral muscular dystrophy
Post-polio syndrome
Myasthenia gravis
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How to succeed with continuous HNIV in NMD: the case for mouthpiece ventilation
When a NMD patient starts to need more than nocturnal HNIV, an interface rotation strategy must be
implemented [80]. Full face masks can be used as an alternative in case of pressure ulcers, at least as a
temporary solution [81].

When ventilator dependency is >10 h·day−1, a second life support ventilator should be offered [61]. When
diurnal ventilatory support is needed and the patient retains sufficient bulbar function (with sufficient
orofacial strength), mouthpiece ventilation (MPV) should be proposed [82, 83]. ALS is the NMD where
MPV may become ineffective earlier [83]. According to BÉDARD and MCKIM [84], the ability to generate a
maximum insufflation capacity–FVC difference, reach a peak cough flow with lung volume recruitment of
180 L·min−1 and a revised ALS Functional Rating Scale bulbar subscale score of ⩾6 points suggest the
patient with ALS may maintain MPV.

Predictors of need for tracheostomy ventilation in ALS
According to BACH et al. [85], tracheostomy ventilation (TV) should be offered to fully dependent patients
that cannot maintain oxygen saturation >95% in spite of well-controlled continuous HNIV and
well-tailored mechanical in-exsufflation. According to this study [85], if not tracheotomised, this patient
subgroup, which is characterised by poorer glottic function, will eventually die within 2 months.

Long-term tracheostomy ventilation: outcomes
In the 2001 Eurovent survey, 24% of NMD patients ventilated at home in Europe were under TV [86],
especially in longer established centres (like Denmark and the Netherlands). Survival after TV in ALS is
typically >30 months [87–89], so switching from NIV to TV extends survival in ALS [90], and this option
should be kept in mind after formal elective patient and caregiver education [91]. For patients under TV that
have impaired communication, complementary use of eye-tracking assistive devices improves quality of life
for patients and reduces caregivers’ burden [92]. More sophisticated technologies like fully implanted brain–
computer interfaces may allow for communication even in the locked-in ALS TV patients [93].

Conclusions
In conclusion, HNIV has been shown to improve outcomes in chronic hypercapnic respiratory failure,
whatever the underlying pathophysiology. However, indications to start are quite different, nocturnal
hypoventilation detection being the best time to recommend HNIV for NMD and OHS patients. The
settings may also be different, with the suggestion of using high inspiratory pressure in COPD patients. In
all cases, waveform detail monitoring allows the improvement of titration of HNIV, above all when upper
airway obstruction is present. In overlap patients with OSA (COPD and OHS) a trial with CPAP as
first-line therapy may be cost saving and better tolerated, with a similar outcome to bilevel modes.
Outcomes of HNIV are not only merely the reduction of PaCO2

, but also improvement of quality of life,
quality of sleep, access to healthcare resources and mortality. The efficacy of HNIV in improving these
outcomes has been shown to be different according to the underlying pathologies. Follow-up of these
chronic care patients is a challenge and further studies should address telemonitoring to improve adherence
and outcome of HNIV in all chronic hypercapnic respiratory diseases.

Key points
• Capnography is essential to detect nocturnal hypoventilation.
• COPD patients with persistent hypercapnia may be candidates for HNIV.
• Patients with acute exacerbations of COPD should be recommended for HNIV if hypercapnia persists after

2–4 weeks.
• Screening for OSA in COPD and OHS patients may allow treatment with CPAP as first-line therapy.
• Built-in software is crucial to monitor adherence to the therapy and presence of leaks and upper airway

obstruction as main causes of asynchronies and ineffective therapy.
• Patient–ventilator matching is essential in COPD and residual obstructive events are a challenge in NMD

(especially in ALS).
• Maintaining an effective method of communication is a primary requirement for achieving a reasonable

health-related quality of life in ALS patients using tracheostomy ventilation.
• Telemonitoring should be developed to improve follow-up of home ventilated patients.
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