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Summary.

The use of non invasive mechanical ventilation (NIV) in acute hypercapnic respiratory
failure, cardiogenic pulmonary oedema, acute lung injury/acute respiratory distress syndrome
(ARDS), community-acquired pneumonia, weaning/post-extubation failure is considered common
in clinical practice. We review the use of NIV in unusual conditions.

Evidence supports the use of NIV during fiberoptic bronchoscopy especially with high risks
of endotracheal intubation (ETI), such as in immunocompromised patients. During trans-
esophageal echocardiography as well as in interventional cardiology and pulmonology, NIV can
reduce the need of deep sedation or general anaesthesia and prevent respiratory depression
induced by deep sedation. NIV may be useful in postsurgery including cardiac surgery, and with
lower level of evidence in patients with pulmonary contusion. NIV should not be considered as an
alternative to ETI in severe communicable airborne infections likely to progress to ARDS. NIV is
being used increasingly as an alternative to ETI in end-stage symptomatic patients, especially to
relief dyspnoea. The role of assisted ventilation during exercise training in COPD patients is still
controversial.

NIV should be applied under close monitoring and ETI should be promptly available in the
case of failure. A trained team, careful patient selection and optimal choice of devices, can

optimise outcome of NIV.
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Non invasive mechanical ventilation (NIV) is one of the most important developments in
respiratory medicine over the past 15 years [1,2] and is increasingly being used in many countries,
with a highly variable frequency of use [3]. A literature research since 1966 to December 2010
(key word: Noninvasive ventilation; Source PubMed) shows 3550 (678 reviews) references. A
recent study describing current mechanical ventilation practices found that, compared with 1998,
in 2004 the use of NIV increased (11.1 versus 4.4%) in 349 intensive care units (ICU) in 23 countries
[4]. Although continuous positive airway pressure (CPAP) is not considered as a form of ventilation
since no inspiratory aid is applied, according to the International Consensus Conference 2001 [5],
NIV is defined as any form of ventilatory support applied without endotracheal intubation (ETI).
Strong evidence supports the use of NIV for acute respiratory failure (ARF) to prevent ETI as well
as to facilitate extubation in patients with acute exacerbations of chronic obstructive pulmonary
disease (COPD) and to avoid ETI in acute cardiogenic pulmonary oedema, and in
immunocompromised patients. Weaker evidence supports the use of NIV for patients with ARF
due to asthma exacerbations, with postoperative or postextubation ARF, pneumonia, acute lung
injury (ALI), acute respiratory distress syndrome (ARDS) [1,2]. A recent survey [3] asked physicians
about only four “common” case scenarios of their own clinical experience with NIV: acute
hypercapnic respiratory failure, cardiogenic pulmonary oedema, ALI/ARDS/community-acquired
pneumonia/post surgical (de novo respiratory failure); weaning/post-extubation failure.
Nevertheless many other potential applications are undergoing investigation. This review will

III

focus on recent developments on potential “unusual” application of NIV.

Diagnostic Maneouvres



Fiberoptic Bronchoscopy. In hypoxaemic patients to be investigated for respiratory
diseases, a bronchoscopy, may be mandatory, but potentially risky. 10-15% of the normal tracheal
lumen may be occupied by the bronchoscope, potentially resulting in increased work of breathing
(WOB), oxygen desaturation, respiratory complications and cardiac arrhythmias [6,7]. Hypoxaemia
is worsened by local anesthetics or saline solution into the lower airways and even more by
performing bronchoalveolar lavage (BAL) [8]. Hypoxaemia associated cardiac arrhythmias
(observed in 11-40% of patients undergoing bronchoscopy) are seldom clinically important. It has
been reported that BAL performed in the ICU does not significantly increase ETI requirements in
critically ill cancer patients with ARF, compared to non invasive diagnostic testing for identifying
the cause of ARF in these patients [9]. Nevertheless the American Thoracic Society (ATS),
recommends avoiding flexible bronchoscopy and BAL in patients with arterial oxygen tension

(PaO>) levels that cannot be corrected to at least 75 mm Hg or to an arterial oxygen saturation
(Sa03) of > 90% with supplemental oxygen [10]. In these higher-risk patients when non-invasive

diagnostic tests are not conclusive, avoidance of bronchoscopy, means to be compelled to
empirical treatment. As a consequence, when bronchoscopy is mandatory only ETlI and mechanical
ventilation can assure adequate ventilation during the maneouvre. Invasive mechanical
ventilation is not risk free. Most of the complications of invasive mechanical ventilation (Tablel)
are related to the ETI, to baro- or volu-trauma and to the loss of airway defence mechanisms;
some others may follow the extubation [11]. Non-invasive mechanical ventilation may avoid most
of these complications, especially ventilator acquired pneumonia, ensuring at the same time a

similar level of ventilatory efficacy [1,2,12].

Confirming a preliminary study [13], in a randomised controlled trial (RCT) mask CPAP

reduced the risk of ARF following bronchoscopy in severe hypoxaemic patients [14]. Another RCT



[15] in hypoxaemic patients, showed that NIV increased the PaO; to oxygen inspiratory fraction
(PaOy/FiOy) ratio whereas the patients randomised to conventional oxygen therapy suffered from

a worsening in oxygenation during bronchoscopy. NIV —assisted bronchoscopy has also been
reported to be useful in hypercapnic COPD patients with pneumonia [16]. Flexible bronchoscopy in
spontaneously breathing young children was associated with significant decreases in tidal volume
and respiratory flow which were reversed by CPAP [17]. In patients with acute exacerbation of
COPD due to community acquired pneumonia, candidates for ETI because of hypercapnic
encephalopathy and inability to clear copious secretions, NIV with early therapeutic bronchoscopy

performed by an experienced team was considered as a feasible, safe and effective strategy [18].

From these observations the use of NIV during fiberoptic bronchoscopy is supported by
evidence and should be considered for use, especially when risks of ETI are high, such as in
immunocompromised patients. However, an expert team besides competences in endoscopy and
in NIV use should be offered the availability of emergent intervention [1]. Non invasive ventilation
during bronchoscopy may be performed by means of commercial or modified oro-nasal or full face

masks [19]. (Figure 1)

Trans- Esophageal Echocardiography (TEE). In orthopnoeic cardiac patients needing TEE,
NIV can reduce the need of deep sedation or general anaesthesia. We have recently reported the
use of NIV-aided TEE under sedation in severely orthopnoeic patients with severe aortic valve
stenosis [20]. Non invasive ventilation and continuous TEE were performed with the TEE probe
passed through a modified face-mask, (Figure. 2) throughout percutaneous aortic valve

implantation and aortic valvuloplasty procedures without technical problems or respiratory or



haemodynamic complications. Non invasive ventilation allowed to perform continuous TEE

examination in lightly sedated patients, so avoiding ETl and general anaesthesia.

Major Surgery

Abdominal and thoracic surgery. Major abdominal and thoracic surgery may be fatally
complicated early after surgery by ARF. Anaesthesia, site of surgery ( e.g. the upper abdomen
surgery, approaching the diaphragm) and pain may induce atelectasis and diaphragm dysfunction.
Pulmonary atelectasis after major surgery is frequent in the dependent parts of the lungs of most
anesthetised patients (even more frequently in morbid obese patients) [21] and may predispose
patients to pneumonia. Atelectasis is associated with reduction in lung compliance, hypoxaemia,
increased pulmonary vascular resistance, and possibly lung injury potentially resulting in life
threatening ARF, or at least delaying patient recovery. Maintenance of adequate oxygenation in
the postoperative period is therefore mandatory [22]. Non invasive ventilation may be an
important tool to prevent (prophylactic treatment) or to treat ARF (curative treatment) avoiding
ETI [23,24]. The aims of NIV in postsurgery are i- to reduce the WOB; ii- to improve alveolar
recruitment resulting in better gas exchange and iii- to reduce left ventricular after load increasing
cardiac output and improving haemodynamics [23,24]. Evidence suggests that NIV, as a
prophylactic or curative treatment, may be effective to reduce ETI rates, nosocomial infections,
ICU and hospital lengths of stay, morbidity and mortality in postoperative patients [23,24]. Both
mask CPAP and positive pressure ventilation (PPV) have been successfully used in the

postoperative period [25,26].



Compared with standard treatment, non invasive CPAP after major abdominal or
thoracoabdominal aneurysm surgery improved hypoxaemia and reduced complications such as
pneumonia, atelectasis, and the need of ETI [27,28]. Non invasive ventilation substantially
improved gas exchange and pulmonary function after gastrosplasty in obese patients [29] and was
also effective in patients with ARF and/or massive atelectasis after liver resection [30]. A case-
control study reported that NIV for the treatment of post-oesophagectomy ARF may decrease the
incidence of ETI and related complications, without increasing the risk of anastomotic leakage
[31]. Preventive NIV use before [32] or immediately after thoracic,[33] cardiac [34] or vascular [28]
surgery may reduce atelectasis. A prospective study [35] evaluated early NIV use for ARF after
lung resection during a 4-year period in the setting of a medical and a surgical ICU of a university
hospital. Among 690 patients at risk of severe complications following lung resection, 16.3%
experienced ARF, which was initially supported by NIV in 78.7%, including 59 patients with
hypoxaemic (66.3%) and 30 with hypercapnic ARF (33.7%). The overall NIV success rate was 85.3%,
in-ICU mortality was 6.7% whereas mortality rate following NIV failure was 46.1%. Predictive
factors of NIV failure were age, previous cardiac comorbidities, postoperative pneumonia,
admission in the surgical ICU, no initial response to NIV and occurrence of non infectious
complications. Only two independent factors were significantly associated with NIV failure: cardiac
comorbidities (odds ratio, 11.5; 95%) and no initial response to NIV (odds ratio, 117). Furthermore,
NIV to treat early ARF after lung resection improved survival in one randomised study [36].
Current evidence shows that NIV associated with physiotherapy is safe and effective in reducing
postoperative complications and in improving patient recovery, thus enhancing the choice of
available medical care and improving outcome in lung resection surgery [37,38]. Although NIV has
been successfully used after thoracic surgery, NIV fails in about 20% of patients. In a study aimed

to assess possible risk factors for NIV failure in this condition, 20.3% of patients undergoing lung



resection or pulmonary thrombo-endoarterectomy needed ICU admission and 29.6% of 135
patients undergoing NIV, needed ETI [39]. Four independent variables were associated with NIV
failure during the first 48h: increased respiratory rate, increased Sequential Organ Failure
Assessment (SOFA) score, number of fiberoptic bronchoscopies performed, and number of hours
spent on NIV. Nosocomial pneumonia was the leading cause of respiratory complications and
occurred more in patients with NIV failure. Patients in the failure group had also a higher
mortality rate [39]. Non invasive ventilation can play an important role to prevent postoperative
pulmonary complications also in high-risk chronic ventilators users as a consequence of a
restrictive lung pathology [40]. Other studies show that NIV has a role also in ARF after solid organ

transplantation (liver, lung, renal) [41,42].

Despite few studies have examined different techniques to treat or prevent complications
following various surgeries, NIV should be considered among the recommended options for post-

surgical patients [1].

Cardiac-Surgery. Non invasive ventilation has been used postoperatively also in cardio-
surgery patients. In 96 patients undergoing coronary artery revascularization with mammary
arteries [34], different modalities of NIV in the first two days after surgery were compared to the
effect on lung function tests of conventional physiotherapy using incentive spirometry [38].
Patients were randomised to receive either non invasive inspiratory pressure support (IPS) or
CPAP for one every three hours. A third group underwent incentive spirometry for 20 min every 2
hours. The use of CPAP and NIV was effective in decreasing the negative effect of coronary surgery
on pulmonary function, as shown by significant reduction of venous admixture and improved vital

capacity (VC), FEV1 and PaO5. In a randomised study in 150 patients after cardiac surgery [43] the



non invasive application of external positive end-expiratory pressure (PEEP) 5 cm HO plus IPS 10
cm H>O for 30 min was superior to CPAP 5 cm HO in improving pulmonary atelectasis, but did

not confer any additional clinical benefit in terms of oxygenation, pulmonary function tests, or ICU
length of stay. In 2009 a prospective randomised study in 500 patients [44] investigated the

efficacy of prophylactic nasal 10 cm HO CPAP for at least 6 hours/day in preventing pulmonary

complications after elective cardiac surgery in comparison with standard treatment. In the study
group, CPAP improved arterial oxygenation, reduced pulmonary complications including
pneumonia and reintubation rate, and reduced readmission rate to ICU or intermediate intensive
care unit. More recently [45] 35% of 2261 spontaneously breathing post cardiac surgical patients
after primarily successful extubation, were diagnosed with ARF. Only 7% of patients did not
tolerate NIV, whereas in 93% NIV was performed. In patients with ARF, ejection fraction was
lower, combined cardiac surgical procedures were more frequent, postoperative mechanical
ventilation time was longer, and the severity of illness score was higher. The duration of
catecholamine support was longer, and the transfusion rate was higher in the NIV group.
Furthermore, mortality did not differ between patients with ARF treated by NIV and patients
without ARF. Reintubation after cardiac operations should be avoided since non invasive CPAP and
PPV are safe and effectively improve arterial oxygenation in the majority of patients with non
hypercapnic oxygenation failure. However, it is of great importance to pay special care to sternal
wound complications [46].

With negative-pressure ventilators through “cuirass”, "ponchowrap" applicators or “iron
lung” the chest wall is exposed to subatmospheric pressure during inspiration, resulting in airflow
into the lungs through the mouth and nose. When the pressure around the chest wall returns to

atmospheric, expiration occurs passively owing to the elastic recoil of the lungs and chest wall. At



the present time there are five modes for delivering negative pressure ventilation: intermittent
negative pressure ventilation (INPV), negative/positive pressure, continuous negative pressure
(CNEP), negative pressure/CNEP, external high frequency oscillation [47]. Modalities of negative
pressure ventilation have been used either alone or in addition to PPV in cardiac surgery patients.
A pilot study showed that CNEP attenuates the negative effects of PPV on cardiac output of these
patients [48]. Prophylactic application of CNEP immediately after extubation decreased right
ventricular load and improved arterial oxygenation in 16 infants and children managed in a

paediatric ICU after surgery for congenital heart defects [1, 49].

Thoracic trauma

Pulmonary parenchimal contusion is the most frequent lesion, whereas flail chest is a rare
finding in multiple trauma patients [50]. Since eighties’ CPAP was used to treat thoracic trauma.
Nevertheless ETI and mechanical ventilation are the choice treatment of blunt chest trauma, a
frequent picture in multiple trauma patients [51], prolonged mechanical ventilation being mainly

associated with bilateral chest injuries, increased age, and severity of neurological damage [52].

Non invasive CPAP and bilevel positive airway pressure have been increasingly applied in
clinical practice of trauma patients. With the contribution of appropriate pain management
protocols, there has been a decrease in the incidence of ETI in blunt thoracic trauma [53]. In an
uncontrolled study 33 trauma hypoxaemic but not hypercapnic patients were treated with CPAP
via a snug-fitting face mask. All patients had demonstrated prolonged hypoxaemia despite
supplemental oxygen before CPAP. The therapeutic goal of PaO2/FIO2 ratio greater than 300 was

achieved in 32 of 33 patients. Only 2 patients (6%) required ETI, but neither for hypercapnia [54].
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In another study NIV was evaluated in the treatment of multiple rib fractures [55] in 69 patients
randomly allocated to one of the following two treatments: (1) a CPAP mask combined with
regional analgesia; or (2) ETI and mechanical ventilation with PEEP. Clinical outcome was as
follows: the mean duration of treatment, ICU and hospital length of stay, and complications were
lower for the group with CPAP. Infections caused the difference in complications, primarily

pneumonias, which occurred in 14% of the group with CPAP but in 48% of the ETI group [55].

On the basis of non randomised studies [56,57] guidelines for NIV recommend (although
with low level of evidence) CPAP in patients with thoracic trauma who remain hypoxic despite

regional anaesthesia [2,58]. More recently in a single-center RCT patients with PaO5/FiO; ratio

<200 for longer than 8 hours under high-flow oxygen within the first 48 hours after thoracic
trauma, were randomised to remain on high-flow oxygen mask or to receive NIV. The interface
was selected on the basis of the associated injuries. Thoracic anaesthesia was universally supplied
unless contraindicated. After 25 patients were enrolled in each group, the trial was prematurely
stopped for efficacy because the ETI rate was much higher in controls than in NIV patients. Non
invasive ventilation was considered as the only variable independently related to ETI. Furthermore
hospital length of stay was shorter in NIV patients [59]. Although with low level of evidence these
studies indicate that NIV may represent a valuable alternative to ETI in patients with pulmonary

contusion [60].

Minimally invasive interventional techniques
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Interventional Cardiology. Recent advances in interventional techniques have made it
possible to offer minimally invasive treatment of aortic valve stenosis to elderly patients who
cannot undergo standard surgical treatment due to a compromised overall health status or severe
comorbidities, as pulmonary disease. In this condition orthopnoea prevents a prolonged supine
position. We have recently reported our initial experience with NIV in interventional cardiology
[61] to support patients with severe pulmonary disease, undergoing percutaneous implantation of
an aortic bioprothesis for severe valve stenosis. Non invasive ventilation was delivered in IPS +
PEEP modality under conscious sedation through an adult oro-nasal mask. (Figure 2) Non invasive
ventilation is started in the sitting position and maintained for 10 min to allow the patient to adapt
to both the mask and the ventilatory modality. Thereafter, the patient is placed in the supine
position under NIV, which is performed throughout the procedure and continued in the ICU. In our
experience NIV allowed to avoid general anaesthesia, to alleviate orthopnoea and to prevent ARF

[61].

Interventional Pulmonology. Vitacca et al. [62] found that INPV by a poncho-wrap may be
useful in reducing apnoeas during laser therapy under general anaesthesia, thus reducing
hypercapnia, related acidosis and need for oxygen supplementation and related hazard of
combustion. In a following study [63], as compared to spontaneous ventilation, INPV in paralysed
patients during interventional rigid bronchoscopy reduced administration of opioids, shortened
recovery time, prevented respiratory acidosis, excluded the need for manually assisted ventilation,

reduced oxygen need and afforded optimal surgical conditions [63,64].

Video-assisted thoracoscopic surgery (VATS) is a minimally invasive technique allowing for

intrathoracic surgery without formal thoracotomy and its accompanying complications [65]. This
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technique requires the exclusion of a lung from ventilation. In order to support one-lung
spontaneous ventilation in a high-risk patient, we successfully used facemask IPS [66] associated
to regional anesthesia. Although these patients pose substantial challenges to the anaesthetist,
based on this preliminary experience, we think that critically ill patients scheduled for palliative
surgery can be successfully managed with the combination of minimally invasive surgical
techniques, neuraxial block and NIV.Our unpublished experience combined with evidence from
published case reports of the combination of NIV and regional anaesthesia techniques [67-71]
suggests that even critically ill patients may successfully undergo major abdominal and thoracic

surgery in this manner.

Pandemics.

In the fifthies of the last century the INPV by iron lung increased the survival during the
polio epidemic [72] nevertheless, during the following decades INPV played only a minor role. Use
of NIV for severe acute respiratory syndrome (SARS) and other airborne diseases leading to ARF
has been debated. Indeed there is concerning whether NIV be considered a high-risk procedure in
infectious diseases like TB or recent pandemics [73]. On the basis of a previous experience [74]
with SARS, in which some caregivers were contaminated when a patient underwent ETI after NIV
failure, use of this technique was discouraged for patients with this disease. A study observed a
greater risk of developing SARS for physicians and nurses performing ETI (relative risk [RR], 13.29)
and NIV (RR, 2.33 : that is lower than for ETI), whereas nurses caring for patients receiving high-
frequency oscillatory ventilation did not appear at an increased risk (RR, 0.74) compared with their
respective reference cohorts [75]. However, subsequent studies [76-78] from China reported no

evidence of viral spread to caregivers under appropriate precautions.
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During the more recent HIN1 influenza pandemic, although adverse effects were not
reported [79,80] NIV success rate was highly variable [81,82]. A document endorsed by the
European Respiratory Society (ERS) and the European Society of Intensive Care Medicine (ESICM)
stated that NIV should not be considered as an alternative to ETI in ARF secondary to H1IN1
infection that is likely to progress to ARDS [82]. According to this document NIV might be
considered to prevent further deterioration and need for ETI in patients with mild to moderate
hypercapnic or hypoxaemic ARF, and/or distress due to cardiogenic pulmonary oedema, in the
absence of pneumonia, multiple organ failure, and refractory hypoxaemia. It can be also used to
prevent post-extubation respiratory failure in patients with resolving ARDS secondary to HIN1

infection, preferentially when the patient is no longer contaminated [83].

Indeed some clinicians consider this technique contra indicated in ARF due to
communicable respiratory airborne diseases unless used inside a negative-pressure isolation room
with strict precautions. Recent reports have demonstrated that the use of different facial masks
for NIV may be associated with a substantial exposure to exhaled air which occurs within a one
meter region, from patients, with differences according to the type of mask, and enhanced with
increased leakage from face masks, and with higher inspiratory pressures [84,85]. Another study
showed that NIV and chest physiotherapy are droplet-generating procedures, producing droplets
of > 10 um in size. Due to their large mass, most fall out on to local surfaces within 1 m. These
findings confirm that health-care workers providing NIV and chest physiotherapy, working within 1
m of an infected patient should have a higher level of respiratory protection, but that infection

control measures designed to limit aerosol spread may have less relevance for these procedures
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[86]. World Health Organization has included NIV among aerosol-generating procedures in which
the risk of pathogen transmission is possible [87]. However, as the procedure of ETI processes a
higher risk of disease transmission and associated complications, the use of NIV as initial ventilator
support for ARF in the presence of highly transmissible diseases is a reasonable option under strict

infection-control measures.

Technical issues should be considered in cases of ARF induced by contagious infectious
diseases. Ventilators equipped with a double-line circuit without an expiratory port (i.e. whisper,
plateau exhalation valve, anti-rebreathing valve etc) should be preferred. This choice avoids the
dispersion of expiratory air containing infected particle through the intentional leaks of a single-
line circuit. Full-face or total-face mask should be preferred to nasal mask in order to prevent the
potential spreading of the contaminated exhaled air particles though the non-intentional mouth
air leaks. Under this perspective, the choice of the brand and of the size that best fit the anatomy
of the patient’s face profile together with the delivery of adequate levels of pressures is crucial to
minimise non-intentional air leaks around the interface. Healthcare workers should be aware of
the potential risks of caring for contagious patients during NIV application, and should take
appropriate contact and droplet precaution. Specifically, clinicians should care special attention
during the phases of disconnection of the patient from the NIV: it’s advisable to quickly switch the
ventilators off as soon as the circuit is taken away from the mask to prevent the dispersion of the
all expiratory flow nearby the healthcare workers. In general, prudent isolation of the patient
coupled to protective measures for care providers and other patients are the keys to limit disease

transmission ( Table 2) [83].

Palliative and end of life care
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As reported in a recent survey, using a specifically designed questionnaire on the families’
attitudes regarding end-of-life care in the last 3 months of life of patients on home mechanical
ventilation, the majority of patients complained respiratory symptoms [88]. Symptom burden and
palliative care needs of breathless patients with severe COPD are considerable and as high as
among patients with advanced primary and secondary lung cancer although patients with COPD
have a longer survival [89]. The goal of palliative care is to prevent and relieve suffering and to
support the best possible quality of life for patients and their families, regardless of the stage of
disease or the need for other therapies. Using these definitions, palliative care includes end-of-life
care, but is broader and also includes care focused on improving quality of life and minimising
symptoms like dyspnoea [90]. Patients with COPD are at risk for ARF and recent advances in NIV
use raise questions about the use of this technology in the palliative care setting [90,91]. Despite
some previous guidelines did not mention [92] NIV is being used increasingly as an alternative to
ETl in end-stage symptomatic patients, especially to relief dyspnoea [93-97]. Therefore more
recent guidelines have incorporated such notion with limitation that “As relief of dyspnoea with
NIV may not relate to changes in arterial blood gases, it is appropriate to reassess the
breathlessness experienced by patients receiving such ventilatory support at frequent intervals”
[98]. A recent European survey in respiratory intermediate care units has shown that NIV was used
as the ceiling of ventilatory care in almost a third of the patients [99]. A self administered, postal
survey of all practicing intensivists, pulmonologists, and respiratory therapists at 20 North
American centers between 2003 and 2005 showed that for patients with do-not-intubate (DNI)
orders, many physicians used NIV, and many respiratory therapists were asked to initiate NIV,
most often to treat COPD and cardiogenic pulmonary oedema [100]. Observational as well as

clinical trials have recently underlined and confirmed [101-103] the role of NIV as an effective
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alternative to ETI in those patients with chronic disease and poor life expectancy (with or without
COPD) showing that this ventilatory technique may favourably reduce dyspnoea shortly after
initiation even without an associated episode of hypercapnic ARF. It was demonstrated that about
half of the patients survived the episode of respiratory distress and were discharged from the

hospital.

The Society of Critical Care Medicine has recently charged a Task Force with developing an
approach for considering NIV use for patients who choose to forego ETI. The use of NIV for
patients with ARF could be classified into three categories: 1) NIV as life support with no preset
limitations on life-sustaining treatments, 2) NIV as life support when patients and families have
decided to forego ETI, and 3) NIV as a palliative measure when patients and families have chosen
to forego all life support, receiving comfort measures only. The Task Force suggested an approach
to use NIV for patients and families who choose to forego ETI. NIV should be applied after careful
discussion of the goals of care, with explicit parameters for success and failure, by experienced

personnel, and in appropriate healthcare settings [1,104,105].

The use of NIV in these extreme circumstances should keep into account ethical, legal and
religious issues. A Spanish study concluded that the use of NIV offers very low expectations in
medium-term survival in DNI patients. The main reason may be that, in a country with little
experience in advanced directives, the DNI statement coincides with the final stages of disease

progression [106].

Rehabilitation
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In the most compromised COPD patients extreme breathlessness and muscle fatigue limit
training at the highest levels of exercise intensity prescribed in pulmonary rehabilitation programs.
Increased WOB also contributes to dyspnoea and exercise limitation [107]. In COPD patients NIV
during exercise, reduces dyspnoea and increases exercise tolerance [108,109], without relevant
hemodynamic effects [110]. Inspiratory support provides symptomatic benefit by unloading the
ventilatory muscles [111] and CPAP counterbalances the intrinsic PEEP [112,113]. Nevertheless,
the role of assisted ventilation during exercise training in COPD patients is still controversial [114-
118]. More evidence is required to better define the role of ventilatory support in routine training
sessions in COPD [119]. Furthermore it has been reported that in chronic hypercapnic COPD under
long term ventilatory support, NIV can also be administered during walking, resulting in improved
oxygenation, decreased dyspnoea and increased walking distance. Therefore NIV during walking
could prevent hypoxia-induced complications [120,121]. Nocturnal NIV has been suggested as an
addition to diurnal pulmonary rehabilitation in COPD patients [122,123]. Non invasive ventilation

has been used as an aid to exercise also in patients with restrictive ventilatory pattern [124,125].

In conclusion although NIV is a consolidated therapeutical tool in several respiratory

conditions [1,2], its potential usefulness is far from being completely elucidated. More RCT are

needed to confirm the promising results in the reviewed “unusual” and other conditions.
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Legends
Figure 1. Use of NIV during Bronchoscopy and BAL. Bronchoscope is introduced through a

handmade hole in the mask.

Figure 2. Non invasive ventilation and continuous TEE performed with the TEE probe passed

through a modified face-mask, throughout percutaneous aortic valve implantation.
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