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Noninvasive ventilation (NIV) is used to provide ventilator 
support with the aim of avoiding the complications of 
invasive mechanical ventilation. These include direct 
lesions of the patients’ pharyngeal, laryngeal and tracheal 
structures, and, more importantly, nosocomial infections. 
Of the latter, ventilator-associated pneumonia (VAP) is 
the most relevant, but the need for sedation to tolerate the 
invasive airway and the more invasive monitoring may result 
in increased infectious complications outside the lungs as 
well (1,2). Groups of patients who benefit most from NIV 
include exacerbation of chronic obstructive pulmonary 
disease (COPD), acute cardiogenic pulmonary edema, and 
patients with immunosuppression (1-3).

Acute respiratory failure is one of the major problems 
leading to admission to the intensive care unit (ICU). 
Although this term is often used for a variety of clinical 
situations, it can be useful to differentiate two major groups 
of underlying causes. In a landmark paper published in 
1982, Roussos and Macklem (4) suggested distinguishing 
between gas-exchange failure of the lungs, which 
mainly leads to hypoxemia, and failure of the muscular 
“pump”, which usually causes hypercapnic acidosis. This 
pathophysiological classification of the underlying cause of 
respiratory failure cannot always be applied in mixed forms, 
but consideration of it should have a major impact on 
ventilator treatment strategy.

The primary target in ventilatory pump failure is to 
support the patients’ respiratory muscular effort whenever 
necessary. This can be achieved by a low positive end-

expiratory pressure (PEEP) or continuous positive airway 
pressure (CPAP) and moderate to high inspiratory pressure 
support. If complete decompensation of the ventilator 
muscle pump can be avoided, this support can usually be 
interrupted, which comprises a therapeutic domain for NIV.

On the other hand, in patients with impaired gas-
exchanging function, the primary target is to restore the 
reduced end-expiratory lung volume (EELV) without further 
damaging the inflamed and vulnerable lung by mechanical 
stress associated with high transpulmonary driving pressures 
caused by both patient and ventilator (5,6). This can be 
mainly achieved by ventilator support that uses moderate 
to high PEEP or CPAP, which may restore impaired 
EELV and lung compliance and thereby often normalizes 
work of breathing and ventilator drive. As denoted by the 
term CPAP, the pressure should be applied continuously 
and without interruption, which could otherwise result in 
immediate re-collapse of recruited alveoli (7). A moderate 
to high CPAP with no or only minor inspiratory pressure 
support can be generally applied by a non-invasive airway 
interface such as a face mask or helmet, but NIV is by 
nature an intermittent form of ventilator support, which has 
to be paused on the long term due to patient discomfort, 
removal of secretions, etc. The helmet can be used for 
longer at a stretch (8) and is more capable of attaining 
higher and reliable PEEP/CPAP application (9).

The primary cause of impaired EELV and arterial 
oxygenation is acute respiratory distress syndrome (ARDS), 
caused by an acute inflammatory lung injury and non-
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cardiogenic pulmonary edema (10). In a recent international 
prospective observational study (LUNG-SAFE trial) (11), 
over 10% of 29,144 patients admitted to the ICU fulfilled 
ARDS criteria. The authors summarized that ARDS is still 
often unrecognized, undertreated and associated with high 
hospital mortality rate between 35% (mild ARDS) and 46% 
(severe ARDS).

The LUNG-SAFE trial showed that NIV is used in about 
15% of patients with ARDS independent of ARDS severity (11).  
NIV failure rates were up to 45% in most severe ARDS 
patients and patients with a PaO2/FiO2 <150 mmHg  
that were treated with NIV showed an increased ICU 
mortality compared to invasive mechanical ventilation from 
the outset (12).

ARDS in patients with cancer

In a recent issue of the Journal of Critical Care, Neuschwander 
and colleagues (13) analyzed the use and outcome of NIV 
during ARDS in the special group of patients with cancer. 
The objectives of the study were to describe the outcome 
of patients with different types of malignancies and ARDS 
treated with NIV and to evaluate factors associated with NIV 
failure. Therefore, they retrospectively analyzed individual 
patient data from six previously published studies (prospective 
und retrospective) of patients with cancer who required 
ICU admission between 1990–2011 in 14 university centers 
in France and Belgium. ARDS was retrospectively defined 
according to the current Berlin Definition criteria (10). NIV 
was defined as a procedure involving a face or nasal mask for 
more than one hour. The use of NIV for preoxygenation 
before endotracheal intubation and the use in the treatment 
of obstructive sleep apnea syndrome were excluded. Finally, 
NIV failure was defined as the need of invasive mechanical 
ventilation during the ICU stay.

They conclude that NIV was frequently used during 
ARDS in patients with cancer regardless of the severity with 
peak use at the beginning of the 2000s. An ARDS related to 
pulmonary infection, a severe ARDS and other additional 
organ dysfunction like acute kidney injury or shock were to 
be associated with NIV failure. The NIV failure itself, the 
severe form of ARDS and associated organ failure where 
associated with hospital mortality.

NIV in patients with cancer—is everything clear 
now?

As the authors mentioned themselves, there are several 

aspects in the study which need to be discussed as potential 
limitations possibly leading to wrong conclusions.

First of all, the patient characteristics according to the 
underlying cancer are not well distributed. There is a high 
rate of hematologic malignancies in the two groups (80% 
in the group of patients never received NIV vs. 94% in the 
group of patients who received NIV) and only a small rate 
of solid tumors (20% vs. 6%). The type of solid tumors 
is not mentioned although it may have an impact if it is a 
primary lung tumor or a tumor with pulmonary metastases. 
Furthermore, the stage of cancer is not specified in the text 
and there is no information given about patients’ refusal 
of invasive mechanical ventilation or other limitations of 
medical treatment.

The second important point is NIV itself. The data was 
collected within 21 years [1990–2011]. In this period, the 
importance of NIV changed and there were also multiple 
changes in the management of patient with ARDS in the ICU. 
Given this limitation, the lack of information in the study 
about the ventilator settings like the level of PEEP, pressure 
support, tidal volume or length of NIV-sessions is particularly 
relevant. As known from other studies, even when 
respiratory failure is recognized as an ARDS, mechanical 
ventilation is often inadequate (e.g., inadequately low 
PEEP, larger tidal volume). In their study, NIV was used in 
all ARDS subgroups with no significant difference between 
the groups and it tended to be lowest in mild ARDS group 
though a contradiction between the text and the related 
Figure 2 confuse the issue. The low use of NIV in mild 
ARDS seems surprising, but may be due to underdiagnosis 
of ARDS in line with recent findings (11).

Furthermore, delayed intubation could not be assessed 
in the study. This is especially important because this 
could have a notable effect on the higher mortality for the 
patients with NIV failure. The association between delayed 
intubation and mortality has been shown in before (14). 
This may in part explain why patients with NIV failure 
in the study had a significantly higher rate of shock, acute 
kidney failure and a higher SOFAC (SOFA score without 
respiratory parameters) compared to the patients with NIV 
success. It also remains unclear which aspects finally lead to 
NIV failure. Was it the increasing respiratory failure under 
NIV therapy or another cause like a reduced mental status 
(GCS ≤8) or a hemodynamically unstable patient as a result 
of additional organ dysfunction?

As argued above, it is crucial to clearly define the major 
problem leading to mechanical ventilation—a ventilatory 
failure or an oxygenation failure (see Figure 1). Patients 
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with an oxygenation failure leading to hypoxemia need 
lung recruitment with CPAP to hinder alveolar recollapse. 
So NIV as a mostly discontinuous treatment may be less 
effective in this group of patients. On the other hand, 
patients with ventilatory failure, which often manifests 
with hypercapnia due to central depression, fatigue or a 
mechanical defect of the chest wall and respiratory muscles, 
should benefit from NIV. Given the huge changes that 
have taken place in oncological management over the past 
decades, it would seem more important to focus on such 
distinctions in choosing ventilation strategies and less on 
tailoring them to underlying co-morbidities.
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Figure 1 Separation of acute respiratory failure in primary hypoxic or ventilatory failure [according to Roussos and Macklem (4)] with 
potential differences in therapeutic targets and principles. ARDS, acute respiratory distress syndrome; EELV, end-expiratory lung volume; 
CPAP, continuous positive airway pressure; PEEP, positive end-expiratory pressure; PS, pressure support; NIV, non-invasive ventilation.
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