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Non-invasive ventilation in hypoxemic patients: does the interface

make a difference?
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Non-invasive ventilation (NIV) has been increasingly
used in intensive care unit (ICU) for treatment of patients
with acute respiratory failure (ARF) of varied etiologies.
Randomized controlled trials (RCTs) have shown evidence
in favour of NIV for patients with exacerbations of chronic
obstructive pulmonary disease (COPD) (1) and cardiogenic
pulmonary edema (2), while a clear indication for patients
with hypoxemic ARF in general and the acute respiratory
distress syndrome (ARDS) in particular (3).

According to the recent “Berlin” definition, ARDS
is a form of hypoxemic ARF characterized by bilateral
pulmonary infiltrates determining impairment of the ratio
between arterial tension and inspiratory fraction of oxygen
(PaO,/Fi0O,) while a minimum of 5 cm H,O of positive
end-expiratory pressure (PEEP) is applied, regardless of
the ventilatory mode (4). The Berlin definition classifies
ARDS as mild (PaO,/FiO, between 201 and 300 mmHg),
moderate (PaO,/FiO, between 101 and 200 mmHg) and
severe (PaO,/FiO, below 100 mmHg) (4).

Thille et al. reported higher rates of NIV failure
leading to intubation in ARDS (61%) than non-ARDS
hypoxemic patients (35%) (5). In particular, patients with
ARDS and PaO,/FiO, <150 mmHg were more likely to
fail NIV (74%) than those with PaO,/FiO, >150 mmHg
(45%), with a hazard ratio =2.3 (95% CI, 1.04-5.06).
Nonetheless, ICU mortality in moderate to severe ARDS
was no different between patients intubated, either right
away without prior NIV or after NIV failure (5). Carteaux
et al. studied 62 ARDS patients of different severity
undergoing mask NIV (6). The median expiratory tidal
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volume was higher in patients failing NIV [10.6 (9.6—
12.0) mL/kg of predicted body weight], as compared
to those who succeeded NIV [8.5 (7.6-10.2) mL/kg].
This difference was mainly attributable to the patients
with moderate to severe ARDS (6).

Some RCTs evaluated NIV as a first line ventilatory
treatment for patients with hypoxemic ARF of varied
aetiology, with controversial results (3). Very recently,
Frat et al. raised a warning on the use of NIV in patients
with de novo hypoxemic non-hypercapnic ARE, as defined
by the presence of a respiratory rate >25 breaths/
min and a PaO,/FiO, <300 mmHg. Patients were
randomized to receive either standard oxygen therapy
(94 patients), or heated high-flow oxygen through a nasal
cannula (HFNC) (106 patients), or NIV by facemask
(110 patients) (7). They found NIV was no better
than standard oxygen therapy and HFNC in reducing
the rate of intubation (primary endpoint). However,
90-day mortality was significantly lower with HFNC, as
opposed to both NIV and oxygen therapy. Of note, the
patients randomized to HFNC reported better comfort
and dyspnoea improvement than those receiving NIV or
standard oxygen therapy. In addition, a post hoc analysis
considering the subgroup of 238 patients with PaO,/FiO,
<200 mmHg indicated a reduced risk for intubation with
HFNC, as opposed to both NIV and standard oxygen
therapy (7).

Immunocompromised hypoxemic patients represent a
category with a high potential for NIV benefit. Indeed,
two RCTs compared NIV with standard oxygen therapy in
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40 recipients of solid organ transplantation (8) and
52 patients with bilateral pulmonary infiltrates and
immunosuppression by varied causes (9). NIV reduced the
need for endotracheal intubation (8,9), septic complications
(8,9), ICU (8,9) and hospital (9) mortality, and improved
oxygenation (8,9), confirming the rationale for NIV in
these patients. The results of these two relatively small
single-center RCTs (8,9), however, have been challenged
by a recent large RCT performed in 28 French ICUs (10).
Lemiale et #l. randomized 374 patients with hypoxemic ARF
and immunodeficiency, as defined by the presence of solid
tumor or hematological malignancy or long term steroid
or immunosuppressive therapy, to receive either NIV by
facemask or standard oxygen therapy (10). The found no
difference in all cause 28-day mortality, need for invasive
ventilation, rate of ICU-acquired infection rate, lengths of
ICU and hospital stay (10).

Although in the less severe ARDS patients intubation
after NIV failure does not seem to add harm (5) and the
use of NIV in mild ARDS has been not contraindicated
by the Berlin definition, the recent RCTs by Frat et 4/. (7)
and Lemiale et 4/. (10), do not demonstrate any clinical
improvement for the patients receiving NIV rather than
standard oxygen therapy, and suggest a worsened outcome
when compared to HFNC (7).

Very recent data by Patel er al., however, open a new
prospective on the use of NIV delivered through helmet
in ARDS patients (11). The helmet is a transparent latex-
free interface that, in its standard configuration, is secured
to the patient by padded armpit braces (12). The study by
Patel et al. enrolled 83 ARDS patients who had received
NIV through a facemask for at least 8 hours. Patients were
randomized either to continue NIV by facemask or switch to
NIV by helmet. The median PaO,/FiO, of the two cohorts
were 144.0 (90.0-223.0) and 118.0 (93.0-170.0) mmFg
for the mask and helmet group, respectively. The study
was interrupted at the first interim analysis (i.e., one third
of the planned enrolment) for efficacy, as the intubation
rate was reduced from 61.5% with the mask to 18.2% with
the helmet. The ventilator-free days were 12.5 (0.49-28.0)
and 28.0 (13.7-28.0) with mask and helmet, respectively
(P<0.001). The ICU length of stay was shorter [4.7 (2.5-8.7)
vs. 7.8 (3.9-13.8) days] for the patients randomized in the
helmet group, as opposed to the facemask group (P=0.04).
Both hospital and 90-day mortality were also significantly
lower in the helmet group (11). Noteworthy, in the study by
Frat et 4l., the subgroup of patients undergoing NIV with
a Pa0O,/FiO, <200 mmHg, resulting in a worse outcome
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than those receiving HFNC and standard oxygen therapy,
had an average PaO,/FiO, of 12636 mmHg and a rate
of intubation of 58% (7), not dissimilar from those of the
study by Patel et al. So, does the interface make such a big
difference for NIV success in hypoxemic patients? And how
can these differences are explained?

Indeed, the study by Patel er al. opens new perspectives
for NIV in hypoxemic patients with ARDS, even
considering its limitations that necessarily lead to a cautious
interpretation of the results (11). In fact, first, the study is
unblinded, second, it has been performed in a single center,
making necessary further external validation, and third, it
has been stopped after interim analysis, which may have
exaggerated the magnitude of the effect size (11).

Following the seminal work by Antonelli ez #/. who
showed lower rate of complications in hypoxemic patients
undergoing NIV by helmet, as compared to a historical
control group receiving NIV by facial mask (13), the
helmet was repeatedly shown to be better tolerated over
time, allowing longer continuous treatment periods
with fewer interruptions (13,14). Compared with the
facemask, the helmet offers several advantages: it is less
sensitive to airleaks (15), it eliminates the risk of facial skin
breakdown (13), and it can be applied to any patient
regardless of the face contour (13). All these features may
improve patient tolerance, which is a major determinant of
NIV success. In a small single centre pilot RCT assessing
NIV in the weaning of patients recovering from hypoxemic
ARF, Vaschetto et al. allowed a rotational use of three
interfaces to improve tolerance, the helmet being the first-
choice interface (16). Interestingly, in 70% of patients
the helmet was the only interface utilized, while in the
remaining 30% all three interfaces were used (16).

Of note, in the RCT by Patel er 4/. (11) and in the
previous studies (13-17), NIV was delivered through
helmets originally designed for continuous positive airway
pressure (CPAP). These helmets are more prone to intrinsic
drawbacks, leading to poor patient-ventilator interaction
and pressurization and triggering performance (17).
Recently, a helmet of new generation has been developed
and marketed in Europe and Asia, which has been shown
to improve triggering and pressurization performance,
either on bench (12), in healthy volunteers (18) and in ICU
patients (19). These effects are likely achieved by reducing
the upward displacement of the helmet during ventilator
insufflation, while guaranteeing adequate comfort and
eliminating the need for the armpit braces (12,19). While it
is unclear whether these physiologic improvements translate
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in better outcome improvement in hypoxemic ARF, a recent
pilot RCT conducted in patients with COPD exacerbations,
previously shown to be the worst population for helmet
NIV (17), found this new device to be equally effective than
the facial mask (20).

In spite of these considerations, a widespread use of
NIV in hypoxemic patients in general, and of those with
ARDS in particular, is presently not recommended (3).
A practical algorithm has been proposed that designs a
role for NIV in patients with PaO,/FiO, between 150 and
300 mmHg while spontaneously breathing, no indication
for immediate intubation, and no response to HFNC (3).
Worth remarking, these patients must always be treated in
ICU, assessing the response to NIV within 1 hour. Should
we change this approach following the results of the RCT
by Patel et al.? We do not think so. Taking into account
its limitations, we are persuaded this trial is mainly a
pilot study propedeutic for stringently designing future
multicentre RCTs. Should we consider the helmet for
delivering NIV in hypoxemic patients? When considering
the results of this RCT and those of previous non-
randomized studies, we are led to believe there is a role
for this interface in the management of NIV in hypoxemic
patients.
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