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ABSTRACT: Noninvasive ventilation (NIV) includes various techniques for augmenting alveolar ventilation without an endotracheal airway. The theoretical advantages of
this approach include avoiding the complications associated with endotracheal
intubation, improving patient comfort, preserving airway defence mechanisms, speech
and swallowing.
The successful application of NIV in hypoxaemic acute respiratory failure (ARF) of
varied etiologies has been extensively described but success rate is strictly dependent on
ARF etiology and until today the application of NIV strategies in the setting of
hypoxaemic ARF is controversial. Larger, controlled studies are required to clarify the
role of NIV in the setting of hypoxaemic ARF.
The correct choice of the patient ventilator interface is a crucial issue in noninvasive
ventilation. The study of new interfaces could improve tolerability reducing the
noninvasive ventilation failure rate.
Eur Respir J 2003; 22: Suppl. 42, 65s–71s.

Patients affected by acute hypoxaemic respiratory failure
with severe deterioration of gas exchange may require mechanical ventilation (MV) to correct the pathophysiology, reduce
the work of breathing, and ameliorate dyspnoea, while concomitant treatments correct the causes of acute respiratory
failure (ARF).
Patients commonly receive MV through an endotracheal
tube. Conventional invasive MV is a life-saving procedure,
however endotracheal intubation (ETI) increases patients
discomfort and may cause injuries of the tracheal mucosa [1]
and represents one of the most important predisposing factors
for developing nosocomial pneumonia [2].
Noninvasive ventilation (NIV) (i.e. the delivery of assisted
breaths without an invasive artificial airway) is a safe and
effective means of improving gas exchange in patients with
ARF. The advantages of this approach could include avoiding
the complications associated with ETI, preserving airway
defence mechanisms, speech and swallowing with a greater
flexibility in instituting and removing MV [2].
The application of noninvasive ventilatory strategies in the
setting of acute hypoxaemic respiratory failure is controversial; the international consensus conference on noninvasive
mechanical ventilation (NIMV) in ARF stated that "larger,
controlled studies are required to determine the potential
benefit of adding noninvasive positive pressure ventilation
(NPPV) to standard medical treatment of hypoxaemic ARF"
[3].

Noninvasive ventilation in hypoxaemic acute
respiratory failure
Hypoxaemic ARF can be the clinical manifestation of several
pathologies; the mechanisms responsible for the decrease of
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arterial oxygen tension (Pa,O2) are diverse (shunt, ventilation/
perfusion mismatch, impairment of alveolar-capillary diffusion).
The efficacy of NIV on patient9s outcome predominantly
depend on the underlying pathology. Cardiogenic pulmonary
oedema (CPE) has been proposed as a cause of hypoxaemic
ARF which could respond favourably to NIV application.
In patients with CPE the reduction of lung compliance and
the increase of airway resistance induce a marked increase of
the work of breathing. The large negative swings in pleural
pressure generated by the respiratory muscles increase left
ventricular transmural pressure and afterload. Reduction
in cardiac output compromises oxygen delivery to the respiratory muscles creating a vicious cycle. Positive pressure
ventilation can improve haemodynamic pattern reducing
preload and afterload.
Four randomised controlled studies including 206 patients
with hypoxaemic ARF due to CPE have been published [4–7].
Patients were treated using continuous positive airway pressure
(CPAP) [4–6] or bilevel positive airway pressure (BiPAP) [7].
ETI was required in 15 (15%) of the 102 patients assigned to
the NIV group and in 38 (37%) of the 104 patients assigned
to conventional treatment. The absolute risk reduction for
ETI was 22% and the number of patients needed to treat
with NIV to avoid one tracheal intubation was five. The
mortality rate was 13% in the control group and 8% in the
NIV group.
In a prospective observational study DOMENIGHETTI et al.
[8] compared the acute effects of NIV in two groups of
patients with hypoxaemic ARF: community-acquired pneumonia (CAP) and CPE. Both groups had a Pa,O2/inspiratory
oxygen fraction (FI,O2) v200 at baseline. After 1 h of NIV
both groups had improvement of the Pa,O2/FI,O2, but the
subsequent outcome was different depending on the nature of
the acute lung injury (ALI). The mean time spent on NIV was
9¡6.3 h in the CPE and 37¡36 h in the CAP group (p=0.01).
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Intensive care unit (ICU) mortality rate was 6.6% in the CPE
versus 28% in the CAP group (p=0.2) [8].
In a multicentre prospective cohort study including 354
patients with hypoxaemic ARF of different origin treated
with NIV, ANTONELLI et al. [9] observed the highest failure
rate with subsequent intubation in patients with acute respiratory distress syndrome (ARDS) (51%) and CAP (50%).
These two conditions were identified by multivariate analysis
as independent risk factors for failure of NIV. In contrast the
intubation rate was lower for patients with CPE (10%) and
pulmonary contusion (18%) [9].
Only a multicentre, randomised controlled trial (RCT)
focused on the efficacy of NIV delivered through a face mask
in ARF due to CAP [10]. Fifty-six consecutive patients (28
treated with NIV and 28 with conventional medical therapy
and oxygen supplementation) were enrolled. The use of NIV
was well tolerated, safe, and associated with a significant
reduction of respiratory rate, need for ETI (21% versus 50%;
p=0.03), and duration of ICU stay (1.8¡0.7 days versus 6¡1.8
days; p=0.04). The subgroup analysis clearly showed that only
hypercapnic patients really benefited from the treatment. An
uncontrolled study performed in non-chronic obstructive
pulmonary disease patients with CAP confirmed these results,
reporting a higher failure rate of NIV (66%) [11]. Other
randomised studies are necessary to clarify the role of NIV in
patients with hypoxaemic ARF due to CAP.
Three prospective randomised studies have evaluated the
usefulness of NIV in immunocompetent patients suffering
from hypoxaemic ARF of various origins [12–14]. WYSOCKI
et al. [12] randomised 41 patients with ARF to NIV via face
mask versus conventional medical therapy. NIV reduced the
need of ETI (36 versus 100%, p=0.02), the duration of ICU stay
(13¡15 days versus 32¡30 days, p=0.04) and mortality rate
(9% versus 66%, p=0.06) only in patients with associated hypercapnia (carbon dioxide arterial tension (Pa,CO2) w45 mmHg),
but had no significant advantage in the purely hypoxaemic
group.
ANTONELLI et al. [13] conducted an RCT comparing NIV
via a face mask to ETI with conventional MV, in patients with
hypoxaemic ARF who met well-defined criteria for MV, after
failure to improve with aggressive medical therapy. Sixty-four
consecutive patients (32 in each arm) were enrolled. After 1 h
of MV, both groups had a significant (pv0.05) improvement in Pa,O2/FI,O2. Ten (31%) patients randomised to NIV
required ETI. Patients randomised to conventional ventilation developed more frequent and serious complications (38%

versus 66%, p=0.02), and infectious complications (pneumonia
or sinusitis) related to the endotracheal tube (3% versus 31%;
p=0.004). Among survivors, patients randomised to NIV had
a lower duration of MV (p=0.006) and a shorter ICU stay
(p=0.002). Factors that may have been involved in shortening
the duration of MV in the NIV group included avoiding
sedation, eliminating the imposed work by the endotracheal
tube, a lower rate of ventilator-associated pneumonia, and an
earlier weaning from ventilation.
MARTIN et al. [14] in a RCT compared NIV using BiPAP
with usual medical care in the therapy of ARF. Patients were
grouped according to the disease cause of ARF and were
then randomised to NIV or medical treatment with oxygen
supplementation. A total of 32 patients with hypoxaemic
ARF were included in the study. Fourteen hypoxaemic
patients treated using NIV were compared with 18 patients
treated with conventional medical therapy. The NIV group
had an ETI rate significantly lower than that of the conventional medical therapy group (7.46 ETI versus 22.64 per 100
ICU days, p=0.026).
In conclusion, NIV in immunocompetent patients with
acute hypoxaemic respiratory failure was found to be as
effective as conventional ventilation in improving gas exchange
abnormalities, and when ETI was avoided reduced the risk of
nosocomial pneumonia development.
Some studies (table 1) investigated the use of NIV in patients
with ARDS (Pa,O2/FI,O2v200, bilateral pulmonary infiltrates
at chest radiograph, absence of left atrial hypertension or
congestive heart failure [15]) including a total of 185 patients,
with a success rate of 58%. The elevated rate of NIV failure in
this particular set of patients (42%) and their mortality rate
(29%) suggest a prudent approach. At the present the use of
NIV in ARDS patients must be limited to haemodynamically
stable patients, who can be closely monitored in an environment where ETI is promptly available, with a medical and
nursing staff with an extensive experience of NIV.

Noninvasive ventilation in the treatment of hypoxaemic
acute respiratory failure in immunocompromised patients
Many immunocompromised patients develop ALI or
ARDS. In this situation, the early application of positive
pressure ventilation is aimed at restoring the decreased lung
volume, improving oxygenation, and reducing the work of
breathing and the respiratory drive. Usually, ETI is the

Table 1. – Studies on noninvasive ventilation applied to acute respiratory distress syndrome (ARDS) patients and outcome
1st author
[ref no.]

COVELLI [16]
MEDURI [17]
PENNOCK [18]
MEDURI [19]
PATRICK [20]
RABITSH [21]
ANTONELLI [13]
ROCKER [22]
ANTONELLI [9]
ANTONELLI [23]
HILBERT [24]
Total

Year of
study

Type of
study

No. of
patients

No. of
ARDS

Type of
mask

Mode of
ventilation

PEEP
applied
cmH2O

Duration
h

1982
1989
1991
1996
1996
1998
1998
1999
2001
2000
2001

PNCS
PNCS
PNCS
PNCS
PNCS
PNCS
RCT
PNCS
PNCS
RCT
RCT

33
10
31
158
11
1
32
10
354
20
52
712

33
2
7
3
2
1
7
10
86
8
26
185

Facial
Facial
Nasal
Facial
Facial
Facial
Facial
Facial
Facial
Facial
Facial

CPAP
PSV
BiPAP
PSV
PSV
CPAP
PSV
PSV/CPAP
PSV/CPAP
PSV
PSV

5–7
7.5¡6
2–12
7–14
5–8
8
5–10
5–10
5–8
8–10
6¡1

24–48
24–48
2–144
32¡6
3–48
96
24–144
23–166
24–96
36–120
144

Success
n (%)

27
1
5
1
0
1
4
8
42
5
14
108

(81)
(50)
(71)
(33)
(0)
(100)
(58)
(66)
(49)
(63)
(54)
(58)

ICU
mortality
n (%)
5
1
2
1
1
0
2
3
26
3
10
54

(15)
(50)
(29)
(33)
(50)
(0)
(28)
(30)
(30)
(37)
(38)
(29)

Mask
intolerance

2
NA
2
NA
2
0
1
1
NA
NA

Data are presented as range or mean¡SD unless otherwise indicated. PNCS: prospective not controlled study; RCT: randomised controlled study;
CPAP: continuous positive airway pressure; BiPAP: bilevel positive airway pressure; PSV: pressure-support ventilation; PEEP: Positive endexpiratory pressure; ICU: intensive care unit; NA: not applicable.
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conventional way to administer positive pressure ventilation;
however the presence of an endotracheal tube represents the
main risk factor for the development of nosocomial pneumonia. It is known that in immunocompetent patients, ETI
induces a 1% increase of risk for pneumonia per day of MV
[25]. This aspect increased the interest for the application
of NIV techniques, which seem able to decrease the rate of
nosocomial infectious complications, with a similar level of
efficacy in terms of gas exchanges improvement and patients
acceptation. In a recent prospective nonrandomised study
ROCCO et al. [26] evaluated the role of NIV in a group of 21
patients developing ARF after bilateral lung transplantation.
All the patients received noninvasive pressure support ventilation (NIPSV) through a face mask. Eighteen patients (86%)
avoided intubation. No patient treated successfully with NIV
died [26].
ANTONELLI et al. [23] conducted a randomised study to
compare NIV delivered through a face mask to standard
treatment with supplemental oxygen administration as a
modality to avoid ETI in 40 solid organ transplant recipients
with acute hypoxaemic respiratory failure. Twenty patients
were randomised to receive NIV and 20 to receive standard
treatment with supplemental oxygen administration. The two
groups were similar at study entry. Within the first hour of
treatment, 14 (70%) patients in the NIV group, and 5 (25%) in
the standard treatment group improved their Pa,O2/FI,O2 ratio.
Over time, a sustained improvement in Pa,O2/FI,O2 ratio was
noted in 12 (60%) patients in the NIV group, and in 5 (25%)
randomised to standard treatment (p=0.03). The use of NIV
was associated with a significant reduction in the rate of ETI
(20% versus 70%; p=0.002), rate of fatal complications (20%
versus 50%; p=0.05), length of stay in the ICU of survivors
(5.5¡3 days versus 9¡4; p=0.03) and ICU mortality rate (20%
versus 50%; p=0.05).
HILBERT et al. [24] conducted a RCT of early intermittent
NIV as compared with standard treatment with supplemental
oxygen and no ventilatory support, in 52 immunosuppressed
patients with severe hypoxaemic ARF. Periods of NIV delivered
through a face mask were alternated every 3 h with periods
of spontaneous breathing with supplemental oxygen. Fewer
patients in the NIV group than in the standard-treatment
group required ETI (12 versus 20, p=0.03), had serious complications (13 versus 21, p=0.02), died in the ICU (10 versus 18,
p=0.03), or died in the hospital (13 versus 21, p=0.02). The
authors concluded that in selected immunosuppressed patients
with pneumonia and ARF, early initiation of NIV is associated with significant reductions in the rates of ETI, serious
complications and mortality.
Despite the dramatic improvement in the prognosis of
human immunodeficiency virus (HIV)-infected patients due
to the new antiretroviral drugs, ARF due to Pneumocystis
carinii and other opportunistic agents remains the main cause
for ICU admission and death among patients with acquired
immune deficiency syndrome (AIDS). These patients are
generally treated with face-mask CPAP; two groups have
reported the use of NPPV (CPAPzpressure-support ventilation (PSV)) in patients with AIDS and hypoxaemic ARF [27,
28].
In a prospective, case control trial that studied AIDS
patients with acute hypoxaemic respiratory failure due to
P. carinii pneumonia [29], 24 subjects who received NIV by
facial mask were compared with 24 thoroughly matched
controls treated with conventional invasive ventilation. The
use of NIV avoided intubation in 67% of the patients with
improved survival (100% versus 38%, p=0.003). Patients in the
NIV group required fewer invasive devices (pv0.001) and had
a lower incidence of pneumothoraces (8.3 versus 37.5%:
p=0.039).
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Role of the interface
A recent study by NAVALESI et al. [30] elucidated the importance of the ventilatory interfaces in NIMV. The authors
found that in patients with stable conditions, the choice of an
appropriate interface improved the performance of NIV more
than the mode of ventilation.
Despite the continuous improvement in the mask design,
skin necrosis may occur in 7% of patients treated with NIV
for a period exceeding 72 h; however, after discontinuation of
NIV, the healing is rapid, usually 7–10 days [31]. Discomfort,
claustrophobia, facial skin erythema, air leaks, acneiform
rash, eye irritation, nasal bridge ulceration are the most
frequent complications of NIV related to the interface and
may require discontinuation of noninvasive MV and ETI.
Full face mask usually offers a better improvement of
alveolar ventilation, while the nasal mask is better tolerated.
Many factors however limit the use of nasal mask in the
setting of hypoxaemic respiratory failure. The leaks through
the mouth decrease alveolar ventilation and may decrease the
efficacy of assisted ventilation [32]; in addition a high flow of
gas passes through the nose increasing nasal resistance and
reducing nasal ventilation efficacy.
In the attempt to improve performance of the ventilatory
interface CRINER et al. [33] tested a total face mask which
resembles a hockey mask. This mask uses a soft cuff that seals
around the face contour, avoiding direct pressure on facial
structures. These authors found that the total face mask may
improve comfort, minimise air leakage and improve ventilation.
Tailoring and alternating different types of interface in
accordance to patient9s characteristics, tolerance and level of
cooperation can solve parts of the problems related to
interface. Although an immense variety of ventilators and
interfaces for NIV are available patients still feel uncomfortable. MEYER and HILL [34] in a review on NIMV stated:
"Several issues relating to the use of NIMV are unresolved.
The optimal interface and ventilator design have not been
determined, and these may differ among patients".
Attempting to improve tolerability, a transparent helmet
was proposed for use with NIV. Theoretically the helmet has
important advantages: 1) good tolerability with a satisfactory
interaction of the patients with the environment; 2) a fixation
system that should carry a lower risk of cutaneous lesions;
and 3) unlike the face mask, it can be applied to any patient
regardless of face profile.
The helmet (CaStar Starmed, Italy) is made of transparent
latex-free PVC. The device allows the patient to see, read and
interact with the environment. A rigid ring maintains the
cylindrical shape of the device after pressurisation. The
helmet is secured by two armpit braces at two hooks (one
anterior and the other posterior) on the ring that joins the
helmet with the soft collar (fig. 1). The pressure increase
during ventilation makes the soft collar seal comfortably to
the neck and the shoulders, avoiding air leakage. The helmet
is available in three different sizes. Two connectors placed at
the two sides of the helmet guarantee the connection to
inspiratory and expiratory ports of the ventilator.
A specific seal connector placed on the plastic ring is used
to allow the passage of a nasogastric tube (if needed) avoiding air leakage. The connection has an internal adjustable
diaphragm that consents the passage of tubes ranging from
3.5–6.5 mm external diameter. This connection can also be
used to allow patients to drink through a straw or to be fed a
liquid diet (fig. 1). The helmet9s volume is y10 L (with
patient9s head inside) and its compliance isy65 mL?cmH2O-1,
when a pressure between 10–30 cmH2O is applied [35]. A new
prototype of the helmet equipped with an inflatable cushion
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Fig. 1. – Patient ventilated in pressure support with the Helmet. InP: inspiratory port; ExP: expiratory port; Inlet: gas inlet of the mechanical
ventilator; Outlet: gas outlet of the mechanical ventilator; SC: sealed connector. The patient is drinking water through the left sealed connection.
Br: armpit braches secured at the anterior hook (the posterior is not visible) of the ring that joins the collar and the transparent part of the
helmet.

to reduce the inner volume and with an anti-suffocation valve
was recently developed.
During NIV, the latex-free helmet is connected to the
ventilator with conventional tubing. Once the helmet is
positioned, pressure support is increased in increments of
2–3 cm of water to obtain patient comfort, a respiratory
rate v25 breaths?min-1, and the disappearance of accessory
muscle activity (as evaluated by palpating the sternocleidomastoid muscle). Positive end-expiratory pressure (PEEP) is
increased in increments of 2–3 cmH2O of water up to
10–12 cm of water in order to assure a peripheral oxygen
saturation of at least 92% with the lowest FI,O2 possible. Both
flow and pressure triggers can be used. Pressure trigger is
usually set at -1 cm of water and flow trigger at 5 L?s-1.
If ETI is required, the helmet can be easily removed within
a few seconds and the patient promptly intubated without
delay.
The helmet was initially applied with success to deliver
CPAP as out-of-hospital treatment for patients with CPE
[36]. CPAP was administrated through the helmet connected
to a flow oxygen source (w30 L?min-1) with mechanical PEEP.
The system improved oxygen saturation, heart rate, mean
arterial pressure, respiratory rate and wet rales score in all
patients [36].
Recently the helmet has been proposed as an interface for

NIPSV in patients with acute hypoxaemic respiratory failure,
in comparison to NIV delivered via a facial mask [35]. In this
prospective pilot clinical trial the primary endpoints were the
avoidance of ETI and the incidence of complications in the
two groups. Thirty-three consecutive patients affected by
hypoxaemic ARF, defined as severe dyspnoea at rest, respiratory rate w30 breaths?min-1, Pa,O2/FI,O2v200 and active
contraction of the accessory muscles of respiration, were
enrolled.
These patients were treated with PSV delivered by helmet
and were compared with 66 thoroughly matched controls
treated with the facial mask. The baseline characteristics and
causes of ARF were similar. Both groups improved oxygenation after NIV. Eight patients (24%) in the helmet group and
21 patients (32%) in the facial mask group failed NIV and
were intubated.
No patients failed NIV because of intolerance of the
technique in the helmet group, in comparison with eight
patients (38%) in the mask group. Complications related to
the technique (skin necrosis, gastric distension and eye irritation), were fewer in the helmet group, compared with the
mask group. The helmet allowed the continuous application
of NIV for a longer period of time. The duration of
uninterrupted NIV was 36¡29 h in the helmet group versus
26¡13 h in the mask group. Length of stay in the ICU,
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intensive care, and hospital mortality were not different.
Based on the results of this study, NIV by helmet seems to be
as effective as NIV with mask in reducing intubation rate but
appear to be more tolerated, permitting prolonged application of NIV, with elevated levels of PEEP without leaks. In
this study 24% of the patients treated with the helmet
successfully received NIV in the emergency room before ICU
admission. This in accordance with the results proposed by
FOTI et al. [36] that suggests the possibility of an effective
early treatment with the helmet of hypoxaemic ARF due to
CPE. In addition, the helmet allows the patient to communicate, read and drink better than the facial mask, improving
acceptance and collaboration between the patient and the
medical staff.
In a preliminary report [37] helmet PSV was used to treat 18
patients with early ARDS according to the American College
of Chest Physicians/Society of Critical Care Medicine consensus conference [15]. These patients were compared to 36
matched controls with similar characteristics: 18 patients
ventilated with facial mask and 18 intubated and assisted with
conventional MV. Controls were matched by Simplified Acute
Physiology Score, age, and Pa,O2/FI,O2 ratio. The baseline
characteristics and causes of ARDS of the three groups were
similar. All patients and controls improved their Pa,O2/FI,O2
ratio within the first hour of treatment and over time. Patients
in the helmet group had the ability to maintain continuous
NIV for a period of time longer than in the mask group
(39¡27 versus 24¡12) confirming previous observations
[38]. Six (33%) of the 18 patients in the helmet group failed
noninvasive pressure support ventilation (NIPSV) and required
intubation, in comparison to 9 (50%) of the 18 controls
treated with the mask. ICU and hospital mortality rate were
higher in the ETI group, in comparison with both helmet and
mask group but the difference was not statistically significant.
Complications and serious events were more frequent in
intubated patients (89%) than in the helmet (33%) and mask
(61%) group. These data suggest that helmet NPSV could be
applied to early ARDS patients to improve gas-exchange and
provide a continuous and prolonged application of NIV.
Randomised clinical trials are needed before the extensive use
of NIV by helmet is recommended in ARDS.

improvement of dyspnoea and oxygenation (during the first
hour of treatment) as compared with oxygen therapy alone,
but did not decrease the rate of ETI (34% versus 39%, p=0.53),
neither improved outcome. Hospital mortality was similar
in the two groups (31% versus 30%, p=0.53), but a higher
number of adverse events occurred with CPAP treatment (18
versus 6, p=0.01) [42].
Noninvasive ventilatory strategies can cause problems related
to patient ventilator interaction. One specific problem during
PSV concerns the termination of the breath in presence of air
leaks. If the amount of leak flow exceeds the threshold from
inspiratory to expiratory phase changeover, the final result is
an abnormal prolongation of the inspiration. CALDERINI et al.
[43] investigated the short-term effect of two different expiratory cycling mechanisms (time-cycled versus flow-cycled during
NIPSV). Each subject received a random sequence of 20 min
conventional flow-cycling (NIPSVfc) and time-cycling inspiratory pressure support ventilation (NIPSVtc). The authors
concluded that during NIPSV, in the presence of air leaks,
a time-cycled expiratory trigger provides a better patientmachine interaction than a flow-cycled expiratory trigger.
The availability of new ventilators with control of the
expiratory trigger sensitivity can partially solve the problem
of leak management during NIPSV, by using a pre-set flow
threshold above the leak flow rate.
A new ventilatory modality, the proportional assist ventilation (PAV) has recently been investigated in patient receiving
NIV. During PAV the ventilator assists the patient providing
a specific assist to the resistive and the elastic component of
every single breath. The pressure generated by the ventilator
is proportional to the patient9s effort.
GRASSO et al. [44] evaluated the different response to an
increased workload with PSV and PAV in 10 patients during
weaning. The capability of keeping tidal volume and minute
ventilation constant through increases in inspiratory effort
was only preserved during PAV. The ventilatory response to
an added respiratory load during PSV required greater muscle
effort than during PAV. Using noninvasive PAV in 11
patients with hypoxaemic ARF, PATRICK et al. [45] demonstrated that respiratory rate and the dyspnoea score were
significantly reduced after 1 h of NIV.

Ventilatory strategies

Noninvasive ventilation-assisted bronchoscopy

A reduction of functional residual capacity (FRC) is the
most common cause of Pa,O2 derangement in acute hypoxaemic respiratory failure and increase of FRC induced by an
increase of mean positive airway pressure (mPAP) is effective
to correct Pa,O2 derangement. During pressure-preset ventilation (i.e. PSV), mPAP can be estimated by the following
equation:

In subjects affected by pneumonia severe hypoxaemia
represents a major contraindication to fibreoptic bronchoscopy (FOB) and/or bronchoalveolar lavage, often inducing
the physician to start an empiric treatment. The combination
of NIV and FOB can allow an invasive diagnostic approach,
avoiding undesired intubations.
In an RCT on 26 nonintubated severely hypoxaemic
patients, FOB was performed during facial mask PSV [46].
NIV avoided Pa,CO2, heart and respiratory rate deterioration
during bronchoscopy. Pa,O2/FI,O2 and O2 saturation significantly increased in the course of NIV and this increment was
maintained over the study. The identification of the agent
responsible for pneumonia was possible for all patients. None
of the patients treated with NIV needed ETI.
The same authors recently proposed the use of noninvasive
ventilation delivered by helmet to perform fibreoptic bronchoscopy with bronchoalveolar lavage in adult immunosuppressed
patients with suspected pneumonia and severe hypoxia [47].
The specific seal connector placed in the ring of the helmet
allowed the passage of the bronchoscope, maintaining assisted
ventilation. Helmet noninvasive ventilation avoided gas exchange
deterioration during fibreoptic bronchoscopy and bronchoalveolar lavage, with good tolerance. Endotracheal intubation

PSET|TI=TtotzPEEP|TE=TT

ð1Þ

where PSET corresponds to the amount of pressure applied,
and TI, TE, and TT are inspiratory, expiratory, and total cycle
times [39]. Both CPAP and CPAP with PSV improve oxygenation in hypoxaemic patients before (breathing through an
endotracheal tube) and after extubation (breathing through
a face mask) [40, 41]. Although mask CPAP has been
successfully used in reversing hypoxaemia in mild-to-moderate hypoxaemic ARF, PSV associated with PEEP is the most
widely used mode of support during NIV and may be more
efficient in improving outcome. Recently DELCLAUX et al. [42]
conducted a prospective randomised study on 123 patients
with hypoxaemic ARF of different origin. Patients were randomly
assigned to receive oxygen therapy alone (61 patients) or oxygen
therapy plus CPAP (62 patients). CPAP was associated with
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was never required during the 24 h after the procedure.
Bronchoscopy with both facial mask and helmet noninvasive
ventilation seems to be a feasible, safe and effective technique
to allow an early and accurate diagnosis of pneumonia in
nonintubated severely hypoxaemic patients.
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