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Abstract Purpose: The use of
noninvasive ventilation (NIV) to
facilitate discontinuation of mechan-
ical ventilation in patients with acute
hypoxemic respiratory failure (hyp-
oxemic ARF) has never been
explored. This pilot study aims to
assess the feasibility of early extuba-
tion followed by immediate NIV,
compared conventional weaning, in
patients with resolving hypoxemic
ARF. Methods: Twenty consecutive
hypoxemic patients were randomly
assigned to receive either conven-
tional weaning or NIV. The changes
in arterial blood gases and respiratory
rate were compared between the two
groups at 1, 12, 24 and 48 h. Differ-
ences in the rate of extubation failure,
ICU and hospital mortality, number
of invasive-ventilation-free-days at
day 28, septic complications, number
of tracheotomies, days and rates of
continuous intravenous sedation, and
ICU length of stay were also deter-
mined. Results: No patient

interrupted the study protocol. Arte-
rial blood gases were similar during
invasive mechanical ventilation, 1 h
after NIV application following
extubation, and after 12, 24 and 48 h.
Respiratory rate was higher after 1 h
in the NIV group, but no different
after 12, 24 and 48 h. The number of
invasive-ventilation-free-days at day
28 was 20 ± 8 (min = 0, max = 25)
days in the treatment group and
10 ± 9 (min = 0, max = 25) days in
the control group (p = 0.014). The
rate of extubation failure, ICU and
hospital mortality, tracheotomies,
septic complications, days and rates
of continuous sedation, and ICU
length of stay were not significantly
different between the two groups.
Conclusions: In a highly experi-
enced centre NIV may be used to
facilitate discontinuation of mechan-
ical ventilation in selected patients
with resolving hypoxemic ARF.

Keywords Weaning � Extubation �
Acute respiratory failure �
Mechanical ventilation �
Noninvasive ventilation

Introduction

The delivery of mechanical ventilation through an endo-
tracheal tube is a life-saving treatment for patients with
acute hypoxemic respiratory failure (hypoxemic ARF),

but it is affected by serious complica-
tions [1]. While some of these, such as the need for heavy
sedation [2], are remarkably reduced by replacing con-
trolled mechanical ventilation with forms of partial
ventilatory support, ventilator-associated pneumonia
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(VAP) is consequent to the endotracheal tube regardless
of the mode of ventilation adopted [3].

Noninvasive ventilation (NIV) is effective in
improving gas exchange while reducing dyspnoea [4–6]
and inspiratory effort in patients with either hypoxemic
[5] and hypercapnic ARF [7] and averts the risk second-
ary to endotracheal intubation. NIV preserves airway
defence mechanisms, speech, and swallowing, and can be
applied and removed with greater ease, as oppose to
invasive ventilation. In patients with mild to moderate
hypercapnic ARF secondary to chronic obstructive pul-
monary disease (COPD) exacerbation, NIV can avert the
need for intubation and invasive ventilation [6, 8, 9]. In
hypercapnic patients, NIV can be used as an alternative to
invasive ventilation [10, 11] and to favour the weaning
process [12–15].

Fewer data are available on NIV for hypoxemic
patients [16–18]. NIV has been used to prevent intubation
in immunosuppressed patients with hypoxemic ARF [16–
18] and as an alternative to invasive mechanical ventila-
tion (i-MV) by a randomized controlled trial (RCT)
including patients with acute lung injury (ALI) or acute
respiratory distress syndrome (ARDS) [16]. No data are
available, so far, on the use of NIV as a mean to facilitate
the process of liberation from i-MV, in non-hypercapnic
hypoxemic ARF patients. We designed this pilot ran-
domized study to assess the feasibility of using NIV to
wean patients with resolving hypoxemic ARF from i-MV.

Materials and methods

This pilot randomized controlled trial was performed at
the Intensive Care Unit (ICU) of the University Hospital
‘‘Maggiore della Carità’’ in Novara (Italy), between
March 2008 and March 2009, according to the principles
outlined in the Declaration of Helsinki. The protocol was
approved by the local ethics committee, and written
informed consent was obtained for all patients. The trial
was registered at the Australian New Zealand Clinical
Trials Registry (Trial Number 083894).

Patients

We planned to enrol 20 consecutive patients. We con-
sidered eligible all intubated patients who met the
following inclusion criteria: (1) age C18 years; (2) i-MV
for at least 48 h; (3) pressure support ventilation (PSV)
with a total applied pressure, i.e. positive end-expiratory
pressure (PEEP) ? inspiratory support, B25 cmH2O and
a PEEP level between 8 and 13 cmH2O; (4) PaO2/FiO2

between 200 and 300 mmHg with a FiO2 B0.6; (5)
PaCO2 B50 mmHg and pH C7.35; (6) respiratory rate
(RR) B30/min; (7) core temperature \38.5 �C; (8)

Glasgow coma scale (GCS) = 11; (9) cough on suction-
ing and need for tracheobronchial suctioning \2 per hour.
Patients were excluded when they met any of the fol-
lowing exclusion criteria: (1) hemodynamic instability
i.e. systolic arterial pressure \90 mmHg despite fluid
repletion; (2) use of vasoactive agents, i.e. vasopressin,
epinephrine and norepinephrine at any dosage, and dopa-
mine or dobutamine [5 lg/kg/min; (3) life-threatening
arrhythmias or electrocardiographic signs of ischemia; (4)
severe sepsis [19]; (5) ARF secondary to neurological
disorders, status asthmaticus, COPD, cardiogenic pul-
monary oedema; (6) presence of tracheotomy; (7)
uncontrolled vomiting; (8) two or more organ failures
[20]; (9) body mass index C30; (10) documented history
or suspicion of obstructive sleep apnoea; (11) inclusion in
other research protocols. All ICU patients underwent a
daily screening for study recruitment during the morning
round. After enrolment, patients were allocated to either
conventional invasive PSV (i-PSV) or noninvasive PSV
(n-PSV) following a previously generated random
sequence held by an investigator not involved in the
study enrolment, who indicated in sealed, opaque num-
bered envelops the group of assignment. While the
helmet was the first-choice interface for all 10 patients in
the n-PSV group, full-face and oronasal masks were also
utilized in rotation, to improve patient tolerance to NIV,
as indicated.

Protocol

The study was performed using ICU ventilators with
dedicated software for NIV application in PSV mode i.e.
Servo-I (Maquet, Solna, Sweden) and EVITA 4 (Drager,
Corsico, Italy). The ventilator was set with the same
PEEP and inspiratory pressure support (PS) level applied
during i-MV, setting the fastest pressure rise time. Heated
humidification (HC 200, Covidien, Mansfield, MA) was
used during i-MV, but not during NIV to avoid the
fog effect consequent to accumulation of water in the
helmet [21]. Heat and moisture exchange filters were used
during NIV delivered by mask. The n-PSV patients could
be sedated i.v. with either remifentanil [22, 23]
(0.025–0.1 lg/kg/min) and/or propofol [22] (50 mg/h) to
increase NIV tolerance. A similar sedation regimen was
utilized for patients in the i-PSV group, but higher doses
of remifentanil and propofol were allowed, as necessary.
NIV was maintained continuously and briefly discontin-
ued for no longer than 2–3 min, only when strictly
necessary for changing the NIV interface. Patients
maintained the semi-recumbent position. Enteral feeding
via a nasogastric tube was administered according to the
treating physician’s prescription, usually through a con-
tinuous infusion during 20–24 h. Gastric residual was
checked every 4 h; when it exceeded 250 ml, promotility
agents were added in therapy; when it exceeded 500 ml
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enteral feeding was discontinued and patient tolerance re-
assessed [24].

In the n-PSV group, PEEP and PS were decreased by
2 cmH2O each every 2 h till a minimum of 8 and 10 cmH2O,
respectively, as shown in Fig. 1. During the weaning pro-
tocol the goal was to maintain PaO2/FiO2 C225 and PaCO2

B50 mmHg with a pH C7.35. In the case PaO2/FiO2 was
less than 225 mmHg and at least 200 mmHg, PEEP was
increased to reach the target of 225 mmHg and left at that
level for 6 h before reattempting the reduction. When PaO2/
FiO2 was less than 200 mmHg, PEEP was increased to reach
the target, and left unchanged for 12 h. When PaO2/FiO2

exceeded 250 mmHg with PEEP 8 cmH2O and PS
10 cmH2O, a 30-min spontaneous breathing trial (SBT) was
attempted with oxygen supplementation through a Venturi
mask at a FiO2 of 0.35. NIV was interrupted if at the end of
the SBT all the following occurred: pH C7.35, PaCO2

B50 mmHg and PaO2 C70 mmHg, RR B30 breaths/min,
absence of dyspnoea, respiratory accessory muscles
recruitment, and paradoxical abdominal motion.

Predefined criteria for re-intubation were cardiac or
respiratory arrest; inability to protect the airway; coma or
psychomotor agitation not controlled by continuous i.v.
sedative infusion, as previously described [22, 23, 25];
unmanageable secretions or uncontrolled vomiting; life-
threatening arrhythmias or electrocardiographic signs of
ischemia; hemodynamic instability, as already described;
intolerance to all interfaces; and two of the following: severe
dyspnoea, PaO2/FiO2 \200 mmHg, and respiratory acido-
sis (pH\7.30 and PaCO2 [50 mmHg). Tracheotomy was
performed after 14 days of i-MV when the treating physi-
cian considered prompt extubation unlikely or when the
patient could not be extubated because of the inability to
clear and remove secretions [12].

In the i-PSV group, PEEP and PS were titrated as already
described for n-PSV. At the minimum level of 8 and
10 cmH2O of PEEP and PS, respectively, an SBT was
conducted if PaO2/FiO2 was greater than 250 mmHg. The
SBT consisted of 30 min of spontaneous breathing through
the endotracheal tube with PEEP 5 cmH2O and PS

i-PSV

Inclusion Criteria

1) 48h i-MV; 2) PaO2/FiO2 200-300 mmHg with PEEP+PS 5cmH2O; 3) 

PaCO2≤50 mmHg and pH≥7.35; 4) Respiratory rate≤
≤

30/min; 5) effective cough; 

6) T<38.5°C, 7) GCS=11

Weaning protocol
- PaO2/FiO2 <200 mmHg: increase PEEP and wait 12 h before decreasing total supports
- PaO2/FiO2 ≤225 mmHg and ≥200 mmHg: increase PEEP and wait 6 h before decreasing total supports

- PaO2/FiO2 >225 mmHg: decrease PEEP and PS max of 2 cmH2O each every 2 h

Randomization (n=20)

n-PSV

Immediate extubation
and NIV application 

PEEP and PS: 5 cmH2O, FiO2: 35% for 30 min SB Venturi mask, FiO2: 35%

pH≥7.35 and PaCO2≤50 mmHg
PaO2/FiO2 ≥200 mmHg
Respiratory rate ≤30/min 

pH≥7.35 and PaCO2≤50 mmHg
PaO2/FiO2 ≥200 mmHg
Respiratory rate ≤30/min

SBT success

Extubation and SB SB

SBT failure SBT failure

Success

48h

Failure: ETI or NIV

- if: PaO2/FiO2 >250 mmHg with PEEP: 8 cmH2O and PS: 10 cmH2O SBT
YES YES

YESYES

NO NO

Fig. 1 Protocol flow chart. ETI endotracheal intubation, GCS
Glasgow coma scale, i-MV invasive mechanical ventilation, PaO2/
FiO2 arterial oxygen tension to inspiratory oxygen fraction, i-PSV
invasive pressure support ventilation, n-PSV noninvasive pressure

support ventilation, PEEP positive end-expiratory pressure, PS
pressure support, SB spontaneous breathing, SBT spontaneous
breathing trial
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5 cmH2O. Patients were extubated if RR B30 breaths/min,
pH C7.35, PaCO2 B50 mmHg and PaO2 C70 mmHg with
a FiO2 of 0.35, without dyspnoea, respiratory accessory
muscles recruitment, and paradoxical abdominal motion.
The criteria for re-intubation and tracheotomy were the
same as those already described for the n-PSV group.

Extubation failure was defined by the inability to sus-
tain spontaneous unassisted breathing for 48 consecutive
hours, without developing respiratory failure requiring
ventilatory support (either invasive or noninvasive). The
48 h started for i-PSV at the time of extubation and for
n-PSV after NIV was interrupted because the patient tol-
erated spontaneous unassisted breathing for 30 min.

In both groups, in those patients who failed because of
dyspnoea with mild respiratory acidosis, i.e. 7.30 \ pH
\ 7.35 and 45 mmHg \ PaCO2\ 50 mmHg), without any
other criteria of extubation failure, a ‘‘rescue’’ attempt of
NIV was performed before intubation. Similarly, in the case
of sole hypoxia (i.e. PaO2/FiO2 \200 mmHg) without other
signs of respiratory failure, noninvasive continuous positive
airway pressure (CPAP) was attempted.

Data analysis

Differences in arterial blood gases (ABGs) and RR
between the two groups were assessed 1 h after enrol-
ment (T1), and then after 12 (T12), 24 (T24) and 48
(T48) h. In addition, we evaluated and compared the rate
of extubation failure (i.e. need for re-intubation or NIV
application within 48 h after extubation), ICU and hos-
pital mortality, time of weaning, duration of i-MV,
number of septic complications, rate of tracheotomy,
duration of continuous intravenous sedation and ICU length
of stay.

Data are expressed as mean ± standard deviation
(SD) or median ± interquartile range. The two groups
were compared by using the Mann–Whitney test. Fre-
quency distributions were compared by using chi-square
test. A p value less than 0.05 was considered statistically
significant.

Results

Clinical and functional characteristics of the two groups
at enrolment are summarized in Table 1: age, gender,
acute physiology and chronic health evaluation
(APACHE) II score, PaO2/FiO2, and RR were similar in
the two groups.

No patient required protocol discontinuation for
intolerance in the treatment group. NIV was applied
continuously for a median length of 37 h (13–72 h): six
patients required continuous n-PSV for the first 24 h, four

for 48 consecutive hours, four for 72 h, and two for 96 h,
and one for more than 168 h. At extubation, the mean
value of PEEP was 11 ± 1 and the mean value of PS was
also 11 ± 1 cmH2O. Changes in ABGs between T0
(intubated) and the first hour after enrolment (T1) in
i-PSV and n-PSV are shown in Table 2. No difference
was found in PaO2/FiO2 and PaCO2. ABGs values were
also similar between the two groups at T12, T24, and T48,
as indicated in Table 2. One hour after the enrolment
(T1), RR was significantly increased in n-PSV, but this
difference vanished at the subsequent time points.

Only one patient failed discontinuation of mechanical
ventilation within 48 h in the n-PSV group versus five
patients in the i-PSV group (p = 0.051) (Table 3). In this
group, two patients required re-intubation and were
subsequently tracheotomized, the three other patients
underwent ‘‘rescue’’ NIV for dyspnoea associate with
mild respiratory acidosis. Of these, two were thereafter
re-intubated, and one was subsequently tracheotomized.
In the n-PSV group, the only patient who failed was
immediately re-intubated because of dyspnoea and severe
respiratory acidosis. Three patients in the i-PSV and one
in the n-PSV group died in ICU (p = 0.58). Two of the
three dead patients in the i-PSV group successfully
completed the weaning protocol, but worsened within
48 h after extubation and developed multiple organ fail-
ure. The remaining patient died before extubation because
of a comorbid condition i.e. severe cardiomyopathy. The
patient who died in the n-PSV group developed pneu-
monia while on NIV and multiple organ failure after re-
intubation. Regarding hospital mortality, one additional
patient in the n-PSV group died after ICU discharge as a
result of the comorbid conditions i.e. chronic kidney
failure and diabetes.

Patients in the n-PSV group were free from i-MV for
more days than those in the i-PSV group (1 ± 1 versus
9 ± 9 days of i-MV, p = 0.001) (Table 3). When the
28-i-MV-free days were taken into consideration this
difference was still evident (10 ± 9 and 20 ± 8 days, for
i-PSV and n-PSV, respectively, p = 0.014, min = 0,
max = 25 days for both groups). The 28-MV-free days,
i.e. invasive plus noninvasive MV, and the weaning time
were similar between the groups (9 ± 9 versus
16 ± 9 days and 4 ± 6 versus 4 ± 4 days, for i-PSV and
n-PSV, respectively). The rate of patients with septic
complications was 50 % for i-PSV and 30 % for n-PSV
(p = 0.36). Three patients were tracheotomized in the
i-PSV group versus no patient in the n-PSV group
(p = 0.06). The duration of continuous i.v. sedative
infusion was not significantly different between the two
groups (16 ± 11 in i-PSV versus 11 ± 8 days in n-PSV,
p = 0.28). Table 4 reports the average dose of each drug
and the number of patients requiring sedation at the dif-
ferent time points; though not statistically significant,
there was a trend toward a reduced use of sedative drugs
(i.e. lower doses and fewer patients) in n-PSV, as opposed
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to i-PSV. The ICU length of stay was 21 ± 13 days in the
i-PSV group and 15 ± 11 days in n-PSV group
(p = 0.28) (Table 3).

Discussion

Our pilot randomized controlled trial shows, in a small
sample of highly selected patients, that early extubation

followed by immediate application of NIV is feasible and
might facilitate the liberation from mechanical ventilation
in hypoxemic ARF patients. Available evidence supports
the use of NIV as a weaning strategy for patients with
acute on chronic respiratory failure [26], on the basis of
RCTs including primarily patients with COPD exacer-
bation [12, 13, 15, 26]. In these studies, the duration of
invasive mechanical ventilation [12, 13, 15], length of
ICU and hospital stay [12, 15], septic complications [12,
15] and 90-day mortality [12] were all reduced in the

Table 1 Clinical characteristics of the patients at the enrolment divided according to the randomization group i.e. noninvasive pressure
support ventilation (n-PSV) and invasive pressure support ventilation (i-PSV)

Patient enrollment
order

Age
(year)

Gender
(M/F)

Causes of MV APACHE
II

PEEP
(cmH2O)

PS
(cmH2O)

PaO2/FiO2

(mmHg)
RR
(breaths/min)

n-PSV
1 60 M Pancreatitis, ARDS 10 12 12 260 26
2 85 F Inhalation pneumonia, ALI 15 12 11 242 14
3 60 M Pneumonia 9 12 12 276 13
7 57 M Inhalation pneumonia, ALI 12 10 10 275 18
8 45 M Pneumonia 14 8 14 224 12

10 34 M Pneumonia, ARDS 8 10 14 242 12
11 18 F Thoracic trauma 11 13 12 210 14
17 18 F Thoracic trauma 11 12 12 235 22
18 78 M Thoracic trauma 10 10 12 266 28
20 72 F Thoracic trauma 9 10 10 250 22
Mean (SD) 53 (24) M6/F4 11 (2) 11 (2) 12 (1) 248 (22) 18 (6)

i-PSV
4 49 M Thoracic trauma 11 12 12 220 10
5 61 M Thoracic trauma 10 11 10 224 17
6 61 F Thoracic trauma 10 10 10 220 12
9 81 M Crush syndrome, ARDS 16 10 12 241 18

12 73 M Haemorrhagic shock, ALI 16 12 12 248 18
13 36 M Thoracic trauma 11 10 12 230 25
14 65 F Pneumonia 15 8 10 217 20
15 36 F Pneumonia 8 13 12 234 18
16 52 M Thoracic trauma 9 12 10 220 25
19 87 F Bowel obstruction, ALI 13 8 10 262 19
Mean (SD) 60 (17) M6/F4 12 (3) 11 (2) 11 (1) 232 (15) 18 (4)

ALI acute lung injury, APACHE II acute physiology and chronic
health evaluation II score, ARDS acute respiratory distress syn-
drome, MV mechanical ventilation, PaO2/FiO2 ratio of arterial

oxygen tension to inspired oxygen fraction, PEEP positive end-
expiratory pressure, PS pressure support, RR respiratory rate, SD
standard deviation

Table 2 Time course of the ratio of arterial oxygen tension to inspired oxygen fraction (PaO2/FiO2), PaCO2, and respiratory rate (RR)

T0 T1 T12 T24 T48

PaO2/FiO2 (mmHg) i-PSV 230 ± 21 (10) 209 ± 32 (10) 258 ± 40 (8) 229 ± 32(7) 237 ± 60 (5)
n-PSV 246 ± 26 (10) 262 ± 76 (10) 264 ± 62 (9) 232 ± 23 (6) 228 ± 37 (4)

PaCO2 (mmHg) i-PSV 42 ± 9 (10) 41 ± 5 (10) 39 ± 4 (8) 44 ± 5 (7) 40 ± 7 (5)
n-PSV 41 ± 5 (10) 42 ± 7 (10) 45 ± 8 (9) 45 ± 6 (6) 43 ± 5 (4)

RR (breaths/min) i-PSV 18 ± 5 (10) 19 ± 5� (10) 19 ± 6 (8) 21 ± 6 (7) 26 ± 7 (5)
n-PSV 18 ± 6 (10) 26 ± 6 (10) 21 ± 5 (9) 21 ± 5 (6) 18 ± 6 (4)

Data are analysed with Mann–Whitney test. Data are expressed as mean ± standard deviation. Numbers in parentheses indicate the
number of patients at each time point
� [RR] T1, i-PSV versus n-PSV p = 0.0163
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treatment group, as opposed to controls. Very recently,
Girault et al. [14] compared NIV with both conventional
invasive ventilation and the oxygen therapy in weaning
patients with hypercapnic ARF and found a significant
reduction in the NIV group of the cumulative probability
of post-extubation ARF, re-intubation or death. In the
study by Ferrer et al. [12] 10 out of 43 patients were not
hypercapnic, suggesting a potential role for NIV in
facilitating weaning also in non-hypercapnic ARF.

This is the first study to investigate the feasibility of
NIV to facilitate weaning in patients undergoing
mechanical ventilation for hypoxemic ARF. Although the
key factors determining the benefits of NIV in weaning
patients with hypercapnic ARF may apply also to patients
with h-ARF, the use of NIV in these patients is more
difficult and complex [27]. All 10 patients included in the
n-PSV group required at least 24 h of treatment; in six of
them the time of NIV application was between 48 and
96 h. At enrolment, PEEP and PS were both on average
11 ± 1 cmH2O, to maintain a PaO2/FiO2 ratio of
240 ± 19 mmHg. Because continuous NIV application
for prolonged periods of time and need for elevated air-
way pressures are both causes of NIV intolerance,

reducing patient discomfort by using comfortable inter-
faces and cautiously administrating sedatives is extremely
important in these patients.

To improve patient tolerance, we allowed a rotational
use of three interfaces (helmet, full-face mask and oro-
nasal mask), when needed. Three patients required all
three interfaces, whereas in the remaining seven only the
helmet was utilized. We chose the helmet as the first-
choice interface because it is better tolerated, allowing the
continuous application of NIV for prolonged periods of
time [28, 29].

Low doses of i.v. sedatives were infused in five patients
to improve NIV tolerance. In three patients we used only
remifentanil, in one only propofol and in another one the
two drugs were used in combination. Although one of the
major benefits of NIV, as opposed to invasive ventilation,
is avoiding heavy sedation, intolerance represents a major
cause of NIV failure [11], which is associated with an
increased risk of death [30]. The use of continuous i.v.
sedative infusion during NIV aiming to achieve adequate
patient comfort, while maintaining an acceptable patient
cooperation, i.e. response to verbal stimulation, has been
previously reported [22, 23, 31]. While Clouzeau et al.
[31] administered propofol by target-controlled infusion
(TCI), which makes a comparison with our data impossi-
ble, the dosage of remifentanil in our study (0.02 ±
0.01 lg/kg/min) was lower than those reported in previous
studies by Rocco (0.07 ± 0.03 lg/kg/min) [23] and
Constantin (0.10 ± 0.03 lg/kg/min) [22]. In all cases, in
our study the rate of infusion allowed the patient to be
calm, though fully cooperative on demand.

Our study has several limitations that deserve discussion.
First, and most important, the number of patients included is
small, which makes it impossible to draw conclusions on the
real benefits of early extubation and NIV application in
hypoxemic ARF patients. It is worth remarking that the
intended aim of this clinical trial was just to assess the fea-
sibility of NIV application after early extubation in
hypoxemic patients. Considering the potential concerns on
the use of NIV for weaning purposes in this specific patient
population, which has never been systematically addressed
by previous studies, we believe that a feasibility study was
necessary for developing further properly powered clinical
trials. Second, our study design makes blinding impossible,

Table 3 Secondary outcomes express as mean ± standard devi-
ation or percentage

n-PSV i-PSV p value

Extubation failure (N/total of patients) 1/10 5/10 0.051
i-MV before T0, mean (SD), days 7 (5) 6 (4) 0.76
i-MV after T0, mean (SD), days 1 (1) 9 (9) 0.001
28-i-MV-free days, mean (SD), days 20 (8) 10 (9) 0.014
28-MV-free days, mean (SD), days 16 (9) 9 (9) 0.13
Weaning, mean (SD), days 4 (4) 4 (6) 0.63
Severe septic complications (N) 3/10 5/10 0.36
Tracheotomy (N) 0/10 3/10 0.06
Continuous i.v. sedation,

mean (SD), days
11 (8) 16 (11) 0.28

Length of ICU stay, mean (SD), days 15 (11) 21 (13) 0.28

The Mann–Whitney test was used for the continuous variables. Chi-
square test was used for categorical data
n-PSV noninvasive pressure support ventilation, i-PSV invasive
pressure support ventilation, i-MV invasive mechanical ventilation,
ICU intensive care unit, MV mechanical ventilation, T0 time 0, i.e.
baseline

Table 4 Time course of sedative i.v. infusion of remifentanil and propofol

T1 T12 T24 T48

Remifentanil (lg/kg/min)
i-PSV 0.06 ± 0.04 (6/10) 0.05 ± 0.01 (2/8) 0.04 ± 0.02 (2/7) 0.05 ± 0.04 (4/6)
n-PSV 0.03 ± 0.018 (4/10) 0.02 ± 0.01 (3/9) 0.02 ± 0.01 (4/6) 0.04 ± 0.01 (2/4)

Propofol (mg/kg/h)
i-PSV 2.56 ± 1.97 (7/10) 2.06 ± 1.43 (6/8) 2.70 ± 0.77 (3/7) 1.43 ± 1.55 (3/6)
n-PSV 0.72 ± 0.29 (2/10) 0.85 ± 0.48 (2/9) 0.34 (1/6) 2 (1/4)

All the data are expressed as mean ± SD. At each point in time, the number of patients receiving sedation/number of patients still under
evaluation is reported in parentheses
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which might in principle introduce unintended biases. Third,
because our trial was conducted in a single centre highly
experienced with NIV and with the use of sedatives during
NIV, our results might be not applicable to all ICUs. Finally,
our patients were recovering from the episode of ARF and
were accordingly rather stable, though dependent on rela-
tively elevated airway pressures applied. The number of
patients who failed extubation in the control group was as
high as 50 %, which possibly depended on the clinical
complexity of the patients enrolled; to our knowledge,
however, no study has so far described the rate of extubation
failure in this patient population. It is worth reminding that
such an approach is likely unsafe in patients in the early
dynamic phase of hypoxemic ARF.

Our data seem to exclude potential harm, as we could
not detect differences in the rate of extubation failure, and
ICU and hospital mortality, while suggesting potential
benefits, as indicated by the fewer days spent on i-MV in
the group of patients assigned to treatment, as opposed to
controls. However, to ascertain whether or not early
extubation and NIV application produce benefit in this
patient population a properly powered multicentre trial

including a much higher number of patients is clearly
necessary.

Conclusions

Our pilot study shows that in highly selected patients with
hypoxemic ARF, early extubation with immediate NIV
application is feasible and probably not harmful. A
properly powered multicentre randomized controlled trial
may ascertain the real clinical benefits and definitely
exclude the potential risks of this approach.
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