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Abstract

Purpose: Noninvasive ventilation (NIV) may facilitate withdrawal of invasive mechanical ventilation (i-MV) and
shorten intensive care unit (ICU) length of stay (LOS) in hypercapnic patients, while data are lacking on hypoxemic
patients. We aim to determine whether NIV after early extubation reduces the duration of i-MV and ICU LOS in
patients recovering from hypoxemic acute respiratory failure.

Methods: Highly selected non-hypercapnic hypoxemic patients were randomly assigned to receive NIV after early
or standard extubation. Co-primary end points were duration of i-MV and ICU LOS. Secondary end points were treat-
ment failure, severe events (hemorrhagic, septic, cardiac, renal or neurologic episodes, pneumothorax or pulmonary
embolism), ventilator-associated pneumonia (VAP) or tracheobronchitis (VAT), tracheotomy, percent of patients
receiving sedation after study enrollment, hospital LOS, and ICU and hospital mortality.

Results: We enrolled 130 consecutive patients, 65 treatments and 65 controls. Duration of i-MV was shorter in the treat-
ment group than for controls [4.0 (3.0-7.0) vs. 5.5 (4.0-9.0) days, respectively, p=0.004], while ICU LOS was not significantly
different [8.0 (6.0-12.0) vs. 9.0 (6.5-12.5) days, respectively (p=0.259)]. Incidence of VAT or VAP (9% vs. 25%, p=0.019), rate of
patients requiring infusion of sedatives after enrollment (57% vs. 85%, p=0.001), and hospital LOS, 20 (13-32) vs. 27(18-39)
days (p=0.043) were all significantly reduced in the treatment group compared with controls. There were no significant dif-
ferences in ICU and hospital mortality or in the number of treatment failures, severe events, and tracheostomies.

Conclusions: In highly selected hypoxemic patients, early extubation followed by immediate NIV application
reduced the days spent on invasive ventilation without affecting ICU LOS.
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Introduction

Patients with severe acute respiratory failure (ARF) often
require intubation and invasive mechanical ventilation
(i-MV). Although a life-saving intervention, i-MV is
prone to complications and side effects [1].

Noninvasive ventilation (NIV) can be used at an early
stage of ARF to prevent the need for i-MV and its associ-
ated risks. NIV may improve arterial blood gases (ABGs)
and reduces the work of breathing in patients with both
hypercapnic [2] and hypoxemic [3] ARF.

There is evidence supporting NIV for treatment of
hypercapnic ARF secondary to chronic obstructive pul-
monary disease (COPD) [4], cardiogenic pulmonary
edema [5], and ARF following abdominal surgery [6].

Data available on the use of NIV as a means to facili-
tate the process of liberation from i-MV in non-hyper-
capnic hypoxemic ARF patients are presently limited to
a small pilot trial [8], which makes any recommendation
in favor of this approach or exclusion of potential harm
impossible at this time [4]. No multicenter randomized
controlled trial (RCT) on the use of NIV to facilitate the
process of liberation from invasive mechanical ventila-
tion only in non-hypercapnic hypoxemic patients is pres-
ently available.

We therefore designed this multicenter randomized
controlled trial to assess whether early extubation fol-
lowed by immediate NIV application would reduce the
duration of i-MV and ICU length of stay (LOS) in a pop-
ulation of patients recovering from an episode of hypox-
emic ARF, but still dependent on inspiratory pressure
support and high levels of positive end-expiratory pres-
sure (PEEP) as opposed to a conventional approach with
the endotracheal tube in place.

Methods

Trial design and oversight

The present trial is an investigator-initiated, parallel-
group, multicenter RCT. A blocked randomization, with
a block size of 10, was generated using a computer-
generated allocation sequence held by an investigator
not involved in the study enrollment, who indicated the
group of assignment for each center in sealed, opaque
numbered envelopes. The study was conducted from 13
October 2013 to 19 October 2016 in nine ICUs of aca-
demic hospitals, i.e., six in the Chinese Republic and
three in Italy. The trial was conducted in accordance with
the Declaration of Helsinki. The study was approved by
all local Ethics Committees. Written informed consent
was obtained for all patients. The trial was prospectively
registered on 4 October 2013 at the Australian New Zea-
land Clinical Trial Registry (ACTRN12613001114730).

Take-home message

Few data are available on the use of noninvasive ventilation to facili-
tate extubation in hypoxemic non-hypercapnic acute respiratory
failure patients. With this multicenter randomized trial, we show that
early extubation followed by noninvasive ventilation application
reduces the duration of invasive ventilation without significantly
affecting intensive care unit length of stay and is associated with
decreased occurrence of ventilator-associated pneumonia and
tracheobronchitis, a reduced rate of patients requiring sedation after
enrollment, and shorter hospital length of stay, without signifi-
cantly affecting mortality. Surgical patients, as opposed to medical
patients, seem to benefit most.

We followed the CONSORT recommendations concern-
ing the report of randomized trials [9]. An external data
monitor committee supervised data collection.

Patients

We considered every intubated patient meeting all the
following inclusion criteria eligible: (1) age>18 years;
(2) invasive mechanical ventilation for at least 48 h; (3)
pressure support ventilation (PSV) with a total applied
pressure, i.e., PEEP+inspiratory support<25 c¢cmH,O
with PEEP level between 8 and 13 cmH,0O; (4) the ratio
between the partial pressure of oxygen and fraction of
inspired oxygen (PaO,/FiO,) between 200 and 300 mmHg
with FiO,<0.6; (5) PaCO, <50 mmHg and pH>7.35;
(6) respiratory rate (RR)<30/min; (7) tidal volume
(VT) < 8 ml/kg of ideal body weight (IBW); (8) core tem-
perature < 38.5 °C; (9) Glasgow Coma Scale (GCS)=10T,
i.e., the highest possible value in intubated patients; (10)
cough on suctioning and need for tracheo-bronchial suc-
tioning <2 per hour. Patients were excluded if they met
one or more of the following criteria: (1) hemodynamic
instability, i.e., systolic arterial pressure<90 mmHg
despite adequate filling; (2) use of vasoactive agents, i.e.,
vasopressin, epinephrine at any dosage, dopamine, or
dobutamine >5 pg/kg/min, and norepinephrine>0.2 pg/
kg/min; (3) life-threatening arrhythmias or electrocardio-
graphic signs of ischemia; (4) presence of sepsis [10]; (5)
ARF secondary to neurologic disorders, status asthmati-
cus, COPD, and cardiogenic pulmonary edema; (6) pres-
ence of tracheotomy; (7) uncontrolled vomiting; (8) two
or more new organ failures; (9) body mass index > 30 kg/
m? (10) documented history or suspicion of obstructive
sleep apnea; (11) enrollment in other research protocols;
(12) denied consent.

Protocol

All ICU patients underwent daily screening for study
recruitment during the morning round. After enroll-
ment, patients were allocated to either early extubation
and NIV application (treatment) or standard extubation
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(control). All centers used ICU ventilators equipped with
dedicated NIV software (Servo-I, Maquet Critical Care,
Solna Sweden; EVITA 4, Draeger, Lubeck, Germany). A
detailed description of the sedation protocol is provided
in the online supplement.

Patients randomized to the intervention group were
extubated without performing spontaneous breath-
ing trials (SBT), and NIV was immediately applied
with the same PEEP and inspiratory support set dur-
ing i-MV, either oral-nasally or with a full-face mask
or helmet, as detailed in the online supplement. When
a mask was used, the occurrence of an expiratory VT
between 6 and 8 ml/kg of IBW was verified. To achieve
this target, adjustments of the inspiratory support were
allowed. PEEP and PS were decreased by 2 cmH,O
every 2 h to a minimum of 8 and 10 cmH,0O, respec-
tively [8], as schematically reported in Fig. 1. A detailed
description of the protocol for reduction of PEEP and
PS is presented in the online supplement. When PaO,/
FiO, exceeded 250 mmHg with PEEP 8 cmH,O and PS
10 cmH,0, a 30-min unsupported SBT was attempted
with oxygen supplementation through a Venturi mask at
FiO, of 0.35. NIV was interrupted if at the end of the
unsupported SBT all the following occurred: pH > 7.35,
PaCO, <50 mmHg and PaO,>70 mmHg, RR<30
breaths/min, absence of dyspnea, respiratory acces-
sory muscle recruitment, and paradoxical abdominal
motion.

In the control group, PEEP and PS were titrated as
already described for the treatment group. At the mini-
mum level of 8 and 10 cmH,O of PEEP and PS, respec-
tively, a partially supported SBT was conducted if PaO,/
FiO, was > 250 mmHg. The SBT consisted of 30 min of
breathing through the endotracheal tube with both PEEP
and PS set at 5 cmH,0O. Patients were extubated soon
after SBT completion if RR <30 breaths/min, pH >7.35,
PaCO, <50 mmHg, and PaO,>70 mmHg with an FiO,
of 0.35, without dyspnea, respiratory accessory muscle
recruitment, and paradoxical abdominal motion. Once
extubated, prophylactic NIV was used for for 6-12 h for
all patients considered at risk for post-extubation respira-
tory failure [11], as detailed in the online supplement.
Oxygen therapy was administered through a Venturi
mask after NIV withdrawal in the treatment group or
extubation in the control group.

In the control group, treatment failure was defined as
need for noninvasive continuous positive airway pressure
(nCPAP), NIV, or reintubation within the 48 h following
extubation. Prophylactic NIV to prevent post-extubation
respiratory failure was not considered treatment failure.
In the treatment group, treatment failure was defined as
need for nCPAP, NIV, or reintubation within 48 h after
NIV withdrawal.

In both groups, patients who failed because of dyspnea
with 7.30>pH<7.35 and 45 mmHg<PaCO, <50 mmHg
underwent a "rescue” attempt of NIV before intuba-
tion. Similarly, in the case of hypoxemia only (i.e., PaO,/
FiO,<200 mmHg), nCPAP was attempted. Predefined
criteria for re-intubation are provided in the online
supplement.

Study end points

The co-primary outcomes for comparing the two groups
were the time spent on i-MV and ICU LOS. Secondary
outcomes were (1) treatment failure; (2) occurrence of
at least one of the following severe events: intervening
hemorrhagic, septic, cardiac, renal [13], or neurologic
(ischemic or hemorrhagic stroke) episodes, pneumo-
thorax, or pulmonary embolism; (3) rate of ventilator-
associated pneumonia (VAP) or ventilator-associated
tracheobronchitis (VAT); (4) tracheotomy; (5) rate of
patients requiring sedation after study inclusion; (6) hos-
pital LOS; (7) ICU and hospital mortality. VAT and VAP
are more extensively defined in the online supplement.

Statistical analysis
Sample size calculation was obtained with nQuery Advi-
sor software, version 7.0. Since the study had two pri-
mary objectives of equal relevance, defined a priori, the
sample size required to achieve each of them was cal-
culated separately and the highest number considered.
Based on data from our previous work [8], we estimated a
sample of 65 patients per group necessary for determina-
tion, with a power of 80% and a 5% two-sided level of sig-
nificance. The null hypothesis was that in the treatment
group mean ICU LOS was equal to that in the control
group, i.e., 21 days, while the alternative hypothesis was
that ICU LOS means were 15 and 21 days for the treat-
ment and control group, respectively. Standard devia-
tions were 11 and 13 days, respectively. We decided to
compare the two groups with a ¢ test with Satterthwaite
correction. After analyzing for the primary end point
variables skewness, kurtosis, and normality distribution
using the Shapiro-Wilk test and equality of variances
by the Levene test, we decided on the Mann-Whitney
test. An intention-to-treat analysis was used. To exclude
effects of the center and country, we used a mixed effect
linear regression model providing an estimate of the
association between primary outcomes and treatment
groups with the random intercept being center and coun-
try, as detailed in the online supplement.

Kaplan-Meier curves, depicting the two groups for the
time from intubation to liberation (1) from i-MV and (2)
from any form of mechanical ventilation, i.e., invasive
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Main Inclusion Criteria:

1) 48h i-MV; 2) PaO,/FiO, 200-300 mmHg with PEEP+PS<25¢cmH,0; 3)
PaCO,<50 mmHg and pH>7.35; 4) Respiratory rate <30/min; 5) effective cough; 6)
1<38.5°C, 7) GCS=10T

Main Exclusion Criteria:

1) hemodynamic instability; 2) use of vasoactive agents; 3) life-threatening
arrhythmias; 4) ARF secondary to neurological disorders, status asthmaticus, COPD,
cardiogenic pulmonary edema; 5) presence of tracheotomy; 6) body mass index > 30
kg/m?; 7) documented history or suspicion of obstructive sleep apnea.

Randomization (n= 130)

—

/ Control Group /

'

/ Treatment Groul/

Extubation
and NIV

}

Protocol for gradual reduction of PEEP and PS:

A\ 4

A

-Pa0,/Fi0, < 200 mmHg: 1 PEEP and wait 12 h
- 200 mmHg < Pa0,/Fi0, < 225 mmHg: 1 PEEP and wait 6 h
- Pa0y/Fi0, >225 mmHg: | PEEP and PS <2 ¢cmH,0 each every 2 h

'

No

Pa0,/Fi0,>250 mmHg with PEEP=8 cmH,0O and PS=10 cmH,0

Partially supported Spontaneous unassisted
spontaneous breathing trial (for breathing trial (for 30 minutes)

30 minutes) l

|

PEEP and PS: 5 emH,0, FiO,: 35% SB Venturi mask, FiO,: 35%

pH>7.35 and
PaCO,<50 mmHg, PaO,/FiO, >200 mmHg and respiratory
rate <30/min

No

Extubation and SB | SB
(consider prophylactic NIV 6-12 h)

Respiratory failure
in the following 48 h

1. No Yes | Failure: IOT or NIV or
Success [« > nCPAP

No

Fig. 1 Protocol flow chart. FiO, inspired oxygen fraction. PaO,/FiO, ratio of arterial oxygen partial pressure to fractional inspired oxygen; PEEP
positive end-expiratory pressure; PS pressure support; SB spontaneous breathing; IOT oro-tracheal intubation; NIV noninvasive ventilation; nCPAP

noninvasive continuous positive airway pressure; COPD chronic obstructive pulmonary disease; ARF acute respiratory failure
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and noninvasive, were determined and compared using
the log-rank test.

Data analysis was performed using STATA software,
version 14. Data are expressed as median =+ interquar-
tile range. Frequency distributions are compared by two
tailed chi-square test or Fisher’s exact test, as indicated. p
values < 0.05 were considered significant.

Results

We enrolled 130 patients, 65 randomized to undergo
early extubation and immediate NIV and 65 receiv-
ing standard extubation. Figure 2 shows the flow of
patients through the trial and detailed in the online
supplement.

Data on primary outcomes were available for all 130
patients. We encountered some violations of the pro-
tocol, as detailed in the online supplement, which were
analyzed according to the intention to treat (E-Results).
Groups were similar with respect to anthropometric
characteristics, severity scores at ICU admission, and
comorbidities (¢Table 1). The main reason for instituting
i-MV and the number of days of i-MV pre-enrollment
were similar between groups (Table 1). The initial set-
tings of the ventilators were as follows: median PEEP 8
cmH,0 (8-10 cmH,0) for both groups; median pres-
sure support 10 cmH,0O (10-12 cmH,0) for both groups.
Median PaO,/FiO, and PaCO, obtained with those set-
tings were 248 mmHg (221-278 mmHg) and 232 mmHg
(218-269 mmHg) and 40 mmHg (36-44 mmHg) and
39 mmHg (35-44 mmHg), respectively. Normal pH
values were present in both groups. The duration of
mechanical ventilation before inclusion was similar, i.e.,
4 (3-7) and 4 (3-6) days, for controls and treatments,
respectively. Five patients in both groups attempted NIV
before intubation, while no patient had been re-intubated
before protocol inclusion.

Doses of vasoactive drugs on the day of extubation are
presented in the online supplement. Arterial blood gas
parameters at TO, T1, T12, and T24 are also presented in
the online supplement. PaO,/FiO,, PaCO,, and pH were
not different at each time point between the two groups
(eTable 2).

Primary outcomes

Compared with standard extubation, NIV after early
extubation significantly reduced the days spent on i-MV,
ie, 55 (4.0-9.0) vs. 4.0 (3.0-7.0) days, p=0.004, while
ICU length of stay was not different between the two
groups: 9.0 (6.5-12.5) vs. 8.0 (6.0-12.0) days, p=0.259
(Table 2). Compared with the intention-to-treat analysis,
the results of the per-protocol analysis resulted in similar
results (online supplement).

A post hoc analysis was performed, according to
the diagnosis at ICU entrance, i.e., medical or surgical
(including post-surgical and polytrauma patients). Medi-
cal patients did not show significant differences between
the two groups with respect to both duration of i-MV
and ICU LOS. Conversely, surgical patients in the treat-
ment group displayed a shorter length of i-MV compared
with controls, 3.0 (2.0-6.0) days vs. 5.4 (3.8-8.9) days,
p=0.004, and shorter ICU stay, 6.0 (5.0-8.3) vs. 8.5 (6.3—
13.5) days, p=0.036.

Secondary outcomes

Treatment failures, occurrence of severe events, and
number of tracheostomies were not different between
groups (Table 2). We had five failures (3 reintubations, 1
NIV, and 1 nCPAP) in the treatment group and 12 fail-
ures (7 reintubations, 3 NIVs, and 2 nCPAPs) in controls
(p=0.069). Only one of these patients, enrolled in the
control group, died. Severe events occurred in 13 (20%)
and 18 (28%) of patients in the treatment and control
group, respectively (p=0.303). Four controls received
tracheostomy (p=0.119). VAP and VAT occurred in two
and four patients, respectively, in the treatment group,
while in nine and seven patients, respectively, in the con-
trol group (p=0.019). Sedatives and analgesic drugs were
still administered after randomization in 57% and 85%
of patients in treated patients and controls, respectively
(p=0.001). Hospital LOS was significantly decreased
(p=0.043) in the treatment group [20 (13-32) days] com-
pared with controls [27(18-39) days]. ICU and hospital
mortality was not different between groups (Table 2).

Length of ventilation according to Kaplan-Meier analysis
The Kaplan-Meier curve indicating the time from intu-
bation to liberation from invasive ventilation is depicted
in Fig. 3a. The median time of liberation from invasive
ventilation was 4 days (95% CI 3-5 days) in the treatment
group and 5 days (95% CI 4—6 days) in controls, log-rank
p=0.019. Considering the time to liberation from any
form of mechanical ventilation, i.e., invasive and nonin-
vasive, (Fig. 3b), the median time was 5.5 days (95% CI
4.1-7.0 days) in the treatment group and 6.0 days (95%
CI 5.0-7.0 days) in controls, log-rank p=0.172. The
median time spent on NIV in the treatment group was 1
(0.5-1.5) day.

Discussion

In this multicenter RCT study, conducted in patients
recovering from an episode of non-hypercapnic hypox-
emic ARF, NIV after early extubation reduced the
days spent on i-MV without significantly affecting
ICU length of stay. Treatment was associated with a
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t Enrollment J Assessed for eligibility (n=1259)

Excluded (n=1129)
Hemodynamic instability (n=22)
Use of vasoactive agents (n=511)
Life-threatening arrhythmias or
electrocardiographic signs of ischemia (n=14)
Sepsis (n=115)
Secondary ARF (n=70)
Tracheotomy (n=154)
Uncontrolled vomiting (n=2)
Two or more organ failures (n=65)
BMI > 30 kg/m?® (n=40)
OSAS (n=40)
Enrolled in other research protocol: (n=69)
Declined to participate (n=14)
Missing data on exclusion criteria (n=13)

A 4

Randomized (n=130)

v

[ Allocation ] l
\ 4

Allocated to treatment (n=65) Allocated to control (n=65)
Received allocated intervention (n=65) Received allocated intervention (n=65)
Centre 1 (n=2) Centre 1 (n=4)
Centre 2 (n=10) Centre 2 (n=10)
Centre 3 (n=8) Centre 3 (n=6)
Centre 4 (n=5) Centre 4 (n=7)
Centre 5 (n=9) Centre 5 (n=7)
Centre 6 (n=9) Centre 6 (n=4)
Centre 7 (n=8) Centre 7 (n=12)
Centre 8 (n=10) Centre 8 (n=12)
Centre 9 (n=4) Centre 9 (n=3)
¢ [ Follow-Up ] ¢
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued NIV and continued in HFO (n=1) Discontinued i-MV and continued in NIV (n=1)
[ Analysis ]
Analysed (n=65) Analysed (n=65)

Fig. 2 CONSORT flowchart. N/V noninvasive mechanical ventilation; i-MV invasive mechanical ventilation; HFO high-flow nasal cannula; ARF acute
respiratory failure; BMI body mass index; OSAS obstructive sleep apnea syndrome

decreased rate of VAP or VAT, reduced need for seda- this clinical approach than those with medical diseases.
tion, and shorter hospital LOS, while mortality was not  These results are of potential major clinical interest.

different between groups. Post-hoc analysis suggests Several studies proved NIV efficacy in reducing the
that surgical patients are more likely to benefit from duration of i-MV in intubated patients affected by



Table 1 Clinical characteristics of the patients at enroliment

ARDS 3 (4.6%) 6 (9.2%)
Pneumonia 12 (18.5%) 15 (23%)
Septic shock 3 (4.6%) 4 (6.1%)
Polytrauma 12 (18.5%) 14 (21.5%)
Postoperative abdominal surgery 12 (18.5%) 9 (13.8%)
Postoperative vascular surgery 2 (3.1%) 2 (3.1%)
Postoperative thoracic surgery 2(3.1%) /
Gastrointestinal bleeding 3 (4.6%) 5(7.7%)
Cerebral bleeding 4(6.1%) 1(1%)
Pancreatitis 2(3.1%) /
Others 10 (16.4%) 9(13.8%)
Days of i-MV pre-protocol, median (interquartile range) 4(3-7) 4 (3-6)
Days of NIV pre-protocol, median (interquartile range), n=5 in each group 1(1-1) 1(0.5-1)
PEEP (cmH,0), median (interquartile range) 8 (8-10) 8 (8-10)
Pressure support (cmH,0), median (interquartile range) 10(10-12) 10(10-12)
Respiratory rate (breath/min), median (interquartile range) 18 (16-21) 18 (16-21)
FiO, (%), median (interquartile range) 40 (35-45) 40 (40-40)
PaO,/FiO, (mmHg), median (interquartile range) 248 (221-278) 232 (218-269)
pH, median (interquartile range) 745 (7.42-7.48) 745 (7.41-7.49)
PaCO, (mmHg), median (interquartile range) 40 (36-44) 39 (35-44)

i-MV invasive mechanical ventilation; NIV noninvasive mechanical ventilation; ARDS acute respiratory distress syndrome; PEEP positive end-expiratory pressure; FiO,
inspired fraction of oxygen; PaO,/FiO, oxygen arterial partial pressure to inspired fraction ratio; PaCO, arterial partial pressure of carbon dioxide

Table 2 Primary and secondary outcomes

Overall 5.5(4.0-9.0) (h=65) 40 (3.0-7.0) (h=65) 0.004°
Medical 6.0 (4.0-9.3) (n=29) 5.0 (3.0-8.0) (n=39) 0.1072
Surgical 54(3.8-8.9) (h=36) 3.0 (2.0-6.0) (hn=26) 0.004°
Overall 9.0 (6.5-12.5) (h=65) 8.0 (6.0-12.0) (h=65) 0.259%
Medical 9(6.5-13.0) (h=29) 9.0 (6.0-14.0) (h=39) 0.970°
Surgical 8.5(6.3-13.5) (h=36) 6.0 (5.0-8.3) (n=26) 0.036%
Treatment failure, n (%) 12 (18%) 5 (8%) 0.069°
Severe events, n (%) 18 (28%) 13 (20%) 0.303°
Tracheostomy, n (%) 4 (6%) 0 0.119¢
VAT and VAP, n (%) 16 (25%) 6 (9%) 0.019°
Use of sedatives, n (%) 55 (85%) 37(57%) 0.001°
Hospital LOS, median (interquartile range) 27 (18-39) 20 (13-32) 0.043°
ICU mortality, n (%) 1(1.5%) 3 (4.6%) 0.619¢
Hospital mortality, n (%) 4 (6.2%) 6 (9.2%) 0.510°

i-MV invasive mechanical ventilation; ICU intensive care unit; VAP ventilator-associated pneumonia; VAT ventilator-associated tracheobronchitis; LOS length of stay
2 p value obtained with Mann-Whitney test
® p value obtained with chi-square test

¢ pvalue obtained with Fisher exact test
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Fig. 3 Kaplan-Meier curves comparing time to liberation from invasive ventilation (a) and from any form of mechanical ventilation, invasive and
noninvasive, (b) in control (solid line) and treatment (dashed line) groups

acute-on-chronic hypercapnic respiratory failure [4, 12,
14-16]. A recent meta-analysis [7] showed that patients
undergoing NIV after early extubation are characterized
by fewer VAPs and tracheostomies, decreased duration of
mechanical ventilation and intubation, ICU and hospital
lengths of stay, and lower mortality. However, subgroup
analysis indicated clear-cut benefits only for patients with
acute-on-chronic respiratory failure, predominantly sec-
ondary to COPD exacerbation [7].

While strong evidence supports the use of NIV in
patients with episodes of cardiogenic pulmonary edema
[5], fewer and less robust data are available on NIV for
other forms of hypoxemia in both immunosuppressed
[17-19] and immunocompetent patients [20, 21]. In
patients with hypoxemic ARF following abdominal sur-
gery, NIV delivered via face mask has been shown to
reduce the need for reintubation and for i-MV and the
number of episodes of health care-associated infection
compared with standard oxygen therapy [6]. Although
our patients were treated at a totally different ARF tim-
ing, a post hoc analysis showed that surgical patients
benefited more than medical patients.

For patients recovering from hypoxemic ARE, only one
single-center feasibility study has been published so far
[8]. In 20 highly selected patients recovering from AREF,
early extubation followed by immediate NIV application
was feasible and safe. Despite these promising results, the
paucity of patients makes any recommendation impos-
sible [4]. In keeping with our previous pilot study, no
patients received tracheostomy in the intervention group;
however, only four patients (6%) underwent tracheotomy,
a much lower rate compared with 30% of patients in
the control group of the pilot study. Compared with the

aforementioned pilot study, the patients entering the pre-
sent RCT also had lower median levels of PEEP at enroll-
ment, 8 vs. 10.5 cmH,0, and shorter median ICU LOS,
8 vs.15.5 days. These differences might be a consequence
of a selection bias or a consequence of having had only
a single center in the previous pilot study, highly experi-
enced in NIV, enrolling patients. Considering the accu-
mulating evidence in favor of high-flow oxygen therapy
(HFOT) through a nasal cannula for patients with hypox-
emic ARF [22], some may argue that we should have
considered HFOT rather than NIV. Nevertheless, at the
time the study was designed, evidence on the role of
HFOT [22-24] in hypoxemic patients was still missing.
Moreover, since our patients were extubated early while
dependent on both PEEP and PS, we still consider NIV
the most proper strategy.

The interfaces utilized in this RCT partially differ from
those adopted for the pilot study. In fact, while a standard
helmet was used as first-line therapy in the pilot study,
we allowed the use of a new helmet for this RCT. This
interface has some benefits compared with the stand-
ard helmet as it more effectively delivers NIV with bet-
ter comfort [25], pressurization [25-27], and triggering
performance [25—-27]. However, only 29% of the patients
used this new helmet as first-choice interface. The prob-
able reason for this limited use is the varying experience
with this interface among centers. The rotational use of
different interfaces is also a desirable practice that may
improve patient comfort and limit side effects of the sin-
gle interfaces [28]. In the pilot study, this strategy was
adopted in 30% of the patients, while only 2 out of 65
patients (3%) benefited from this strategy in the present
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study. The most likely explanation for this difference is
related to the overall shorter time spent on NIV.

The reduction of i-MV days and of some related side
effects confirms the findings of studies where NIV was
used to improve the process of withdrawing mechanical
ventilation in hypercapnic patients [4, 7]. Nonetheless,
we could not demonstrate a reduction in ICU LOS, sug-
gesting that factors other than the duration of intubation,
such as illness severity, reason of admission, age, comor-
bidities, and hospital stay before ICU admission, poten-
tially influenced this outcome variable [29].

Some limitations of our study deserve discussion. First,
the study includes a highly selected population of patients
with hypoxemic ARF of varied etiology, as indicated by
the low enrollment rate in relation to the relatively high
numbers of recruiting centers, which indicates limited
generalizability. Second, the rate of eligible patients that
were effectively randomized was quite different between
European and Chinese centers, i.e., 31% vs. 7%, respec-
tively, which might lead to differences in the criteria for
ICU admission between countries. In addition, the use of
different interfaces, humidifiers, and ventilators may raise
a concern about internal validity. Moreover, though we
tried to minimize any bias that could influence internal
validity at the study design stage, randomizing patients in
blocks to prevent critical unbalancing and choosing cent-
ers with different NIV expertises, unfortunately our pro-
tocol made excluding unintended biases caused by the
unblinded study design impossible, a limit that we were
not able to overcome and that we share with all similar
previous studies. Nevertheless, external validity should
not be an issue considering that, differently from our
previous small pilot investigation conducted in a highly
experienced single center, the present study involves
nine centers and includes many more patients. Finally,
because various SBT techniques exist, we cannot exclude
that treatment failure would have been different with
diverse SBT techniques.

Conclusions

In highly selected patients recovering from an episode of
hypoxemic non-hypercapnic ARF, the use of NIV to facil-
itate extubation, compared with standard treatment with
the endotracheal tube in place, reduces the days spent on
i-MV without affecting ICU length of stay. Furthermore,
it is associated with fewer VAPs or VATS, fewer patients
require sedation, and hospital LOS is shorter, with no dif-
ferences in mortality. Although a post hoc analysis sug-
gests that surgical patients are the best candidates for this
approach, further studies are necessary to confirm these
findings.
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