
study is clinically relevant for two reasons. First, obesity is
becoming a common finding in mechanically ventilated patients.
Second, despite some data in support of the use of NIV among
patients with obesity at high risk of extubation failure, NIV is
rarely implemented after extubation (2). Although the current
study does not represent a definitive trial, we believe that there are
solid physiologic reasons that explain why NIV is beneficial after
extubation in obesity.

In a recent ambulatory study (3) of patients with obesity and
normal-range BMI, we characterized the effects of NIV on work of
breathing. Our study rationale stemmed from prior observations
that patients with obesity have elevated pleural pressures when
mechanically ventilated and have recruitable lungs if adequate
positive end-expiratory pressure (PEEP) is set to match resting
pleural pressure after a recruitment maneuver (4). We found that
applying noninvasive continuous positive airway pressure (CPAP)
set to match pleural pressure as measured through esophageal
manometry led to a dramatic reduction in work of breathing in
ambulatory patients with obesity but not in patients with normal-
range BMI. At baseline before CPAP initiation, patients with
obesity demonstrated large inspiratory swings in pleural
pressure—both for achieving airways opening as well as for VTs—
representing a tremendous work of breathing in this population
even outside of acute illness. CPAP matching end-expiratory
pleural pressure in subjects with obesity dramatically reduced
pleural pressure swings, reduced occlusion to airways opening,
improved peripheral oxygen saturation, and led to a more
homogeneous distribution of ventilation as observed through
electrical impedance tomography.

In an intubated patient with BMI of 43 kg/m2, we observed
failure of spontaneous breathing trial when performed according
to the hospital standard of care (i.e., low degrees of PEEP, 5 cm
H2O) (5). At 5 cm H2O PEEP, esophageal manometry revealed
both high amounts of end-expiratory pleural pressure and large
swings during the inspiratory phase, which is expected in
subjects with obesity. When PEEP was set to counterbalance the
high degree of pleural pressure, a threefold reduction in
inspiratory work of breathing was observed. Furthermore, the
analysis of lung ventilation by electrical impedance tomography
showed a more homogeneous distribution of ventilation at
higher degrees of PEEP and disappearance of a Pendelluft
phenomenon (6).

Taken together, these studies suggest that a titrated degree of
PEEP to overcome airway occlusion and excessive work of breathing
during weaning frommechanical ventilation and the application of
postextubationNIVmight lead to improved outcomes. Although the
goal of a spontaneous breathing trial is to simulate postextubation
conditions (baseline work of breathing and respiratorymechanics),
NIVmight help this subset of patients with obesity readapt to
spontaneous breathing conditions, clear lingering anesthetics, and sit
awake in the upright position. On the contrary, extubation to
atmospheric pressuremight promote lung derecruitment and
hemodynamic derangement owing to large transthoracic pressure
swings, especially in those patients who are not fully awake and/or
sitting fully upright.

Although future studies should test the present hypothesis,
Thille and colleagues should be complimented for demonstrating
improved outcomes in this vulnerable and understudied
population.�
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Reply to Florio et al.

From the Authors:

In a study recently published in the Journal and including 623
patients at high risk of extubation failure in ICUs, we showed
that prophylactic use of noninvasive ventilation (NIV)
immediately after extubation significantly decreased the risk of
reintubation and death in obese or overweight patients compared
with high-flow nasal oxygen (1). Among obese or overweight
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patients, the rate of reintubation within the 7 days after
extubation was 20% with high-flow nasal oxygen alone and only
7% with NIV (P = 0.0002). NIV was delivered in mean for 226 9
hours within the first 48 hours with a facemask using an initial
pressure support of 7.86 2.4 cm H2O and positive end-
expiratory pressure (PEEP) of 5.46 1.0 cm H2O.

In their correspondence, Florio and colleagues report several
studies from their research group (2–4) showing that pleural
pressure can be particularly elevated in patients with severe
obesity and that applying high degrees of PEEP with NIV may
dramatically decrease work of breathing and subsequently favor
extubation success. In their studies, the authors first measured
pleural pressure using esophageal manometry and then adjusted
PEEP to match this pleural pressure. As a result, PEEP exceeding
10 and even 15 cm H2O reduced as much as possible the work
of breathing. By contrast, patients with normal range of body
mass index did not benefit from NIV with high PEEP in terms of
work of breathing, suggesting that NIV should be specifically
delivered at high PEEP in obese patients only. These
physiological studies are remarkable and should have been cited
in our original study to justify the beneficial effects of PEEP in
obese patients. Although we are fully convinced by these
findings, we would like to specify two points we consider
essential. First, we showed the beneficial effects of NIV on risk of
reintubation and death not only in obese but also in overweight
patients. Consequently, body mass index was 326 6 kg/m2

among patients treated with NIV, which is markedly lower than
that of patients included in the above-mentioned physiological
studies (2, 3). Although PEEP titrated to match pleural pressure
reached 126 3 cm H2O in mean, all included patients had a body
mass index of at least 40 kg/m2. The amount of PEEP even
reached 186 4 cm H2O among the most obese patients with a
body mass index exceeding 50 kg/m2. As high airway pressure
can promote leaks and patient–ventilator asynchrony during
NIV (5), and as pleural pressure measurement to set amount of
PEEP is not a daily clinical practice, we believe that PEEP of 5 cm
H2O, as in our study, suffices in most obese patients and that
PEEP of more than 10 cm H2O could be reserved for patients
with morbid or super obesity. Without pleural pressure
measurement, a PEEP trial of 10 cmH2O or more may be adjusted
according to patient comfort, number of leaks, exhaled VT, and
respiratory rate. Second, the other situation that may lead to
adjusting high PEEP is an underlying obstructive sleep apnea
syndrome. Apneas are frequent and probably underdiagnosed in
ICU patients. Several studies have reported that more than half of
patients admitted for acute hypercapnic respiratory failure had
underlying severe sleep apnea syndrome, known or not (6, 7).
Apneas are particularly frequent in obese patients and could lead to
severe hypoxemia episodes and precipitate respiratory failure.
Recurrent drop of pulse oximetry in obese patients after extubation
may raise suspicion of underlying sleep apnea syndrome and justify
increasing the PEEP to values used for treatment of sleep apnea
syndrome (i.e., around 10 cmH2O).

In conclusion, use of relatively low PEEP (i.e., around 5 cm
H2O), as in our study, seems to effectively prevent the risk of

reintubation after extubation in obese or overweight patients in ICUs.
However, we believe that a PEEP trial up to 10 cmH2O or more may
be beneficial in patients with morbid or super obesity or those with
strong suspicion of sleep apnea syndrome. Without measurement of
work of breathing, patient comfort, respiratory pattern, and number
of leaks under NIVmight help to judge the effectiveness of such an
adjustment.�
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