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SBT failure criteria. The decision to attempt the SBT, extubate the patient, or reinstitute mechanical ventilation during or at the end of the SBT was left to the physicians in charge (who were blinded to the diaphragmatic ultrasonographic parameters). The physicians’ decision was based on the following clinical and laboratory signs of poor tolerance. (1) The objective indices of failure included (a) PaO2 ≤ 50–60 mmHg on FiO2 > 0.5 or SaO2 < 90%, or PaCO2 > 50 mmHg or an increase in PaCO2 > 8 mmHg; (b) pH < 7.32 or a decrease in pH ≥ 0.07 pH units; (c) RR ≥ 35 breaths/min/L or an increase of ≥50%; (d) RR/VT > 105 breaths/min/L; (e) heart rate > 140 beats/min or an increase of ≥20%; (f) systolic blood pressure (BP) > 180 mmHg or an increase of ≥ 20% or systolic BP < 90 mmHg; and (g) cardiac arrhythmias. (2) The subjective indices of failure included diaphoresis, agitation, anxiety, depressed mental status, cyanosis, evidence of ongoing increase in respiratory effort (i.e. increased accessory muscle activity or dyspnoea) [1].

Ultrasonographic assessment of the diaphragm. Ultrasonographic measurements were performed by a single well-trained intensivist (V.A.) by using a commercial ultrasonography machine (M-Turbo®; SonoSite, Inc., Bothell, USA). The liver and spleen were regarded as echographic windows for the right and left hemidiaphragm, respectively. Diaphragmatic movements were evaluated using a 3.5- to 5-MHz convex ultrasound probe placed between the eighth and tenth intercostal space, between the anterior axillary and mid-axillary lines [2–3]. The probe was positioned along the long axis of the intercostal space. The two-dimensional mode (B-mode) was used to select the exploration line of the right hemidiaphragm. With the probe fixed on the chest wall, the ultrasound probe was directed medially, cephalad, and dorsally so that the ultrasound beam reached the posterior part of the hemidiaphragmatic dome at an angle as close to 90° as possible [4–5]. The ultrasonography machine was then switched to the motion mode (M-mode). Diaphragmatic excursion was recorded using the slow scrolling speed of the display in order to detect, at least, 3 consecutive respiratory cycles on the same screenshot. During inspiration, the normal diaphragm contracts and moves caudally towards the transducer; this is recorded as an upward motion of the M-mode tracing and regarded as DD, which was measured on the vertical axis from the baseline to the point of maximum height of inspiration, on a frozen image (Figure 2). Deep, superficial, or irregular breaths were excluded from the measurements. To reduce the measurement error, every recording was repeated 3 times, and the average value from these 3 measurements was considered.  
In a first step of the study, any eventual diaphragmatic paralysis was detected on the M-mode tracing of both the right and left hemiduiaphragm.  In unilateral or bilateral diaphragmatic palsy, the negative pressure generated by the other respiratory muscles during inspiration, causes the diaphragm to passively move cranially instead of its normal caudal movement [6].  Patients presenting diaphragmatic paralysis were excluded from the study.  In a second step, the right hemidiaphragm DD was assessed and recorded.  This because the echographic window of the left hemidiaphragm is smaller then the one of the right side and furthermore the measurement is impaired by the presence of gastric and colic meteorism.  Indeed, in most of the studies, the DD is determined in the right diaphragm [7-9] 

Assessment of ultrasonographic index reproducibility. Twenty recordings (from separate patients) were randomly selected to assess reproducibility. The same sets of recordings were analyzed twice by the same ultrasonographer who performed the study (V.A.) and twice by another ultrasonographer (R.R.) by using the ImageJ software (National Institutes of Health, Washington, USA). The measurements obtained by the same ultrasonographer for each patient were used for calculating intra-observer reproducibility, and the measurements obtained by the two ultrasonographers for the same patient were used for calculating inter-observer reproducibility.
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