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BACKGROUND: The assessment of diaphragmatic kinetics through tissue Doppler imaging (dTDI)
was recently proposed as a means to describe diaphragmatic activity in both healthy individuals and
intubated patients undergoing weaning from mechanical ventilation. Our primary aim was to inves-
tigate whether the diaphragmatic excursion velocity measured with dTDI at the end of a spontane-
ous breathing trial (SBT) was different in subjects successfully extubated versus those who passed
the trial but exhibited extubation failure within 48 h after extubation. METHODS: We enrolled 100
adult subjects, all of whom had successfully passed a 30-min SBT conducted in CPAP of 5 cm H2O.
In cases of extubation failure within 48 h after liberation from invasive mechanical ventilation, sub-
jects were re-intubated or supported through noninvasive ventilation. dTDI was performed at the
end of the SBT to assess excursion, velocity, and acceleration. RESULTS: Extubation was successful
in 79 subjects, whereas it failed in 21 subjects. The median (interquartile range [IQR]) inspiratory
peak excursion velocity (3.1 [IQR 2.0–4.3] vs 1.8 [1.3–2.6] cm/s,P < .001), mean velocity (1.6 [IQR
1.2–2.4] vs 1.1 [IQR 0.8–1.4] cm/s,P < .001), and acceleration (8.8 [IQR 5.0–17.8] vs 4.2 [IQR 2.4–
8.0] cm/s2, P 5 .002) were all significantly higher in subjects who failed extubation compared with
those who were successfully extubated. Similarly, the median expiratory peak relaxation velocity (2.6
[IQR 1.9–4.5] vs 1.8 [IQR 1.2–2.5] cm/s,P < .001), mean velocity (1.1 [IQR 0.7–1.7] vs 0.9 [IQR 0.6–
1.0] cm/s, P 5 .002), and acceleration (11.2 [IQR 9.1–19.0] vs 7.1 [IQR 4.6–12.0] cm/s2,
P 5 .004) were also higher in the subjects who failed extubation. CONCLUSIONS: In our setting,
at the end of SBT, subjects who developed extubation failure within 48 h after extubation experienced
a greater diaphragmatic activation compared with subjects who were successfully extubated.
(ClinicalTrials.gov registration NCT03962322.)Key words: diaphragm; Doppler tissue imaging; me-
chanical ventilator weaning.[Respir Care 0;0(0):1–� . © 0 Daedalus Enterprises]

Introduction

Invasive mechanical ventilation is a lifesaving therapy in
critically ill patients. After recovery from the acute phase
of illness, a spontaneous breathing trial (SBT) is commonly
performed to ascertain whether mechanical ventilation can
be withdrawn and the patient extubated.1 The reported rates
of extubation failure range between 10% and 25%, reflect-
ing the variety in causes that may lead to failed extubation.2

Unfortunately, the failure of a planned extubation is associ-
ated with worse outcomes and increased mortality.3,4 Thus,
identifying patients with a high risk for extubation failure is
crucial for improving clinical outcome.

Several conditions are associated with extubation failure.
The inability to manage tracheobronchial secretions, age>
65 y, and the presence of underlying chronic respiratory or
cardiac disease are factors considered to increase the risk of
extubation failure.2,5-11Additional factors, such as mechani-
cal ventilation$ 7 d, delirium, ICU-acquired paresis, acute
heart dysfunction, increased rapid shallow breathing index
(RSBI), and a positive fluid balance the day before extuba-
tion, have been demonstrated to increase the risk of extuba-
tion failure.4,12-15

Diaphragm ultrasound has been proposed as a technique
capable of identifying patients more likely to experience
extubation failure after passing an SBT; however, conflicting
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results have been reported.16-18In addition, the diaphragmatic
thickening fraction appears to be a less reliable method for
quantifying (in healthy volunteers) diaphragmatic effort.19,20

Previous data suggest that the displacement velocity of the
diaphragm correlates with the extent of muscle activity.21

Moreover, diaphragmatic tissue Doppler imaging (dTDI) has
been recently employed to assess diaphragmatic activity,
both in healthy volunteers and in subjects being weaned off
invasive mechanical ventilation.22 However, the potential
role of the diaphragmatic excursion kinetics variables (ie, ve-
locity and acceleration) as predictors of extubation failure
has never been investigated.

We designed this prospective observational study to test
the hypothesis that the sonographic characteristics of dia-
phragmatic excursion kinetics (ie, velocity and accelera-
tion) assessed through dTDI at the end of an SBT may be
different in subjects who go on to be successfully extubated
compared with those who exhibit extubation failure. Thus,
our primary aim was to evaluate the velocities of diaphrag-
matic excursion and relaxation, assessed by means of dTDI
at the end of the SBT, and to compare the values obtained

in individuals successfully extubated with those of subjects
exhibiting extubation failure within 48 h after withdrawal
of invasive mechanical ventilation. Secondarily, we aimed
to ascertain whether the variables assessed with dTDI can
be used to predict extubation failure.

Methods

Our observational cohort study, approved by local the
ethics committee on March 22, 2019 (CE 23/19) and subse-
quently registered with ClinicalTrials.gov (NCT03962322)
was conducted in accordance with the Helsinki Declaration
principles in the ICU of “Maggiore della Carita`” University
Hospital, Novara, Italy. Written informed consent was
obtained from all subjects according to local regulations.

Subjects

Adult patients who had undergone invasive mechanical
ventilation for> 24 h and were extubated after passing a
30-min SBT on CPAP of 5 cm H2O according to our insti-
tutional weaning protocol, conducted using the ventilator
circuit, were eligible for enrollment (to view our detailed
institutional weaning protocol, see the supplementary mate-
rials at http://www.rcjournal.com). Exclusion criteria were
a failed SBT, a previous diagnosis of diaphragmatic palsy,
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Diaphragmatic tissue Doppler imaging has been uti-
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recent thoracotomy or sternotomy (within the previous
year), diagnosis of pneumothorax or pneumomediastinum,
consent refusal, a poor diaphragmatic ultrasound window,
pregnancy, and end-of-life extubation.

Ultrasound

dTDI measurements were obtained at the bedside with
subjects in a 30� semi-recumbent position using a portable
ultrasound machine equipped with a sectorial probe (1.8–
4.2 MHz) and a dedicated cardiac tissue Doppler applica-
tion (Xario 200, Canon Medical Systems, Zoetermeer, The
Netherlands).22,23Using the right side only (due to the poor
acoustic window of the left side resulting from the presence
of the spleen and impairments deriving from gastric or colic
meteorism24,25), the transducer was positioned between the
midclavicular and anterior axillary line in the subcostal
region and oriented to find the confluence of the hepatic
veins into the inferior vena cava via the liver.23,26,27With
the ultrasound beam perpendicularly oriented toward the
middle or posterior third of the diaphragm, the tissue
Doppler application was switched on and a clear diaphragm
signal was attained by gain fading and excluding high-fre-
quency signals. Once the Doppler cursor had been aligned
to the diaphragmatic displacement direction, the maximum
amplitude sample box (20 mm) was positioned on the dia-
phragmatic line to acquire its excursion.22,23 The velocity
scale was set as low as possible to catch the slower velocity
of diaphragmatic excursion with respect to the beating heart
(Fig. 1A).22 From the dTDI waveforms, the following pa-
rameters were acquired (Fig. 1B): inspiratory peak velocity
(the maximum velocity during inspiration; cm/s), inspira-
tory mean velocity (the mean velocity computed across the
whole inspiration; cm/s), velocity-time integral (excursion)
(the area under the velocity curve for the entire inspiration;
cm), inspiratory acceleration (the slope of the steepest por-
tion of the inspiratory velocity curve from baseline to inspir-
atory peak velocity; cm/s2), peak relaxation velocity (the
maximum diaphragmatic velocity during expiration; cm/s),
expiratory mean velocity (the mean velocity computed over
the full expiration; cm/s), and expiratory acceleration (relax-
ation rate) (the slope of the steepest portion of the expiratory
velocity curve from baseline to peak relaxation velocity;
cm/s2). The values of these parameters were averaged for 3
consecutive breaths and stored electronically.

Protocol

dTDI was performed by a single operator, who was not
involved in the subjects’ care, at the end of the SBT. After
extubation, subjects were allowed to breathe spontaneously
with additional oxygen to maintain SpO2

between 90% and
94%. Subjects at high risk for extubation failure subse-
quently received noninvasive ventilation (NIV), either in

CPAP or pressure support ventilation mode.28,29Extubation
failure was defined as the need for re-intubation or NIV as
a rescue therapy within 48 h after extubation29,30 (for NIV
application and re-intubation criteria in the case of extuba-
tion failure, see the supplementary materials at http://www.
rcjournal.com). Subjects receiving prophylactic NIV or
high-flow nasal cannula were not considered as extubation
failures.

Measurements

Subject demographics, admission diagnosis, and
Simplified Acute Physiologic Score II (SAPS II) were
acquired for all individuals. SpO2

, electrocardiogram, inva-
sive arterial blood pressure, breathing frequency, and tidal
volume were monitored throughout the whole study pe-
riod. dTDI evaluation, arterial blood gas analysis, assess-
ment of dyspnea according to the visual analog scale, and
sedation according to Richmond Agitation-Sedation Scale
(RASS) were obtained immediately after the end of the
SBT. The tidal volume and breathing frequency were
acquired from the ventilator. Furthermore, conventional
and diaphragmatic RSBIs were computed as previously
described.24,31

Intra- and Inter-Observer Reliability dTDI intra- and inter-
observer reliability of 2 operators were tested prior to sub-
ject enrollment. Each assessor carried out dTDI evalua-
tions in 10 intubated ICU individuals. For each subject,
the dTDI measurements were acquired across 4 breaths.
Five minutes after the completion of the first assessment,
a second dTDI assessment was performed in the same sub-
ject for another 4 breaths.

Statistical Analysis The sample size was computed based
on the difference in diaphragmatic peak relaxation velocity
between successfully weaned subjects and those who expe-
rienced weaning failures, according to recent findings.22 In
our setting, the subjects enrolled in the study were divided
in 2 groups: extubation failures and extubation successes.
Considering an expected extubation failure rate of 20%,2 a
total of 89 subjects were calculated as necessary to demon-
strate whether any difference in diaphragmatic peak relaxa-
tion velocity existed between extubation failure subjects
and extubation success subjects (Type I error rate¼ 0.05;
Type II error rate¼ 0.20, 80% power). Assuming a 10%
dropout rate, we opted for a sample size of 100 subjects.

Data are summarized as medians (interquartile range)
and were analyzed using the Mann-Whitney test for the
comparison of continuous variables between the extubation
failure group and the extubation success group. Categor-
ical variables, whenever dichotomous or nominal, were
reported as numbers and percentages and analyzed using
the Fisher exact test. Receiver operating characteristic
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Fig. 1. Diaphragmatic excursion velocity assessment through tissue Doppler imaging. The spectrum of diaphragmatic excursion velocity is
reported during inspiration and expiration. A: Diaphragmatic kinetics variables during inspiration and expiration. B: Inspiratory peak velocity ¼ the
maximal velocity during inspiration (cm/s); inspiratory mean velocity ¼ the mean velocity computed across the whole inspiration (cm/s); velocity-

time integral (excursion) ¼ the area under the velocity curve for the entire inspiration (cm); inspiratory acceleration ¼ the slope of the steepest por-
tion of the inspiratory velocity curve from baseline to inspiratory peak velocity (cm/s2); peak relaxation velocity ¼ the maximum diaphragmatic ve-

locity during expiration (cm/s); expiratory mean velocity ¼ the mean velocity computed over the full expiration (cm/s); expiratory acceleration
(relaxation rate) ¼ the slope of the steepest portion of the expiratory velocity curve from baseline to peak relaxation velocity (cm/s2).
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curves were also obtained for dTDI parameters, as well as
for the conventional and diaphragmatic RSBIs. The area
under the curve, cutoff, sensitivity, specificity, and positive
and negative likelihood ratios were reported for tissue
Doppler parameters and for conventional and diaphrag-
matic RSBIs. Area under the curve comparisons were car-
ried out according to the DeLong method.32 Two-tailed

tests were applied for hypothesis testing, and statistical sig-
nificance was considered forP values< .05.

For the dTDI intra- and inter-observer reliability analysis,
Pearson correlation, bias with the limits of agreement, and
the intraclass correlation coefficient were computed. For
computation of the intraclass correlation coefficient, 2-way
mixed effects for absolute agreement between the measure-
ments for each dTDI variable were considered.33 Statistical
analyses were conducted using R 3.5.2 software (The R
Foundation for Statistical Computing, Vienna, Austria).

Results

As depicted in Figure 2, from May to November 2019,
159 subjects were assessed for eligibility, of whom 100
subjects were enrolled and finally analyzed (ie, 79 extuba-
tion success subjects and 21 extubation failure subjects).
The causes of postextubation respiratory failure were
inspiratory stridor in 3 of 21 subjects (14.3%), respiratory
failure in 10 of 21 subjects (47.6%), cardiac arrest in 1 of
21 subjects (4.8%), and neurological impairment in 7 of 21
subjects (33.3%). Prophylactic NIV was employed in 12
subjects (15.2%) and 5 subjects (23.8%) in the extubation
success and failure groups, respectively. The baseline char-
acteristics of the study population are reported in Table 1.
Of the admission diagnoses, comorbidities were more
frequently observed in the extubation failure group com-
pared with individuals in the extubation success group

Assessed for eligibility
159

Excluded
59

Accidentally missed: 12 
Consent denied: 2
End-of-life extubation: 5
Right thoracotomy: 4
Failed SBT: 34 
Poor ultrasound window: 2

Enrolled and analyzed
100

Extubation failure
21

Extubation success
79

Fig. 2. Flow chart. SBT ¼spontaneous breathing trial.

Table 1. Baseline Characteristics of the Study Population

Characteristics
Extubation Success

(n ¼ 79)
Extubation Failure

(n ¼ 21)
P

Male sex, n (%) 42.0 (53.2) 12.0 (57.1) .81
Age, y 66.0 (52.0–77.0) 66.0 (62.5–73.0) .31
Body mass index, kg/m2 24.2 (22.5–26.4) 24.2 (21.8–27.7) .11
Predicted body weight, kg 64.2 (57.0–68.8) 60.0 (53.8–66.0) .43
SAPS II at admission 30.0 (24.0–42.0) 39.0 (33.5–46.5) .02
Ventilation duration before extubation, d 2.0 (1.0–5.0) 3.0 (1.0–7.0) .61
Pressure support, cm H2O 8.0 (5.0–9.0) 8.0 (6.0–10.0) .25
PEEP, cm H2O 5.0 (5.0–8.0) 5.0 (5.0–6.0) .84
Steroids administration 27 (34.2) 8 (38.1) .80
Myo-relaxant infusion 2 (2.5) 1 (4.8) .51
Admission diagnosis
Emergency neurosurgery 11.0 (13.9) 6.0 (28.6) .19
Elective neurosurgery 14.0 (17.7) 1.0 (4.8) .18
Respiratory failure 10.0 (12.7) 5.0 (23.8) .30
Cardiac arrest 2.0 (2.5) 0.0 (0.0) > .99
Shock 7.0 (8.9) 0.0 (0.0) .34
Trauma 11.0 (13.9) 2.0 (9.5) .73

Other surgeries 19.0 (24.1) 2.0 (9.5) .23
Other diseases 5.0 (6.3) 5.0 (23.8) .032

Data are presented as n (%) or median (interquartile range).P values refers to Fisher exact, chi-square, or Wilcoxon test.
SAPS II¼ Simplified Acute Physiology Score II
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(P ¼ .032). In 7 subjects (33.3%) from the extubation fail-
ure group, an ineffective cough was described before re-
intubation.

In our setting, diaphragmatic excursion kinetics were
assessed with dTDI evaluation for a total of 300 breaths (ie,
237 breathes in the extubation success group, 63 breathes in
the extubation failure group). Table 2 describes the dTDI
assessments at the end of the SBT. Despite no differences
in inspiratory excursion observed at the end of the SBT, the
inspiratory peak excursion velocity, mean velocity, and
acceleration were lower in extubation success subjects
compared with those attained from extubation failure sub-
jects. Similarly, during expiration, extubation failure sub-
jects showed a higher peak relaxation velocity, mean
velocity, and acceleration compared with those obtained
from extubation successes.

Table 3 reports the accuracy with which the dTDI varia-
bles and conventional and diaphragmatic RSBIs are able

to predict extubation failure at the end of the SBT. The
related receiver operating characteristic curves are
depicted in Figure 3 for inspiratory and expiratory dia-
phragmatic kinetics parameters. The area under the curve
values for the inspiratory peak and mean velocities were
wider than those obtained for the conventional (vs inspira-
tory peak velocity,P ¼ .036; vs inspiratory mean velocity,
P ¼ .042) and diaphragmatic RSBIs (vs inspiratory peak
velocity,P ¼ .01; vs inspiratory mean velocity,P ¼ .005).
The comparison of areas under the curve is presented in
Table 4.

Table 5 reports subjects’ breathing patterns, hemody-
namics, visual analog scale dyspnea, and sedation level, as
well as the conventional and diaphragmatic RSBI values at
the end of the SBT. With the exception of the breathing fre-
quency and visual analog scale dyspnea, which were lower
in extubation successes than in extubation failures, no dif-
ferences in the remaining parameters were observed.

Table 2. Diaphragmatic Excursion Tissue Doppler at the End of the Spontaneous Breathing Trial

Parameters Successes Failures P

Inspiratory peak velocity, cm/s 1.8 (1.3–2.6) 3.1 (2.0–4.3) < .001
Inspiratory mean velocity, cm/s 1.1 (0.8–1.4) 1.6 (1.2–2.4) < .001
Inspiratory acceleration, cm/s2 4.2 (2.4–8.0) 8.8 (5.0–17.8) .002
Inspiratory velocity-time integral, cm 1.6 (1.2–2.3) 2.2 (1.6–2.6) .12
Peak relaxation velocity, cm/s 1.8 (1.2–2.5) 2.6 (1.9–4.5) < .001
Expiratory mean velocity, cm/s 0.9 (0.6–1.0) 1.1 (0.7–1.7) .002
Expiratory acceleration, cm/s2 7.1 (4.6–12.0) 11.2 (9.1–19.0) .004

Data are presented as median (interquartile range).P values determined with the Mann-Whitney test for comparison between the extubation success and extubation failure groups.

Table 3. Accuracy in Predicting Extubation Failure at the End of the Spontaneous Breathing Trial

Variable
Area Under the

Curve
Standard

Error
95% CI P Cutoff Sensitivity 95% CI Specificity 95% CI

Likelihood Ratio
DOR 95% CI

Positive Negative

Inspiratory peak
velocity

0.8 0.1 0.7–0.8< .001> 2.2 76.2 52.8–91.8 62.0 5.4–72.7 2.0 0.4 4.1 1.4–11.7

Inspiratory mean
velocity

0.8 0.1 0.7–0.8< .001> 1.4 71.4 47.8–88.7 77.2 66.4–85.9 3.1 0.4 8.5 2.9–25.0

Inspiratory
acceleration

0.7 0.1 0.6–0.8< .001> 5.3 76.2 52.8–91.8 64.6 53.0–75.0 2.2 0.4 5.8 1.9–17.6

Expiratory peak
velocity

0.7 0.1 0.6–0.8< .001> 2.5 57.1 34.0–78.2 78.5 67.8–86.9 2.7 0.6 3.9 1.4–10.7

Expiratory mean
velocity

0.7 0.1 0.6–0.8 .02> 1.2 47.6 25.7–70.2 86.1 76.5–92.8 3.4 0.6 4.6 1.6–13.1

Expiratory
acceleration

0.7 0.1 0.6–0.8 .039> 12.3 57.1 34.0–78.2 78.5 67.8–86.9 2.7 0.6 4.5 1.6–12.4

Conventional RSBI 0.6 0.1 0.5–0.7 .18> 45.4 57.1 34.0–78.2 63.3 51.7–73.9 1.6 0.7 2.3 0.9–6.1
Diaphragmatic RSBI 0.6 0.1 0.5–0.7 .39# 12.6 76.2 52.8–91.8 45.6 34.3–57.2 1.4 0.5 2.7 0.9–8.0

DOR ¼ diagnostic odds ratio
RSBI ¼ rapid shallow breathing index
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The arterial blood gas data for the study population are
presented in Table 6. At the end of the SBT, PaO2=FIO2

was
higher in extubation success subjects than in extubation
failure subjects. pH, PaCO2, lactate, and bicarbonate serum
levels were not different between groups.

Clinical outcomes are reported in Table 7. As expected,
ICU length of stay, re-intubation rate, and tracheostomy
rate were higher in the extubation failure group than in the
extubation success group.

For dTDI intra- and inter-observer variability, a total of
160 breaths were analyzed (ie, 80 for each assessor). The
Pearson correlation coefficient, the bias with limits of
agreement, and the intra-class correlation coefficient for
each dTDI variable are presented in the supplemen-
tary materials (available at http://www.rcjournal.com).

The intra-class correlation coefficient was$ 0.85 for all
dTDI variables.

Discussion

The main findings of this study can be summarized as
follows: (1) at the end of the SBT, with the exception of
inspiratory excursion, which was similar among groups, all
the other dTDI variables were significantly higher in the
subjects who went on to exhibit extubation failure within
48 h after invasive mechanical ventilation interruption
compared with those who were successfully extubated; (2)
in our mixed ICU population, values of diaphragmatic
inspiratory peak and mean velocity were good predictors of
subsequent extubation failure following a successful SBT;
and (3) in this study, dTDI assessment was characterized by
good intra- and inter-observer reliability.

Diaphragm ultrasound is an easy-to-learn technique,34

widely used to monitor mechanical ventilation both in the
ICU20,35and in the emergency department.36 However, the
role of diaphragm ultrasound in predicting extubation fail-
ure is still under debate.16-18 In a recent study, dTDI was
employed at the end of the SBT to evaluate diaphragm-
atic kinetics during weaning from invasive mechanical
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Fig. 3. Receiver operating characteristic curves for diaphragmatic
displacement tissue Doppler parameters, conventional and dia-
phragmatic RSBIs. A: Inspiratory values. B: Expiratory values.

RSBI ¼ rapid shallow breathing index; AUC, area under the curve.

Table 4. Difference in Area Under the Curve Analysis

Comparison
Difference in Areas Under

the Curve
P

Inspiratory Peak Velocity vs
Conventional RSBI

0.15 (0.01–0.29) .036

Inspiratory Peak Velocity vs
Diaphragmatic RSBI

0.19 (0.04–0.34) .01

Inspiratory Mean Velocity vs
Conventional RSBI

0.17 (0.01–0.33) .042

Inspiratory Mean Velocity vs
Diaphragmatic RSBI

0.20 (0.06–0.35) .005

Inspiratory Acceleration vs
Conventional RSBI

0.14 (–0.02 to 0.29) .09

Inspiratory Acceleration vs
Diaphragmatic RSBI

0.017 (–0.07 to 0.10) .71

Expiratory Peak Velocity vs
Conventional RSBI

0.13 (–0.02 to 0.27) .09

Expiratory Peak Velocity vs
Diaphragmatic RSBI

0.16 (–0.00 to 0.33) .055

Expiratory Mean Velocity vs
Conventional RSBI

0.08 (–0.08 to 0.24) .35

Expiratory Mean Velocity vs
Diaphragmatic RSBI

0.11 (–0.05 to 0.28) .17

Expiratory Acceleration vs
Conventional RSBI

0.06 (–0.10 to 0.21) .46

Expiratory Acceleration vs
Diaphragmatic RSBI

0.10 (–0.12 to 0.31) .38

RSBI ¼ rapid shallow breathing index
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ventilation.22 According to this previous investigation,22

inspiratory peak velocity, expiratory relaxation velocity,
and expiratory maximum relaxation rate (ie, acceleration)
were higher in subjects who failed the SBT with respect to
subjects who passed the weaning trial. In good agreement
with that study,22 in our setting, the abovementioned dTDI
variables were higher in subjects in the extubation failure
group compared with subjects in the extubation success
group, with the exception of the inspiratory velocity-
time integral (ie, inspiratory excursion). In addition, we
observed higher values of mean velocity during both in-
spiration and expiration as well as inspiratory acceleration
in the extubation failure subjects than in extubation suc-
cess subjects. However, although the values of inspiratory

peak velocity and expiratory relaxation velocity in our
extubation failure subjects were quite similar to those of
the weaning failure group in the study by Soilemezi et al
(3.29 vs 2.66 cm/s and 3.26 vs 3.36 cm/s, respectively),22

the expiratory relaxation rate was substantially lower in
our extubation failure subjects compared with the weaning
failures from Soilemezi et al (17.59 vs 29.47 cm/s2,
respectively).22 This probably depended on the different
SBT modes adopted in the 2 studies (ie, CPAP 5 cm H2O
in our study vs T-tube in the cited study22) and the fact
that, contrary to our subjects who all passed the weaning
trial and were extubated, the weaning failure group in the
cited study22 constituted those who did not pass the SBT
and continued invasive mechanical ventilation.

Inspiratory diaphragmatic excursion during an assisted
breath is the sum of machine ventilatory assistance and dia-
phragmatic contraction.35,37 In light of previous findings,38

we can hypothesize that the extent of inspiratory diaphrag-
matic activity increased in our subjects when ventilatory
support was removed during the SBT. Although the SBT
was conducted in CPAP 5 cm H2O mode in our setting, the
higher dTDI parameters at the end of the SBT suggested a
greater diaphragmatic activation in extubation failures with
respect to extubation successes. The greater diaphragmatic
activation observed in extubation failure subjects could be
explained by a lower level of oxygenation in these subjects
compared with the extubation success group, which may
have acted as a continuous trigger for increased respiratory
demand.39,40 The hypothesis that diaphragmatic effort was
greater in the extubation failure group to ensure adequate
alveolar ventilation and gas exchange is congruent with
previous findings obtained in intubated ICU subjects un-
dergoing mechanical ventilation.41 According to these
results,41 extubation failure subjects experienced poorer
outcomes, not only in the presence of diaphragmatic atro-
phy/failure, but also when the respiratory muscles were
not sufficiently unloaded during mechanical ventilation.
To note, diaphragmatic dysfunction has been described in

Table 5. Parameters at the End of the Spontaneous Breathing Trial

Parameters Successes Failures P

Tidal volume, mL 500.0 (405.0–600.0) 450.0 (400.0–530.0) .59
Breathing frequency, breaths/min 19.0 (14.0–22.0) 22.0 (18.0–24.5) .047
Mean arterial pressure, mm Hg 90 (82.0–102.0) 100 (82.5–108.5) .08
Heart rate, beats/min 90.0 (74.0–100.0) 90.0 (77.0–99.0) .91
Visual analog scale dyspnea score 2.0 (0.0–3.0) 3.0 (0.5–5.0) .009
RASS score 0.0 (0.0–0.0) 0.0 (–1.0 to 0.5) .49
RSBI, breaths/min/L 38.5 (23.9–52.4) 47.4 (29.8–59.0) .21
Diaphragmatic RSBI, breaths/min/cm 11.5 (6.8–17.7) 9.7 (7.0–14.4) .27

Data are presented as median (interquartile range).P values determined with the Mann-Whitney test for comparison between the extubation success and extubation failure groups.
RASS¼ Richmond Agitation-Sedation Scale
RSBI ¼ rapid shallow breathing index

Table 6. Arterial Blood Gases

Parameters Successes Failures P

pH 7.41 (7.36–7.44) 7.43 (7.38–7.48) .16
PaCO2, mm Hg 4.7 (36.3–44.4) 42.5 (37.2–46.7) .18
PaO2=FIO2

, mm Hg 315.0 (242.0–369.0) 248.0 (189.0–330.0) .008
Lactate, mmol/L 1.5 (0.9–2.1) 1.1 (0.6–1.9) .17
Bicarbonate, mmol/L 25.7 (23.5–29.0) 29.2 (23.8–32.6) .069

Data are presented as median (interquartile range).P values refer to Mann-Whitney test for com-
parison between extubation success and extubation failure group.

Table 7. Clinical Outcomes

Characteristics
Extubation Success

(n ¼ 79)
Extubation Failure

(n ¼ 21)
P

Length of ICU stay, d 3.0 (1.0–8.0) 12.0 (5.5–14.0)< .001
Rate of re-intubation 1.0 (1.3) 13 (61.9) < .001
Rate of tracheostomy 1.0 (1.3) 7.0 (33.3) < .001
ICU mortality 3.0 (3.8) 1.0 (4.8) .99

Data are presented asn (%) and percentage or median (interquartile range).P values refer to
chi-square and Wilcoxon tests.
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approximatively 40% of patients within the first 3 d of inva-
sive mechanical ventilation.25,41This dysfunction is sustained
by a reduction in the strength and cross-sectional area of the
myofibers as a result of excessive ventilatory assistance,
deep sedation, and myo-relaxant administration.42,43 The
extent of diaphragmatic inactivity is correlated to diaphrag-
matic thickness and is associated with adverse outcome in in-
tubated patients.44

In our investigation, dTDI parameters were more accu-
rate predictors of extubation failure than both the conven-
tional15 and diaphragmatic24 RSBIs. The conventional
RSBI is one of the most-used clinical predictors of weaning
and extubation outcome because it provides a good indica-
tion of the balance between the mechanical load placed on
the respiratory muscles and their ability to handle this load
during an SBT performed in T-tube mode.15,31 However,
when an SBT is conducted in modes other than the T-tube
mode, the variability in the sensitivity and specificity of
this index in predicting weaning outcome is greater.45

Recently, the diaphragmatic RSBI, which assesses the ratio
of diaphragmatic excursion to breathing frequency, has
been proposed.24 Despite being a good predictor of weaning
outcome when SBT is conducted using a T-piece, this index
might be affected by the same limitations associated with
the conventional RSBI during an SBT conducted in pres-
sure support ventilation or CPAP mode. Thus, in our set-
ting, neither the conventional nor the diaphragmatic RSBI
provided a satisfactory predictive value with respect to
extubation outcome, as expected.

Regarding clinical implications, once a patient has suc-
cessfully passed an SBT with an increased diaphragmatic
activation as revealed by dTDI assessment, close clinical
monitoring should be ensured in the 48 h after extubation to
enable the prompt identification of the onset of extubation
failure and a timely intervention. Alternatively, under these
conditions, the application of prophylactic NIV soon after
extubation might be justified to reduce the mismatch
between the load imposed on the diaphragm and its neuro-
muscular capacity during spontaneous breathing.

Limitations

Our study has several limitations. First, this was a single-
center observational study conducted on a mixed ICU popu-
lation, including mainly neurocritical care subjects. Despite
the number of subjects involved, our findings should be con-
firmed in further investigations specifically addressing the
different subsets of subjects and focused on the validation of
the dTDI technique. Second, we employed dTDI at the end
of the SBT conducted in CPAP 5 cm H2O mode. Thus, our
conclusions cannot be extended to SBTs carried out in other
modalities. Third, we decided a priori not to assess the
diaphragmatic thickness and thickening fraction. Indeed,

diaphragmatic thickness and thickening fraction assessment
are more prone to intra- and inter-individual errors (ie, paral-
lax error and the capacity to acquire the thickening fraction
on the same portion of the diaphragm over time) compared
with excursion analysis.20,46Moreover, the validity of the dia-
phragmatic thickening fraction to ascertain diaphragmatic
effort is limited because it is only moderately correlated
with the pressure-generating capacity of the diaphragm.19,20

Fourth, we only investigated and reported dTDI evaluations
in subjects who passed the SBT because our aim was only to
assess the existence of a relationship between postextubation
respiratory failure and dTDI variables acquired at the end of
an SBT. Last, we defined extubation failure as the need for
re-intubation or NIV within 48 h after extubation.29,30,47

However, our results might be different if the definition were
extended to 7 d after extubation, as recently described.48

Conclusions

In our mixed ICU population, when dTDI was performed
at the end of an SBT, a greater diaphragmatic activation
was observed in subjects who experienced extubation fail-
ure within 48 h after extubation compared with those who
were successfully extubated, with no difference in inspira-
tory diaphragmatic displacement. Diaphragmatic inspira-
tory peak and mean velocity performed well as predictors
of extubation failure occurring within 48 h of a successful
SBT. Our results must be confirmed in future multicenter
clinical trials addressing the role of dTDI in the prediction
of extubation failure.
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