
Original article 489
Diaphragm and weaning from mechanical ventilation:
anticipation and outcome
Rasha M. Abdelhafeez, Ahmed M. Abumossalam, Eman O. Arram,
Mohsen M. Elshafey, Mohammed E. Abushehata
Background Determining the optimal moment to extubate a
critically ill patient remains a challenge. The parameters of
diaphragm sonography offer precious data in the evaluation
and follow-up of critically ill patients onmechanical ventilation.

Aim To evaluate the diaphragm role in the weaning outcome
through the following objectives: detect the association
between ultrasonographic parameters of diaphragm
[thickness, excursion, and velocity of contraction (slope)] and
weaning outcome, success, or failure, in addition to
evaluation of the weaning process by measuring the total
duration of ventilation, weaning duration, ICU stay, and
reventilation.

Patients and methods A longitudinal, observational,
prospective study. The primary endpoint was weaning
outcome (failed or successful), while the secondary endpoints
included length of ICU stay, weaning duration, ventilation
duration, presence or absence of complications, and
mortality. It was conducted on 240 (138men and 102 women)
invasively mechanically ventilated patients aged between 20
and 78 years were chosen from our Respiratory ICU of Chest
Department, Mansoura University Hospital.

Results There were statistically significant higher values of all
sonographic measurements in the survived compared with
© 2019 Egyptian Journal of Bronchology | Published by Wolters Kluwer -
the died group (P<0.001). There was statistically significantly
higher sonographic diaphragmatic measurements in the
successful group compared with the failed group (P<0.001).

Conclusion The measurement of percent change of
diaphragmatic thickness as well as excursion and slope could
be applied in correlation more with weaning outcome with a
sensitivity of 100% and specificity of 97.4%.
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Introduction
Determining the optimal moment to extubate a
critically ill patient remains a challenge. Premature
removal of mechanical ventilation (MV) entails a
high risk of weaning failure, prompting reintubation
that exposes the patient to unnecessary hemodynamic
and respiratory stress. Thus, both early and delayed
weaning are associated with increased mortality, stay in
the ICU, and economic cost [1].

The process of weaning from ventilatory support takes
almost 40% of the time spent on a ventilator. Weaning
indices such as spontaneous tidal volumes, minute
ventilation, and rapid shallow breathing index
(RSBI) have been used extensively in clinical
practice for weaning purposes. These parameters
measure the overall respiratory volumes produced by
the muscles of breathing and do not take into account
the independent contribution of the diaphragm which
is a major determinant to delayed weaning,
highlighting the significance of diaphragmatic
assessment [2].

Assessment of respiratory muscles, particularly the
diaphragm, is lacking in the daily practice of ICUs
despite the strong evidenced diaphragmatic
dysfunction in ICU patients on MV [3].

Imaging plays an imperative role with clinical data in
the evaluation and management of ICU patients [4],
consequently ultrasound in ICUs is growing [5] due to
safety, rapidity, easy carriage and hopeful outcome
achieved for management [6]. Ultrasonography
offers informations in real time about the organ’s
function and morphology as well as evaluation of the
status of aeration of pulmonary parenchyma [7] and
functional status of the diaphragm offering hints on the
possibility of successful weaning [8].

Ultrasonography is an easy noninvasive technique to
evaluate diaphragmatic movement characters such as
force, amplitude, and speed of contraction (slope),
particular outline of movement, and alterations in
the thickness of diaphragm. The parameters of
Medknow DOI: 10.4103/ejb.ejb_13_19
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diaphragm sonography offer precious data in the
evaluation and follow-up of critically ill patients on
MV, and help to understand weaning failure [9].
Aim
The aim of our study is to evaluate the role of
diaphragm in weaning outcome through the
following objectives: Detect the association between
ultrasonographic parameters of diaphragm [thickness,
excursion and velocity of contraction (slope)] and
weaning outcome, success, or failure, in addition to
evaluation of the weaning process by measuring total
duration of ventilation, weaning duration, ICU stay,
and reventilation.
Patients and methods
Patients
Two hundred and forty (138 men 102 women)
invasively MV patients aged between 20 and 78
years were chosen from our respiratory ICU of
Chest Department, Mansoura University Hospital
from April 2015 to May 2017.

Ventilators used were of event medical inspiration type;
Event medical inspiration LS ventilator version 3.2.5
Event Medical Limited (Ireland). All patients were
subjected to pressure-controlled ventilation with
sedation with midazolam and possible muscle
relaxation with atracurium for 24–48 h and were
then subjected to intermittent mandatory ventilation
(PSIMV) for 24–48 h followed by spontaneous mode
(PSV) for 12–24 h, then extubation if the patient did
not improvewith subsequent failure. Spontaneous
mode used was pressure support ventilation.
Exclusion criteria
(1)
 Age less than 18 years.

(2)
 MV due to:

(a) Before ICU admission cardiorespiratory
arrest.

(b) Advanced pulmonary fibrosis.
(c) Pulmonary metastasis.
(d) Kyphoscoliosis.
(e) Neuromuscular disorders.

Hepatosplenomegaly/tense ascites.
(3)
(4)
 Patients who died before third day of ventilation.

(5)
 Pregnancy more than 28 weeks.
Study design
A longitudinal, observational, and prospective study.
The primary endpoint was weaning outcome (failed or
successful), while the secondary endpoints included
length of ICU stay, weaning duration, ventilation
duration, and presence or absence of complications
and mortality.
Weaning outcome
(1)
 Weaning success [10]:
(a) Simple weaning: weaning duration less than

week and patient weaned successfully from the
first weaning trial.

(b) Difficult weaning: weaning duration up to
week and patient weaned successfully after
three weaning trials.
Weaning failure [6]:
(2)

Weaning failure was defined as one of the
following:
(a) Nonscheduled extubation.
(b) Need for reintubation.
(c) Need for noninvasive positive pressure

ventilation of the patient within 48 h after
extubation.

(d) Delayed extubation.
(e) Tracheostomy.
Patients and methods
The study was conducted after prior approval from
Mansoura Medical Research Ethics Committee and
obtaining patient’s relatives’ written informed
consent.
For all patients, the following steps were done
(1)
 Clinical evaluation with attention to age, sex,
original disease, and cause of admission to
respiratory ICU.
(2)
 Admission severity assessment by using Acute
Physiology and Chronic Health Evaluation II
(APACHE II) score.
(3)
 Daily weaning checklist parameters recording.

(4)
 Daily assessment for spontaneous breathing trail.

(5)
 Riker sedation/agitation scale recording: evaluating

patient orientation and synchronization [11].

(6)
 Transthoracic echopulmonography at first day of

MV, at the start of weaning and just before
extubation.
The ICU attendant physicians were blinded to the
ultrasound result. Patients were managed and weaned
according to our ICU protocol. On the first day ofMV,
all patients were on mandatory ventilation (PC, VC,
PRVC). Patients were put on spontaneous mode when
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fulfilling the four weaning checklist criteria plus
becoming afebrile (T<38C, 100.4°F).

Ultrasonographic examinations were carried out by two
investigators using a portable ultrasonography
(Mindray DP-2200; Shenzhen Lontek Electronic
Technology Co., Limited, China) with 3.5–5MHz
curved and 7–10MHz linear high-frequency probe
transducers for adult. Ultrasonography was
performed in supine position; using both motion
(M) mode and two-dimensional brightness (B)
mode, find the best approach and select the
exploration line of each hemi-diaphragm. Liver was
used as a window on right hemi-diaphragm, and the
spleen was used on the left hemi-diaphragm.
Right hemi-diaphragm ultrasonography
The probe was placed between the midclavicular and
anterior axillary lines, in the subcostal area, and
directed medially, cranially, or dorsally, so that the
ultrasound beam reached perpendicularly the
posterior third of the right hemi-diaphragm (Fig. 1).
(a) Probe position for B and M-mode diaphragmatic excursion meas-
urements with 3.5–5MHz probe. (b) B-mode diaphragm sonography.
The bright line reflects the diaphragm. (c) M-mode diaphragm so-
nography. Arrows indicate the beginning and the end of the diaphrag-
matic contraction.
Left hemi-diaphragm ultrasonography
A subcostal or low intercostal probe position was
chosen between the anterior and midaxillary lines to
obtain the best imaging of the left hemi-diaphragm.

Multiple respiratory cycles of at least three cycles were
examined and recorded and the average was taken.
Every side measurements (right and left hemi-
diaphragms) were measured and calculated separately
and then the average of measurements of the two sides
was calculated.
Statistical analysis
The collected data were coded, processed, and analyzed
using the statistical package for the social sciences
(SPSS) version 15 for Windows (SPSS Inc.,
Chicago, Illinois, USA). Qualitative data were
presented as number and percent. Comparison
between groups was done by χ2-test, for example:
comparison between different diaphragmatic
functions in sonographic-based diaphragmatic
function score. Quantitative data were tested for
normality by the Kolmogorov–Smirnov test.
Normally distributed data were presented as mean
±SD. Student’s t-test was used to compare between
two groups, for example: comparison of sonographic
diaphragmatic measurements in successful and failed
groups just before extubation. F-test (one-way analysis
of variance) was used to compare between more than
two groups, for example: comparison of sonographic
diaphragmatic measurements in different weaning
methods. P value less than 0.05 was considered to
be statistically significant. The receiver operating
characteristic curve was used to determine the cutoff
values of sonographic measurements [percent change
in diaphragmatic thickness (tdi%), excursion and slope]
that predict weaning success.
Results
Twenty-seven patients from the 267 patients did not
complete the study for being dead before the third day
of ventilation. Two hundred and forty (138 men and
102 women) patients completed the study, their age
ranged from 20 to 78 years. From the 240 patients, 117
had successfully weaned from which 111 patients were
with simple weaning and six patients were with
difficult weaning, and 123 patients had failed
weaning from which 99 patients were with terminal
extubation, 12 patients with reventilation, seven
patients with delayed extubation, and five patients
were with tracheostomy (Table 1).
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Pneumonia was the disease with the highest percentage
in this study (47.5%), followed by mixed diseases
(47.1%) and then chronic obstructive pulmonary
disease (COPD) (27.1%).

There was statistically significant higher APACHE II
score (P<0.001) (indicating more severity) in the failed
compared with the successful group. Duration of ICU
stay was statistically significantly higher in the
successful group compared with the failed group
(P=0.001). Duration of using sedation per hour was
Table 1 Primary diagnosis of ventilated patients

N (%)

Pneumonia 123 (51.3)

ARDS 16 (6.7)

COPD 65 (27.1)

SDB 31 (13)

Bronchiactasis 7 (2.9)

Cavitary lesions 6 (2.5)

Alveolar hemorrhage 4 (1.7)

Lung cancer 5 (2.1)

Pulmonary embolism 12 (5.0)

Bronchial asthma 2 (0.8)

TB 13 (5.4)

DPLD 9 (3.7)

Combined pulmonary diseases 113 (47.1)

ARDS, acute respiratory distress syndrome; COPD, chronic
obstructive pulmonary disease; DPLD, diffuse parenchymatous
lung disease; SDB, sleep-disordered breathing; TB, tuberculosis.

Table 3 Sonographic measurements during the course of ventilatio

N

First day of ventilation

Percent change of diaphragmatic thickness 240

Diaphragmatic excursion 240

Diaphragmatic slope 240

At the start of weaning

Percent change of diaphragmatic thickness 235

Diaphragmatic excursion 235

Diaphragmatic slope 235

Just before extubation

Percent change of diaphragmatic thickness 117

Diaphragmatic excursion 117

Diaphragmatic slope 117

Table 2 Relation of Acute Physiology and Chronic Health Evaluatio
duration, and duration of using sedation per hour to weaning outc

Weaning outcome

Failed (N=123) Successful (N=117)

APACHE II score 24.65±5.92 15.19±5.49

ICU stay duration 5.77±2.90 7.00±2.50

Weaning duration 3.65±2.09 3.51±1.62

Ventilation duration 5.02±2.29 5.11±2.44

Duration of sedation/h 62.85±11.36 30.37±11.08

APACHE II score: acute physiology and chronic health evaluation II sco
statistically significantly higher in the failed group
(indicating prolonged mandatory ventilation)
compared with the successful group (P<0.001),
while there were no statistical significance of
weaning and ventilation duration (Table 2).

There was statistically significant higher APACHE II
score (indicating more severity) in died compared with
the survived group (P<0.001). ICU stay duration was
statistically significantly higher in the survived
compared with the died group (P=0.016). Duration
of using sedation per hour was statistically significantly
higher in the died compared with the survived group
with P value less than 0.001, while there were no
statistical significance of weaning duration and
ventilation duration (Tables 3–5).

There were statistically significantly higher values of all
sonographic measurements in the survived compared
with the died group (P<0.001). There was statistically
significantly higher sonographic diaphragmatic
measurements in the successful group compared with
the failed group (P<0.001; Tables 6 and 7).
Discussion
The appropriate timing of weaning from MV is
fundamental in critically ill patients. Inappropriate
n

Range Mean±SD

17–76% 32±0.11

0.89–2.50 cm 1.79±0.42

0.54–1.70 cm/s 1.12±0.67

26.0–76.05% 32.14±12.97

0.90–2.54 cm 1.80±0.44

0.55–1.70 cm/s 1.69±0.40

31.39–76.05% 42.67±10.22

1.28–2.52 cm 2.23±0.19

1.04–1.72 cm/s 1.45±0.15

n II score, ICU stay duration, weaning duration, ventilation
ome

P P

Survived (N=141) Died (N=99)

<0.001 17.16±6.78 24.13±6.29 <0.001

0.001 6.73±2.52 5.86±3.04 0.016

0.593 3.52±1.65 3.68±2.15 0.593

0.756 5.17±2.79 4.99±2.35 0.600

<0.001 35.96±11.88 62.75±10.87 <0.001

re.



Table 4 Sequential sonographic measurements relation to weaning outcome

Weaning outcome P

Failed (N=123) Successful (N=117)

First day of mechanical ventilation

Percent change of diaphragmatic thickness 24.63±3.49 40.36±10.64 <0.001

Diaphragmatic excursion 1.40±0.18 2.15±0.16 <0.001

Diaphragmatic slope 0.79±0.44 1.39±0.16 <0.001

At start of weaning

Percent change of diaphragmatic thickness 22.47±4.53 41.93±10.24 <0.001

Diaphragmatic excursion 1.38±0.19 2.19±0.17 <0.001

Diaphragmatic slope 0.73±0.10 1.41±0.15 <0.001

There were statistically significant higher sonographic measurements in the successful group (P<0.001) compared with the failed group.

Table 5 Relation of sonographic measurements to final outcome/weaning outcome just before extubation

Survived (N=141) Died (N=99) P Failed (N=123) Successful (N=117) P

Percent change of diaphragmatic thickness 38.57±11.91 22.32±4.61 <0.001 22.47±4.53 41.93±10.24

Diaphragmatic excursion 2.04±0.37 1.39±0.18 <0.001 1.38±0.19 2.19±0.17 <0.001

Diaphragmatic slope 1.29±0.30 0.73±0.11 <0.001 0.73±0.10 1.41±0.15 <0.001

Table 6 Interobserver and intraobserver variability

Third Interobserver
(N=20)

Intraobserver
(N=20)

P

Percent change of
diaphragmatic thickness

39.52±10.73 39.54±10.76 0.996

Diaphragmatic excursion 2.26±0.19 2.26±0.19 1.000

Diaphragmatic slope 1.48±0.12 1.48±0.13 0.967

There were no statistically significant differences between
interobserver and intraobserver sonographic measurements.

Table 7 The receiver operating characteristic curve of percent
change of diaphragmatic thickness

Percent change
of diaphragmatic

thickness

Diaphragmatic
excursion

Diaphragmatic
slope

Cutoff
point

30.105% 1.84 cm 0.94 cm/s

Area
under the
curve

1.0 0.999 0.995

Sensitivity
(%)

100 100 100

Specificity
(%)

97.4 96.4 94.6

P value <0.001 <0.001 <0.001
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extubation leads to post-extubation respiratory failure
that results in reintubation and accordingly poor
outcome [12].

Many weaning parameters such as maximum
inspiratory pressure [13], RSBI, minute ventilation,
CROP index (dynamic compliance, respiratory rate,
oxygenation, and maximum inspiratory pressure index)
and tracheal airway occlusion pressure 0.1 s (P=0.1)
had been used. Despite the use of these parameters,
there are still errors in weaning assessment [14].
Diaphragm, the major muscle of inspiration, plays a
critical role in the pathophysiology of respiratory failure
[15]. Therefore, evaluation of the diaphragm function
is crucial in patients subjected to weaning from MV
[16]. Ultrasonography has emerged to evaluate
diaphragm function and predict weaning outcome
from MV [17].

Weaning success could be categorized as being simple
or difficult. Simple weaning patient takes less than 1
week and only one trial to be weaned, while difficult
weaning takes more than 1 week and more than three
trials. On the other side, weaning failure was
considered as one of the following: nonscheduled
extubation, need for reintubation, noninvasive
positive pressure ventilation of the patient within
48 h after extubation, delayed extubation, and
terminal extubation or tracheostomy.
Two hundred and forty (138 men and 102 women)
invasively MV patients were chosen for our study, 117
(48.8%) had successfully weaned from which 111
patients were with simple weaning and six patients
were with difficult weaning, and 123 (51.2%) patients
had failed weaning from which 99 (41.2%) patients
were with terminal extubation, 12 patients with
reventilation, seven patients with delayed extubation,
and five patients were with tracheostomy.
Pirompanich andRomsaiyut [18] in their study assessed
the role of diaphragm-thickening fraction and RSBI in
weaning from MV. The recorded 25 (73.5%) patients
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were successfully weaned and nine (26.5%) patients
failed weaning. This is because they conducted their
study on 34 patients only, butwe conducted our study on
240 patients which are relatively larger in number.
Besides, we considered died patients (99) as part of
the weaning failure as terminal extubation.

Weaning outcome was nearly matching with the
weaning outcome of Luo et al. [19] with a
difference in the number of studied patients between
our study (240) and their study (60). They conducted
their study on 60 patients assessing the role of
diaphragm in weaning outcome by ultrasound in
difficult-to-wean patients. There were 27 (45%)
patients who were successfully weaned and 33 (55%)
patients who failed weaning. From the failed group, 14
(23.3%) patients had died.

Also, weaning outcome was different from the results
of Samanta et al. [20] and Yoo et al. [12] in weaning
outcome. Samanta et al. [20] conducted their study on
64 patients. There were 59 (92.2%) patients with
successful weaning and five (7.8%) patients in failed
weaning. Yoo et al. [12] conducted their study on 60
patients from which 47 (78.3%) patients were
successfully weaned and 13 (21.7%) failed weaning.
They assess patients only just before extubation and
defined weaning failure as patients reventilated or
need NIV within 48 h of extubation or need
tracheostomy.

Weaning outcome in our study was affected by
APACHE II score, ICU stay duration, and duration
of using sedation. APACHE II score was significantly
increased in the failed group; 24.65 compared to the
successful group; 15.19 with, indicating more severity
in the failed group (failed group and successful group).
ICU stay significantly increased in the successful
group, 7.00 days compared with the failed group;
5.77 days as the failed group included the dead
patients as a terminal extubation and died early
decreasing the ICU stay duration of the failed
group. Duration of using sedation was statistically
significantly higher in the failed group, 62.85 h
(indicating prolonged mandatory ventilation)
compared with the successful group, 30.37 h. There
was no statistical significance of ventilation duration in
weaning outcome.

The final outcome (survived or died) is affected as well
by the APACHE II score, ICU stay duration, and
duration of using sedation. APACHE II score
significantly increased in the died group; 24.13
compared with the survived group, 17.16, indicating
more severity of disease in the died group. ICU stay
duration was significantly high in the survived group;
6.73 days compared with the died group, 5.86 days.
Duration of using sedation was statistically
significantly higher in the died group, 62.75,
indicating prolonged mandatory ventilation with
decreased parameters values of successful weaning
compared with the survived group, 35.96. There
was no statistically significant effect of weaning
duration and ventilation duration on the final
outcome.

There was statistically significant difference of percent
change of tdi between the first day of ventilation
(40.08%) and just before extubation (42.52%) with
(P<0.001). Diaphragmatic excursion on the third
day of ventilation was 1.72 cm (±0.42) compared
with the first day of ventilation (1.78 cm) with no
statistical significance. In comparison to just before
extubation, diaphragmatic excursion on the third day of
ventilation was 2.19 cm compared with just before
extubation (2.21 cm) with no statistical significance.
There was statistically significant difference of
diaphragmatic excursion between the first day of
ventilation (2.15 cm) and just before extubation
(2.21 cm).

There was a decrease in diaphragmatic slope on the
third day of ventilation compared with the first day of
ventilation and just before extubation with statistical
significance between the first day of ventilation and just
before extubation, and the third day of ventilation and
just before extubation dissimilar between first and third
day of ventilation that showed no statistical significant
differences. This is matched with Goligher et al. [21] in
their study which was conducted on 107 MV patients
with 10 nonventilated ICU patients. They found that
over the first week of ventilation, diaphragm thickness
decreased by more than 10% in 44% patients, was
unchanged in 44% patients, and increased by more
than 10% in 12% patients, and diaphragmatic
contractile activity decreased with increasing
ventilator driving pressure and controlled ventilator
modes, and thickness did not vary over time
following extubation or in nonventilated patients.

Along the course of ventilation, there was improvement
in the sonographicmeasurements ofdiaphragmfromthe
first day of ventilation, in which the patients are sedated
and on mandatory ventilation (increased ventilator
support) to just before extubation in which the
patients are on spontaneous mode (no sedation, little,
or no ventilator support). At the third day of ventilation,
the sonographic measurements were decreased
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comparedwith the first day of ventilation and just before
extubation. This may be related to the effect of MV,
sedation, and initial pathology of the disease.

The sequential sonographic diaphragmatic
measurements were statistically significantly higher
in the successful compared with the failed group. As
well as sonographic measurements were significantly
increased in the survived compared with the died
group. That may reflect the mandatory role of
diaphragmatic muscle in weaning program and in
endurance of respiratory system. This is consistent
with Yoo et al. [12] who conducted their study on
60 MV patients. They showed that patients had a
greater tdi% with the successful group; 42.1%
compared with the failed group, 22.5% with P value
0.03.

In this study, the tdi%, at cutoff point was 30.105%, the
sensitivity and specificity to predict weaning success
were 100 and 97.4%, respectively, with P value less than
0.001 and area under the curve of 1.0 (Fig. 2). This is
matched to Zambon et al. [22], Ferrari et al. [23], Baess
et al. [24], Ali andMohamad [25], Farghaly andHasan
[26], DiNino et al. [27] and Agamy et al. [28] in which
the cutoff values of tdi% associated with weaning
success in their studies were 30–36, more than 36,
30, 30, 30–36, 30, and more than 40%, respectively.
Ferrari et al. [23] concluded in their study that the
sensitivity was 82% and the specificity was 88% while
Baess et al. [24], recorded in their study 69% sensitivity
and 71% specificity. DiNino et al. [27] concluded in
their study a sensitivity of 88% and a specificity of 71%.
Agmy et al. [28] referred in their study on 78 COPD
Fig. 2

At a cutoff point of 30.105%, the sensitivity and specificity of percent chang
cutoff point of 1.84 cm, the sensitivity and specificity of diaphragmatic excu
the sensitivity and specificity of the diaphragmatic slope were 100 and 9
patients in their exacerbation. They measure
diaphragmatic thickening in the pressure support
mode only with a sensitivity and specificity of 88
and 92%, respectively.

The resultswere higher than that ofOsmanandHashim
[29], Pirompanich and Romsaiyut [18] and Samanta
et al. [20]. Osman and Hashim [29] concluded that the
cutoff value of tdi% associated with weaning success in
their study was 28% with a sensitivity and specificity of
88.9 and 100%, respectively. Pirompanich and
Romsaiyut [18] conducted their study on 34 MV
patients. The cutoff value of tdi% that predict
weaning success was 26% or more with a sensitivity of
96% and specificity of 68%. Samanta et al. [20]
conducted their study on 64 MV patients. The cutoff
value of tdi% that predicts weaning success was 24.5%
with a sensitivity of 97% and specificity of 81%.

Regarding diaphragmatic excursion, diaphragmatic
excursion of our studied patients in the successful
group was 2.19 cm compared with the failed group,
(1.38) with P value less than 0.001. These values were
much more than others detected with Yoo et al. [12]
who showed that diaphragmatic excursion in the
successful group was 1.65 cm compared with the
failed group, 0.8 cm with P value less than 0.001. At
a cutoff point of 1.84 cm or more, the sensitivity and
specificity of diaphragmatic excursion that predict
weaning success were 100 and 96.4%, respectively,
with P<0.001 and area under the curve of 0.999.
This is different with most of the studies as Saeed
et al. [30] who conducted their study on 50 COPD
patients observed that the cutoff point of
e of diaphragmatic thickness were 100 and 97.4%, respectively. At a
rsion were 100 and 96.4%, respectively. At a cutoff point of 0.94 cm/s,
4.6%, respectively.
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diaphragmatic excursion associated with weaning
success was 1.1 cm with a sensitivity of 86.4% and a
specificity of 87.5%. Osman and Hashim [29] showed
that the cutoff value of diaphragmatic excursion that is
associated with weaning success was 1.0 cm with a
sensitivity and specificity of 83.3 and 100%,
respectively. Hayat et al. [31] conducted their study
on 100 MV patients. The cutoff value of weaning
success was 1.2 cm with a sensitivity and specificity
of 78.95 and 70.83%, respectively. Zambon et al. [22]
concluded in their systematic review study that cutoff
values ranged from 1.0 to 1.4 cm predict weaning
success. Baess et al. [24] showed that the cutoff
point of diaphragmatic excursion that predicts
weaning success was 1.0 cm or more with a
sensitivity and specificity of 69.57 and 41.29%,
respectively. Ali and Mohamad [25] concluded that
the cutoff value of diaphragmatic excursion associated
with weaning success was 1.5 cm with a sensitivity and
specificity of 88.7 and 84.3%, respectively. Luo et al.
[19] in their study which was conducted on 60 patients,
the cutoff value of diaphragmatic excursion of weaning
success was 1.2 cm with a sensitivity of 80% and
specificity of 68.4%. Matamis et al. [9] in which the
cutoff value of diaphragmatic excursion was 1.8 cm or
more which was associated with weaning success.
Diaphragmatic slope in the successful group was
1.41 cm/s compared with the failed group; 0.73 cm/s
with P value less than 0.001. At a cutoff point of
0.94 cm/s or more that predicts the weaning success,
the sensitivity and specificity of the diaphragmatic
slope were 100 and 94.6%, respectively, with P value
less than 0.001 and at an area under the curve of 0.995.
Matamis et al. [9] concluded in their study that the
slope value which predicts weaning success was 1.3 cm/
s (±0.4).

As regards complications, there were statistically
significant higher complications; pneumothorax
(2.1%) and VAP (11.8%) in the weak group with P
value 0.002 compared with the moderate; and in good
function group there were no complications (0.0%).We
faced some limitations along the course of the study.
First, poor image quality as we lost the cooperation and
orientation of some MV patients. Second, difficulty in
approaching the left hemi-diaphragm, especially in
obese and those with splenectomy.
Conclusion
The measurement of tdi% as well as excursion and
slope could be applied in correlation more with
weaning outcome with a sensitivity of 100% and
specificity of 97.4%.
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