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Abstract

Background: Weaning patients from mechanical ventilation (MV) is a complex process that may
result in either success or failure. The use of ultrasound at the bedside to assess organs may help to
identify the underlying mechanisms that could lead to weaning failure and enable proactive
measures to minimize extubation failure. Moreover, ultrasound could be used to accurately identify
pulmonary diseases, which may be responsive to respiratory physiotherapy, as well as monitor the
effectiveness of physiotherapists’” interventions. This article provides a comprehensive review of the
role of ultrasonography of Parasternal Intercostal Muscle during the weaning process in critically
ill patients.
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1. Introduction

In order to successfully wean a patient off of a ventilator, it is necessary to gradually reduce the
patient's reliance on the device until the patient can breathe on their own. The steps involved in
this procedure are as follows: extubation, correct weaning, and readiness testing [1]. According to
the WIND trial, a patient is considered to have successfully weaned and extubated if they do not
require reintubation for at least 48 hours following the endotracheal tube's removal [2,3] or if they
do not retubinate or die within 7 days following extubation [4]. Recent research indicates that only
65% of babies are able to be weaned successfully; however, this number might fluctuate greatly
depending on the patient's condition and level of preparedness [1]. Several pathophysiological
variables can affect the outcome of weaning attempts [5]. Patients in critical care generally exhibit
a constellation of symptoms, such as problems with the lungs and cardiovascular system, alterations
to the chest wall, weak peripheral muscles, decreased respiratory drive, and neurological deficits
that impact the changeover from mechanical ventilation to spontaneous breathing [6].
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It is difficult to determine the optimal time to remove the airway from critically sick patients since
doing so too soon raises the risk of weaning failure, which in turn increases the risk of reintubation
and puts patients at risk of hemodynamic instability and respiratory distress [7]. Nevertheless, there
are additional dangers, including tracheal injury, ventilator-associated infections, and barotrauma,
as well as an increase in the duration of mechanical ventilation (MV), when extubation is delayed
[8]. Thus, it is crucial for patient outcomes to ensure safe and effective weaning of patients.

Several bedside indices for successful weaning and extubation have been proposed in current
guidelines. Weaning success can be predicted using any of these indices, although none of them
have been shown to be optimal [2]. Weaning success can be better anticipated with the use of a
spontaneous breathing trial (SBT) [9]. In patients with a normal body mass index (BMI),
supplemental positive end-expiratory pressure (PEEP) of 5 cm H2O is not required during the
observation period of patients breathing through a T-piece with reduced pressure support (PS) or
adequate supplemental oxygen [3,10]. In particular, re-intubation is necessary for 20% of high-
risk patients who have a successful SBT [10]. In high-risk patients, the rates of reintubation were
not different when SBT was performed using a T-piece or pressure support ventilation (PSV) [11].
Weaning failure causes are not always easy to pin down, even though SBT is safe and can shorten
the time MV is needed, which in turn reduces critical care expenditures and difficulties [12].
Because it provides real-time, non-invasive imaging of many bodily organs, ultrasonography
enables direct bedside assessment of many of these reasons, including heart, lung, or muscle
dysfunction. To observe its interior architecture and track its dynamic changes, it employs high-
frequency sound waves that vary with the chosen probe [13].

The purpose of this review is to go over the various ways ultrasonography (US) can be used to
evaluate the weaning process from MV. In this article, we shall examine its function in determining
the efficacy of respiratory physiotherapy, airway preparedness, hemodynamic stability, and lung

aeration.
2. Ultrasonographic Assessment during the Weaning Process

Improved weaning assessments, better clinical decision-making, and faster, more successful
liberation from MV can all be achieved with the help of ultrasonography, which allows doctors to
directly evaluate different organ functions at the bedside [3]. Intense care unit physicians require
both fundamental and sophisticated ultrasonography abilities to examine these functions, as well
as to successfully evaluate patients and wean them off of mechanical ventilation [14]. For the
primary ultrasonographic indications of weaning failure, the timing of their usage, and how to
administer US during the process, refer to Figure 1
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Figure 1. How to integrate ultrasound (US) into the process of weaning from mechanical
ventilation. ACWD = air column width difference, BP = blood pressure, CLT = cuff leak test, EF
= ejection fraction, E/¢’ = left ventricular filling pressure, FiO, = fraction of inspired oxygen, GCS
= Glasgow coma scale, HR = heart rate, LUS = lung ultrasound, MIP = maximal inspiratory
pressure, MV = mechanical ventilation, NIF = negative inspiratory force, PEEP = positive end-
expiratory pressure, PMI = pressure muscle index, PS = pressure support, P0.1 = airway occlusion
pressure to detect inspiratory effort at the bedside, RDOS = respiratory distress observation scale,
RR = respiratory rate, RSBI = rapid shallow breathing index, SBT = spontancous breathing trial,
SpO, = peripheral saturation of oxygen, TFdi = diaphragmatic thickening fraction, TFic =

intercostal muscle thickening fraction.
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2.1. Ultrasonographic Assessment of Lung Aeration

A potentially useful technology to assist with weaning is lung ultrasonography (LUS). Without
transferring patients or exposing them to radiation, it gives an instantaneous insight of ventilation
and lung aeration conditions right at the bedside. When trying to determine what variables
connected to alterations in lung aeration could lead to weaning failure, LUS is the method of

choice [15].

Lung ultrasonography (LUS) uses the air-to-fluid ratio inside the lung parenchyma to provide
useful pictures. When air is completely absent (consolidation), LUS provides a clear picture of the
lung tissue, which could be an indication of illness. On the flip side, a number of picture
abnormalities might occur if air is present in the tissue. Irrespective of the precise underlying
clinical condition, the artifact can depict either normally perforated lung tissue or relative
hypoperforated lung tissue. Air loss (causing atelectasis) or fluid accumulation in the interstitial or

alveolar spaces are two causes of reduced relative aeration [16].

Twelve thoracic areas, six on each side of the chest, are typically checked in a standard LUS
evaluation. Each of these zones is then further divided into an upper and lower half, with the
axillary lines serving as guidelines for the delineation. Afterwards, the ultrasound probe is guided

through each of the twelve intercostal spaces, offering a consistent way to image the whole chest

(17,18].

There are four distinct patterns that emerge from the LUS results, which indicate different levels
of lung aeration. Various scoring methods have been suggested to somewhat quantify these
differences. The BLUE procedure, which gives each step a score between 0 and 3, is the most used
system in the intensive care unit (ICU) [3,19,20].

A total of twelve thoracic areas contribute to the total LUS score; a score of 0 indicates normal
acration throughout, while a score of 36 indicates consolidation throughout [19]. In order to
evaluate lung aeration patterns, Bouhemad et al. initially developed the LUS score. Afterwards, it
has also been utilized to forecast whether patients would be able to successfully wean oftf MV [8].

2.1.1. Application of LUS to Predict the Outcome of Weaning from Mechanical Ventilation

Most patients on mechanical ventilation still struggle with the issue of when to start the weaning
process, as mentioned earlier. Because of this, LUS has recently been the subject of investigation
for its possible value in gauging patient preparedness and forecasting weaning results. Predicting
post-extubation distress after MV termination, which includes the requirement for reintubation or
rescue noninvasive ventilation (NIV) within 48 hours, was the goal of a prospective research
conducted by Soummer et al. One hundred patients were studied, with LUS measuring lung
acration before, during, and after a 60-minute SBT and again four hours following extubation. To
measure lung aeration, the LUS score was employed. A one-hour SBT caused substantial
derecruitment of the lung tissue, which was especially noticeable in patients who experienced
discomfort after extubation. Additionally, among patients who were able to pass the SBT, a lower
urinary output score (LUS) of 12 or less at the conclusion of the test clearly suggested a greater
chance of success after extubation. On the other hand, post-extubation distress was strongly
predicted by a LUS score of 17 or higher at the conclusion of the SBT [20].
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Fifty intubated patients (aged 18 and up) who had been intubated for at least 48 hours and fulfilled
the requirements for SBT were studied in a supplementary study by Shoaeir et al. to determine the
potential of LUS in predicting weaning outcomes. All three times—before, during, and after
extubation—lung aeration scoring using laser ultrasonography (LUS) were conducted. After the
patients were extubated, they were observed closely for 48 hours to determine the outcome. Then,
they were split into two groups: one that failed to wean and another that succeeded. Baseline LUS
aeration ratings were substantially lower in the weaning success group compared to the weaning
failure group. Furthermore, the weaning failure group showed significant changes in aeration
ratings during the SBT. In the end, the findings showed that a LUS aeration score could be useful
for predicting whether critically sick patients will fail to wean, as scores of 18 or higher were highly
predictive of weaning failure, whereas values of 11 or lower were highly predictive of weaning
success. Predicting weaning outcomes with scores between these values was not possible [21].

In 2017, Llamas-Alvarez et al. performed a thorough systematic review and meta-analysis on 1071
patients admitted to intensive care units and given mechanical ventilation for at least 24 hours.
The results showed that using ultrasound of the lungs and diaphragm could help predict how well
weaning would go. The small sample size, however, raises questions about the reliability of these
results [22]. Additionally, Kundu et al.'s recent observational study highlighted LUS's potential
capacity to predict weaning results. Weaning failure risk was consistently predicted by the study's
inclusive ultrasound methodology, which included lung, diaphragm, and heart sonography [23].

We propose that LUS be integrated into ventilatory management clinical regimens on a regular
basis. In controlled and assisted breathing, SBT, and other similar procedures, LUS is a useful tool
because it gives real-time information about lung function. Decisions like whether to provide
positive end expiratory pressure (PEEP) following extubation are greatly influenced by its use prior
to extubation. Clinicians now have a non-invasive option for improving respiratory treatment in
high-stakes situations by customizing therapies. It is crucial to highlight the need of conducting
thorough clinical studies to confirm the effectiveness and dependability of LUS in these settings.
This will ensure that evidence-based practices are integrated into normal clinical practice.

2.2. Ultrasonographic Assessment of Diaphragmatic Function

Breathing relies heavily on the diaphragm, the principal inspiratory muscle. When at rest, this
muscle is responsible for nearly three quarters of the respiratory process. Nevertheless, diaphragm
function can be impaired by severe situations such hypotension, inadequate oxygen levels, systemic

infections, and the need for MV [24].

Diaphragmatic atrophy and dysfunction can be caused by MV. The patient's capacity to stop
mechanical ventilation (MV) may be impacted by ventilator-induced diaphragmatic dysfunction
(VIDD) [25]. Various risk variables and the type of ventilation employed determine the onset and
progression of ventilator-induced dizziness (VIDD) [26]. Therefore, diaphragmatic function
assessment is critical for predicting the patient's capacity to wean off MV and maintain
spontaneous breathing.

Over the past forty years, ultrasound has been used as a non-invasive method to see the diaphragm
at the bedside. However, ultrasonography has only lately been utilized to evaluate the diaphragm's
size and function in patients undergoing MV [27,28]. Buoyancy (B-mode) and motion (M-mode)
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are the two primary modes of ultrasound imaging. M-mode is able to precisely detect the
diaphragmatic displacement during the breathing cycle and captures the movement of structures
over time using a dynamic graph, while B-mode offers detailed two-dimensional images of
structures for anatomical examination. By employing these modes to see the diaphragm, we may
evaluate its thickness (Tdi) with the B-mode and its excursion (E) with the M-mode [29,30]. It is
usually enough to evaluate just the right diaphragm when screening severely sick individuals;
however, if there is suspicion of left side malfunction, then both sides should be evaluated [31]. In
most cases, the right side is easier to see clearly on an ultrasound because the liver has a good
ultrasonic window, whereas the left side is more difficult since the spleen has a weak acoustic

window [29,32].
2.2.1. Diaphragmatic Thickness (Tdi) and the Thickening Fraction (TFdi)

Measuring diaphragmatic thickness (T'di) and diaphragmatic thickening fraction (TFdi) are crucial
for evaluating diaphragmatic atrophy and contraction, respectively [33,34].

The zone of apposition (ZA), where the diaphragm meets the thoracic cage, is the location where
the transducer diode (Tdi) is put on a high-frequency linear probe with a frequency of at least 10
MHz. Between the midaxillary and anterior axillary lines, at the eighth or ninth intercostal space,
position the probe perpendicular to the lateral chest wall [29,35]. An estimated 0.8-4.9 cm
separates the skin from the diaphragm in this region. Diaphragmatic dilation is more common in
people who are overweight [31]. Multiple studies published the reference values for Tdi in
individuals with serious illnesses. While Goligher et al. discovered an average Tdi of 2.4 + 0.8 mm
[36], Schepens et al. obtained a somewhat lower value of 1.9 + 0.4 mm [37].

A hypoechoic structure, the diaphragm is bounded by the hyperechoic membranes of the
peritoneum and pleura. Because they demarcate boundaries, the lines depicting the outer layers are
not considered for calculating thickness. One way to find the fibrous layer in the middle of the
diaphragm is to look for a third hyperechoic line inside the non-echogenic layer [35]. The distance
between the diaphragmatic pleura and the peritoneum is used to measure Tdi at the end of
expiration (Tdi-exp) and inspiration (Tdi-insp) using the B-mode or M-mode [26].

Inspiratory thickening is intimately related to diaphragmatic function. It is crucial to evaluate
diaphragmatic thickness at the end of inspiration (Tdi-insp) and at the end of expiration (Tdi-exp)
for improved diagnosis of diaphragmatic dysfunction (DD). The thickness at the conclusion of
inspiration divided by the thickness at the end of expiration is known as the thickening ratio (TR).
The thickening fraction (TFdi), which was also utilized by certain researchers, was determined by
multiplying the following formula by 100 [35]:

The formula for TFdi is (Tdi-insp)-(Tdi-exp)(Tdi-exp). AThe formula for TFdi is Tdi minus

insp minus (Tdi minus exp)times Tdi minus exp.
2.2.2. Diaphragmatic Excursion (E)

The front subcostal area, between the mid-clavicular line and the anterior axillary line, is where a
low-frequency convex or phased array probe (1-5 MHz) is placed to assess diaphragmatic excursion
(E). Enhanced depth is achieved at the expense of diminished spatial resolution due to the lower
frequency [29,38]. The spleen window can be used to evaluate the left hemidiaphragm, whereas
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the liver window can be used to evaluate the right hemidiaphragm. In order to evaluate the right
hemi-diaphragmatic excursion, it is necessary to position the probe at an angle that is medially,
cranially, and dorsally oriented. This will ensure that the ultrasound beam reaches the posterior
part of the diaphragm, and in B-mode, the right hemidiaphragm will appear as a thick, curved,
hyperechoic line. Next, to get the most out of the adventure, make sure the M-mode exploration
line is perpendicular to the diaphragmatic dome. Placing the transducer in its designated spot is
essential, as is instructing the patient to engage in deep breathing, voluntary sniffing, and quiet
breathing. Placing calipers at the bottom and top of the inspiratory slope of the diaphragm is
necessary to measure the diaphragmatic excursion amplitude [38]. If the diaphragm is hard to see
through the subcostal window, you can always try moving the spleen and liver instead. Because of
this, it is advised to use a low-frequency probe to create an intercostal window at the zone of
apposition in B- or M-mode [39,40]. Rather than trying to measure it precisely, this technique is
preferable for describing the diaphragm's movement, since there can be variances in how it and the
area below it move together [41,42].

Passive displacement and active displacement are indistinguishable during assisted ventilation
owing to driving pressures, hence measuring excursion is only possible in patients who are
breathing on their own [29]. The values of excursion rise during forced inspiratory breathing
because it is favorably correlated with lung inspiratory volumes [28]. In addition, diaphragmatic
excursion may be accurately assessed in either a recumbent or supine position and varies with age,
sex, weight, and healthy volunteers [43]. Using 757 healthy subjects, Kabil et al. established a
normal range of diaphragmatic excursion in a 2022 study. The average hemi-diaphragmatic
excursion on the right side was 5.54 + 1.26 c¢m for deep breathing, 2.90 + 0.63 c¢m for sniffing,
and 2.32 + 0.54 cm for quiet breathing, according to their findings. On the left side, it was 5.30 +
1.21 cm for deep breathing, 2.97 + 0.56 cm for sniffing, and 2.35 + 0.54 cm for quiet breathing,
according to their findings [43].

The diaphragm descends toward the probe when inspiration occurs. Diaphragm dysfunction is
indicated by diminished or nonexistent movement, movement that deviates from the probe, or
movement that is lower than normal reference values [26]. Visualizing E during tidal breathing is
very successful (>95%), but it becomes more challenging, particularly on the left side, during
maximal breathing [44].

Weaning off of mechanical ventilation using diaphragmatic ultrasound (2.2.3).

As part of the weaning process, clinicians conduct readiness testing to see if a patient is likely to
handle the transition. This testing may involve objective clinical criteria as well as physiological
assessments, such as diaphragmatic ultrasonography. There is inconclusive evidence about the
prognostic value of diaphragmatic ultrasonography for determining readiness to wean from MV
[26]. Diaphragmatic thickening fraction values of 20 to 30% or more and diaphragmatic excursion
cut-off values of 10 to 13 mm or more have been predicted for effective extubation in multiple
investigations [49,50,51,52,53, 54]. It is difficult to draw firm conclusions regarding the efficacy
of diaphragmatic ultrasound for predicting weaning success due to the large amount of variation
across studies in terms of the definitions of weaning or extubation failure, patient position during
ultrasonography, type of SBT, and the outcome measure (E, TFdi, or both). A number of meta-
analyses and systematic reviews have been performed in recent years to determine whether
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diaphragmatic ultrasound is helpful in predicting whether weaning will be successful or not in
patients having MV. The results of these studies have shown that diaphragmatic ultrasound is
reasonably accurate in making these predictions [55,56,57]. In a meta-analysis involving 1,204
patients, Parada Gereda et al. 2023 drew on 19 trials along these lines. Diaphragmatic excursion
had an area under the summary receiver operating characteristic (ROC) curve of 0.87, a sensitivity
of 80%, and a specificity of 80% for predicting weaning success. The TFdi has an area under the
ROC curve of 0.87, a sensitivity of 85%, and a specificity of 75%. To further assess the function
of diaphragm ultrasound as a predictor of MV weaning, additional research is required, as these

trials displayed a high degree of heterogeneity [58].

Pressure support ventilation (PSV) is one example of assisted mechanical ventilation (AMV) that
is frequently used to alleviate respiratory muscle strain and avoid muscular atrophy in critically ill
patients [59]. The quantity of effort generated by the patient's inspiratory muscles varies, and the
remaining work is supplied by the ventilator [60]. Fatigue and pain could come from insufficient
support, whereas ventilator-induced diaphragm dysfunction and patient-ventilator asynchrony can
occur from excessive support. It is not possible to directly evaluate the diaphragm in a clinical
situation, and it is difficult to measure the patient's effort with aided breathing. At this point,
diaphragmatic ultrasonography was being considered by researchers as a potential tool to
accomplish this goal. The purpose of the pilot study by Umbrello et al. was to compare the efficacy
of TFdi and E in order to determine the weight that patients' efforts should be given during AMV.
The researchers found that TFdi, rather than E, was a good measure of how the inspiratory muscle
effort changed in response to changes in the PS level during AMV, whereas E is not a good measure
for quantifying diaphragmatic contractile activity. If this holds true in a bigger patient group with
other disorders, further research is required to confirm it [63].

To conclude, diaphragm ultrasonography should be a part of MV weaning strategies. During the
transition from controlled to assisted ventilation, this can be particularly helpful in achieving
smoother mechanical ventilation changes, which in turn optimizes the patient's reaction during
weaning. The possible uses and advantages of diaphragm ultrasonography in clinical practice can
be better understood with the help of thorough investigations.

2.2.4. Tissue Doppler Imaging

An ultrasonographic method called tissue Doppler imaging (TDI) can identify changes in the
frequency of ultrasound signals reflected by structures in motion. Although it has long been used
to measure heart function, its use to evaluate the diaphragm in both adults and newborns is a
relatively new phenomenon [64,65]. It was recently shown by Soilemezi et al. and Cammarota et
al. that parameters derived from TDI could distinguish between patients who finished the weaning
study and those who didn't [66,67]. Nevertheless, additional clinical research regarding the
function of TDI in foretelling extubation failure are necessary to validate these findings.

2.2.5. Speckle Tracking Ultrasound

Ultrasound speckle tracking over time is the basis of Speckle Tracking Ultrasound (STUS), another
name for strain imaging. In ultrasound imaging, these spots stand for areas of muscle that have
rather consistent gray patterns. For the STUS program to function, it follows a cluster of speckles

during the whole contractile cycle and compares the displacement and deformation of each cluster
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to the others. "Strain" describes the total amount of deformation and "strain rate” measures how
fast it is happening [26,32]. There is a robust relationship between strain, strain rate, and trans-
diaphragmatic pressure in healthy persons, according to a recent study by Oppersma et al. [68].
STUS has a distinct advantage over TDI due to its insensitivity to changes non the angle between
the direction of tissue motion and the ultrasonic beam. Additional research is needed to determine
the validity of STUS in evaluating diaphragmatic movement in different situations, especially in
patients with aberrant diaphragmatic function or severe sickness. To confirm its usefulness,
comparative studies with electromyography or trans-diaphragmatic pressure measures might be

required [26,32].
2.2.6. Shear Wave Elastography

An novel technology that has recently been used for diaphragm evaluation is shear wave
elastography (SWE). The ultrasonic probe is used to create a focused acoustic impulse beam, which
causes the tissue to distort. This causes the generation of a quantifiable shear wave, which can
subsequently be transformed into an SM. Tissue stiffness increases with increasing SM [26].
Clinical relevance of using SWE to evaluate the diaphragm may lie in the fact that changes in
muscular stiffness may reflect alterations in muscle physiology, including fibrosis or damage [32-
40]. Any change in diaphragmatic stiffness assessed by SWE reflected changes in Pdi, according to
a recent study on healthy subjects by Bachasson et al. [69]. The study also indicated that the mean
SM was linked with the mean trans-diaphragmatic pressure (Pdi). Recent research by Fossé et al.
supports the idea that SWE can replace Pdi in mechanically ventilated patients, confirming the
findings of Bachasson et al. that Pdi and SM of the diaphragm are correlated [40-45]. Hence, SWE
could provide a novel method for measuring diaphragmatic effortc. When contrasted with the
evaluation of echogenicity, which is very susceptible to variations in ultrasonic parameters like gain

and contrast, SWE stands head and shoulders above the competition [46-50].
2.3. Ultrasonographic Assessment of the Airway for Weaning Readiness

Damage to the laryngotracheal junction, or throat, can occur in patients having endotracheal
intubation [50-55]. With a frequency ranging from 3% to 30% [55-60], laryngeal edema is one
of the most common consequences. In clinical settings, it may be observed as difficulty breathing
or inspiratory stridor. This problem has a domino effect: reintubation increases the risk of
nosocomial pneumonia, intensive care unit length of stay, and death [61-79].

Female sex [80], intubation difficulties or trauma [81], prolonged intubation [82], and self-
extubation [83] are some of the intubation-related variables that may increase the likelihood that
a patient may develop laryngeal edema during the procedure. Early diagnosis of patients with
laryngeal edema is crucial for reducing the frequency of extubation failure and reintubation; hence,

an objective evaluation of airway readiness is necessary.

An example of this is the cuff leak test (CLT), which indirectly evaluates the patency of the upper
airway by measuring the amount of air that leaks around the endotracheal tube after deflating it.
One easy way to anticipate laryngeal edema after extubation is with this test. Miller and Cole found
that post-extubation stridor owing to laryngeal edema is more likely to develop in patients with a
smaller cuff leak volume [82]. While the CLT's negative predictive value is strong, Engoren et al.
discovered that it has a low positive predictive value. Therefore, even though CLT is a simple and
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safe technique, its contentious outcomes could influence doctors' decisions, especially when CLT
is successful [83]. Ultrasound, on the other hand, has recently become a highly effective and
noninvasive method of inspecting and imaging the airways in the head and neck region [84]. By
comparing the width of the acoustic shadow at the level of the vocal cords when the endotracheal
balloon cuff is inflated and deflated, laryngeal ultrasound can measure the air column width

(ACW), which is also known as the air column width difference (ACWD). Predicting post-

extubation laryngeal edema using these parameters has been suggested.

The purpose of the prospective study by Ding et al. was to examine the relationship between upper
airway ultrasonography measures of the ACW and post-extubation stridor. The 51 patients who
were going to be extubated had their measurements taken no more than 24 hours before to the
procedure. After cuff deflation, patients who had an ACW of 4.5 (0.8) mm were found to have
post-extubation stridor, whereas patients without stridor had an ACW of 6.4 (2) mm, according
to the authors' report [85]. Both ACWD and CLT are predictors of the development of laryngeal
edema, according to an observational study by Sutherasan et al. Additionally, a safe extubation
threshold was established by the researchers to be 1.6 mm for ACWD. This figure had a sensitivity
0f 70.6% and a specificity of 70.2%. To sum up, when it comes to laryngeal edema, ACWD shows
promise as a technique for predicting effective extubation [86].

Stridor is a clinical sign of post-extubation laryngeal edema; in a prospective clinical experiment,
Sahbal et al. compared CLT with an ultrasound measure of ACWD to predict this condition. A
higher likelihood of post-extubation stridor was linked to ACWD values lower than 0.9 mm. With
a sensitivity of 88%, specificity of 82%, PPV of 86%, and NPV of 83%, this threshold showed
remarkable performance. Furthermore, a suggested CLT cut-off level of 110 mL was established,

below which post-extubation stridor was significantly more likely to occur. The sensitivity,
specificity, PPV, and NPV of this 110 mL cut-off were 68%, 89%, and 69%, respectively [87].

Patients who experienced post-extubation stridor had lower ACWD readings, according to a recent
systematic analysis by Tsai et al. [88]. The research included 11 observational studies and
demonstrated a sensitivity of 80% and specificity of 81%. These results highlight the critical role
of ultrasound, and especially ACWD assessment, in predicting the development of post-extubation
stridor. Still, further standardized multicenter trials with cutoff values and definitions are required
to clarify upper airway ultrasonography's function during weaning.

Finally, we recommend adding laryngeal ultrasound to the evaluation of weaning readiness in order
to detect laryngeal edema following the CLT, especially in cases when the leak is less than 110 mL.
This can help in deciding whether to continue with the evaluation or to give corticosteroids to
reduce the swelling

2.5. Hemodynamic Assessment through Echocardiography

In order to successfully manage patients and detect weaning failure caused by cardiovascular
difficulties quickly, it is crucial to understand the changes in cardiac physiology that occur during
MYV and its termination. The ability of the pulmonary system and the heart's pumping function
to endure these alterations is crucial for a successful weaning process [89]. Weaning off MV is like
a cardiac stress test in that it puts the heart through its paces through spontaneous breathing; as a
result, critically ill patients run the risk of hemodynamic compromise [89].
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Positive pressure MV gives way to spontaneous breathing as the baby begins to wean. The venous
return pressure gradient, right ventricular preload, and left ventricular preload are all raised as a
result of this change, which generates a negative intrathoracic pressure. Furthermore, because the
left ventricle is surrounded by more pressure when the negative pressure is present, the left
ventricular afterload is raised. In addition, the change raises both the labor of breathing and
adrenergic tone, the latter of which is a result of elevated serum catecholamine levels [90,91].
Increasing PAOP, left ventricular filling pressure, and pulmonary edema are clinical manifestations
of cardiovascular failure that may result from this [89,92]. During weaning, these hemodynamic
changes can impact the heart's systolic and diastolic functions, which can have harmful
consequences for patients with cardiovascular diseases or reveal cardiovascular dysfunction in
patients with normal resting cardiovascular function [89].

Predicting weaning results is possible with the use of trans-thoracic echocardiography (TTE), a
non-invasive, real-time, and cost-effective method of monitoring important hemodynamic
parameters. One possible use of transthoracic echocardiography (TTE) is to forecast weaning
success by measuring the heart's systolic and diastolic functions. The ejection fraction is a simple
way to measure the systolic function. To evaluate diastolic function, one can use pulse wave
Doppler to examine the mitral inflow profile, where the early wave (E) indicates passive ventricular
filling and the late wave (A) active atrial contraction; another method is to examine the mitral
annulus using tissue Doppler imaging in healthy individuals, which allows for an accurate
assessment of left ventricular relaxation (¢' wave) and left ventricular filling pressure (E/e' ratio).
E/A <1 and E/e' < 13 suggest low filling pressures or poor relaxation patterns. When E/A > 1 and
E/e' > 13, it indicates high filling pressures or pseudo-normal patterns. Increased filling pressure
with restrictive patterns is indicated by an E/A > 2 value [13,93].

Ultrasoundography has the potential to detect lung illnesses amenable to respiratory physiotherapy
and track the efficacy of this treatment. Lung auscultation and chest x-rays are the standard
methods of evaluation for this condition. But there are research that demonstrate these tools don't
have the most accurate diagnoses. Because of this, LUS has become a reliable and sensitive
alternative to traditional methods of diagnosing common chest diseases and tracking the progress
of patients undergoing respiratory physiotherapy [93].

As an example, physiotherapists can manage mechanically ventilated patients with lung
consolidation featuring fluid bronchograms by utilizing techniques like huffing or exsufflation to
increase expiratory flow rates, in addition to adjusting the ventilator settings. During this
procedure, LUS can also be utilized to evaluate how well the treatment is working. Signs that the
treatment is working include smaller consolidations and the ability to see air bronchograms instead

of fluid ones [93].
3. Conclusions

Bedside weaning examinations can make use of ultrasound, a non-invasive imaging technology
that is easily available. Despite its potential, more high-quality studies are required to determine
its function during weaning and to provide definitive cut-off values for identifying patients at high
risk of weaning failure.
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