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ABSTRACT 

Background: Acute respiratory distress syndrome [ARDS] is usually associated with significant morbidities and 
may need admission to the intensive care unit [ICU]. Mechanical ventilation, when indicated, needs 
continuous monitoring.  

Aim of the work: To assess the clinical value of ultrasonic monitoring in pulmonary recruitment and optimal positive 
end-expiratory pressure [PEEP] in ARD cases. 

Methods: It included thirty patients with ARDS. All were subjected to clinical evaluation, X-ray chest, lung 
ultrasound, and laboratory investigations. All patients underwent mechanical ventilation by increasing 
PEEP, starting at 5 mmHg then [6, 9, 12, and 15 mmHg] according to patient response with documentation 
of good response. At each PEEP, a chest ultrasound was completed, and results were correlated with 
respiratory functions.  

Results: Hypertension, diabetes, COPD and hypothyroidism were reported in 63.3%, 66.7%, 16.7% and 40.0% 
respectively. The rate of primary weaning success was 36.7%, and 30.0% achieved weaning success in 
the third trail; tracheostomy indicated for 13.3%, pneumothorax 10.0%, pleural effusion 6.7%, and the 
mortality rate was 33.3%. Increased PEEP was concomitant by the progressive improvement of respiratory 
functions. In addition, there was a progressive significant decrease of B-lines at different areas from right 
and left lungs. All effects were significant at PEEP 9.  

Conclusions: Gradual increments of PEEP helps to tailor the patient response on an individual basis. The use of 
readily available, portable ultrasound permits the daily monitoring and could guide the treatment protocol. 
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INTRODUCTION 

Diagnosis of acute respiratory distress syndrome 
[ARDS] is based on clinical, radiological, and 
oxygenation criteria; the imaging criteria consist of 
bilateral infiltration, not fully clarified by effusion, 
lobar/lung collapse, or nodules[1].  

In the last decades, radiological imaging of the 

lung [e.g., X‑ray and computed tomography [CT]] 
have been extensively used in ARDS. Actually, 

bedside X‑ray of the lung is a cardinal part of the 
standard diagnostic criteria of ARDS[2], as CT chest 
needs transportation of the patient, which exerts a 
risk on subjects with marked hypoxemia[3].   

The US is increasingly used in intensive care 
units [ICUs]. The US is a noninvasive and 
reproducible imaging modality, which could be done 
at the bedside. Available data suggested that the US 
is useful for patients with ARDS. In such patients, the 
US can play a role in the establishment of ARDS 
diagnosis and to optimize the levels of positive end-
expiratory pressure [PEEP] to prevent hemodynamic 
instability[4].  

Lung US could be applied as the guide for PEEP, 
as it can be used in real-time monitoring; no need for 
deep sedatives or muscle relaxation; could be 
applied to discover the endpoint of lung recruitment, 
determine the optimal PEEP, and enhance lung 
compliance[5].  

In addition, lung protective strategies are 
accompanied by improvement in patient outcomes 
and less comorbidities [6]. Accordingly, low tidal 
volumes must be administered to all cases, and high 
PEEP should be applied for subjects with 
moderate‑to‑severe ARDS. However, the 
determination of the optimal PEEP level is a 
challenging task, with a high risk of mortality [7].  

Previous trials proposed that the optimal PEEP 
level could be adjusted based on the oxygenation 
variables [8]. Others suggested that lung mechanics 
[e.g., compliance, plateau pressure, and stress 
index] must be used to determine optimal PEEP [9].  

Imaging modalities, primarily CT chest, were also 
used to evaluate the effects of gradual increase of 
PEEP on recruitment of alveoli [10]. In recent 
decades, lung US has become increasingly applied 
as a substitution of CT for the determination of 
optimal PEEP[11].  

Lung US can be a valuable tool to evaluate the 
lung aeration after increasing the levels of PEEP. 
Moreover, the assessment of the anterior, lateral, 
and posterior areas of the lung revealed that the 
value from PEEP was mostly perceived in the lower 
part of the anterior and lateral lungs as well as the 
upper and posterior part of the lungs. Re-aeration of 
the consolidated lung [either partially or total] was 
rarely detected and was occurred more often in the 
lower lungs lobes.  

Finally, the US‑guided recruitment strategy leads 
to significant enhancement of lung re-aeration when 

compared to oxygenation‑ guided approach[5]. 
However, the role of lung US as a monitoring and 
guide tool in patients with ARDS admitted to ICU is 
not well addressed. 

AIM OF THE WORK 

The aim of this study is to assess the clinical role 
of lung US monitoring for pulmonary recruitment and 
determination of optimal positive end-expiratory 
pressure in patients with ARDS. 

PATIENTS AND METHODS 

This prospective study was conducted in the 
department of chest disease, Al-Azhar University 
Hospital-Damietta, from November 2019 to August 
2020. It was carried out on thirty [30] patients with 
ARDS. The inclusion criteria were: Age: >18 years 
old [adult], who had evidence of ARDS [acute onset, 
the deficit in oxygenation should PaO2/fiO2<300 
mmHg irrespective of PEEP therapy and chest X-ray 
should show bilateral infiltration that can not be 
explained by effusion, collapsed lung, or lung nodule 
and without any evidence of heart failure. On the 
other side, exclusion criteria were: intracranial 
hypertension, convulsion, pregnancy, presence of 
pneumothorax, bronchopleural fistula.  

All patients were subjected to full history taking, 
physical examination, X-ray chest anteroposterior 
view by portable X-ray in ICU patient. In addition, 
lung ultrasound had been performed by the portable 
device.  

The lung ultrasound was carried out as described 
by Dietrich et al.[12]. Lung ultrasound had 
advantages, including the absence of ionizing 
radiation, accessibility of necessary equipment, and 
the possibility of real-time bedside applications and 
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image assessment. Thus, it is reasonable to be used 
in intensive care units. In addition, portable 
echocardiography was performed to exclude heart 
failure. Finally, the following laboratory investigations 
were performed: complete blood count [CBC], 
arterial blood gases [ABGs], C-reactive protein 
[CRP], random blood sugar, electrolytes, liver, and 
kidney function tests. 

Ventilation: All patients underwent mechanical 
ventilation on the Newport machine, and positive 
end-expiratory pressure was applied and starting at 
5 mmHg [physiological PEEP], and gradual 
increments [6, 9, 12, and 15 mmHg] were used 
according to patient response, and the good 
response had been documented. At each PEEP, a 
chest ultrasound had been performed, and its results 
correlated with respiratory functions.  

Ethical Considerations: The selection of 
subjects and the collection of specimens from them 
was done after a prior explanation of the aim of the 
study, and a free, well-written approval was taken. 
All work had been approved by the ethical 
committee, Damietta Faculty of Medicine [Al-Azhar 
University]. 

Statistical analysis of data:  The collected data 
had been verified, coded, and fed to a computer; a 
statistical package for social sciences had been used 
for analysis. We used version 18 [SPSS Inc., USA]. 
Numerical variables are presented in the form of 
arithmetic mean and standard deviation, while 
categorical data are presented in relative number 
[frequency] and percentage. Data had been 
compared to the basic values by paired samples [t] 
test for numerical data and Wilcoxon signed ranks for 
categorical data.  

RESULTS 

Patient age ranged between 31 to 84 years 
[mean age was 51.50±16.25]. In addition, the mean 
patient weight was 86.53±16.52 kg, while the mean 
ideal body weight was 75.23±8.44 kg; the mean 
body mass index [BMI] was 75.23±8.44]. Males 
represented 46.7%, while females represented 
53.3%. Finally, hypertension, diabetes, COPD and 
hypothyroidism were reported in 63.3%, 66.7%, 
16.7% and 40.0% respectively [Table 1] 

Regarding the cause of admission, diabetes was 
the cause among 6.7%, hypothyroidism among 

40.0%, COPD among 16.7, and each of stoke, septic 
shock, and liver cell failure among 3.3%, while chest 
infection 20.0% and renal failure among 6.7%. 

In the current work, the primary weaning success 
had been reported among 11 patients [36.7%], and 
weaning success in the third trial had been 
registered among nine patients [30.0%]; 
tracheostomy had been indicated for 13.3%, 
pneumothorax had been reported among 10.0%, 
pleural effusion among 6.7% and the mortality rate 
was 33.3% [Table 2]. 

In the current work, increased PEEP was 
associated with significant progressive increase of 
tidal volume among studied populations. A 
significant change had been reported at PEEP 15 
mmHg, as there is a significant increase at PEEP 15 
when compared to each of PEEP 12, 9, 6, and 5. In 
addition, there was a statistically significant 
progressive increase of alveolar dead space 
ventilation among studied patients; a significant 
increase had been observed at PEEP 15, where 
there was a significant difference between PEEP15 
and each of the previous lower values of PEEP. Also, 
there was a significant progressive increase of peak 
alveolar carbon dioxide tension with increased PEEP 
values; however, the paired comparison did not 
provide any significant differences. Partial arterial 
pressure of carbon dioxide exhibited nonsignificant 
different variability with increased PEEP. At PEEP 6, 
it decreased when compared to PEEP 5, with a 
nonsignificant difference. Then, it increased with 
PEEPs, 9, 12, and 15 when compared to PEEPs 5 
and 6. However, partial oxygen tension was 
significantly and progressively increased with 
increased PEEP from PEEP 6 to P15. The value 
between PEEP 15 and 12 was non-significant. 
Furthermore, PaO2/FiO2 significantly increased with 
a progressive increase of PEEP. The significant 
values were observed at PEEP 6 and continued 
afterward [Table 3]. 

Regarding the effect of PEEP on ultrasound B-
lines, there was a progressive significant decrease 
of B-lines at different areas from the right and left 
lungs. All effects were significant at PEEP 9, except 
for area A2 on the right side, where the effect 
becomes marked at PEEP 6 [Table 4].   
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Table [1]: Baseline characteristics of the studied patients 
Variables Statistics 

Age [years] 51.50±16.25  

Weight  86.53±16.52  

Ideal body weight 75.23±8.44  

BMI 24.80±4.32  

Sex [male/female] 14/16 [46.7%]/53.3%] 

Hypertension  19[63.3%] 

Diabetes mellitus  20[66.7%] 

COPD 5[16.7%] 

Hypothyroidism  12[40.0%] 
 

 
Table [2]:  Outcome among studied populations 

 Frequency Percent 

First weaning trial  Failure 19 63.3 

Success 11 36.7 

Third weaning trial  Failed  10 33.3 

Succeeded  9 30.0 

Tracheostomy  4 13.3 

Pneumothorax  3 10.0 

Pleural effusion  2 6.7 

Mortality 10 33.3 
 

 
Table [3]. Effect of PEEP on different respiratory parameters 

Variables  PEEP5 PEEP6 PEEP9 PEEP12 PEEP15 F p 

Vt 495.33±33.29 498.66±37.39 498.66±35.78 500.33±34.88 511.33±28.25 6.98 0.001* 

Vdalv 23.07±6.64 28.10±8.67 26.07±7.66 32.63±16.17 71.23±16.49 83.58 <0.001* 

PAETCO2 4.48±1.10 4.59±0.96 4.67±0.92 4.68±0.91 4.68±0.91 5.07 0.014* 

PaCO2 40.30±1.86 39.90±3.26 42.07±3.61 41.13±3.86 40.97±2.71 2.91 0.06 

PaO2 116.73±9.42 124.67±10.34 130.60±10.34 134.70±9.11 137.93±9.78 46.22 <0.001* 

PaO2/FiO2 236.83±51.74 277.8±66.49 314.30±79.40 323.50±61.45 346.67±89.66 27.40 <0.001* 

DC 35.64±4.26 35.30±3.15 37.27±4.48 39.05±3.65 40.23±3.46 14.13 <0.001* 
Vt: Tidal volume; Vdalv: Alveolar dead space ventilation; PAET CO2; Alveolar pressure gradient of end tidal CO2; PaCO2; partial arterial pressure of carbon dioxide; 
PaO2: partial oxygen tension; PaO2/FiO2; DC: Dynamic compliance; F: Repeated analysis of variance [ANOVA]; *: significant   

Table [4]: Effect of PEEP on ultrasound among studied populations 
 P5 P6 P9 P12 P15 F P 

Mean  SD Mean SD Mean SD Mean SD Mean SD 

Left  
side  

A4 5.60 1.63 5.43 1.45 5.13 1.38#$ 4.47 1.31#$@ 3.10 0.88#$@√ 84.47 <0.001* 

A3 5.53 1.01 5.40 0.93 5.13 0.73#$ 4.33 0.76#$@ 2.97 0.49#$@√ 107.8 <0.001* 

A2 4.97 1.16 4.70 1.06 4.33 0.84#$ 3.03 0.72#$@ 1.93 0.58#$@√ 110.5 <0.001* 

A1 4.87 0.94 4.67 0.99 3.83 0.87#$ 3.47 0.73#$@ 2.17 0.46#$@√ 98.75 <0.001* 

Right  
side  

A4 5.23 1.28 5.27 1.39 4.73 1.11#$ 3.93 1.08#$@ 2.93 0.83#$@√ 68.96 <0.001* 

A3 5.40 1.00 5.27 0.87 4.97 0.72#$ 4.20 0.71#$@ 2.90 0.55#$@√ 93.56 <0.001* 

A2 4.93 1.14 4.53 1.01# 4.10 0.88#$ 2.83 0.65#$@ 1.90 0.55#$@√ 98.01 <0.001* 

A1 5.20 1.27 4.97 1.25 4.17 1.23#$ 3.70 1.09#$@ 2.30 0.53#$@√ 87.65 <0.001* 
# = Significant decreased when compared to PEEP 5; Significant decrease when compared to PEEP6; @= significant decrease when compared to PEEP9; √ = 
Significant decrease when compared to PEEP 12 

 

DISCUSSION 

Patients with ARDS are essentially at need of 
mechanical ventilation [MV] support. It could restore 
gas exchange and reduce work of breathing. Thus, 
improve the overall probability of survival. However, 
it is not devoid of risks and side effects [13].  There is 
a consensus on the superiority of lower tidal 

volumes[14]. However, there is little agreement on the 
selection of PEEP [15, 16].  In clinical practice, lower 
PEEP has been used [17], but low PEEP could lead 
to high oxygen desaturation[18] and lung injury 
worsened as evidenced by increased use of rescue 
therapies and mortality irrespective of the use of 
rescue therapies  [19].  Extrinsic PEEP can be applied 
to improve oxygenation. According to Henry’s law, 
the solubility of a gas in a liquid is positively 
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correlated to the gas pressure above the solution 
surface. This was used for ventilation [either 
mechanical or noninvasive] in that increasing PEEP 
will be associated with an increase in the system 
pressure. This, in turn, increases the oxygen 
solubility and enhances oxygen ability to cross the 
alveolo-capillary membrane, and thus, the oxygen 
content of the blood will be increased. Extrinsic 
PEEP also could be used to enhance ventilation-
perfusion [VQ] mismatches. The application of 
positive airway pressure can open or support “splint” 
the collapsed alveoli, reducing atelectasis, improving 
the ventilation of alveoli, and, in turn, reducing VQ 
mismatch [20]. On the other side, high PEEP is 
associated with increased recruitment of alveoli, but 
at the same time could reduce cardiac output and 
further worsens injury of the lung [due to barotrauma 
or volutrauma][21]. Thus, optimization of PEEP to 
decrease hypoxemia or intrapulmonary shunting and 
to improve gas diffusion and oxygenation is of crucial 
importance. It could achieve by recruitment of 
collapsed alveoli [16, 22].  This is the idea adopted by 
the current study and achieved through gradual 
increments of PEEP, starting by PEEP 5 [the 
physiological PEEP], then increased to 6, 9, 12, and 
15; and the patient response had been checked and 
results correlated with ultrasound findings to 
investigate its use as a rapid, non-invasive tool to 
evaluate the condition.  

The current work had been designed to 
investigate the role of the US in the management of 
ARDS by optimal PEEP. It included 30 patients who 
presented with ARDS. All underwent medical 
evaluation [full history taking, clinical examination, 
lab, and radiological investigations. The present 
study revealed that hypertension, diabetes, COPD, 
and hypothyroidism were reported in 63.3%, 66.7%, 
16.7%, and 40.0%, respectively. These results are 
comparable to those reported by Vieira et al.[23] who 
said that the main comorbidity was systemic arterial 
hypertension [50.7%], congestive heart failure 
[28.4%], and COPD [8.9%]. In line with the current 
study, an analysis of the LUNG-SAFE [Large 
study to UNderstand the Global impact of Severe 
Acute respiratory FailurE] study found that 13% of 
2377 patients [13.3% in the current study] treated for 
ARDS underwent tracheostomy[24].  The 
tracheostomy itself has become a more common 
practice. However, it had its own periprocedural risks 
such as bleeding, perforation of the posterior 

tracheal wall, injury of the thyroid gland, fistula 
[tracheoesophageal], and infections [25].  

Regarding mortality, there is an upward trend in 
ARDS survival over the last four decades, which is 
attributed to developments in management 
strategies of ARDS, such as low tidal volume 
mechanical ventilation. Mortality rates decreased 
from 60-70% in 1980s to 26-40% in mid-2000s [26, 27] 
[the current study had a mortality rate of 33.3%].  
One study analyzing data from 5159 patients with 
ARDS found that the crude mortality rate decreased 
from 35.4% in 1996 to 28.3% in 2013. This was 
associated with significant trends of decline in daily 
fluid balance, tidal volume, and plateau pressure, 
and an increase in positive end-expiratory pressure 
over the 17 years[28].  Good monitoring tools could 
play a role in such improvements. The main findings 
of the current study are the progressive significant 
decrease of B-lines at different areas from the right 
and left lungs. All effects were significant at PEEP 9, 
except at PEEP 6. These results reflected that the 
changes on ultrasound were correlated with changes 
in different pulmonary variables. Lu [29] reported that 
the clinical effect of alveolar recruitment could be 
assessed by measuring anatomical and/or functional 
lung recruitment. Anatomical alveolar recruitment 
defined by reaeration of previously poorly and 
nonaerated lung regions after increasing 
transpulmonary pressure, while functional lung 
recruitment marked by changes in respiratory 
physiological variables [increase in PaO2, decrease 
in PaCO2, and improvement of respiratory 
compliance] resulting from recruitment of lung units 
to participation in gas exchanges after PEEP 
application. These results had been confirmed in the 
current work.  

The first introduction of lung ultrasound dates to 
the 1960s. It had the advantages of its easiness in 
use, totally non-invasive, and wide-spectrum of 
applications in critically ill patients. In addition, it 
confers regional lung representation of “real” images 
and artifacts [10, 30].  Also, and specifically in ARDS, it 
could differentiate between acute cardiogenic 
pulmonary edema from ARDS and is a good 
predictor of ARDS development[31].  

When compared to Computed Tomography, lung 
ultrasound had a good accuracy in detection of 
pulmonary lesions[32] and to assess changes in 
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aeration in PEEP changes and development of 
ventilator-associated pneumonia [VAP][33].  

In the current study, we started with PEEP 5, 
which in accordance with the previous study of 
Caironi et al.[34] who reported that patients with 
ARDS must be evaluated at PEEP 5 to check for 
alveolar recruitability. In addition, Bouhemad et 
al.[35] reported that PEEP 5 is the suggested level at 
which lung ultrasound is performed in patients with 
ARDS.  Bouhemad et al.[33] reported that, with 
diffuse loss of aeration in patients with ARDS, higher 
levels of PEEP are required to induce lung 
recruitment when compared to ARDS patients with 
focal loss of aeration. This supported the protocol of 
gradual increments of PEEP used in the current 
study.  This suggests that any maneuvers aimed at 
improving aeration improvement could be monitored 
by lung ultrasound[36]. 

A main controversial question is what is more 
protective and efficient for treating ARDS patients, 
high or low PEEP. Previous trials suggested that 
higher PEEP could be beneficial [16]. This suggestion 
had been confirmed in the current study, where the 
most effective response [guided by respiratory 
functions] had been obtained at PEEP levels of 12 
and 15.    In addition, a meta-analysis carried by Briel 
et al. [19] showed a possible benefit of high PEEP 
setting in ARDS, which was associated with lower in-
hospital mortality and less need for MV by the day 
28.  Talmor et al. [37] study even confirmed that the 
PEEP 18 is associated with improved oxygenation 
and lung compliance than PEEP 12 and associated 
with improved adjusted 28-day mortality.  However, 
Dasenbrook et al.[38], in another meta-analysis 
showed that there was no marked reduction of 28-
day mortality with high PEEP, without a significantly 
higher risk of barotrauma. The value of higher PEEP 
could be explained in the light of the driving pressure 
[the difference between a plateau and end-expiratory 
pressures], has been suggested as the mediator for 
this beneficial effects of the main three lung-
protective ventilation [low tidal volume, low plateau 
pressure, and high PEEP] [39]. None of the three 
lung-protective measures were individually 
associated with low (decreased) mortality, but they 
acted to reduce driving pressure to exert their 
benefits. Mac Sweeney and McAuley[40] reported 
that a PEEP of 15 cm H2O could be appropriate in 
patients with ARDS to prevent lung injury and 

provide the optimal lung ventilation. Atelectatic areas 
of the lung can be re-expanded by the use of brief 
periods of sustained high transpulmonary 
pressure—usually followed by applying higher levels 
of PEEP to maintain and stabilize this newly 
reaerated region.  

In addition to its use in monitoring and titration of 
PEEP and overall lung aeration, LUS also helps 
early diagnosis and appropriate treatment 
intervention for lung complications in ventilated 
patients. It had a very high diagnostic accuracy for 
pneumothorax and pleural effusions[41]. In line with 
the current work, Bouhemad et al.[35] reported that, 
in patients with ARDS, LUS evaluation of the overall 
lung or regional aeration may help of the disease 
severity, monitor therapeutic interventions, and 
patient’s response.  Tsubo et al.[42] studied the effect 
of applying several degrees of PEEP [5, 10, and 15 
cm H2O] as well as prone positioning, to examine 
aeration of the left lower lung in ARDS, and this 
represented the first use of US in the monitoring of 
the lung. They reported significant gas exchange 
improvement, the partial pressure of oxygen in 
arterial blood [PaO2]–to–a fraction of inspired oxygen 
[FiO2] ratio, with increased PEEP or two hours after 
prone position. Gardelli et al. [43] presented a case 
report of ARDS with real assessment and 
improvement of reaeration with transthoracic LUS 
after prone position. Bouhemad et al. [33] reported a 
significant correlation between LUS reaeration score 
at variable levels of PEEP and the recruited lung 
volume, as well as an oxygenation improvement. In 
a study conducted by Stefanidis et al. [44], of 15 
early ARDS mechanically ventilated patients, lung 
collapse was measured by LUS before and after the 
use of incremental degrees of PEEP [5, 10, and 15 
cmH2O, with each level kept for 20 minutes]. All 
patients revealed a significant decrease of non-
aerated areas as well as PaO2/FiO2 ratio 
improvement. Mojoli et al. [45] reported that LUS is a 
useful tool for the management of critically ill patients 
on mechanical ventilation. Zhao et al. [46] showed 
that, by grading different regions of the lungs, a 
global LUS could be computed. It quantifies the 
overall loss of aeration, with a strong correlation with 
lung weight and extra-vascular water in the lung.  
Thus, global LUS could provide a consistent and 
unbiased assessment tool for assessing acute 
respiratory failure and its severity.  
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LUS could conveniently assess the morphology 
of the disease [focal vs. diffuse] at the bedside level. 
A re-aeration LUS can be computed to assess the 
PEEP-induced gain in end-expiratory lung volume; 
this does not strictly reflect to recruitment effect on 
the previously collapsed tissues[33]. Furthermore, 
Soummer et al. [47] reported that the LUS could 
monitor the weaning from MV. Finally, Bello and 
Blanco[48] conclude that LUS is an attractive, non-
invasive tool to monitor lung recruitment in patients 
with ARDS. In addition, it is readily available, 
portable, and radiation-free tool. They added, 
clinically, the lung US score or lung reaeration score 
can be used to assess reaeration after PEEP. Lastly, 
Volpicelli et al. [49] reported that the main limitations 
to the use of LUS are the operator’s level of 
expertise, dressings, thoracic burns, obesity, and 
subcutaneous emphysema. With wide availability, 
training, and technological improvement, such 
limitations are expected to be abolished with time. 
Smallwood et al. [50] confirmed this notion. They 
believe that the barriers to the use of LUS can easily 
be tackled. The costs of appliances continue to 
decrease as machines are becoming cheaper. The 
increased availability means training can often occur 
as part of the patient assessment and review on 
ward rounds.   

On the other side, Chiumello et al.[3] showed that 
LUS could assess regional and global lung aeration. 
However, it is not as reliable an imaging tool for 
evaluating PEEP-induced recruitment than the gold 
standard computed tomography. In addition, 
Xirouchaki et al.[30] reported own limitations of LUS. 
These include the inability of LUS to evaluate the 
lung with subcutaneous emphysema or large 
overlying dressings. Also, lung overinflation in high 
PEEP values is associated with potential barotrauma 
complications, which could not be detected by LUS. 
Another limitation is that LUS can only visualize 
parenchymal abnormalities adjacent to and 
extending to the pleura. 

Despite these limitations, LUS is increasingly 
considered a vital imaging tool, playing a crucial role 
in clinical assessment and decision making. Again, it 
had its own significant advantages as it is a radiation-
free bedside tool, had high sensitivity, specificity, and 
reproducibility. The current work appreciated its use 
as a monitoring tool for ARDS ventilated patients [44].   

The strengths of the current work include the use 
of PEEP increments to tailor the patient response 
individually, with the use of readily available, portable 
ultrasound, which permits the daily monitoring and 
could guide the treatment protocol. However, the 
results could not be generalized due to the small 
sample size of the included populations. Thus, 
further studies are needed to validate this method in 
large ARDS populations. 

In conclusion, gradual increments of PEEP helps 
to tailor the patient response on an individual basis. 
The use of readily available, portable ultrasound 
permits the daily monitoring and could guide the 
treatment protocol. Thus, it is advisable to be 
incorporated in the routine management protocol of 
patients with ARDS on mechanical ventilation.  
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