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ABSTRACT

Background and aims: Chest X-ray (CXR) and computed tomography (CT) are established imaging modalities for patients in respiratory distress,
and lung ultrasound (LUS) has emerged as an efficient point-of-care alternative. This study aimed to evaluate the diagnostic performance of
LUS and CXR in critically ill patients, utilizing CT thorax as the reference standard.

Patient and methods: A prospective observational study was conducted in a tertiary care intensive care unit (ICU) involving mechanically
ventilated adult patients requiring CT thorax. Before the CT, patients underwent portable CXR and LUS. Diagnostic performance metrics were
calculated using sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and AUC-ROC for pneumothorax, pleural
effusion, consolidation, collapse, and pulmonary edema for CXR and LUS compared to CT. Inter-rater agreement was assessed using Cohen’s k.

Results: A total of 110 patients were included in this study. Overall, the performance of LUS was significantly superior to CXR for diagnosing
various pathologies. Lung ultrasound exhibited 100% sensitivity and 97% specificity, outperforming CXR (66.7% sensitivity) for the detection of
pneumothorax. For pleural effusion, LUS achieved 100% sensitivity and specificity, reflecting perfect concordance with CT, especially for moderate
and severe pleural effusions, while CXR had an accuracy of only 68.18%. Lung consolidation and collapse were identified with 100% sensitivity
and PPV by LUS. Furthermore, the accuracy of LUS in diagnosing pulmonary edema was 96.4%, with a specificity of 95.3% and an NPV of 100%.
Conclusion: Across five pathologies that were evaluated in this study, LUS consistently outperformed CXR in diagnostic accuracy and concordance
with CT thorax.

Keywords: Chest X-ray, Computed tomography, Critically ill, Lung consolidation, Lung ultrasound, Mechanical ventilation, Pleural effusion,
Pneumothorax, Pulmonary edema, Pulmonary pathology.
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HiGHLIGHTS 'Department of ICU, Karmouz Insurance Hospital, Alexandria, Egypt;

« This study focuses exclusively on mechanically ventilated
critically ill patients. Lung ultrasound (LUS) demonstrated
higher diagnostic accuracy than chest X-ray (CXR) for diagnosing
all major pulmonary pathologies in mechanically ventilated
critically ill patients.

+ Lung ultrasound achieved 100% sensitivity and specificity for
detecting pleural effusions and lung consolidation compared
to computed tomography (CT) as the reference standard.

+ Pneumothorax detection by LUS showed near-perfect
agreement with CT, significantly outperforming CXR.

+ This study supports integrating routine LUS into the diagnostic
pathway for critically ill patients, minimizing the need for
frequent CT scans.

INTRODUCTION

Critically ill patients often present with respiratory distress, which
necessitates rapid and accurate diagnostic evaluation of possible
pathologies. Conventionally, CXR and CT thorax have been used to
evaluate pleuro-pulmonary conditions in the critical care setting.
Further, portable CXR plays a center stage in the daily patient
assessment of patients in intensive care units (ICUs). Chest X-rays
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are frequently ordered before morning rounds in ICUs to facilitate
the detection of potentially life-threatening conditions that could
otherwise have been missed. Furthermore, scheduling CXRs before
these rounds enhances logistical efficiency, contributing to a
more streamlined workflow in the unit.! However, several studies
highlighted the limited efficacy of routine portable CXRs, even when
optimally performed, high inter-observer variability in interpreting
portable CXRs, and the associated risks of harm from inappropriate
interventions based on inadequate results.>* Consequently, there
has been advocacy for the restriction of routine CXR use in ICUs.2
Although CT is considered to be the gold standard for thoracic
imaging, it can mitigate some of these limitations by providing
unparalleled sensitivity and specificity in the diagnosis of various
pulmonary pathologies.’ However, the need of transporting critically
ill patients to radiology departments for CT scans introduces several
risks, delays, and higher costs.”® Moreover, the exposure to ionizing
radiations associated with repeated portable CXRs and CT scans,
especially in long stay and trauma patients, could exceed the
radiation safety thresholds.”'°

Lung ultrasound, as an integral part of point-of-care ultrasound
(POCUS), has become increasingly prominent in critical care
settings due to its ability to deliver real-time dynamic imaging at
the bedside without exposing patients to ionizing radiation. Lung
ultrasound could effectively assess pleural, parenchymal, and
chest wall pathologies, as well as guide therapeutic procedures."
In addition, LUS is readily available, cost-effective, and usually
well-tolerated, including those patients who are hemodynamically
unstable or requiring mechanical ventilation.'? Despite the rising
adoption of LUS in critical care, there exists a paucity of real-world
comparative data regarding its diagnostic accuracy in identifying
common pulmonary pathologies relative to conventional imaging
modalities among unselected critically ill patients.

This prospective study aims to evaluate the performance of
LUS and bedside CXR in comparison with the reference standard
CT scan for diagnosing common pleuro-pulmonary pathologiesin
critically ill patients undergoing mechanical ventilation.

PATIENTS AND METHODS

This study utilized a prospective observational design to compare
the diagnostic performance of standard portable CXR and LUS with
plain axial CT thorax, in identifying five major thoracic pathologies—
pneumothorax, pleural effusion, consolidation, collapse, and
pulmonary edema in mechanically ventilated adult patients.

Adult patients admitted to the ICU of a tertiary care referral
hospital between February 2022 and March 2023 on invasive
mechanical ventilation, undergoing plain axial thorax CT scan
based on clinical indications determined by the treating medical
team, independent of the study’s objectives, were randomly
selected for this study. Patients scheduled for CT imaging were
screened 1 hour before the planned procedure to assess the
presence of any imaging signs of the aforementioned pleuro-
pulmonary pathologies using standard portable CXR and LUS
imaging. The patients were transferred for a CT scan as per the
ICU protocol and checklist.

The ethical approval for this study was obtained from the
institutional review board (IRB) of the hospital in accordance with
local regulations and international standards for research involving
human subjects (reference no: 231/2021/02). All procedures
were performed in accordance with the ethical standards of the
institutional or national research committee and with the 2024
Helsinki Declaration or comparable ethical standards.”> Written
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informed consent was obtained from all participants or their
legally authorized representatives before enrollment in the study.
The study protocol, including the purpose, procedures, risks, and
benefits, was clearly explained to the participants, and they were
given adequate time to ask questions and make an informed
decision regarding their participation. Patient confidentiality and
data protection were strictly maintained throughout the study.

Portable CXRimaging was performed using standard techniques
in the supine position or as clinically indicated. Anteroposterior (AP)
and lateral views were obtained to visualize the entire thoracic
cavity. Chest X-ray images were acquired and processed by trained
radiology technologists following institutional protocols. Chest
radiographs were initially interpreted by the attending consultant
intensivist as part of routine assessment during daily ICU rounds.
To ensure diagnostic accuracy and consistency, all CXR findings
were subsequently reviewed and confirmed by the radiologist
responsible for official reporting.

Lung ultrasound imaging was performed by experienced
intensivists who were formally trained and accredited in POCUS.
The primary investigator holds the European Diploma in
Echocardiography (EDEC) by the European Society of Intensive Care
Medicine, which involves structured formal training, supervised
practice, and the submission of 135 fully supervised POCUS
cases, including LUS examinations. Furthermore, the primary
investigator undertook additional POCUS clinical attachments
at several European centers before obtaining the EDEC diploma,
thereby broadening exposure to a wide spectrum of pathologies.
Importantly, all participating clinicians had completed structured
training programs and routinely performed LUS in clinical practice.
The imaging was conducted using a portable ultrasound machine
equipped with a high-frequency linear probe (7-12 MHz) or a
phased array probe (1-5 MHz), depending on the clinical scenario
and operator preference. The phased array probe, due to its
smaller footprint, was particularly advantageous for accessing
intercostal spaces and was frequently used when transthoracic
echocardiography was performed concurrently, allowing continuity
of imaging without switching probes. Conversely, the curvilinear
probe, with its wider field of view and good depth penetration,
was also utilized when appropriate for comprehensive pleural
and subpleural assessment.'"'> Patients were positioned in a
semi-recumbent or lateral decubitus position to facilitate optimal
acoustic windows for imaging. The thorax was systematically
scanned in multiple anatomical regions, including anterior, lateral,
and posterior lung fields bilaterally, to assess for the presence
of pleural-parenchymal abnormalities and other pathologies.
Standard scanning protocols recommended by established
guidelines, or protocols specific to the institution were followed to
ensure consistency and accuracy in image acquisition.'""'® For LUS
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Table 1: Agreement (sensitivity, specificity, and accuracy) for pneumothorax with LUS and CXR in comparison with CT scan

CTscan
Negative Positive
(n=101) (n=9)
Pneumothorax N (%) N (%) AUC-ROC (95% Cl)  Sensitivity — Specificity PPV NPV Accuracy
Ultrasound 0.98 (0.94-0.99)
Negative 98 (97) 0 100 97.03 75 100 97.27
Positive 3(3) 9(100)
K (p) 0.842%(<0.001*) Very good agreement
Chest X-ray 0.77 (0.68-0.85)
Negative 89 (88.1) 3(33.3) 66.67 88.12 33.13 96.74 86.36
Positive 12(11.9) 6 (66.7)
K (p) 0.376*(<0.001%*) Fair agreement

¥, kappa test; AUC-ROC, area under the receiver operating characteristic curve; Cl, confidence interval; NPV, negative predictive value; PPV, positive

predictive value; *Statistically significant at p < 0.05

reporting, the Thoracic UltrasONOgraphy (TUONO) consensus
guidelines were used."”

Pneumothorax was excluded by the presence of lung sliding
and/or B-lines and confirmed in the absence of sliding with
identification of a lung point, a highly specific sign where the area
without lung sliding meets an area with preserved sliding. The
absence of B-lines, with or without A-lines, was also considered
supportive of pneumothorax. The lung consolidation and collapse
were differentiated on LUS, based on the characteristics of air
bronchograms. Consolidation was defined by the presence of
dynamic air bronchograms, where hyperechoic punctate or linear
structures within the consolidated lung moved with inspiration
and diminished during expiration. Collapse was defined by static
air bronchograms, in which these hyperechoic structures remained
fixed and did not move with respiration.

A plain axial CT scan of the thorax was performed using
multidetector CT scanners with appropriate protocols tailored
to the clinical indication and patient characteristics. Images were
acquired in the supine position with the arms raised above the
head to minimize motion artifacts and optimize image quality.
Axial slices were obtained at predetermined intervals (e.g., 5 mm
or less) to provide detailed anatomical information of the thoracic
structures. Radiation exposure was minimized by using low-dose
CT protocols whenever feasible, while ensuring diagnostic quality
and coverage of the entire thoracic cavity.

Allimaging procedures were conducted by trained and certified
healthcare professionals adhering to standardized guidelines and
safety protocols. The primary investigator holds the European
Diploma in Advanced Critical Care Echocardiography (EDEC),
awarded by the European Society of Intensive Care Medicine, and
serves as an EDEC supervisor. To ensure consistency and diagnostic
reliability, the ultrasound images were regularly reviewed for quality
control by the primary investigator. Images obtained from CXR,
LUS, and CT scans were interpreted by qualified clinicians who were
blinded to the findings of other imaging modalities. Specifically,
LUS was both acquired and interpreted by intensivists; radiologists
were notinvolved in any aspect of LUS acquisition or interpretation.
Computed tomography scans were interpreted by consultant
radiologists. CXR images were initially interpreted by attending
intensivists during daily ICU rounds, with final interpretations
subsequently confirmed by radiologists. In cases of diagnostic
uncertainty or discrepancies, consensus was reached through
multidisciplinary discussion, often guided by CT imaging and
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radiologistinput. Quality assurance measures were implemented to
ensure the accuracy and reliability of imaging findings throughout
the study period.

Sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were calculated for CXR and LUS,
using CT scan as the reference standard. Inter-rater agreement
regarding CXR interpretation was evaluated employing Cohen'’s k
statistic. Furthermore, diagnostic accuracy measures, including the
area under the receiver operating characteristic curve (AUC-ROC),
were determined for both CXR and LUS. Descriptive statistics were
utilized to summarize patient demographics and characteristics.
Depending on the distribution of the data, continuous variables
were presented as either mean + standard deviation (SD) or
median with interquartile range (IQR). Categorical variables were
reported as frequencies and percentages. All statistical analyses
were conducted using SPSS version 26, with a significance level
setatp < 0.05.

REesuLTs

One hundred and ten patients, including 66 (60%) females with a
mean age of 52 years, who underwent a CT scan, were included
in this study. Reasons for initiating mechanical ventilation were
respiratory failure (35, 32%), septic shock (30, 27%), polytrauma
(22, 20%), altered mental status (15, 14%), and others (8, 7%). The
primary pathologies diagnosed on CT scan included pneumothorax
(9, 8%), pleural effusion (58, 53%), lung consolidation (69, 63%), lung
collapse (61, 55%), and pulmonary edema (25, 23%).

For pneumothorax, LUS exhibited a sensitivity of 100% and
specificity of 97%, with an overall accuracy of 97.27%, along with
arobust agreement between LUS and CT scan findings [Cohen’s k
coefficient (k) = 0.842, p < 0.001]. On the other hand, the CXR had
a sensitivity and PPV of 66.7% and an accuracy of 86.36% (Table 1).
Lung ultrasound exhibited a comparable efficacy of CT scan for
detecting pleural effusion with a sensitivity, specificity, and accuracy
of 100% and near-perfect agreement (k =0.372, p < 0.001) between
the two modalities. However, the accuracy of CXR was only 68.18%,
with PPV and NPV of 55.17% and 78.05%, respectively (Table 2).

There was a good agreement (kx = 0.803, p < 0.001) between
LUS and CT in the classification of pleural effusion based on
volume, and LUS displayed 100% sensitivity for moderate and
severe categories of pleural effusion. Furthermore, LUS and CT
demonstrated complete concordance in excluding pleural effusion.
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Table 2: Agreement (sensitivity, specificity, and accuracy) for pleural effusion with LUS and CXR in comparison with CT scan

CT scan
Negative Positive
(n=52) (n=58)
Pleural effusion N (%) N (%) AUC-ROC (95% Cl) Sensitivity ~ Specificity PPV NPV Accuracy
Ultrasound 1.00 (0.97-1.00)
Negative 52(100) 0 100 100 100 100 100
Positive 0 58 (100)
K (p) 1.000* (<0.001*) Very good agreement
Chest X-ray 0.69 (0.59-0.77)
Negative 43 (82.7) 26 (44.8) 55.17 82.69 78.05 62.32 68.18
Positive 9(17.3) 32(55.2)
K (p) 0.372* (<0.001*) Fair agreement

k, kappa test, AUC-ROC, area under the receiver operating characteristic curve; Cl, confidence interval; NPV, negative predictive value; PPV, positive
predictive value; *Statistically significant at p < 0.05

Table 3: Agreement with LUS and CXR for categorization of pleural effusion volume in comparison with CT scan

CTscan
Nil Mild Moderate Severe
(n=152) (n=44) (n=12) (n=2)
Pleural effusion N (%) N (%) N (%) N (%) ;(2 MC
Ultrasound
Nil 52 (100) 0 0 0 168.274* <0.001*
Mild 0 30 (68.2) 0 0
Moderate 0 10 (22.7) 12 (100) 0
Severe 0 4(9.1) 0 2(100)
K (p) 0.803* (<0.001*) Good agreement
Chest X-ray
Nil 43 (82.7) 24 (54.5) 2(16.7) 0 33.520% <0.001*
Mild 6(11.5) 14 (31.8) 6 (50) 0
Moderate 1(1.9) 5(11.4) 3(25) 1(50)
Severe 2(3.8) 1(2.3) 1(8.3) 1(50)
K (p) 0.255* (<0.001*) Fair agreement

x?, Chi-square test; MC, Monte Carlo; k, kappa test; *Statistically significant at p < 0.05

Table 4: Agreement (sensitivity, specificity, and accuracy) with LUS and CXR for lung consolidation in comparison with CT scan

CTscan
Negative Positive
(n=41) (n=69)
Lung consolidation N (%) N (%) AUC-ROC (95% Cl)  Sensitivity Specificity PPV NPV Accuracy
Ultrasound 0.98 (0.93-0.99)
Negative 39(95.1) 0 100 95.12 97.18 100 98.18
Positive 2(4.9) 69 (100)
K (p) 0.961* (<0.001*) Very good agreement
Chest X-ray 0.67 (0.58-0.76)
Negative 41 (100) 45 (65.2) 34.78 100 100 47.67 59.09
Positive 0 24 (34.8)
K (p) 0.284* (<0.001*) Fair agreement

¥, kappa test; AUC-ROC, area under the receiver operating characteristic curve; Cl, confidence interval; NPV, negative predictive value; PPV, positive
predictive value; *Statistically significant at p < 0.05

Conversely, CXR exhibited a variable accuracy across different Lung ultrasound also performed comparably to a CT scan
severity levels, recording a sensitivity of 54.5% for mild effusion, in detecting lung consolidation and collapse, with a sensitivity
50.0% for moderate effusion, and 50.0% for severe effusion, and PPV of 100%, as well as an accuracy of 98.18% and 96.36%,
respectively (Table 3). respectively (Tables 4 and 5). Agood agreement was noted between
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Table 5: Agreement (sensitivity, specificity, and accuracy) with LUS and CXR for lung collapse in comparison with CT scan

CTscan
Negative Positive
(n=49) (n=61)
Lung collapse N (%) N (%) AUC-ROC (95% CI)  Sensitivity — Specificity PPV NPV Accuracy
Ultrasound 0.96 (0.90-0.99)
Negative 45 (91.8) 0 100 91.84 93.85 100 96.36
Positive 4(8.2) 61(100)
K (p) 0.926%(<0.001*) Very good agreement
Chest X-ray 0.76 (0.67-0.84)
Negative 43 (87.8) 22(36.1) 63.93 87.76 86.67 66.15 74.55
Positive 6(12.2) 39(63.9)
K (p) 0.501%(<0.001*) Moderate agreement

¥, kappa test; AUC-ROC, area under the receiver operating characteristic curve; Cl, confidence interval; NPV, negative predictive value; PPV, positive

predictive value; *Statistically significant at p < 0.05

Table 6: Agreement (sensitivity, specificity, and accuracy) with LUS and CXR for pulmonary edema in comparison with CT scan

CT scan
Negative Positive
(n=85) (n=25)
Pulmonary edema N (%) N (%) AUC-ROC (95% Cl)  Sensitivity ~Specificity PPV NPV Accuracy
Ultrasound 0.98 (0.93-0.99)
Negative 81(95.3) 0 100 95.29 86.21 100 96.36
Positive 4(4.7) 25 (100)
K (p) 0.902%(<0.001*) Very good agreement
Chest X-ray 0.60 (0.50-0.69)
Negative 85 (100) 20 (80) 20.0 100 100 80.95 81.82
Positive 0 5(20)
K (p) 0.279*%(<0.001%*) Fair agreement

¥, kappa test; AUC-ROC, area under the receiver operating characteristic curve; Cl, confidence interval; NPV, negative predictive value; PPV, positive

predictive value; *Statistically significant at p < 0.05

Table 7: Pairwise comparison of ultrasound and CXR AUC-ROC curves

Conditions Difference in AUC-ROC (95% Cl) p
Pneumothorax 0.21 (0.04-0.38) 0.01*
Pleural effusion 0.31(0.23-0.39) <0.001*
Lung consolidation 0.30(0.24-0.37) <0.001*
Lung collapse 0.20 (0.13-0.27) <0.001*
Pulmonary edema 0.38 (0.29-0.46) <0.001*

AUC-ROC, area under receiver operating characteristics curve; ROC,
receiver operating characteristics; *Statistically significant at p < 0.05

CTscanand LUS (k=0.902, p < 0.001) for the diagnosis of pulmonary
edema with a specificity of 95.3%, NPV of 86.21%, and accuracy of
96.36% (Table 6). Overall, the performance of LUS was significantly
superior to CXR for diagnosing various lung pathologies (Table 7).

Discussion

In this prospective observational study, LUS demonstrated a
comparable accuracy to CT scan for the detection of common
pleuro-parenchymal pathologies in mechanically ventilated
critically ill patients, such as pneumothorax, pleural effusion,
lung collapse, and consolidations, as well as pulmonary edema.
Moreover, LUS outperformed CXR for the accurate diagnosis of all
of these conditions.

Indian Journal of Critical Care Medicine, Volume 29 Issue 10 (October 2025)

The strength of our study lies in its exclusive focus on
mechanically ventilated critically ill patients, unlike most
prior studies that included both critically and non-critically ill
populations. In addition, the patient selection was random and
not based on the lung pathology. Our findings demonstrate that
LUS can serve as a reliable alternative to portable CXR, which is
often limited by low sensitivity and specificity in this patient group.
Moreover, LUS offers a practical bedside option when CT, the current
gold standard, is not feasible due to the risks associated with
transporting unstable ICU patients. These results provide important
evidence supporting the integration of LUS into routine diagnostic
pathways for mechanically ventilated critically ill patients.

There are inherent challenges of portable CXR in mechanically
ventilated patients due to sub-optimal image in the absence of
maximal inspiration, patient positioning, and movement and
artifacts from overlapping medical devices.'®' Although LUS has
been demonstrated to be superior to CXR for the detection of
pneumothorax, significant heterogeneity exists in the evidence
based on the selection criteria of included patients, trauma
vs non-trauma patients, and the type of probe used.?’2 The
comparable accuracy of ultrasound to that of CT scans, coupled
with an NPV of 100%, underscores its effectiveness in excluding
pneumothorax. This capability of LUS reduces the potential of
missing a pneumothorax in a mechanically ventilated patient and
the need for transferring a critically ill patient to the CT suite, thereby

811



Comparative Performance of LUS, CXR, and CT Scan in Critically Ill Patients

optimizing patient management and outcomes. Moreover, point-
of-care LUS provides real-time imaging, allowing for immediate
assessment without the delay usually associated with CT imaging
and CXR.? This rapid diagnosis expedites decision-making and
facilitates prompt treatment initiation, particularly in acutely
ill critical patients.?> Conversely, CXR showed lower sensitivity,
highlighting its limitations in accurately identifying pneumothorax,
consistent with existing literature.?'">2

In our study, LUS also exhibited perfect agreement with CT scan
and its superiority over CXR in detecting pleural effusions. Lung
ultrasound has been demonstrated to possess higheraccuracy than
CXR for the detection of pleural effusions, particularly in criticallyill
patients for whom upright CXRs may not be feasible.?5?” A meta-
analysis comprising 12 studies reported that ultrasound exhibited
a pooled sensitivity of 94% and a specificity of 98% in identifying
pleural effusions.?® Furthermore, LUS exhibited a high level of
concordance with CT in the quantification of pleural effusion,
particularly in cases of moderate to severe effusions. Conversely,
CXR was found to be less reliable for quantifying pleural effusion.
This diminished accuracy can be attributed to the constraints of
patient positioning, particularly in mechanically ventilated patients,
and CXR being a two-dimensional imaging modality significantly
impacts the diagnostic performance of CXR, unlike LUS.?

In patients with suspected pneumonia, CXR is frequently an
initial imaging choice. The portable CXR avoids the intra-hospital
transportation fora CT scan and reduces the risk of transmission.?%3°
However, a recent meta-analysis involving patients requiring
mechanical ventilation found a pooled sensitivity and specificity
of CXR for diagnosing lung consolidation were only 53% and 78%,
respectively.?” Therefore, a CT scan is a reference standard for the
diagnosis of lung consolidation. Our study findings indicate that
LUS demonstrates exceptional accuracy and a very high degree of
concordance with CT scans in detecting collapse and consolidation
when compared to CXR. A systematic review including four studies
noted a higher sensitivity and specificity of LUS in diagnosing
CT-confirmed consolidation. Nevertheless, authors concluded that
further prospective studies are required on the routine use of LUS
to diagnose consolidation to overcome the significant risk of bias
and heterogeneity observed within the existing literature.' The
superior performance in detecting lung consolidation suggests that
LUS may serve as a valuable tool for intensivists, in allowing for rapid
assessment as a point-of-care diagnostic tool for patients with acute
respiratory failure without the need for exposure to ionizing radiation
or the logistical challenges associated with obtaining a CT scan.!

Finally, our study showed the superiority of LUS in sensitivity,
specificity, PPV, NPV, and accuracy compared to CXR in detecting
pulmonary edema. Conventionally, CXR has been the standard
technique for diagnosing and quantifying pulmonary edema.>?
The superior performance of LUS in detecting pulmonary edema
or extravascular lung water could be due to the fact that it enables
allowing for the direct assessment of fluid as reverberating artifacts
referred by “comet tails” or “B-lines.”'3>3* This direct visualization
may enhance sensitivity and specificity compared to CXR, which
relies on indirect and semi-quantitative assessment, such as
Kerley B-lines, cardiomegaly, and blunting of the costophrenic
angles. Lung ultrasound real-time imaging capabilities, lack of
ionizing radiation, and excellent diagnostic performance make
it an attractive alternative to CXR in clinical practice.” Moreover,
a strong correlation was found between B-lines quantification
and the degree of extravascular lung water, as well as response to
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fluid-removing interventions such as diuretics or renal replacement
therapy.®® However, a few challenges, such as operator dependence
and limited penetration in obese patients, may affect ultrasound'’s
utility in certain scenarios. Despite these limitations, ultrasound’s
ability to provide rapid and accurate diagnostic information
underscores its value as a frontline imaging modality in pulmonary
diagnostics.>®

Limitations

Our study has some limitations, notably its single-center design,
the inherent subjectivity associated with the interpretation of
imaging modalities, and the risk of selection bias related to the
randomization process. Additionally, inter-operator variation
in reporting and technique employed may have influenced the
interpretation of CXR and LUS. Nevertheless, it is noteworthy that
LUS was conducted exclusively by trained and certified healthcare
professionals who adhered strictly to standardized reporting
guidelines and study protocol. Moreover, CXR and CT scans were
independently interpreted by qualified radiologists or intensivists
who were blinded to the results of the other imaging modalities.
Finally, a formal sample size calculation was not performed before
study initiation. The sample size was determined pragmatically
based on the number of eligible ICU patients undergoing thoracic
CT during the study period. While this approach allowed for
meaningful diagnostic comparisons, a prospective sample size
estimation would enhance methodological rigor in future studies.

CONCLUSION

This study emphasizes the effectiveness of LUS as a significant
imaging modality for critically ill patients undergoing mechanical
ventilation. The findings indicate that LUS demonstrates a high
degree of concordance with the reference standard of CT scan and
exceeds the diagnostic capabilities of bedside CXR in evaluating
common pleuro-pulmonary conditions. Additional research
and clinical validation are necessary to investigate the optimal
integration and application of these imaging modalities in replacing
routine CXR in the ICU.
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