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ABSTRACT

Background: Lung ultrasound (LUS) has emerged as a rapid, bedside, non-invasive imaging modality for the
evaluation of pulmonary pathologies in critically ill patients. Its increasing use in intensive care units (ICUs) is
driven by its high diagnostic accuracy, repeatability, and real-time applicability. Objectives: To assess the utility
of lung ultrasound in identifying and differentiating various pulmonary pathologies in critically ill ICU patients
and to evaluate the association between sonographic findings and final clinical diagnoses. Methods:
This prospective observational study included 50 adult patients (>18 years) admitted to the ICU of a tertiary care
center. Lung ultrasound was performed using a standardized zonal scanning protocol. Sonographic findings were
correlated with clinical diagnoses. Statistical analysis was performed using SPSS version 23. Categorical variables
were expressed as frequencies and percentages, and associations were analyzed using the Chi-square test, with a
p-value <0.05 considered statistically significant. Results: The majority of patients were in the 60-69 years age
group (32%), with a male predominance (58%). Common comorbidities included multiple comorbid conditions
(26%), hypertension (20%), and chronic obstructive pulmonary disease (14%). On lung ultrasound, B-lines were
observed in 18% of patients, A-lines in 10%, lung sliding in 8%, and the barcode sign in 10%. The most common
diagnoses were lung consolidation (34%), followed by pleural effusion (24%), pulmonary edema (18%), acute
respiratory distress syndrome (14%), and pneumothorax (10%). A highly significant association was observed
between B-lines and pulmonary edema (100% vs 0%, p < 0.001). A-lines showed a strong association with
pneumothorax (80% vs 6.7%, p < 0.001) and were absent in cases of consolidation (p < 0.01). No significant
association was found between pleural effusion and pneumothorax (p = 0.785). Conclusion: Lung ultrasound is
a reliable and effective bedside diagnostic tool for evaluating pulmonary pathologies in critically ill patients.
Specific sonographic patterns, particularly B-lines and A-lines, demonstrate strong correlations with pulmonary
edema and pneumothorax, respectively, underscoring the diagnostic accuracy and clinical utility of LUS in ICU
settings.
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INTRODUCTION
Imaging plays an indispensable role in the

Traditionally, portable chest radiography and
computed tomography (CT) have served as the

assessment and ongoing management of critically ill
patients in the intensive care unit (ICU). Alongside
clinical examination and laboratory parameters,
imaging facilitates accurate diagnosis, guides
therapeutic interventions, and enables monitoring of
disease progression or resolution.
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cornerstone of thoracic imaging in critically ill
patients. However, CT imaging is often limited by
the need to transport hemodynamically unstable
patients, while chest radiography frequently
produces suboptimal or inconclusive results due to
supine positioning, technical limitations, and
overlapping pulmonary pathologies™”.

In contrast, the advent of bedside ultrasonography
has led to a paradigm shift in ICU imaging3. Lung
ultrasound (LUS) has emerged as a rapid, real-time,
non-invasive diagnostic modality capable of
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evaluating lung parenchyma, pleural space, and
diaphragm without exposure to ionizing radiation. It
is safe, repeatable, and easily performed at the
bedside, making it particularly suitable for critically
ill patients requiring continuous monitoring"’.

LUS provides valuable diagnostic information
through the interpretation of characteristic
sonographic artifacts and patterns®8. Normal lung
ultrasound findings include lung sliding, horizontal
reverberation artifacts known as A-lines, and
vertical comet-tail artifacts known as B-lines. A-
lines indicate normally aerated lung, whereas B-
lines reflect increased extravascular lung water and
interstitial involvement®!L, The pleural line appears
as a hyperechoic structure just beneath the rib line,
and its movement during respiration corresponds to
lung sliding. In M-mode imaging, normal lung
produces the characteristic “seashore sign,”
representing normal pleural motion*213,

One of the key strengths of LUS is its ability to
differentiate pulmonary conditions based on their
acoustic signatures. Conventional chest radiography
often fails to reliably distinguish between
consolidation, pleural effusion, and pulmonary
edema, whereas lung ultrasound allows accurate
bedside differentiation'**,  Pleural effusions
typically appear as anechoic or hypoechoic
collections, consolidations demonstrate a tissue-like
echotexture with dynamic air bronchograms, and
interstitial syndromes present with multiple diffuse
B-lines!®22,

Pneumothorax, an important and potentially life-
threatening condition in critically ill patients, can
also be reliably diagnosed using LUS. It is
characterized by the absence of lung sliding and B-
lines and may demonstrate the “stratosphere” or
“barcode” sign on M-mode imaging®?¢. The
identification of the lung point, representing the
transition between normal lung and pneumothorax,
is highly specific and can also provide an estimate
of pneumothorax size?’-%2,

Given its diagnostic accuracy, rapid applicability,
and safety profile, lung ultrasound has become an
essential component of point-of-care ultrasound
(POCUS) in modern critical care practice. The
present study was undertaken to evaluate the utility
of lung ultrasound in detecting and differentiating
pulmonary pathologies in critically ill ICU patients
and to assess the association between sonographic
findings and final clinical diagnoses.

Aims and Objectives

To Study the utility of bedside lung ultrasound in
assessing the various lung pathologies in patients
admitted in ICU.

Monitoring pleural effusions, detecting
pneumothorax, consolidation and assessing lung
parenchyma and providing rapid bedside assessment
to aid in patient management.

Asian J. Med. Res. Health Sci., 2026; 4 (2):38-45

MATERIALS AND METHODS
Study design and setting
This prospective observational study was conducted
in the Department of Anaesthesiology, Critical Care
and Pain Management at Government Medical
College Srinagar and its associated hospitals after
obtaining approval from the Institutional Ethics
Committee. The study was carried out over a period
of 18 months, from September 2023 to February
2025.
Study population
A total of 50 critically ill patients admitted to the
intensive care unit (ICU) were enrolled
consecutively after fulfilling the inclusion criteria.
Written informed consent was obtained from the
patients or their legally authorized representatives.
Inclusion criteria
e  Adult patients aged >18 years
e Patients with respiratory compromise, defined
as oxygen saturation (SpO2) <90% on room air
or arterial oxygen tension (PaO:) <60 mmHg on
arterial blood gas analysis
Exclusion criteria
e Age <18 years
e Patients in whom lung ultrasound examination
was not feasible
Clinical evaluation
All enrolled patients underwent detailed clinical
assessment, including history, physical examination,
and relevant laboratory investigations as per
standard ICU protocols.
Lung ultrasound technique
Lung ultrasound (LUS) was performed at the
bedside using a portable ultrasound machine by an
experienced operator. Both high-frequency linear
probes (5-12 MHz) and low-frequency curvilinear
(3-5 MHz) probes were utilized depending on the
region of interest and required depth of penetration.
Ultrasound  examination was systematically
performed over both hemithoraces using a
standardized six-zone scanning protocol for each
lung. Each hemithorax was divided into anterior,
lateral, and posterior regions, further subdivided into
upper and lower zones using anatomical landmarks
including the anterior and posterior axillary lines.
Most patients were examined in the supine position;
however, lateral positioning was used when feasible
to allow better visualization of posterior lung fields.
Ultrasound findings and diagnostic criteria
Each lung zone was assessed for characteristic
sonographic findings, including A-lines, B-lines,
lung sliding, pleural effusion, and lung
consolidation. M-mode ultrasonography was used to
evaluate dynamic signs such as lung sliding and to
identify patterns such as the seashore sign and
barcode  sign, particularly in  suspected
pneumothorax. Colour Doppler imaging was used
selectively to differentiate vascular from avascular
structures and to assess pleural dynamics.
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Based on lung ultrasound findings, patients were
categorized into the following diagnostic groups:
Lung consolidation

Pleural effusion

Pulmonary edema

Acute respiratory distress syndrome (ARDS)

e  Pneumothorax

Outcome Measures

The primary outcome was the diagnostic utility of
lung ultrasound in identifying and differentiating
pulmonary pathologies in critically ill patients.
Secondary outcomes included the association
between specific ultrasound findings and final
clinical diagnoses.

Statistical Analysis

Data were entered into Microsoft Excel and
analyzed using Statistical Package for the Social
Sciences (SPSS) version 23 (SPSS Inc., Chicago,
USA). Categorical variables were expressed as
frequencies and percentages, while continuous
variables were presented as mean * standard
deviation.

Associations between categorical variables were
analyzed using the Chi-square test or Fisher’s exact

test, as appropriate. A p-value <0.05 was considered
statistically significant.

RESULTS

A total of 50 critically ill patients admitted to the
intensive care unit (ICU) were included in the study.
Lung ultrasound findings were analyzed with
respect to demographic profile, comorbid illnesses,
procedural characteristics, sonographic findings,
final diagnoses, and their statistical associations.
Baseline demographic and clinical
characteristics

The majority of patients belonged to the 60—69 years
age group (32%), followed by 40-49 years (20%)
and 30-39 years (18%). The mean distribution
showed a predominance of elderly patients. Males
constituted 58% of the study population, while
females accounted for 42%.

Multiple comorbidities were the most common
clinical finding (26%), followed by hypertension
(20%) and chronic obstructive pulmonary disease
(14%). Other comorbid conditions included diabetes
mellitus, chronic kidney disease, and combined
disease states (Table 1).

Table 1. Baseline Demographic and Clinical Characteristics of the Study Population

Variable Category Frequency (n) Percentage (%)
18-29 5 10.0
30-39 9 18.0
40-49 10 20.0
Age group (years) 50-59 4 8.0
60-69 16 32.0
70-79 4 8.0
80-90 2 4.0
Gender Male 29 58.0
Female 21 42.0
Multiple comorbidities 13 26.0
Hypertension (HTN) 10 20.0
COPD 7 14.0
- No comorbidity 6 12.0
Comorbidity Diabetes mellitus (DM) 5 10.0
Chronic kidney disease (CKD) 4 8.0
HTN + DM 3 6.0
DM + COPD 2 4.0

Procedural characteristics of lung ultrasound

Lung ultrasound was most commonly performed in
the lateral position (40%), followed by a
combination of supine and lateral positioning (32%),
and supine position alone (28%). The linear probe

was used in 40% of cases, while convex probes were
used in 32%. In 28% of patients, both probes were
utilized depending on the depth and nature of
pathology (Table 2).

Table 2. Procedural Characteristics of Lung Ultrasound Examination

Variable Category Frequency (n) Percentage (%)
- . Lateral 20 40.0
Position during LUS Supine + lateral 16 320
Supine 14 28.0
Linear 20 40.0
Probe used Convex 16 32.0

Asian J. Med. Res. Health Sci., 2026; 4 (2):38-45
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Sonographic Findings majority of patients. The barcode sign, suggestive of
Among lung ultrasound findings, B-lines were pneumothorax, was identified in 10% of cases
observed in 18% of patients, while A-lines were (Figure 1).

present in 10%. Lung sliding was absent in the
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Figure 1. Distribution of Key Lung Ultrasound Signs

Final lung ultrasound diagnosis respiratory distress syndrome (ARDS) (14%).
The most common diagnosis on lung ultrasound was Pneumothorax was the least common finding,
lung consolidation (34%), followed by pleural observed in 10% of patients (Figure 2).

effusion (24%), pulmonary edema (18%), and acute
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Figure 2. Final Lung Ultrasound Diagnosis

Correlation between pleural effusion and with pleural effusion. However, this association was
pneumothorax not statistically significant (p = 0.785), indicating
Among patients  without pleural effusion, that pleural effusion and pneumothorax occurred
pneumothorax was present in 3 cases, whereas 2 independently in this cohort (Table 3).

cases of pneumothorax were noted among patients

Table 3. Correlation between Pleural Effusion and Pneumothorax

Pleural effusion Pneumothorax absent Pneumothorax present Total

Absent 35 3 38

Present 10 2 12

Total 45 5 50
Correlation between pulmonary edema and B- A highly significant association was observed
lines between pulmonary edema and B-lines. All patients
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with pulmonary edema demonstrated B-lines, while
none of the patients without pulmonary edema
showed B-lines (p < 0.001) (Table 4).

Table 4. Correlation between Pulmonary Edema and B-Lines

Pulmonary edema B-lines present B-lines absent Total
Present 9 0 9
Absent 0 41 41
Total 9 41 50
Correlation between pneumothorax and A-lines present in the majority of patients with

A statistically significant

between pneumothorax and A-lines. A-lines were

association was found

pneumothorax and were infrequent in patients

Table 5. Correlation between pneumothorax and A-lines

without pneumothorax (p < 0.001) (Table 5).

Pneumothorax A-lines absent A-lines present Total
Absent 42 3 45
Present 1 4 5

Total 43 7 50

Correlation between consolidation and A-lines
An inverse relationship was observed between
consolidation and A-lines. None of the patients with

Table 6. Correlation between co

consolidation demonstrated A-lines, whereas A-

lines were present only

in patients without

consolidation (p < 0.01) (Table 6).

nsolidation and A-lines

Consolidation A-lines absent A-lines present Total
Absent 26 17 43
Present 7 0 7
Total 33 17 50
Summary of key findings The demographic profile of the study population
In this study, lung ultrasound identified revealed a predominance of elderly patients,

consolidation as the most common pulmonary
pathology in critically ill patients, followed by
pleural effusion, pulmonary edema, ARDS, and
pneumothorax. The study population predominantly
comprised  elderly males with  multiple
comorbidities.

Among sonographic signs, B-lines showed a strong
association with pulmonary edema, while A-lines
were significantly associated with pneumothorax
and were absent in consolidation. No significant
association was observed between pleural effusion
and pneumothorax.

DISCUSSION

Lung ultrasound (LUS) has increasingly established
itself as an indispensable bedside imaging modality
in the intensive care unit (ICU), owing to its rapidity,
non-invasive nature, and ability to provide real-time
dynamic assessment. In the present study, its role in
evaluating critically ill patients across a spectrum of
thoracic pathologies was explored, and the findings
strongly reinforce its growing clinical relevance. As
emphasized by Mojoli et al.33, LUS not only
facilitates immediate diagnosis but also enables
continuous monitoring of lung pathology, making it
particularly well suited for the ICU environment.

Asian J. Med. Res. Health Sci., 2026; 4 (2):38-45

particularly those in the sixth a

nd seventh decades of

life. This observation reflects the well-recognized
vulnerability of this age group to respiratory
compromise and critical illness. Similar trends have
been reported by Lichtenstein et al.®, Mongodi et

al.8, and Xirouchaki et al.?e,

who highlighted the

increased burden of ICU admissions among older
individuals due to declining physiological reserves
and a higher prevalence of comorbidities.

A male predominance was observed in the present

study, consistent with previ
Studies by Xirouchaki et al.*®
with larger analyses by Yuan

ously reported data.
and Ali et al.°, along
et al.2 and Lau and

See®, suggest that males are more frequently
represented in ICU settings, possibly due to greater
exposure to risk factors and increased disease

severity.

The burden of comorbid
hypertension,  chronic
disease, diabetes mellitus,

obstructive

conditions such as
pulmonary
and chronic Kkidney

disease further highlights the complex clinical

profile of critically ill patients.

These findings are in

agreement with those of Breitkopf et al.?® and
Chavez et al.°, who demonstrated that underlying

systemic

illnesses significantly

influence ICU
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admission patterns as well as lung ultrasound
findings.

From a technical standpoint, the flexibility in patient
positioning—utilizing supine, lateral, or combined
approaches—enhanced diagnostic yield in the
present study. This is in line with recommendations
by Lichtenstein and Meziére#, who advocated
comprehensive thoracic scanning to improve
detection of posterior lung pathologies. Similarly,
Volpicelli et al.** and Mongodi et al.2® emphasized
that combining different patient positions increases
the sensitivity of LUS, particularly in mechanically
ventilated patients.

Probe selection in this study reflected a pragmatic
and clinically adaptive approach. Linear probes
were useful for assessing pleural abnormalities and
lung sliding, as noted by Xirouchakiet al.2°, whereas
convex probes allowed better visualization of deeper
lung structures, consistent with findings by
Volpicelli et al.t°. The complementary use of both
probes, as described by Lichtenstein et al.24
enhances overall diagnostic accuracy.

Analysis of ultrasound artifacts revealed that B-lines
were the most frequently observed finding,
reflecting their strong association with interstitial
syndromes such as pulmonary edema and ARDS.
This observation is supported by Lichtenstein et al.2*
and Volpicelli et al.*s, with further corroboration
from Breitkopf et al.?®. In contrast, A-lines were
associated with normal lung aeration or
pneumothorax, as described by Mongodi et al.2® and
Xirouchaki et al.2. The presence or absence of lung
sliding remains a critical diagnostic parameter, with
Lichtenstein and Meziére2! demonstrating its high
negative predictive value for pneumothorax.

The role of M-mode ultrasound was particularly
evident in the identification of the barcode
(stratosphere) sign in cases of pneumothorax. This
finding is consistent with earlier work by
Lichtenstein and Meziére2t and Volpicelli et al.ts,
who highlighted its diagnostic specificity. Similar
observations by Xirouchaki et al.® and Soldati et
al.3* further reinforce its clinical utility.

Among the various pathologies identified, lung
consolidation emerged as the most common
diagnosis, followed by pleural effusion, pulmonary
edema, ARDS, and pneumothorax. This pattern
aligns with findings reported by Lichtenstein and
Meziére and Mongodi et al.2®, emphasizing the
predominance of alveolar and interstitial pathologies
in critically ill patients. The relatively lower
incidence of pleural effusion compared to studies by
Volpicelli et al.' and Xirouchaki et al.** may be
attributable to differences in patient characteristics
and timing of evaluation.

A particularly significant finding in the present
study was the strong association between B-lines
and pulmonary edema, with all patients diagnosed
with pulmonary edema demonstrating B-lines. This

Asian J. Med. Res. Health Sci., 2026; 4 (2):38-45

is consistent with previous studies by Lichtenstein
and Meziere?t, Volpicelli et al.2¢, and EI Gendy et
al.?7, which established B-lines as reliable indicators
of interstitial fluid accumulation.

Similarly, A-lines showed a significant association
with pneumothorax, particularly when interpreted
alongside absent lung sliding. This relationship has
been well described by Lichtenstein and Meziére
and Volpicelli et al.%s. Furthermore, the absence of
A-lines in patients with lung consolidation observed
in this study reinforces the established concept that
A-lines are characteristic of normally aerated lung
tissue. This inverse relationship has been
consistently reported by Lichtenstein and Meziere,
Volpicelli et al.t¢, and Xirouchaki et al.2e.

In summary, the findings of the present study
underscore the robustness, versatility, and
diagnostic accuracy of lung ultrasound as a bedside
tool in critically ill patients. Its strong correlation
with established literature, combined with its ability
to provide rapid, repeatable, and radiation-free
assessment, highlights its indispensable role in
modern intensive care practice.

CONCLUSION

The present study demonstrates that lung ultrasound
(LUS) is a reliable, rapid, and non-invasive bedside
imaging modality for the evaluation of pulmonary
pathologies in critically ill patients. LUS effectively
identified a spectrum of conditions in the 1CU
setting, with lung consolidation being the most
common diagnosis, followed by pleural effusion,
pulmonary edema, ARDS, and pneumothorax.
Specific  sonographic signs showed strong
diagnostic associations. B-lines demonstrated a
significant correlation with pulmonary edema, while
A-lines were significantly associated with
pneumothorax and were absent in cases of lung
consolidation, highlighting their diagnostic value in
differentiating  pulmonary  pathologies.  No
significant association was observed between
pleural effusion and pneumothorax.

Overall, lung ultrasound provides accurate, real-
time assessment at the bedside and has significant
potential to aid early diagnosis, guide management,
and monitor disease progression in critically ill
patients. Its ease of use and applicability make it a
valuable adjunct in routine ICU practice.
Limitations

The present study has certain limitations. First, the
sample size was relatively small and derived from a
single tertiary care center, which may limit the
generalizability of the findings. Second, lung
ultrasound examinations were performed by an
experienced operator, and inter-observer variability
was not assessed, which may influence
reproducibility in different clinical settings. Third,
correlation with gold-standard imaging modalities
such as computed tomography was not performed in
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all patients, which may limit definitive validation of
ultrasound findings.
Additionally, the study population consisted of
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