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Abstract: Lung ultrasound (LUS) and thoracic ultrasound (TUS) are frequently used in acute care
and anesthesia, allowing for rapid bedside assessment of pulmonary pathology and enhanced
procedural safety. This scoping review synthesizes current evidence on the diagnostic and
procedural applications of LUS and TUS across a wide range of clinical scenarios including
pneumothorax, pulmonary edema (sensitivity 97%, specificity 98%), pneumonia (sensitivity 93.4%,
specificity 97.7%), pleural effusion, and acute respiratory distress syndrome (ARDS). Emphasis is
placed on the diagnostic performance of ultrasound compared to traditional modalities such as chest
X-ray (CXR) and Computed Tomography (CT). The review also evaluates emerging approaches such
as anterior-only lung ultrasound for ARDS phenotyping, quantitative B-line analysis, and COVID-19
risk stratification using LUS scoring. In procedural contexts, we explore real-time guidance for central
venous catheter (CVC) placement, intubation confirmation, and thoracentesis. The review follows
PRISMA-ScR guidelines and highlights current gaps in the literature while proposing future
directions to expand ultrasound use. This comprehensive synthesis supports the use of LUS and TUS
as safe and accurate imaging modalities in acute care and anesthesiology practice.

Keywords: Lung Ultrasound Thoracic Ultrasound Point-of-Care Ultrasound (POCUS) Acute Care
Anesthesiology Pleural Effusion ARDS Pneumothorax Pulmonary Edema Ultrasound-Guided
Procedures Thoracentesis

1. Introduction

Thoracic point-of-care ultrasound (POCUS) is gaining prominence in acute care medicine and
anesthesiology as a rapid, non-invasive diagnostic and procedural modality [1,2]. While cardiac
ultrasound is widely established, the utility of lung ultrasound (LUS) and thoracic ultrasound (TUS)
in pulmonary and pleural evaluation continues to expand.

LUS is a specialized sonographic modality used to analyze the lung parenchyma, pleura, and
pleural space by detecting characteristic artifacts created by the interaction of ultrasound waves with
air, fluid, and tissue [3]. It is most useful in the diagnosis and assessment of lung pathology, such as
pleural effusion, pneumothorax, and pulmonary edema. TUS, in contrast, provides a more

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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comprehensive investigation of thoracic structures, including the chest wall (ribs, intercostal spaces,
and neurovascular bundle), diaphragm, trachea, central vasculature and, in some cases, limited
cardiac structures such as the cavoatrial junction (CAJ). In addition to detecting artifacts, TUS is key
in guiding thoracic procedures, such as thoracentesis, vascular access, and percutaneous chest tube
thoracostomy [1,2,4].

A scoping review approach was chosen to capture the wide range of evolving applications for
LUS and TUS. The pace of change in the clinical application of ultrasound is perhaps best illustrated
by the recent addition of LUS to the 2024 diagnostic criteria for ARDS [5]. This review aims to
summarize current applications of LUS and TUS in acute care and anesthesiology, with a focus on
both diagnostic and procedural utility, following the PRISMA-ScR framework.

2. Methods

The study protocol and all data are available on Open Science Framework (OSF) [6]. Ethics
approval for scoping reviews is not required at our institution; however, for transparency, our review
adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for
scoping reviews (PRISMA-ScR) guidelines.

2.1. Search Strategy

To ensure the relevance and quality of the reviewed literature, a search strategy was designed
and conducted by a research librarian (C.V.). The literature review was not limited to a timeframe to
allow for a complete review of the data available on the topic. The search was conducted between
December 1, 2024, and March 20, 2025. The screening process followed a systematic approach, first
identifying publications using MEDLINE, EMBASE, and Cochrane Central Register. The individual
search strategies can be found on the published OSF registration [6].

Covidence software (Veritas Health Innovation, Australia) was used for abstract and full-text
screening. Abstracts and full texts were screened independently and in duplicate by two authors with
consensus by a third author used for discrepancies.

2.2. Study Selection

Inclusion Criteria: Studies of adult patient populations (Age 18 or older) in the intensive care
unit, hospital ward, emergency department, urgent care and perioperative setting looking at the use
of TUS and LUS as a diagnostic or procedural modality. Preprints and relevant clinical guidelines,
provided they contained substantial data related to thoracic ultrasound applications were also
included.

Exclusion criteria: Commentaries, editorials, conference literature, and opinion pieces, as well
as studies not presenting primary data or evidence, were excluded.

While most topics in this scoping review were explored through structured database searches
and screened using Covidence as outlined above, the approach for thoracentesis and percutaneous
chest tube placement differed due to the nature of the literature in this area. For these procedures, we
employed purposive sampling, drawing on the senior author’s expertise in procedural thoracic
ultrasound and longstanding familiarity with the field. Key studies were selected based on expert
knowledge and supplemented with targeted citation tracking. The inclusion criteria applied to
database-derived studies were uniformly used during purposive sampling to maintain
methodological consistency.

This methodological adaptation is consistent with established guidance for scoping reviews. The
JBI Manual for Evidence Synthesis supports the use of expert consultation and targeted searches
when conventional database strategies may be insufficient [7]. Similarly, Arksey and O’Malley
emphasize the flexibility of scoping reviews, allowing for the inclusion of expert-identified literature
when methodologically appropriate [8].
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2.3. Bias Assessment

In keeping with the PRISMA-ScR guidelines, studies were not assessed for applicability, risk of
bias, or publication bias.

3. Results

A total of 4,257 abstracts and publications were identified through the initial database searches.
After removing 532 duplicates and screening 1,922 titles and abstracts, 280 full-text articles were
assessed for eligibility. Of these, 206 were excluded for not meeting inclusion criteria. Ultimately, 74
studies meeting all criteria were included in the final analysis. The selection process is detailed in the
PRISMA-ScR flow diagram (Figure 1).

Exploring the Role of Thoracic Ultrasound in Anesthesia and Acute Care: A Scoping Review of Diagnostic and

Procedural Application

Studies from databases/registers (n = 4257)
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MEDLINE (n = 677) Citation searching (n =18}
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Figure 1. PRISMA flowchart.
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3.1. Study Characteristics

Included studies encompassed a diverse range of designs, including systematic reviews,
randomized control trials, controlled trials, cohort studies, case control studies, and observational
studies. Studies were published across various regions and clinical environments, including intensive
care units, hospital wards, emergency departments, and perioperative settings.

3.1.1. Scope of Thoracic Pathologies Assessed

Thoracic ultrasound was most frequently evaluated in the context of:
Pleural effusion

Pneumothorax

Pulmonary edema

Pneumonia

Acute respiratory distress syndrome

COVID-19-related lung disease

Several studies also addressed procedural applications, particularly for:
Thoracentesis

Central venous catheter insertion

Intubation confirmation

Intercostal artery localization via Doppler

SRR I

L.

3.2. Diagnostic Applications

LUS and TUS consistently showed diagnostic accuracy comparable to CT and superior to CXR
for the detection of lung pathology [9].

3.3. Procedural Applications

Multiple studies confirmed the utility of TUS in enhancing procedural safety. The use of color
Doppler to identify intercostal vessels during thoracentesis reduced the risk of vascular injury.
Studies consistently report that ultrasound guidance shortens access times and reduces insertion-
related complications during CVC and endotracheal tube (ETT) placement [10-12]. These findings
illustrate how TUS is increasingly being used not only to support diagnosis but also to reduce
complications during bedside procedures.

To fully appreciate how ultrasound can detect thoracic pathology and guide procedures, it is
essential to understand the underlying physics that govern image generation and artifact formation.
The following section outlines the foundational principles of lung ultrasonography and the unique
acoustic interactions that occur at air-tissue interfaces in the thorax.

4. Discussion
4.1. Physics of Lung Ultrasound

Ultrasonography is based on the passage of sound waves through tissue with subsequent
reflection of waves back to the emitting transducer, which converts the sound into electrical signals
and creates a two-dimensional image [4,13,14]. The physical properties of the medium through which
sound waves pass and the interfaces between different types of tissues dictate the details of the image.
Dense tissues reflect more sound back to the transducer, leading to more received signal and a more
“hyperechoic” or “bright” area on the screen, while less dense tissues reflect less sound and are
interpreted by the machine as “hypoechoic” or “dark.” Dense tissues also have higher impedance
and generally transmit sound waves faster, while less dense tissues have lower impedance and
transmit sound waves slower [14]. Interfaces between tissues that transmit sound at significantly
different speeds cause marked reflection and refraction of ultrasound beams, as governed by Snell’s
law (Sin(@ )+ Sin(0 i) =C1/C2) (Figure 2) [13]. This interplay between sound waves and lung tissue
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creates artifacts in both normal lungs and lung parenchyma in various states of pathology. For
instance, within normally inflated lungs, the sound initially passes into soft tissue (speed 1540m/s)
before meeting an interface with air-filled alveoli (speed 330m/s) leading to most of the sound being
reflected to the transducer. This results in a bright hyperechoic line overlaying a dark black shadow
representing the pleural line and lung parenchyma below.

Understanding the anatomical and physical basis of lung ultrasound provides a foundation for
recognizing normal as well as pathologic sonographic artifact patterns. The subsections below
elaborate on these patterns to enhance understanding and interpretation.

Muscle
c=1580m/s

Fat
c=1450m/s

Muscle
c=1580m/s

AIr
c=330m/s

Figure 2. The variation in ultrasound wave propagation through different tissues, showing minimal refraction
between muscle (1580 m/s) and fat (1450 m/s) but significant reflection and refraction at the muscle-air interface

(330 m/s). The impedance mismatch with air results in poor ultrasound image quality due to wave reflection.

4.2. Normal LUS Findings
A-Lines

When ultrasound signals are reflected from the pleural membrane due to impedance mismatch
with inflated alveoli, a large amount of signal is returned to the ultrasound probe. Some of these
signals are absorbed and transduced by the probe to create the image of the pleural line, but some of
it is reflected from the probe back into the tissue again. This signal can be reflected between the
pleural line and the probe multiple times, creating reverberation artifact or “ghost lines” that mimic
the appearance of the pleural line and create hyperechoic, horizontal lines at regular intervals deep
to the pleural line (Figure 3) [15]. Visualization of reverberation artifact, or A-lines, is a hallmark of
normally aerated lungs and can help exclude interstitial syndromes or pulmonary edema when
present.

Figure 3. Formation of A-lines due to reverberation artifact: repeated sound wave reflections between the pleural

line and probe result in parallel hyperechoic horizontal lines.
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Lung Sliding

During the respiratory cycle, the visceral and parietal pleura move relative to each other.
Utilizing ultrasound, this dynamic movement can be visualized as a shimmering effect along the
pleural line referred to as “lung sliding.” This movement can be seen with two dimensional (2D)
ultrasound (Video 1) and motion (M) mode (Figure 4) [16]. When using M mode, it is classically
described as the pattern of “sandy beach” with the proximal subcutaneous tissue representing water,
and the movement of the lung parenchyma representing a beach [16]. The presence of lung sliding
suggests that the evaluated region is being actively ventilated with the lung parenchyma reaching
the pleural line, and it significantly reduces the likelihood of pneumothorax at thatsite [10].

Figure 4. M mode demonstrating lung sliding in 2-dimensional (2D) ultrasound and Motion mode (M-mode).

Lung Pulse

Lung pulse refers to pleural movement caused by cardiac motion, creating a subtle sliding effect
between the pleural surfaces [17]. Unlike lung sliding, which reflects the normal ventilatory cycle,
lung pulse is better seen with low ventilation or in the absence of ventilation in situations such as low
tidal volume ventilation, regional hypoventilation from obstructive lung disease, or contralateral
bronchial intubation [17].

B Lines

B-lines are vertical, hyperechoic artifacts that extend from the pleural line to the maximum image
depth, move with lung sliding, and obliterate A-lines (Video 2) [18]. They indicate a process of
irregular alveolar filling where some alveoli are inflated with air while others are filled with fluid,
purulent material, or inflammatory byproducts. Isolated, scattered vertical lines (Figure 5A) are
considered normal, while 3 or more B-lines within a single window are considered abnormal and
described as alveolar-interstitial syndrome. The greater the disruption of the pleural surface by B-
lines, the more severe the underlying pathology is likely to be (Figure 5 A, B, C). This pattern is found
in 100% of patients with acute cardiogenic pulmonary edema but only 8% of those with COPD
exacerbations, making ultrasound a valuable tool for distinguishing between these conditions [19,20].
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Figure 5. The * indicates vertical, hyperechoic artifacts extending from the pleural line. The increasing number
of these artifacts represent B-lines in panels B, and C suggests a progression of lung interstitial fluid

accumulation.

4.3. Ultrasound Machine Configuration

Because LUS interpretation relies on artifact detection, proper machine settings are key to image
acquisition and diagnostic accuracy. Most ultrasound settings utilize tissue harmonic filters to
minimize artifactual findings, but this is undesirable in LUS [21]. It is therefore essential to select the
‘lung’ or ‘pulmonary’ preset available on most commercial POCUS machines; these settings disable
the filters and obtain the best visualization of lung artifact. When performing TUS and LUS, four
types of transducers can be used, each offering distinct advantages based on imaging depth,
resolution, and clinical application (Figure 6). The following subsections elaborate on the different
uses of the four types of transducers.

Phased Array Linear Microconvex Curvilinear
Fremmeny 2-5 MHz 5-12 MHz 3-6 MHz 2-5 MHz
Rasolution Low High Low Moderate
Penetration
Deep Shallow Deep Moderate
Recommended TUS/LUS [pulmonary edema,| Pneumothorax, |Pulmonary edema, |Pulmonary edema,
Uses Pneumonia, Vascular, Pneumonia, Pneumonia,
Effusion Procedural Effusion Effusion

Figure 6. Comparison of ultrasound transducer types based on footprint. From left to right: Phased array

transducer, Linear transducer, Microconvex transducer, and Curvilinear transducer.

Linear Transducers

High-frequency linear probes, operating at 5-12 megahertz (MHz), provide high-resolution
imaging of superficial structures including the pleural line, ribs, and intercostal arteries and veins.
Linear transducers are effective for detecting movement of the pleural line in the evaluation of
pneumothorax (Figure 4) and for the assessment of vascular structures during thoracic procedures to
prevent vascular injury. These transducers, however, are incapable of evaluating deeper structures
and inadequate in most cases of pleural effusion, lobar pneumonia, or pulmonary edema [22,23].

Phased-Array Transducers
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Low-frequency phased-array transducers (2-5MHz) provide lower resolution images when
compared to high frequency transducers in exchange for greater tissue penetration. The relatively
small probe footprint allows placement between the ribs and can improve pleural visualization. This
probe is well suited in the evaluation of pulmonary edema, pleural effusion, and consolidation [22].

Curvilinear (Convex) Transducers

The curvilinear probes operate at 2-5 MHz and provide lower resolution images with increased
depth to allow evaluation of pulmonary edema, pleural effusion, and consolidations. The primary
difference from the phased-array probe in LUS is the large footprint which can allow visualization of
a larger surface of lung tissue, underlying spine, or pleural fluid in one window but can be
confounded by rib shadows [24].

Microconvex Transducers

The microconvex transducer operates at a frequency of 3-6 MHz, combining features of linear and
curvilinear probes; microconvex transducers provide a balance of resolution and field of view [24].

With these four primary transducer types, LUS and TUS can be used to thoroughly assess the
thorax and lungs from various angles and depths. In the following sections, we discuss individual
procedural and diagnostic applications for the most common thoracic and lung pathologies and
procedures beginning with intubation assessment.

5. Procedural Uses of Thoracic Ultrasound
5.1. Intubation Assessment

When performing endotracheal intubation (ETT), it is essential to confirm that the ETT is
properly positioned in the trachea at the correct depth. Unrecognized misplacement in the esophagus
can lead to life-threatening complications [25]. Traditional methods of ETT verification include
auscultation of bilateral lung sounds which is unfortunately insensitive, CXR which can be slow and
not always available, and quantitative capnography which cannot assess ETT depth or evaluate for
right mainstem intubation. Ultrasound of the trachea and lungs can verify both the tracheal
placement and location of the ETT after intubation. Utilizing a linear probe placed across the distal
neck (Figure 7B-C), clinicians can visualize a malpositioned ETT in the esophagus as a second air-
filled structure lateral to the trachea, mandating immediate removal and tracheal placement. To
directly visualize the ETT in the larynx in the same view, studies have shown that inflating and
deflating the ETT cuff rotating the ETT in the trachea and placing color Doppler over the cuff may be
useful approaches [25-27].
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Figure 7. Ultrasound images of the anterior neck demonstrating ETT placement. A transverse view at the
suprasternal notch (Panel A) allows identification of the trachea (Panel B) and confirmation of intratracheal ETT
placement using cuff inflation and deflation to generate bubble artifact (Panel C).

The combination of LUS and tracheal ultrasound has been shown to be highly sensitive, more
accurate, and faster than capnography in confirming ETT placement [15]. POCUS airway assessment
has also been evaluated in obese, high risk and critically ill patients. In obese patients, verification
using ultrasound was significantly faster than auscultation and capnography, reducing the median
confirmation time from 55 to 43 seconds in this patient population that can be challenging to intubate
(p <0.0001) [28]. Similarly, a large systematic review of over 2500 patients confirmed that ultrasound
maintains 99% sensitivity for tracheal ETT placement in cardiac arrest patients, although specificity
was slightly lower at 84% in this subset [29]. Despite its advantages, ultrasound does not completely
replace other confirmation methods, particularly in challenging airway cases. False positives may
occur if the artifacts that indicate esophageal intubation are not recognized [21,28-33].

Future Directions
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For acute care and anesthesia clinicians, training in tracheal ultrasound technique, including the
identification of tracheal versus esophageal ETT placement and lung sliding, should be considered.
Future studies should focus on protocol standardization, optimizing ultrasound-based confirmation
workflow, and further evaluating its impact on patient outcomes.

5.2. Central Venous Catheter Placement

The use of ultrasound for CVC placement and verification has been accepted as standard of care
[10,34]. Ultrasound is noninferior to CXR for confirming catheter placement while providing faster
results (10 minutes vs 50 minutes), reducing radiation exposure, and lowering healthcare costs
[35,36]. CVC placement can be verified using a modified subcostal view that brings the superior vena
cava (SVC) and cavoatrial junction (CAJ) into view. This modified view is obtained by first
optimizing the long-axis view of the inferior vena cava (IVC). Once the IVC is clearly visualized, the
imaging depth should be increased, and the transducer angled cephalad to bring the SVC into the
ultrasound sector. In this view, the SVC appears at the bottom of the sector, typically around the 5 to
6 o’clock position, as it enters the right atrium (RA) [37]. This view allows dynamic monitoring of the
guidewire, facilitating confirmation of accurate positioning at the CAJ and enabling precise
determination of the optimal catheter insertion depth (Figure 8). This method significantly improved
success rates (100% vs. 87.5%, p < 0.05) and reduced access times (26.8 + 12.5 seconds vs. 44.8 + 54.9
seconds, p < 0.05) [35]. When CAJ views were inadequate, contrast-enhanced ultrasound (CEUS)
successfully verified catheter position in 29.7% of cases, offering an alternative for challenging
placements [38]. Beyond verification, POCUS is especially useful in live guidance of CVC placement
[10]. While it is most used for internal jugular and femoral venous access, POCUS can also aid in
subclavian vein cannulation. A study comparing ultrasound guidance to the blind cannulation for
subclavian venous catheter placement found that pneumothorax was completely avoided in the
ultrasound group (0% vs. 4.9%), with lower rates of arterial puncture, hemothorax, and brachial
plexus injury [35,36].

Figure 8. Subcostal bicaval view demonstrating the inferior vena cava (IVC), right atrium (RA), and superior
vena cava (SVC). The CVC wire (arrow) is seen emerging from the SVC into the RA.

These findings collectively support ultrasound as an essential component of CVC insertion,
guidance, and post-procedural confirmation.

Future Directions

Institutions should consider replacing routine CXR-based CVC verification with ultrasound
protocols, particularly in the ICU, intraoperative, and perioperative settings. Future research should
focus on standardizing ultrasound-guided CVC placement techniques. Further investigation is
warranted to evaluate the impact of LUS standardization on diagnostic precision and patient
outcomes in perioperative care.
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5.3. Thoracentesis and Percutaneous Chest Tube Placement

Thoracentesis is a common procedure performed in acute care settings to manage and diagnose
pleural effusions. In cases of empyema or moderate to large pneumothoraces, percutaneous chest
tube thoracostomy is used as the treatment and management. Procedural complications associated
with these two procedures include hematoma, hemothorax secondary to intercostal vessel laceration,
and pneumothorax [39]. These complications can significantly increase morbidity, mortality, and
hospital-associated costs [39]. The incidence of these is thought to be underreported in the literature
due to a lack of randomized trials [38,39]. A meta-analysis by Gordon et al. in 2010 revealed an
iatrogenic pneumothorax rate during thoracentesis of 9.3%, with a significant decrease in the rate to
4.0% when using ultrasonography (odds ratio 0.3, 95% CI, 0.2-0.7) [40]. While the initial goal of
ultrasound-assisted thoracentesis was to confirm safe needle placement and sufficient thoracic fluid,
it can provide much more actionable data [38]. Ultrasound assistance can also help proceduralists
avoid damaging vascular structures. Anatomic variation and tortuous courses of the intercostal
arteries (Figure 9 & Video 4-5) are more prevalent than previously thought, raising concerns that
relying solely on traditional landmark-based guidance approaches could leave some patients at
higher risk for neurovascular bundle damage, hemorrhage, and hemorrhagic shock [12,41].

Figure 9. A. ICA coursing above the rib, visualized using linear ultrasound with color-power Doppler. B
Tortuous ICA visualized with arterial angiography.

Multiple recent studies have shown that linear ultrasound with Doppler can visualize the
intercostal space and assess the vascular structures and thus avoid these structures upon needle
insertion [42,43]. Fraser et al. recently introduced the DIVOT protocol (Table 1), which utilizes high-
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frequency linear probes and Doppler to directly visualize intercostal arteries and reduce the risk of
vascular injury during thoracentesis and percutaneous chest tube placement.

Table 1. Key Thoracic and Lung Ultrasound Artifacts and Signs in Lung Assessment.

Term Definition

Horizontal, hyperechoic lines from reverberation artifact, indicating air filled lungs and

A-lines helping exclude interstitial syndromes or pulmonary edema. Can be seen in
pneumothorax.
Lung Shimmering movement of the pleural line seen in 2D and M-mode ("sandy beach"
Sliding pattern), confirming lung ventilation and reducing the likelihood of pneumothorax.
Subtle pleural movement due to cardiac motion, seen in low or absent ventilation states
Lung Pulse
(e.g., low tidal volume, regional hypoventilation).
Vertical, hyperechoic artifacts that move with lung sliding and obliterate A-lines.
B-lines Scattered B-lines can be normal, but >3 per window suggests alveolar-interstitial

syndrome.

Table 2. Steps of the DIVOT Protocol for Ultrasound-Guided Thoracentesis with Color Doppler Assessment of

the Intercostal Space.

Step Description
Identification A phased array transducer was used to l.ocate the pleural effusion, lung
parenchyma, and diaphragm.
Marking A skin marking pen was used to mark the selected site.

A high-frequency linear transducer was used to visualize the target intercostal

Intercostal Space Assessment . . . . o
P space and adjacent ribs. Zoom was activated to enhance visualization.

Color Doppler imaging (CDI) was applied, scanning from the inferior border

Doppler Imaging of the superior rib to the superior border of the inferior rib. The flow scale was
adjusted until pulsatile activity of the intercostal artery (ICA) was identified.
Confirmation and Final CDI was used to confirm findings and assess additional low-flow vessels in
Assessment the planned procedural field.

6. Diagnostic uses of LUS

In this section, the evidence underlying the diagnostic use of LUS in various clinical scenarios
will be summarized.

6.1. Pneumothorax

Pneumothorax is defined by the presence of air in pleural space. Current practice often utilizes
CXR to detect pneumothorax. However, CXR may miss small areas of pleural separation and
typically requires an upright position for optimal detection [44]. Unfortunately, this positioning often
cannot be utilized in acute care settings. In contrast, LUS allows rapid bedside assessment in the
supine position [44—46].

The diagnostic accuracy of LUS in pneumothorax remains debated. The traditional approach to
identifying pneumothorax with LUS relies on the absence of “normal” lung artifacts including lung
sliding, lung pulse, and vertical artifacts (B lines) at the site of sonographic assessment (Table 1). The
absence of these artifacts indicates separation of the parietal and visceral pleura by air (Figure 10).
Another key feature is the lung point, which marks the interface between the pneumothorax and
normal lung. While not highly sensitive, the lung point is 100% specific for pneumothorax [10].
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Figure 10. M-mode ultrasound demonstrating lung sliding. Left: Normal lung with lung sliding producing the
"seashore sign." Right: Absent lung sliding consistent with pneumothorax, producing the "barcode sign”.

Although sensitivity rates for pneumothorax detection with LUS vary across studies, ranging
from 43% to 87%, a 2020 Cochrane review concluded that LUS is both a sensitive and specific tool,
particularly for detecting large, clinically significant pneumothoraces [44—46]. However, false-
negative results may occur due to factors such as body habitus, small pneumothoraces, or operator
technique. Conversely, false positives can result from respiratory splinting due to thoracic pain, large
parenchymal blebs, or prior pleurodesis. Despite these limitations, LUS remains a valuable diagnostic
modality, particularly in critically ill or non-mobile patients.

6.2. Pulmonary Edema

LUS is an accurate and reliable tool for diagnosing pulmonary edema, consistently
outperforming CXRs in sensitivity (97%) and specificity (98%) in acute care settings [20,47-49]. The
sonographic artifact most associated with pulmonary edema is the presence of B-lines (Table 1 &
Figure 5). When identified on LUS, B-lines indicate extravascular lung water (EVLW) and are a key
finding in diagnosing pulmonary edema [19]. As EVLW increases, the normal A-line pattern shifts to
multiple B-lines, which may coalesce in advanced cases, indicating worsening edema [19,20]. This
progression reflects the transition from interstitial to alveolar edema [50]. LUS also provides more
nuanced information by tracking the cranio-caudal distribution of B-lines which correlate with edema
severity.

Recent studies have expanded the applications of LUS, particularly in quantifying B-lines for
pulmonary edema; emerging research supports the integration of computer-aided analysis and
texture-based imaging techniques into routine LUS practice to create objective, reproducible, and
operator-independent diagnostic tools. A study by Brusasco et al. (2019) introduced QLUSS
(Quantitative Lung Ultrasound Scoring System), an automated algorithm for B-line quantification
[51]. QLUSS demonstrated a strong correlation with EVLW measurements (R? = 0.86), outperforming
other LUS scoring systems such as cLUSS (R? = 0.45) and nLUSS (R? = 0.000). Additionally, the
intraclass correlation coefficient (ICC) for QLUSS was 0.998, indicating near-perfect inter-rater
reliability [51]. These findings suggest that QLUSS could standardize LUS interpretation for
pulmonary edema assessment to reduce subjectivity and variability in clinical decision-making.
While it appears to be a promising tool in the evaluation of pulmonary edema, QLUSS is limited in
the evaluation of other lung pathology including pleural effusion or lung consolidation and is
therefore not capable of providing comprehensive lung ultrasound interpretation at this point [51].

6.3. Pneumonia and Empyema

Pneumonia is a leading cause of hospitalization, with approximately 6 million cases reported
annually in the United States [52]. Sonographically, pneumonia typically presents as focal B-lines,
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subpleural consolidations, and dynamic air bronchograms which are echogenic branching structures
that move with respiration, indicating patent airways within consolidated lung (Figure 11). LUS has
shown high diagnostic accuracy for community-acquired pneumonia, with a sensitivity of 93.4% and
specificity of 97.7%, comparable to CT scan-based diagnosis [53,54]. It outperformed CXR in detecting
lung consolidation (93.8% vs. 75%) and patchy shadowing (94.1% vs. 52.9%) and identified pleural
thickening in 95.2% of cases by day 6, whereas CXR detected none (p <0.001) [5,55]. Additionally, the
presence of dynamic air bronchograms on LUS is particularly useful in differentiating pneumonia
from resorptive atelectasis, with a specificity of 94% and a positive predictive value of 97% [53]. LUS
has also proven effective in assessing post-infectious lung injury, reinforcing its role as a reliable
bedside diagnostic tool.

Figure 11. A) Isolated areas of B-lines (arrows) consistent with pneumonia B) Subpleural consolidation (white

outline) C) Large consolidative pneumonia (white outline) D) Air bronchograms (white arrowheads).

6.4. Pleural Effusion

Pleural effusions are defined as an abnormal accumulation of fluid in the pleural space, which
may be hemorrhagic, exudative, or transudative depending on the underlying etiology [56]. While
traditionally diagnosed with CXR, pleural effusion can be visualized using LUS as a layering
hypoechoic collection found at the most dependent aspects of the thoracic cavity [56]. LUS is also
more effective at diagnosing smaller effusions than CXR and can distinguish between transudative
and exudative effusions based on detailed echotexture of the visualized fluid including echogenicity,
septations, and pleural thickening. This versatility and accuracy make LUS the preferred modality in
acute settings [57]. A systematic review and meta-analysis found that LUS had a pooled sensitivity
of 91% and specificity of 92% for diagnosing pleural effusions; this was much more effective than
CXR, which had a sensitivity of 42% and specificity of 81%. Compared to CT, LUS shows high
accuracy, with near-perfect agreement in detecting pleural effusions in mechanically ventilated
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patients (right: 99% vs. 87%, p = 0.009; left: 99% vs. 85%, p = 0.004), reinforcing its role as the preferred
imaging modality for effusion evaluation [44,54].

Table 3. Comparison of Chest X-ray (CXR) and Lung Ultrasound (LUS) for the Diagnosis of Thoracic Pathology
Using Computed Tomography of the Lung (CT) as the Reference Standard.

Condition Modality  Sensitivity Specificity +LR Notes
Pulmonary LUS 97% 98% 485 Bedside; detects B-lines
Edema
CXR 75% 83% 44 Limited in early disease
CT — — — Reference standard
Pleural Effusion LUS 91% 92% 11.4 Continuous; bedside
CXR 42% 81% 2.2 Requires upright film
CT — — — Reference standard
Pneumonia LUS 93.4% 97.7% 406 ~ Dynamicairbronchograms;
high accuracy
CXR 75% 72% 97 Lower sensitivit}f for patchy
shadowing
CT — — — Reference standard
Pneumothorax LUS 87% 99% 87.0 Lung point 100% specific
CXR 52% 100% oo Misses small PTX
CT — — — Reference standard
ARDS LUS 77-100% 61-100%  Variable ~ tangesreflect different
phenotyping methods
CXR 65.5-69.4% — — Moderate overlap with LUS
CT — — — Reference standard

Complicated Parapneumonic Effusion, Empyema and Hemothorax

Empyema is the accumulation of purulent fluid within the pleural space, while parapneumonic
effusion refers to pleural fluid collection that develops in association with pneumonia [58].
Hemothorax is defined as the accumulation of blood within the pleural space [59]. While LUS cannot
directly differentiate these different pathologies, several sonographic features of the pleural fluid and
pleural line such as complex septations, echogenic material within the fluid, pleural thickening, and
the plankton sign (also known as the suspended microbubble sign) are suggestive of either purulent
fluid or blood in the pleural space in the appropriate clinical context [60,61].

Complex septations are characterized by multiple internal septa within the pleural fluid,
appearing as thin, linear structures on ultrasound. Their presence suggests an exudative effusion,
commonly seen in conditions such as empyema or complicated parapneumonic effusions [60].

Echogenic material in pleural fluid (plankton sign) refers to internal echoes within the effusion,
appearing as floating particles or swirling patterns on ultrasound. This finding indicates the presence
of cellular debris, fibrin, or pus and is commonly associated with exudative effusions due to infection,
malignancy, or hemorrhage [61].

Pleural thickening refers to an abnormal increase in the thickness of the pleural lining,
appearing as a hyperechoic (bright) band on ultrasound. It is commonly associated with exudative
effusions and is seen in conditions such as pleuritis, malignancy, and chronic inflammation [62].

Table 4. Ultrasound Characteristics of Empyema, Parapneumonic Effusion, and Hemothorax.

Condition Definition Suggestive Sonographic Features

Complex septations, echogenic
material, pleural thickening, plankton
sign

Accumulation of purulent fluid

Empyema within the pleural space
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Pleural fluid collection that develops Complex septations, pleural

Parapneumonic Effusion . . . . . .
in association with pneumonia thickening

Hemothorax Accumulation of blood within the Echogenic material, plankton sign
pleural space

LUS and TUS outperforms CT in detecting septations, with studies showing ultrasound has a
sensitivity of 82.6% and specificity of 100%, compared to CT’s sensitivity of 59.8% and specificity of
87.0% [63]. In cases of hemothorax, ultrasound also performs well, with a reported sensitivity of 92%
and specificity of 100% [64]. While CT remains the gold standard for detailed anatomical assessment,
particularly in complex hemothorax, ultrasound offers clear advantages in evaluation and
intervention planning [64].

Future Directions

With the expansion of handheld ultrasound and Al-based image analysis, the evaluation and
management of pleural diseases is expected to expand. Key research priorities should focus on
refining sonographic criteria to better distinguish between various exudative effusions, including
empyema and hemorrhagic collections, and on integrating artificial intelligence for instantaneous
interpretation. Additionally, prospective studies comparing ultrasound-guided interventions to
traditional approaches could help establish standardized protocols for managing complex pleural
effusions.

6.5. Acute Respiratory Distress Syndrome (ARDS)

In 2012, the Berlin definition of ARDS described it as an acute onset of hypoxemic respiratory
failure characterized by bilateral pulmonary infiltrates on chest imaging that are not fully explained
by cardiac failure or fluid overload. In January 2024, a new global definition of ARDS was published,
updating the Berlin criteria to include LUS as an accepted diagnostic tool for identifying bilateral
opacities alongside traditional chest imaging [5]. In a retrospective study, LUS identified 229 ARDS-
positive patients, compared to 216 detected by CXR, capturing 79 additional cases with similar
mortality rates [65]. However, moderate overlap between LUS and CXR definitions (65.5-69.4%)
suggests that neither modality should be used in isolation. Instead, a combined approach utilizing
LUS for rapid bedside screening and CXR for more detailed parenchymal assessment may be ideal
[65].

A key challenge in using LUS to diagnose ARDS is distinguishing it from acute pulmonary
edema (APE), as both conditions share similar ultrasound features, such as diffuse B-lines. In one
study, diffuse B-lines were present in 100% of both ARDS and APE patients, making this feature alone
insufficient for differentiation [66]. However, other features such as spared lung areas, pleural line
abnormalities, lung consolidations, and absent lung sliding were highly specific for ARDS (p <0.0001)
[66]. Additionally, pleural effusion was more common in APE than ARDS (95% vs. 66.6%, p = 0.004),
while lung pulse was seen in 50% of ARDS cases but absent in APE (p < 0.0001) [66]. These findings
suggest that although diffuse B-lines cannot differentiate between ARDS and APE, other associated
findings can make LUS a useful tool for differentiation of ARDS and APE without reliance on CT or
echocardiography.

LUS also aids in phenotyping ARDS. Pierrakos et al. compared LUS-based ARDS classification
methods to CT-based standards and found that the Piedmont method, which uses only anterior LUS
scores, achieved 91% sensitivity and 75% specificity [9]. In comparison, the Amsterdam and
Lombardy methods, both employing 12-region protocols that include posterior lung zones presented
trade-offs between specificity (Amsterdam: 100%) and sensitivity (Lombardy: 100%) [9]. The anterior
lung zones yielded the highest diagnostic accuracy, supporting the feasibility of a simplified anterior-
only LUS approach for ARDS phenotyping, particularly in high-acuity settings. Further research
should investigate LUS-based severity scoring and its potential role in guiding ventilatory
management.
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Future Directions

With LUS now integrated into the imaging criteria for ARDS, there is a growing need for
clinicians to develop proficiency in its use for identifying bilateral lung opacities and distinguishing
ARDS from other causes of respiratory failure. Future efforts should focus on standardized training
in ARDS-specific sonographic features, including diffuse B-lines, subpleural consolidations, and
pleural abnormalities, to enhance diagnostic accuracy. Additionally, further research is needed to
validate LUS-based severity scoring and explore its role in guiding ventilatory strategies and
treatment decisions, particularly in resource-limited settings where access to advanced imaging may
be restricted.

6.6. COVID-19

The COVID-19 pandemic posed major challenges in rapidly triaging patients with pneumonia,
particularly in resource-limited and overwhelmed healthcare systems. Rapid and accurate
assessment of disease severity was essential for guiding management decisions [67-69]. In this
context, LUS and TUS proved valuable for assessment of pulmonary involvement when other
imaging modalities were inaccessible or delayed. Aguersif et al. established that LUS outperforms
standard clinical assessment in predicting the severity of respiratory illness at hospital admission,
highlighting its potential role in optimizing resource allocation [69]. Similarly, Boero et al. supported
the use of TUS for screening patients with acute COVID-19 pneumonia in emergency departments
and hospital wards, particularly where access to CT imaging was limited [68].

Early LUS scoring has been associated with improved risk stratification in COVID-19, aiding in
the identification of patients at greater risk of deterioration. The POCUSCO study, which evaluated
LUS within 48 hours of ED admission, found that patients with an LUS score 216 had a 23.5%
mortality rate, whereas those with a score of zero had no reported mortality [61]. These findings
reinforce the value of LUS as tool for early risk assessment, reducing reliance on CT scans and
enabling more efficient resource distribution. Serial LUS examinations offer enhanced predictive
value over single assessments, allowing for dynamic monitoring of disease progression. A two-center
prospective study confirmed that LUS had an 81% concordance with CT scans in tracking COVID-19
pneumonia progression, with LUS scoring predicting ICU stay duration [70].

LUS vs CXR in COVID-19

Compared to chest X-ray, LUS is more sensitive for early-stage viral pneumonia and can detect
subtle findings like B-lines and pleural thickening before they appear on CXR. Boero et al. described
the role of LUS in screening patients with acute COVID-19 pneumonia, particularly in emergency
departments and hospital wards where rapid assessment is necessary [68]. Additionally, serial LUS
assessments have been found to detect progressive lung involvement earlier than CXR, making it a
more reliable tool for monitoring disease evolution. The ability of LUS to provide bedside imaging
without radiation exposure further enhances its clinical utility, particularly in resource-limited
settings where access to advanced imaging is restricted.

LUS vs CT in COVID-19

Although CT remains the gold standard for diagnosing viral pneumonia, LUS has strong
agreement with CT in detecting lung abnormalities, particularly in COVID-19 pneumonia. A two-
center prospective study found that LUS had an 81% concordance with CT scans in tracking disease
progression, highlighting its reliability as a non-invasive alternative [70]. Furthermore, studies on
post-infectious lung injury in COVID-19 survivors found that LUS had high Cohen’s kappa values
and an area under the curve (AUC) of 0.94-0.95 for detecting interstitial lung disease (ILD),
reinforcing its potential as a first-line imaging modality for follow-up assessments [71,72]. While CT
provides more detailed visualization of lung parenchyma, LUS offers bedside evaluation, reducing
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the need for repeated radiation exposure and allowing for frequent monitoring of lung pathology in
critically ill patients.

Future Directions

Recent guidelines and multicenter trials have increasingly incorporated LUS as a core imaging
modality in acute care algorithms. Large-scale studies are needed to validate LUS-based severity
scoring systems and determine their role in guiding therapeutic decisions, particularly in
differentiating viral pneumonia from other causes of acute respiratory failure. Additionally,
incorporating LUS into telemedicine and artificial intelligence-driven diagnostic platforms could
expand its accessibility, especially in resource-limited settings where CT and CXR are not readily
available. Further investigation into the role of LUS in long-term pulmonary follow-up, particularly
in post-viral interstitial lung disease (ILD), will also be essential in optimizing patient care beyond
the acute phase of illness.

7. Limitations

This scoping review has several limitations that should be acknowledged. First, while we used
a comprehensive search strategy and adhered to the PRISMA-ScR framework, the inherent breadth
of scoping reviews limits the ability to perform critical appraisal or meta-analysis of study quality.
Second, the inclusion of studies with heterogeneous methodologies, patient populations, and
ultrasound protocols may reduce comparability and preclude definitive conclusions about diagnostic
performance or clinical outcomes. Third, although we employed purposive sampling informed by
expert opinion to capture under-indexed procedural applications such as thoracentesis and chest
tube placement, it is possible that relevant studies were missed due to inconsistent terminology or
database indexing. Finally, because most included studies were observational and single center, the
generalizability of findings is limited. Taken together, these limitations highlight the need for more
rigorous, multicenter investigations that use standardized protocols and focus on clinically
meaningful outcomes.

8. Conclusion

Lung and thoracic ultrasound have increasingly become part of routine clinical practice in acute
and perioperative care. In this review, we identified consistent evidence supporting the use of LUS
for diagnosing pneumonia, pulmonary edema, pleural effusion, and pneumothorax, with diagnostic
performance often comparable to CT and consistently superior to chest radiography. Beyond
diagnosis, thoracic ultrasound enhances procedural safety, particularly when used to guide
thoracentesis, central line placement, and endotracheal tube confirmation. Protocols such as anterior-
only assessments for ARDS classification and Doppler-based evaluation of the intercostal space
exemplify practical applications that can reduce complications and increase confidence at the
bedside. As thoracic ultrasound becomes increasingly embedded in clinical practice, there remains a
need for widespread training initiatives, prospective validation of protocols, standardized outcome
reporting, and research that connects ultrasound use to patient-centered metrics.
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Abbreviations
APE Acute Pulmonary Edema.
ARDS Acute Respiratory Distress Syndrome.
B-lines Vertical, hyperechoic reverberation artifacts indicating interstitial syndrome.
CAJ Cavoatrial Junction.
CDI Color Doppler Imaging.
CEUS Contrast-Enhanced Ultrasound.
cvcC Central Venous Catheter.
CXR Chest X-Ray.
DIVOT Direct Visualization of the Thoracic Space.
DOA]J Directory of Open Access Journals.
ED Emergency Department.
ETT Endotracheal Tube.
EVLW Extravascular Lung Water.
ICA Intercostal Artery.
ICC Intraclass Correlation Coefficient.
ICU Intensive Care Unit.
ILD Interstitial Lung Disease.
IRB Institutional Review Board.
Iv Intravenous.
LUS Lung Ultrasound.
M-mode Motion Mode.
MDPI Multidisciplinary Digital Publishing Institute.
OSF Open Science Framework.
POCUS Point-of-Care Ultrasound.
PRISMA-ScR Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping
Reviews.
QLUSS Quantitative Lung Ultrasound Scoring System.
RA Right Atrium.
SvC Superior Vena Cava.
TLA Three Letter Acronym.
TRUE Tracheal Rapid Ultrasound Exam.
TUS Thoracic Ultrasound.
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