
Comprehensive Instructions for Focused
Lung Ultrasound (FLUS) for Novice
Practitioners

Introduction

Welcome to this comprehensive guide on Focused Lung Ultrasound (FLUS). This
document is designed specifically for novice healthcare practitioners, including
medical students, nursing students, and junior residents, who have no prior
experience with ultrasound. Our goal is to provide clear, practical, and detailed
instructions that will enable you to understand the fundamental principles of lung
ultrasound and confidently apply them in clinical settings during hands-on training.

Lung ultrasound is a powerful, non-invasive tool that can rapidly assess various
pulmonary conditions at the bedside. Its real-time nature and lack of radiation
exposure make it an invaluable asset in modern healthcare. Throughout this guide, we
will emphasize safety, accuracy, and practical application, ensuring you gain the
foundational knowledge necessary to perform FLUS effectively and interpret your
findings correctly.

Each section will cover a specific topic, building your understanding step-by-step. We
encourage you to use this document as a primary reference during your learning
journey and hands-on practice. Let's begin your exploration into the fascinating world
of lung ultrasound!

1. Basic Ultrasound Physics for Lung Imaging

Understanding the fundamental physics behind ultrasound imaging is crucial for
interpreting lung ultrasound images accurately. Unlike X-rays or CT scans, ultrasound
uses high-frequency sound waves to create images of internal body structures. These



sound waves are generated by a transducer (probe) and travel into the body, where
they interact with tissues and reflect back to the transducer.

Acoustic Impedance, Reflection, and Transmission

Acoustic impedance is a key concept in ultrasound. It is a measure of a material's
resistance to the propagation of sound waves. Different tissues in the body have
different acoustic impedances. When sound waves encounter an interface between
two tissues with significantly different acoustic impedances, a portion of the sound
waves is reflected back to the transducer, and the remaining portion is transmitted
deeper into the body.

Reflection: The greater the difference in acoustic impedance between two
media, the stronger the reflection. This is why bone and air, which have very high
acoustic impedance differences compared to soft tissue, appear very bright
(hyperechoic) on ultrasound and create strong reflections.

Transmission: Sound waves that are not reflected continue to travel deeper. The
amount of sound transmitted determines how well deeper structures can be
visualized.

Why Lungs Appear Different from Other Organs

The lung is unique in ultrasound imaging primarily due to its high air content. Air has a
vastly different acoustic impedance compared to soft tissues and fluids. When
ultrasound waves encounter the air-filled lung parenchyma, almost all of the sound
waves are reflected at the pleural surface. This strong reflection prevents sound waves
from penetrating deep into the lung tissue, making it impossible to visualize the lung
parenchyma directly in a normal, air-filled lung.

Instead of seeing the lung tissue itself, we primarily observe the pleural line (the
interface between the chest wall and the lung) and various artifacts generated by the
interaction of sound waves with air. This is a fundamental difference from imaging
solid organs like the liver or kidneys, where sound waves can penetrate and reflect off
internal structures, allowing for direct visualization of the organ's parenchyma.



Artifact Generation

Artifacts are not always undesirable; in lung ultrasound, many artifacts are crucial for
diagnosis. They are generated when ultrasound waves interact with structures in ways
that do not directly represent anatomical features but provide valuable information.

Reverberation Artifacts: These occur when sound waves bounce back and forth
between two strong reflectors (e.g., the probe and the pleural line). They appear
as multiple, equally spaced, parallel lines deep to the initial strong reflector. In
lung ultrasound, these are commonly seen as A-lines, which are horizontal
reverberation artifacts originating from the pleural line, indicating the presence
of air.

Comet-tail Artifacts (B-lines): These are a specific type of reverberation artifact
that arises from water-filled interlobular septa or subpleural edema. They appear
as vertical, hypereerechoic (bright) lines that originate from the pleural line and
extend to the bottom of the screen, obliterating A-lines. B-lines are highly
significant in lung ultrasound and will be discussed in detail later.

Shadowing: Occurs when sound waves are completely reflected or absorbed by
a highly attenuating structure (e.g., a rib or bone), creating an anechoic (dark)
area deep to it. Rib shadows are essential anatomical landmarks in lung
ultrasound.

Understanding these basic physics principles will help you interpret the unique
appearance of the lung on ultrasound and recognize the significance of the artifacts
you encounter.

2. Probe Selection and Positioning

Selecting the correct ultrasound probe and understanding optimal positioning are
critical for obtaining high-quality lung ultrasound images. The choice of probe
depends on the depth of structures you wish to examine and the desired image
resolution.

Recommended Ultrasound Probes and Frequencies

For FLUS, two main types of probes are commonly used:

Linear Array Probe (High Frequency):



Frequency: Typically 7-15 MHz.

Characteristics: Produces a rectangular image, offers excellent resolution
of superficial structures.

Use in FLUS: Ideal for visualizing the pleural line, assessing pleural sliding,
and identifying superficial B-lines. Its high frequency provides detailed
views of the pleura and immediate subpleural lung.

Curvilinear (Convex) Array Probe (Low Frequency):

Frequency: Typically 2-5 MHz.

Characteristics: Produces a fan-shaped image, offers good penetration for
deeper structures but with lower resolution compared to linear probes.

Use in FLUS: Useful for assessing deeper lung pathology, such as larger
consolidations or pleural effusions, and for general screening of the lung
fields. While it can visualize the pleural line, the detail is less than with a
linear probe.

Phased Array (Cardiac) Probe (Low Frequency):

Frequency: Typically 2-5 MHz.

Characteristics: Small footprint, produces a sector-shaped image,
designed for cardiac imaging but also useful for lung. Offers good
penetration between ribs.

Use in FLUS: Can be used as an alternative to the curvilinear probe,
especially in patients with narrow intercostal spaces, or when a single probe
is available for both cardiac and lung assessment.

For beginners, it is often recommended to start with a linear probe for detailed pleural
assessment and then switch to a curvilinear probe for broader lung field evaluation if
available.

Optimal Probe Positioning Techniques

Proper probe positioning ensures that you are scanning the correct anatomical areas
and obtaining reproducible images. The patient should ideally be in a supine or semi-
recumbent position, allowing for easy access to the chest wall.



1. Probe Marker Orientation: Always orient the probe marker (a small notch or
light on the probe) towards the patient's head or to the patient's right side. This
ensures consistent image orientation on the ultrasound screen (the marker on
the screen will correspond to the marker on the probe).

2. Intercostal Scanning: The lung is primarily scanned by placing the probe in the
intercostal spaces (between the ribs). This avoids shadowing from the ribs.

3. Gentle Pressure: Apply gentle but firm pressure to ensure good contact between
the probe and the skin, and to eliminate air pockets that can interfere with image
quality. Excessive pressure can distort anatomy.

4. Gel Application: Always use a generous amount of ultrasound gel. Gel eliminates
air between the probe and the skin, which would otherwise block the ultrasound
waves.

Standard Anatomical Landmarks and Scanning Positions

For FLUS, a systematic approach to scanning is essential. The chest wall is divided into
several zones to ensure comprehensive coverage. While various protocols exist (e.g.,
BLUE protocol, RUSH protocol), the general principles of landmark identification and
zone scanning remain consistent.

Key Anatomical Landmarks:

Ribs: Easily identified as hyperechoic (bright) structures with distinct posterior
shadowing. They serve as crucial landmarks for locating intercostal spaces.

Pleural Line: The bright, hyperechoic line located just deep to the ribs,
representing the interface between the parietal and visceral pleura. This is the
most important landmark in lung ultrasound.

Mid-Clavicular Line (MCL): An imaginary vertical line extending downwards
from the middle of the clavicle.

Anterior Axillary Line (AAL): An imaginary vertical line extending downwards
from the anterior axillary fold.

Posterior Axillary Line (PAL): An imaginary vertical line extending downwards
from the posterior axillary fold.

Standard Scanning Positions (Zones):



For a basic FLUS examination, focus on the anterior and lateral chest walls. A common
approach involves scanning at least four zones per side:

Anterior Zones (Upper and Lower):

Place the probe longitudinally (probe marker towards the head) in the 2nd-
3rd intercostal space, along the MCL. This is the upper anterior zone.

Move the probe down to the 4th-5th intercostal space, still along the MCL.
This is the lower anterior zone.

Alternatively, you can scan transversely (probe marker to the patient's right)
across the intercostal spaces.

Lateral Zones (Upper and Lower):

Move the probe to the mid-axillary line (between AAL and PAL). Place it
longitudinally in the 4th-5th intercostal space. This is the upper lateral
zone.

Move the probe inferiorly to the 6th-7th intercostal space, still along the
mid-axillary line. This is the lower lateral zone.

Practical Guidance:

Systematic Approach: Always follow a systematic approach to ensure no areas
are missed. Scan both sides of the chest.

Patient Comfort: Ensure the patient is comfortable and adequately exposed.
Explain what you are doing.

Dynamic Scanning: Remember that lung ultrasound is dynamic. Slowly slide the
probe along the intercostal space to observe changes and identify key findings.

Documentation: Note which zones were scanned and any findings in your
documentation.

3. Normal Lung Ultrasound Appearance

Understanding the normal appearance of the lung on ultrasound is fundamental
before attempting to identify pathology. In a healthy, air-filled lung, the ultrasound
image is dominated by the pleural line and characteristic artifacts, rather than direct
visualization of lung parenchyma.



What Normal Lung Ultrasound Looks Like

When you place the ultrasound probe in an intercostal space over a normal lung, you
will typically see the following:

Bat Sign: This is a classic visual mnemonic for the normal lung ultrasound view.
The two ribs appear as the 'wings' of the bat, and the hyperechoic pleural line
between them forms the 'body' of the bat. This view confirms you are in the
correct intercostal space and have identified the pleura.

Pleural Line: This is the most prominent feature. It appears as a bright,
hyperechoic, smooth, and thin line located just deep to the ribs. It represents the
interface between the parietal pleura (lining the chest wall) and the visceral
pleura (lining the lung surface). In a normal lung, this line should be continuous
and move with respiration (pleural sliding).

Rib Shadows: The ribs themselves appear as hyperechoic structures at the top of
the screen, casting an anechoic (dark) shadow deep to them. These shadows are
important because they help you identify the intercostal space and ensure you
are scanning between the ribs, not directly over them.

A-lines: These are horizontal, hyperechoic lines that are parallel to the pleural
line and appear at regular intervals deeper into the screen. A-lines are
reverberation artifacts, meaning they are echoes of the pleural line. Their
presence indicates that there is air in the lung, allowing the sound waves to
bounce back and forth between the probe and the pleura. In a normal, air-filled
lung, A-lines are typically present and evenly spaced.

Key Anatomical Landmarks

As mentioned, the primary anatomical landmarks you will identify in normal lung
ultrasound are the ribs and the pleural line. These form the basis for all subsequent
interpretations.

Ribs: Located superficially, they block ultrasound waves, creating characteristic
posterior shadowing. Use them to orient yourself and find the intercostal
windows.

Pleural Line: The dynamic, bright line representing the lung surface. Its
movement (pleural sliding) is a critical sign of a healthy lung.



Normal Artifacts and Their Significance

In lung ultrasound, artifacts are not just noise; they are crucial diagnostic signs. In a
normal lung, the key artifacts are:

Pleural Sliding: This is the most important normal finding. It refers to the visible,
shimmering, to-and-fro movement of the visceral pleura against the parietal
pleura with each breath. It looks like

ants marching on a line or a shimmering effect. Its presence indicates that the visceral
and parietal pleura are in contact and moving freely relative to each other. Absence of
pleural sliding is a critical sign of pneumothorax.

A-lines: As discussed, these horizontal reverberation artifacts confirm the
presence of air in the lung. Their regular appearance is a normal finding.

Memory Aid: The 'Lung Point' Sign (for Pneumothorax) While not a normal finding,
understanding the 'lung point' sign is crucial for differentiating normal from abnormal.
The 'lung point' is the specific location on the chest wall where pleural sliding abruptly
stops and starts, indicating the border of a pneumothorax. It's a highly specific sign for
pneumothorax and will be discussed further in the pneumothorax section. For now,
remember that normal lung will show continuous pleural sliding across the entire
scanned area.

By recognizing these normal appearances and artifacts, you establish a baseline for
identifying deviations that may indicate pathology.

4. Identifying Pleural Sliding

Pleural sliding is arguably the most important dynamic sign in lung ultrasound,
serving as a primary indicator of a healthy, air-filled lung. Its presence confirms that
the visceral and parietal pleura are in contact and moving freely against each other
with respiration. Its absence is a critical red flag, particularly for pneumothorax.

Explain What Pleural Sliding Is and Why It's Important

Pleural sliding refers to the visible, shimmering, to-and-fro movement of the visceral
pleura (lining the lung) against the parietal pleura (lining the chest wall) during the



respiratory cycle. This movement is caused by the inflation and deflation of the lung
within the pleural cavity.

Why it's important:

Exclusion of Pneumothorax: The presence of pleural sliding effectively rules out
a pneumothorax (collapsed lung) at the scanned location. If there is air between
the two pleural layers (pneumothorax), they will separate, and no sliding will be
observed.

Confirmation of Lung Presence: It confirms that the lung is indeed present and
ventilating beneath the probe.

Indicator of Lung Health: While not specific to all lung pathologies, its absence
can indicate conditions that prevent pleural movement, such as severe
adhesions or a collapsed lung.

Describe How to Recognize Pleural Sliding Visually

Pleural sliding is best observed in B-mode (the standard 2D ultrasound mode) with a
linear probe. Position the probe longitudinally in an intercostal space, ensuring the
pleural line is clearly visible.

Visual Recognition:

Shimmering/Glistening Effect: The most common description is a shimmering
or glistening appearance of the pleural line, like

ants marching on a line. This movement is synchronous with the patient's breathing. *
Dynamic Movement: Observe the pleural line moving back and forth horizontally, just
beneath the ribs. It should not appear static.

Confirmation Techniques and Troubleshooting Tips

Sometimes, pleural sliding can be subtle, especially in patients with shallow breathing
or obesity. Here are techniques to confirm its presence and troubleshoot issues:

Confirmation Techniques:

1. M-mode (Motion Mode): M-mode is a powerful tool for confirming pleural
sliding. Place the M-mode cursor (a vertical line) perpendicular to the pleural line
in B-mode. Activate M-mode.



Normal (Seashore Sign): In M-mode, a normal lung with pleural sliding will
produce a characteristic

‘seashore sign’ or ‘sandy beach sign.’ The superficial soft tissues (above the
pleura) will appear as horizontal lines (the ‘waves’), while the granular, sandy
appearance below the pleural line represents the movement of the lung (the
‘beach’). This pattern confirms pleural sliding. * Abnormal (Stratosphere
Sign/Barcode Sign): If there is no pleural sliding (e.g., in pneumothorax), the M-mode
will show parallel horizontal lines extending from the chest wall through the pleural
line and into the lung field, resembling a ‘barcode’ or ‘stratosphere sign.’ This
indicates a lack of movement at the pleural interface.

1. Patient Maneuvers: Ask the patient to take deep breaths, cough, or sniff. These
maneuvers can exaggerate pleural movement and make subtle sliding more
apparent.

Troubleshooting Tips:

Gain Adjustment: Ensure your gain settings are appropriate. Too much or too
little gain can obscure the pleural line and its movement.

Depth Adjustment: Adjust the depth to clearly visualize the pleural line and the
immediate subpleural lung. The pleural line should be in the upper third of your
screen.

Probe Pressure: Apply gentle, consistent pressure. Too much pressure can
compress the intercostal space and reduce visible sliding. Too little pressure can
lead to air artifacts.

Patient Position: If possible, try different patient positions (e.g., sitting up) to
improve access or make breathing easier.

Consider Pathology: If you consistently cannot find pleural sliding in a patient
with respiratory distress, strongly consider pneumothorax and proceed with
further diagnostic steps.

Mastering the identification of pleural sliding is a cornerstone of FLUS. Practice
observing it in various patients and using M-mode to confirm your findings.



5. Recognizing B-Lines and Their Significance

B-lines are one of the most clinically significant findings in lung ultrasound, often
indicating the presence of interstitial fluid or pathology. Understanding how to identify
and interpret them is crucial for accurate diagnosis.

Define B-lines and Their Ultrasound Appearance

B-lines (also known as lung rockets, comet-tail artifacts, or ultrasound lung comets)
are hyperechoic (bright), vertical artifacts that originate from the pleural line and
extend to the bottom of the screen, moving synchronously with lung sliding. They are
typically narrow, well-defined, and erase A-lines.

Key Characteristics of B-lines:

Origin: Always arise from the pleural line.

Orientation: Vertical, extending straight down to the edge of the screen.

Brightness: Hyperechoic (bright), similar to the pleural line itself.

Movement: Move with lung sliding (if present).

Effect on A-lines: They obliterate A-lines, meaning A-lines will not be visible in
the area where B-lines are present.

Laser-like: Often described as laser-like or resembling a falling rain shower.

Explain How to Identify and Quantify B-lines

Identification:

1. Probe: Use a linear probe for optimal visualization, though curvilinear probes
can also detect them.

2. Position: Scan in the standard lung zones, ensuring good contact and clear
visualization of the pleural line.

3. Observation: Look for the characteristic vertical, bright lines originating from the
pleura and extending downwards. Observe their movement with respiration.

Quantification:



While there is no universally agreed-upon method for precise quantification, B-lines
are generally assessed based on their number and distribution:

Scattered B-lines: A few isolated B-lines (1-2 per intercostal space) can be a
normal finding, especially in dependent lung zones.

Multiple B-lines: Three or more B-lines in a single intercostal space are generally
considered significant. When multiple B-lines are present, they often coalesce,
forming a 'white lung' appearance, indicating severe interstitial syndrome.

Distribution: Note whether B-lines are unilateral or bilateral, and whether they
are localized to specific areas or diffuse across multiple lung zones.

Describe the Clinical Significance of B-lines in Different Conditions

B-lines indicate an increase in extravascular lung water or thickening of the
interlobular septa. Their presence is a non-specific sign but is highly sensitive for
certain conditions:

Pulmonary Edema (Cardiogenic): The most common and clinically significant
cause of diffuse, bilateral B-lines. In heart failure, increased hydrostatic pressure
leads to fluid accumulation in the lung interstitium. The presence of diffuse B-
lines, especially if they coalesce, is highly suggestive of acute decompensated
heart failure.

Acute Respiratory Distress Syndrome (ARDS): ARDS can also cause diffuse B-
lines, often accompanied by pleural line irregularities and small subpleural
consolidations. The distribution may be more patchy compared to cardiogenic
pulmonary edema.

Pneumonia/Pulmonary Contusion: Localized B-lines can be seen in areas of
pneumonia or pulmonary contusion, often adjacent to areas of consolidation.

Pulmonary Fibrosis: Chronic interstitial lung diseases, such as pulmonary
fibrosis, can also cause B-lines due to thickened interlobular septa. These B-lines
may be more irregular and less dynamic.

Clinical Pearl: The presence of diffuse, bilateral B-lines that clear with diuretic therapy
is highly indicative of cardiogenic pulmonary edema. Conversely, B-lines that persist
despite diuresis may suggest other causes like ARDS or fibrosis.



Memory Aid: Think of B-lines as a 'wet lung' sign. The more B-lines you see, the
'wetter' the lung is likely to be.

6. Detecting Pneumothorax

Pneumothorax, or a collapsed lung, is a critical condition where air accumulates in the
pleural space, separating the parietal and visceral pleura. Lung ultrasound is highly
sensitive and specific for detecting pneumothorax, often outperforming chest X-rays,
especially in emergency settings.

List the Ultrasound Signs of Pneumothorax

The diagnosis of pneumothorax on ultrasound is primarily based on the absence of
normal lung signs. The key signs to look for are:

1. Absence of Pleural Sliding: This is the most fundamental and sensitive sign. If
there is air in the pleural space, the visceral and parietal pleura are separated,
and no shimmering, to-and-fro movement will be observed at the pleural line.
The pleural line will appear static.

2. Absence of B-lines: Since B-lines originate from the visceral pleura, their
presence indicates that the visceral pleura is in contact with the chest wall.
Therefore, in a pneumothorax, B-lines will be absent in the affected area. The
lung field will typically show only A-lines (reverberation artifacts).

3. Stratosphere Sign (Barcode Sign) on M-mode: As discussed in the pleural
sliding section, when M-mode is applied over an area of pneumothorax, the
normal ‘seashore sign’ is replaced by a ‘stratosphere sign’ or ‘barcode
sign.’ This pattern consists of parallel horizontal lines extending from the chest
wall through the pleural line and into the lung field, indicating a complete lack of
movement at the pleural interface.

4. Lung Point Sign: This is the most specific sign for pneumothorax. The lung point
is the exact location on the chest wall where the visceral pleura intermittently
touches the parietal pleura, creating a dynamic transition zone. At this point, you
will observe a sudden change from absent pleural sliding (pneumothorax) to
present pleural sliding (normal lung) with respiration. It looks like the lung is



‘winking’ in and out of view. The lung point confirms the presence of a
pneumothorax and indicates its lateral extent.

Explain the Scanning Technique for Pneumothorax Detection

1. Patient Position: Ideally, the patient should be supine or semi-recumbent. Air in
the pleural space tends to rise, so the most sensitive areas for detection are the
anterior and superior chest walls.

2. Probe Selection: A high-frequency linear probe is preferred for its excellent
resolution of the pleural line. A curvilinear or phased array probe can also be
used, especially in patients with a larger body habitus.

3. Scanning Zones: Systematically scan the anterior chest wall, focusing on the 2nd
to 4th intercostal spaces along the mid-clavicular line. Also, scan the lateral
zones. Remember to scan both sides for comparison.

4. Observation: Place the probe longitudinally in an intercostal space. First, look
for pleural sliding in B-mode. If absent, switch to M-mode to confirm the
stratosphere sign. Slowly slide the probe laterally and inferiorly to search for a
lung point.

Include Confirmatory Signs and Clinical Pearls

Confirmatory Signs:

Absence of Pleural Sliding + Absence of B-lines + Stratosphere Sign: This triad
of findings strongly suggests pneumothorax.

Lung Point: The presence of a lung point is highly specific and diagnostic for
pneumothorax. If you find a lung point, you have confirmed the diagnosis.

Clinical Pearls:

False Negatives: Pleural sliding can be absent in conditions other than
pneumothorax, such as severe adhesions, mainstem intubation, or apnea.
Always correlate findings with the patient's clinical status.

Subcutaneous Emphysema: If subcutaneous emphysema is present, it can
obscure the ultrasound image and make it difficult to visualize the pleural line,
potentially leading to false negatives.



Small Pneumothorax: Very small pneumothoraces may be difficult to detect,
especially if the patient is not supine. The lung point may be the only detectable
sign.

Tension Pneumothorax: In a tension pneumothorax, the mediastinum shifts,
and the lung may be completely collapsed. You will likely find absent sliding over
a large area and no lung point (as the lung is fully collapsed and not touching the
chest wall at any point).

Comparison: Always compare findings to the contralateral side, especially if the
patient has unilateral symptoms. A normal side will show pleural sliding and
potentially B-lines.

Mastering pneumothorax detection is a life-saving skill in emergency medicine.
Practice systematically searching for these signs and correlating them with the
patient's clinical picture.

7. Assessing Pleural Effusion

Pleural effusion, the accumulation of fluid in the pleural space, is a common finding in
various medical conditions. Lung ultrasound is an excellent tool for detecting,
characterizing, and even quantifying pleural effusions, often superior to chest X-rays
for smaller effusions.

Describe the Ultrasound Appearance of Pleural Effusion

Pleural fluid, being anechoic (black) or hypoechoic (dark gray) on ultrasound, typically
collects in the most dependent parts of the pleural cavity. When scanning for pleural
effusion, you will look for:

Anechoic/Hypoechoic Space: The most characteristic sign is an anechoic (black)
or hypoechoic (dark gray) space between the parietal and visceral pleura. This
space will typically be located above the diaphragm.

Spine Sign: This is a highly specific sign for pleural effusion. Normally, the spine
is not visible above the diaphragm on ultrasound because the air-filled lung
blocks the sound waves. However, if there is fluid in the pleural space, the sound
waves can pass through the fluid, allowing visualization of the thoracic spine



above the diaphragm. The spine will appear as a series of hyperechoic vertebral
bodies with posterior shadowing.

Lung Collapse/Atelectasis: In larger effusions, the lung may be compressed and
appear as a consolidated, often triangular or wedge-shaped, hypoechoic
structure floating within the fluid. This is known as atelectasis or lung collapse.

Fibrin Strands/Septations: In some effusions (e.g., exudative effusions,
empyema), you may see hyperechoic strands or septations within the fluid,
indicating a more complex or organized effusion.

Floating Lung (Jellyfish Sign): The collapsed lung floating within the effusion,
moving with respiration, can resemble a jellyfish.

Explain Optimal Scanning Techniques and Patient Positioning

1. Probe Selection: A low-frequency curvilinear (convex) probe is generally
preferred for assessing pleural effusions due to its deeper penetration and wider
field of view, which allows for better visualization of the diaphragm and the
entire effusion.

2. Patient Positioning: Fluid collects dependently. Therefore, the optimal position
for detecting pleural effusion is usually the posterior-inferior chest or the
lateral chest (axillary line), with the patient sitting upright or in a semi-
recumbent position. If the patient is supine, fluid will collect posteriorly.

3. Scanning Approach:

Posterior-Inferior Approach: Place the probe longitudinally in the
posterior axillary line, aiming towards the diaphragm. Scan inferiorly until
you visualize the diaphragm. Look for fluid above the diaphragm.

Lateral Approach: Place the probe in the mid-axillary line, usually around
the 8th-10th intercostal space. Angle the probe superiorly and inferiorly to
sweep through the pleural space.

Liver/Spleen as Window: Use the liver (on the right) or spleen (on the left)
as an acoustic window to visualize the diaphragm and the pleural space
above it. This is often referred to as the hepatodiaphragmatic or
splenodiaphragmatic window.



Include Methods for Quantifying Effusion Size

While precise quantification can be challenging, several methods provide a reasonable
estimate of effusion size:

1. Interpleural Distance Measurement:

In the lateral or posterior approach, measure the maximum distance
between the parietal and visceral pleura at end-expiration. This
measurement (in mm or cm) can correlate with effusion volume. For
example, a distance of 20 mm (2 cm) at the mid-axillary line may
correspond to approximately 500 mL of fluid.

2. Semi-Quantitative Assessment:

Small: Minimal fluid, often only visible during inspiration, or a thin
anechoic stripe.

Moderate: Fluid separating the lung from the chest wall, with some lung
collapse, but not extending to the apex.

Large: Extensive fluid, causing significant lung collapse, potentially
extending to the apex.

3. Volume Estimation Formulas (Advanced): More advanced formulas exist, but
for beginners, a simple interpleural distance measurement or semi-quantitative
assessment is usually sufficient.

Clinical Pearl: Always scan both sides of the chest, even if the patient has unilateral
symptoms, as effusions can be bilateral. Remember that ultrasound is highly sensitive
for effusions, so even a small amount of fluid can be detected. Correlate your findings
with the patient's clinical presentation and other diagnostic tests.

8. Lung Consolidation Patterns

Lung consolidation refers to the replacement of air in the alveoli with fluid, pus, blood,
or cells. This commonly occurs in pneumonia, but can also be seen in atelectasis,
pulmonary contusion, or tumor. Unlike normal air-filled lung, consolidated lung tissue
allows ultrasound waves to penetrate, making it visible on ultrasound.



Define Consolidation and Its Ultrasound Characteristics

Consolidation on ultrasound appears as a solid-like, tissue-like (hepatized) area
within the lung field. The key characteristics are:

Tissue-like Appearance (Hepatization): Consolidated lung often resembles the
liver or spleen in echogenicity and texture. It will appear as a hypoechoic to
isoechoic (dark to similar brightness as surrounding tissue) area with a relatively
homogeneous texture.

Irregular Borders: The borders of consolidation can be irregular, especially
where it meets aerated lung.

Absence of Pleural Sliding: Over the consolidated area, pleural sliding will be
absent because the lung is no longer aerated and moving freely.

Presence of Fluid (if any): Consolidation can be associated with small pleural
effusions or fluid within the consolidated area.

Explain Different Types of Consolidation Patterns

Consolidation can present in various patterns, each offering clues about the
underlying pathology:

1. Lobar Consolidation: This is typical of bacterial pneumonia, where an entire
lobe or a significant portion of it becomes consolidated. It appears as a large,
relatively homogeneous, tissue-like area.

2. Subpleural Consolidation: These are smaller, often triangular or wedge-shaped
consolidations located just beneath the pleural line. They are commonly seen in
viral pneumonia, pulmonary contusion, or early bacterial pneumonia. They may
be associated with localized B-lines.

3. Translobar Consolidation: This refers to consolidation that extends across an
entire lobe, often reaching the diaphragm.

Describe Associated Findings Like Air Bronchograms

Several associated findings can help confirm the diagnosis of consolidation and
differentiate its cause:



Air Bronchograms: This is a highly specific sign of consolidation. Air
bronchograms appear as bright, punctate (dot-like) or linear echoes within the
consolidated lung tissue. They represent air trapped within patent bronchi that
are surrounded by consolidated alveoli. They can be:

Static Air Bronchograms: Air within the bronchi remains stationary. This is
common in pneumonia.

Dynamic Air Bronchograms: Air within the bronchi moves with respiration.
This is more suggestive of atelectasis (lung collapse due to obstruction)
where the bronchi are still patent and communicating with the airway.

Fluid Bronchograms: Less common, these appear as anechoic (black) tubular
structures within the consolidated lung, representing fluid-filled bronchi.

Pleural Line Irregularity: The pleural line overlying consolidated lung may
appear thickened, irregular, or fragmented.

Vascular Structures: Within the consolidated lung, you may be able to identify
patent pulmonary vessels, appearing as anechoic tubular structures.

Clinical Pearl: The presence of air bronchograms within a consolidated area is a
strong indicator of pneumonia. Dynamic air bronchograms suggest atelectasis. Always
look for these subtle but important signs. Remember that while ultrasound can detect
consolidation, it cannot definitively differentiate between all causes (e.g., pneumonia
vs. tumor) without clinical correlation and sometimes further imaging.

9. Common Artifacts and Troubleshooting

While some artifacts in lung ultrasound are diagnostic (e.g., A-lines, B-lines), others
can be confusing for beginners and may lead to misinterpretation. Understanding
these common artifacts and knowing how to troubleshoot technical problems is
essential for accurate imaging.

Identify Common Artifacts That Can Confuse Beginners

1. Mirror Artifacts: These occur when sound waves reflect off a strong, curved
reflector like the diaphragm. The ultrasound machine may misinterpret the
reflected sound as coming from a deeper structure, creating a mirror image of



the liver or spleen above the diaphragm. This can be mistaken for consolidation.
To differentiate, look for the spine sign (present in effusion, absent in mirror
artifact) and the characteristic tissue texture of the liver/spleen.

2. Subcutaneous Emphysema: Air in the subcutaneous tissues (e.g., from trauma
or barotrauma) creates a chaotic, bright, and irregular appearance that obscures
the underlying pleural line and lung. It can be very difficult to perform lung
ultrasound in the presence of significant subcutaneous emphysema. Try
scanning in different locations where emphysema is less prominent.

3. Z-lines: These are short, vertical artifacts that arise from the pleural line but do
not extend to the bottom of the screen and do not erase A-lines. They are
generally considered clinically insignificant and should not be confused with B-
lines.

4. E-lines: These are vertical artifacts that arise from the chest wall and extend to
the pleural line, often associated with subcutaneous emphysema. They do not
originate from the pleura and should not be mistaken for B-lines.

Provide Troubleshooting Guidance for Technical Problems

Poor Image Quality:

Check Gel: Ensure you have used enough ultrasound gel. Air between the
probe and skin is a common cause of poor images.

Adjust Gain: Optimize the gain settings. Too much gain can create a
‘whiteout’ effect, while too little can make important structures invisible.

Adjust Depth: Make sure the depth is appropriate for the structures you
want to see. The pleural line should be in the upper third of the screen.

Probe Pressure: Apply firm but gentle pressure. In obese patients, you may
need to apply more pressure to get closer to the pleura.

Difficulty Finding Pleural Sliding:

Check Patient’s Breathing: Is the patient breathing very shallowly or
holding their breath? Ask them to take a deep breath.

Scan in Different Locations: Try scanning in different intercostal spaces or
more laterally.



Use M-mode: M-mode can help confirm subtle sliding or its absence.

Consider Pathology: If you consistently cannot find sliding, consider
pneumothorax or other pathologies.

Include Tips for Optimizing Image Quality

Focal Zone: Adjust the focal zone (the area of best resolution) to be at the level of
the pleural line. This will improve the clarity of the pleura and any associated
artifacts.

Harmonics: Using tissue harmonic imaging (if available) can sometimes improve
image quality by reducing artifacts and improving contrast.

Preset Selection: Use the appropriate preset on your ultrasound machine (e.g.,
‘lung’ or ‘superficial’). These presets are optimized for the type of imaging
you are performing.

Clean the Probe: Ensure the probe is clean. Debris or old gel can interfere with
image quality.

By being aware of these common artifacts and troubleshooting techniques, you can
avoid common pitfalls and improve the accuracy of your lung ultrasound
examinations.

10. Clinical Integration and Decision-Making

Focused Lung Ultrasound (FLUS) is a powerful bedside tool, but its utility is maximized
when integrated seamlessly with the patient's clinical assessment, history, and other
diagnostic information. It is not a standalone diagnostic test but rather an extension of
the physical examination.

Explain How to Integrate Lung Ultrasound Findings with Clinical
Assessment

1. History and Physical Examination: Always start with a thorough history and
physical exam. FLUS findings should be interpreted in the context of the patient's
symptoms (e.g., dyspnea, cough, chest pain), vital signs, and pre-existing medical
conditions.



2. Formulate a Clinical Question: Before performing FLUS, ask yourself a specific
clinical question (e.g., "Does this patient with acute dyspnea have pulmonary
edema or pneumothorax?"). This will guide your scanning and interpretation.

3. Correlate Findings:

B-lines: If you find diffuse B-lines in a patient with acute dyspnea and signs
of fluid overload, it strongly supports a diagnosis of cardiogenic pulmonary
edema. If B-lines are localized and the patient has fever and cough,
consider pneumonia.

Absent Pleural Sliding: In a trauma patient with acute respiratory distress,
absent pleural sliding immediately raises suspicion for pneumothorax.

Pleural Effusion: A newly detected pleural effusion in a patient with
malignancy might suggest a malignant effusion.

4. Dynamic Assessment: Lung ultrasound allows for dynamic assessment. You can
re-scan patients after interventions (e.g., diuretics for pulmonary edema) to
assess response to treatment.

Provide Guidance on When to Use Lung Ultrasound

FLUS is particularly useful in several clinical scenarios:

Acute Dyspnea: Rapidly differentiate between causes like pulmonary edema,
COPD exacerbation, asthma, pneumonia, and pneumothorax.

Trauma: Quickly assess for pneumothorax and hemothorax.

Hypotension/Shock: Help determine the cause of shock (e.g., cardiogenic,
obstructive, hypovolemic) by assessing lung and cardiac findings.

Fluid Management: Guide fluid resuscitation and de-resuscitation by assessing
B-lines and pleural effusions.

Cardiac Arrest: Identify reversible causes during resuscitation (e.g.,
pneumothorax, pulmonary embolism).

Procedural Guidance: Assist with thoracentesis or chest tube insertion.

Monitoring: Monitor response to therapy in conditions like heart failure or
pneumonia.



Include Safety Considerations and Limitations

Safety Considerations:

Non-invasive: Ultrasound is generally considered very safe as it does not involve
ionizing radiation.

Infection Control: Always clean the probe thoroughly between patients to
prevent cross-contamination.

Patient Comfort: Ensure patient privacy and comfort during the examination.

Ergonomics: Maintain good ergonomic posture to prevent musculoskeletal
strain during scanning.

Limitations:

Operator Dependent: The quality and interpretation of FLUS are highly
dependent on the skill and experience of the operator. Extensive training and
practice are required.

Limited Penetration: Ultrasound waves do not penetrate air or bone well. This
means that deep lung pathology (e.g., central pulmonary embolism, deep lung
nodules) cannot be directly visualized.

Subcutaneous Emphysema: As mentioned, significant subcutaneous
emphysema can severely limit image quality.

Obesity: While ultrasound can be performed in obese patients, increased tissue
thickness can make image acquisition more challenging.

Not a Replacement for Definitive Imaging: While powerful, FLUS is often a
screening or rapid diagnostic tool. Abnormal findings may require confirmation
with other imaging modalities (e.g., CT scan) or further clinical workup.

Lack of Specificity: Some findings (e.g., B-lines) are not specific to a single
diagnosis and must be interpreted in the clinical context.

Teaching Tip: Always emphasize the importance of integrating FLUS findings with the
overall clinical picture. Encourage learners to think critically and avoid making
diagnoses based solely on ultrasound findings. Practice, practice, practice is key to
developing proficiency in FLUS.


