Comprehensive Guide to Focused Lung
Ultrasound (FLUS) for Novice Healthcare
Practitioners

Welcome to the exciting world of focused lung ultrasound (FLUS)! This guide is designed to
equip you, whether you're a medical student, nursing student, or junior resident, with the
foundational knowledge and practical skills to perform and interpret FLUS safely and
accurately. FLUS is a powerful, non-invasive tool that can rapidly provide crucial information at
the bedside, aiding in the diagnosis and management of various respiratory conditions. No
prior ultrasound experience is required — we'll start from the very beginning.

1. Basic Ultrasound Physics for Lung Imaging

Understanding a few fundamental physics principles will help you grasp why lung ultrasound
images appear as they do.

What is Ultrasound?

Ultrasound uses high-frequency sound waves (beyond the range of human hearing) to create
images of structures inside the body. These sound waves are generated by a transducer (the
probe) and then emitted into the body. When they encounter different tissues, they are
reflected back to the probe, which then converts these reflections into electrical signals.
These signals are processed by the ultrasound machine to create a real-time image on the
screen.

Acoustic Impedance, Reflection, and Transmission

e Acoustic Impedance: This is a property of a medium that describes its resistance to the
passage of sound waves. Different tissues in the body have different acoustic
impedances.

e Reflection: When sound waves encounter an interface between two tissues with
different acoustic impedances, some of the sound waves are reflected back to the probe.
The greater the difference in acoustic impedance, the more sound waves are reflected.
This is how we get our images.

e Transmission: Some sound waves will pass through the interface and continue deeper



into the body.

Why Lungs Appear Different from Other Organs on Ultrasound
This is a critical concept for lung ultrasound!

e Air-Filled Organs: The lungs are primarily filled with air. Air has a vastly different
acoustic impedance compared to soft tissue and fluid.

e Strong Reflection at Pleura: When ultrasound waves hit the interface between the
chest wall and the air-filled lung (the pleura), almost all of the sound waves are reflected
back. Very few sound waves penetrate into the air-filled lung parenchyma.

e Artifact Generation: Because sound waves cannot effectively penetrate air, we don't
see detailed images of the lung tissue itself. Instead, what we primarily see are artifacts
- visual representations on the screen that are not direct anatomical structures but are
generated by the interaction of ultrasound waves with air and tissue. These artifacts,
surprisingly, are incredibly useful for assessing lung pathology! This is a major difference
from abdominal or cardiac ultrasound where you visualize the organ directly.

Summary for Lungs: Unlike solid organs (like the liver or kidneys) which allow ultrasound
waves to penetrate and create detailed images, the air in the lungs acts as a strong reflector,
producing characteristic artifacts that we learn to interpret.

2. Probe Selection and Positioning

Choosing the right probe and knowing where to place it are fundamental to obtaining clear
and diagnostic images.

Probe Selection and Frequencies
Different probes use different frequencies of ultrasound waves, which affect image depth and
resolution.
e High-Frequency Probes (Linear Array Probe):
o Appearance: Flat footprint.
Frequency Range: Typically 7-15 MHz.
Penetration: Poor depth penetration.
Resolution: Excellent superficial resolution.
Use in FLUS: Ideal for visualizing superficial structures like the pleural line and
assessing for pleural sliding, B-lines, and pneumothorax. It provides the most
detailed view of the pleura.
e Low-Frequency Probes (Curvilinear/Convex Array Probe):
o Appearance: Curved footprint.
o Frequency Range: Typically 2-5 MHz.
o Penetration: Good depth penetration.
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Resolution: Poorer superficial resolution, but better for deeper structures.
Use in FLUS: Useful for visualizing deeper structures, assessing larger pleural
effusions, and identifying lung consolidation, as it can penetrate better into
consolidated lung tissue.

Phased Array Probe (Cardiac Probe):

o Appearance: Small footprint, sector-shaped image.

o Frequency Range: Similar to curvilinear (2-5 MHz).

o Use in FLUS: Can be used for lung imaging, especially if curvilinear is unavailable,
and is particularly good for scanning between ribs due to its small footprint. It also
allows for deeper penetration.

Recommendation for Beginners: Start with the linear probe for assessing pleural sliding,
B-lines, and pneumothorax, as it offers the best resolution for these superficial findings. The
curvilinear probe is excellent for assessing pleural effusions and deeper consolidations.

Optimal Probe Positioning Techniques

Patient Positioning: The patient should generally be supine or semi-recumbent, allowing
for easy access to the chest wall. If assessing for pleural effusion, having the patient
upright or in a lateral decubitus position (affected side down) can help fluid accumulate
dependently.

Probe Orientation:

o Longitudinal (Sagittal) View: The probe marker (a small dot or line on the probe
and on the screen) should be pointed towards the patient's head. This orientation
allows visualization of multiple ribs and intercostal spaces.

o Transverse (Axial) View: The probe marker should be pointed towards the patient's
right side. This view is often used to get a cross-section of the intercostal space.

Rib Space Scanning: Always place the probe in an intercostal space (between two ribs).

The ribs will block the ultrasound waves, creating a "rib shadow" — a dark area beneath

the rib.

Gentle Pressure: Apply gentle, consistent pressure to ensure good contact with the skin

and to eliminate air pockets between the probe and skin, which can obscure the image.

Ultrasound Gel: Always use a generous amount of ultrasound gel. The gel eliminates air

between the probe and the skin, which would otherwise reflect all ultrasound waves and

prevent image acquisition.

Standard Anatomical Landmarks and Scanning Positions
A systematic approach is crucial for comprehensive lung assessment.

Anatomical Landmarks:

o Mid-clavicular line: An imaginary line running vertically down from the middle of the
clavicle.

o Anterior axillary line: An imaginary line running vertically down from the anterior
border of the axilla.

o Mid-axillary line: An imaginary line running vertically down from the middle of the



axilla.

o Posterior axillary line: An imaginary line running vertically down from the posterior
border of the axilla.

o Scapular line: An imaginary line running vertically down from the inferior angle of
the scapula.

e Scanning Zones: The chest can be divided into various zones for systematic
examination. A common approach is the "BLUE protocol" (Bedside Lung Ultrasound in
Emergency), which uses four standardized points per hemithorax (two anterior, two
lateral).

o Anterior Points:

m Upper Anterior: Approximately in the 2nd-3rd intercostal space, mid-clavicular
line.

m Lower Anterior: Approximately in the 4th-5th intercostal space, mid-clavicular
line.

o Lateral Points:

m Upper Lateral: Approximately in the 3rd-4th intercostal space, anterior or
mid-axillary line.

m Lower Lateral (PLAPS point - PosteroLateral Alveolar and/or Pleural
Syndrome): This is a key point for detecting pleural effusions, located
posterolaterally at the diaphragm level, around the 8th-9th intercostal space,
between the posterior axillary and scapular lines. This often requires the patient
to be in a sitting or lateral decubitus position.

e Systematic Scan: Start with one side, scan all desired zones, and then move to the other
side. Compare findings between sides.

3. Normal Lung Ultrasound Appearance

Understanding what a healthy lung looks like on ultrasound is the baseline for identifying
abnormalities.

What Normal Lung Ultrasound Looks Like
The normal lung ultrasound image is characterized by a specific pattern dominated by
artifacts.

e Bat Sign: This is a helpful mnemonic for identifying the normal pleural line. When you
place the linear probe longitudinally in an intercostal space, you will see two hyperechoic
(bright white) horizontal lines. These are the ribs (superior and inferior to the intercostal
space). Below each rib, there will be a dark shadow due to the inability of ultrasound
waves to pass through bone - these are the rib shadows. Between the two rib shadows,
at the very top of the image (or superficial to the rib shadows, depending on depth



settings), you will see a bright, hyperechoic, horizontal line. This is the pleural line. The

two ribs forming the "wings" and the pleural line as the "body" create the "bat sign."

Key Anatomical Landmarks:

o Pleural Line: As described above, this is the most important landmark. It represents
the interface between the parietal (outer) and visceral (inner) pleura. In a healthy
lung, these two layers are in close apposition and slide over each other. It appears as
a bright, thin, hyperechoic line.

o Rib Shadows: The anechoic (dark) areas directly deep to the ribs. They are artifacts
indicating the presence of bone blocking the ultrasound beam.

Normal Artifacts and Their Significance:

o A-lines: These are horizontal, hyperechoic lines that are equidistant and parallel to
the pleural line, extending deep into the image. They are reverberation artifacts.
When the ultrasound beam hits the air-filled lung, the strong reflection at the pleural
line causes some of the sound waves to bounce back and forth between the probe
and the pleura before returning to the probe. The machine interprets these multiple
reflections as structures at increasing depths. A-lines are a normal finding and
indicate the presence of air in the lung (i.e., a well-aerated lung). The presence of
A-lines, especially in the absence of B-lines, is a strong indicator of a normal,
air-filled lung.

Summary of Normal Lung: The image will show the "bat sign" (two ribs with their shadows
and the pleural line in between), and deep to the pleural line, you will see repetitive, horizontal
A-lines. Critically, you will also observe "pleural sliding" (discussed next).

4. Identifying Pleural Sliding

Pleural sliding is the cornerstone of normal lung ultrasound and a key indicator of lung health.

What is Pleural Sliding and Why It's Important

Definition: Pleural sliding, also known as "lung sliding," is the visible back-and-forth
movement of the visceral pleura (lung surface) against the parietal pleura (inner chest
wall) during respiration. It appears as a shimmering or "ants marching" movement along
the pleural line on the ultrasound screen.

Physiology: This movement occurs because the two layers of pleura, separated by a thin
layer of pleural fluid, slide smoothly over each other as the lung inflates and deflates with
each breath.

Importance: The presence of pleural sliding is a strong indicator that the lung is in
contact with the chest wall and is moving. Its absence is a critical sign, most notably for
pneumothorax.



How to Recognize Pleural Sliding Visually

e B-Mode (2D Imaging): Position your linear probe longitudinally in an intercostal space to
get a clear view of the pleural line (the "bat sign"). Focus your attention on this bright,
hyperechoic line. As the patient breathes, you will observe a dynamic, shimmering,
glistening, or "ants marching" appearance along the pleural line. It's subtle but
distinct. It looks like small, bright speckles moving horizontally along the line.

e M-Mode (Motion Mode): M-mode is invaluable for confirming pleural sliding, especially
for beginners.

o Activation: Once you have a good B-mode image of the pleural line, press the
"M-mode" button on your ultrasound machine.
o M-mode Cursor: A vertical line will appear on your B-mode image. Position this line
so it transects the pleural line and extends deep into the lung.
o M-mode Display: The M-mode display will show a time-motion graph.
m "Seashore Sign": In a normal lung with pleural sliding, the M-mode image will
resemble a "seashore."
m Above the Pleural Line: This area represents the stationary chest wall and
subcutaneous tissue. It will appear as relatively straight, horizontal lines (the
"waves").
At the Pleural Line: This is the interface.
Below the Pleural Line: This represents the moving lung. Due to the
movement of the pleura and the air-filled lung causing random reflections,
this area will appear as a granular, "sandy" pattern (the "sand").
m The distinct transition from the static "waves" above to the dynamic "sand"
below confirms pleural sliding.

Confirmation Techniques and Troubleshooting Tips

e Confirmation:

o Real-time B-mode: Observe the shimmering.

o M-mode: Look for the "seashore sign."

o Patient Respiration: Ask the patient to take deeper breaths to exaggerate the
sliding, if necessary.

o Compare Sides: Always compare the suspect area to the contralateral (opposite)
side. If one side shows sliding and the other doesn't, it increases the suspicion of
pathology.

e Troubleshooting Tips:

o Too Much Pressure: Applying too much pressure with the probe can artificially
reduce or eliminate sliding by pushing the two pleural layers together. Use gentle
pressure.

o Shallow Breathing: If the patient is breathing very shallowly, the sliding may be
minimal. Ask them to take deeper breaths.

o Obesity/Muscle: Thick chest wall or muscle can make visualization difficult. Adjust
depth and gain settings.



o Subcutaneous Emphysema: Air in the subcutaneous tissues can scatter ultrasound
waves and obscure the image. Look for "snowstorm" artifact.

o Adhesions: Pre-existing pleural adhesions can prevent sliding in a localized area,
even if the lung is aerated. Clinical correlation is essential.

5. Recognizing B-Lines and Their Significance

B-lines are another important artifact that indicates the presence of fluid within the lung
parenchyma.

Define B-lines and Their Ultrasound Appearance

e Definition: B-lines (formerly known as "comet-tail artifacts" or "lung rockets") are
discrete, laser-like, hyperechoic (bright white) vertical artifacts that originate from the
pleural line and extend down to the bottom of the screen, moving synchronously with
respiration. They often obscure A-lines.

e Appearance:

Origin: Must arise from the pleural line.

Vertical: Must be strictly vertical, not diverging.

Hyperechoic: Bright, white lines.

Motion: Move with the pleural line during respiration.

Erase A-lines: They often "erase" or replace the normal horizontal A-lines.

Laser-like: They appear as thin, distinct "beams" of light.
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How to Identify and Quantify B-lines

e Identification: Use the linear probe. Place it in an intercostal space, perpendicular to the
ribs. Look for the characteristic bright, vertical lines originating from the pleural line that
extend to the far field and obliterate A-lines.

e Quantification:

o Number: Count the number of B-lines in each intercostal space.

o Confluent B-lines: If multiple B-lines are so numerous that they merge and become
indistinct, they are described as "confluent B-lines" or a "white lung" pattern. This
suggests significant interstitial fluid.

o Scoring: For a more quantitative assessment, you can use a scoring system (e.g.,
counting B-lines in multiple standardized zones and summing them). However, for
beginners, simply identifying their presence, number (few vs. many), and confluence
is sufficient.

Clinical Significance of B-lines in Different Conditions
B-lines are generated by fluid in the peripheral lung interstitium and alveoli. They are a



non-specific sign but incredibly useful when combined with the clinical picture.

Pulmonary Edema/Congestive Heart Failure (CHF): This is the most common and
clinically significant cause of diffuse, bilateral B-lines. As CHF worsens, the number of
B-lines increases, and they can become confluent. Rapid improvement in B-lines can be
seen with diuretic therapy.

Acute Respiratory Distress Syndrome (ARDS): ARDS can also cause B-lines, often
more heterogeneous or patchy, and can be associated with areas of lung consolidation.
Pulmonary Fibrosis/Interstitial Lung Disease: Chronic interstitial lung diseases can
cause B-lines, which tend to be more stable and often accompanied by a thickened,
irregular pleural line.

Pneumonia: Focal areas of B-lines can be seen adjacent to areas of consolidation in
pneumonia.

Other Causes: Less commonly, B-lines can be seen in atelectasis, contusion, and even in
a small number of healthy individuals (especially at the bases).

Clinical Pearl: While B-lines indicate fluid in the interstitium, they do not tell you the cause of
the fluid. Always integrate your ultrasound findings with the patient's history, physical
examination, and other investigations. Diffuse, bilateral B-lines, especially if confluent,
strongly suggest cardiogenic pulmonary edema.

6. Detecting Pneumothorax

Pneumothorax (PTX), or collapsed lung, is a critical condition where air enters the pleural
space, separating the two pleural layers. Lung ultrasound is highly sensitive and specific for
its detection.

Ultrasound Signs of Pneumothorax

Absence of Pleural Sliding: This is the primary and most sensitive sign. Because air in
the pleural space separates the parietal and visceral pleura, the lung surface can no
longer slide against the chest wall.

o M-mode Confirmation: The M-mode will show the "stratosphere sign" or "barcode
sign." Instead of the "seashore," you will see parallel, horizontal lines extending from
the chest wall all the way down the screen, resembling a barcode. This indicates
complete absence of movement below the pleural line.

Absence of B-lines: Since B-lines originate from the pleural line and indicate fluid in the

lung, their absence in the presence of an air-filled pleural space is expected. If you see

B-lines, it rules out pneumothorax at that specific location.

Presence of A-lines: A-lines are still present as they are reverberation artifacts from the

air-pleura interface. However, they are often the only artifact seen in a pneumothorax (in



the absence of sliding).

Lung Point: This is the most specific sign of pneumothorax. It represents the point where

the visceral pleura (lung surface) intermittently touches the parietal pleura (chest wall).

o Appearance: On B-mode, you will see the transition from an area with no pleural
sliding (pneumothorax) to an area with normal pleural sliding. The M-mode will show
an intermittent "seashore sign" alternating with a "barcode sign" at the same
location.

o Significance: The lung point indicates the precise edge of the pneumothorax. It
confirms the diagnosis and estimates the size of the pneumothorax (a larger PTX will
have the lung point more laterally/posteriorly).

Scanning Technique for Pneumothorax Detection

Probe: Use the linear probe for optimal visualization of the pleural line.

Patient Position: Supine or semi-recumbent is ideal for anterior PTX detection, as air
rises to the most non-dependent part of the chest.

Scanning Zones: Focus on the anterior chest, particularly the 2nd-3rd intercostal spaces
along the mid-clavicular line, as small pneumothoraces often accumulate here first.
However, a full anterior and lateral scan is recommended.

Systematic Scan: Place the probe in an intercostal space. First, look for pleural sliding in
B-mode. If absent, switch to M-mode to confirm the "barcode sign." Then, systematically
slide the probe laterally and inferiorly to look for a "lung point."

Confirmatory Signs and Clinical Pearls

“No sliding, no B-lines, A-lines present": This triad strongly suggests pneumothorax,
especially in the setting of trauma or respiratory distress.

Lung Point is Diagnostic: If you find a lung point, the diagnosis of pneumothorax is
confirmed. If you don't find a lung point but have absent sliding and B-lines, a
pneumothorax is highly likely, but consider other causes for absent sliding (e.g., severe
adhesions, mainstem intubation, very shallow breathing).

Beware of Subcutaneous Emphysema: Subcutaneous emphysema can mimic the
absence of sliding by scattering ultrasound waves and creating a "snowstorm"
appearance. Always try to find a window free of emphysema if possible.

Clinical Context: Always interpret ultrasound findings within the clinical context. A small,
asymptomatic pneumothorax might be managed differently from a tension
pneumothorax.

7. Assessing Pleural Effusion

Pleural effusion is the accumulation of fluid in the pleural space. Ultrasound is excellent for



detecting and quantifying effusions, even small ones.

Ultrasound Appearance of Pleural Effusion

Anechoic/Hypoechoic Space: Fluid appears anechoic (black) or hypoechoic (dark gray)
on ultrasound. A pleural effusion will be seen as an anechoic or hypoechoic collection in
the pleural space, typically superior to the diaphragm.

Diaphragm: The diaphragm appears as a bright, hyperechoic line separating the
abdominal organs (liver/spleen) from the chest cavity.

Atelectatic Lung (Compressed Lung): In larger effusions, the lung parenchyma can be
compressed and collapse, appearing as consolidated lung tissue floating within the fluid.
This consolidated lung may show dynamic air bronchograms (bright moving specks
within the consolidated lung, indicating air in the bronchi).

Spine Sign: This is a highly specific sign for pleural effusion. Normally, the spine is not
visible above the diaphragm on ultrasound due to the air-filled lung blocking the sound
waves. However, when fluid fills the pleural space, it acts as an acoustic window, allowing
visualization of the vertebral bodies above the diaphragm. If you see the spine extending
superior to the diaphragm, it indicates a pleural effusion.

Optimal Scanning Techniques and Patient Positioning

Probe: The curvilinear probe is usually preferred due to its deeper penetration and
wider field of view, which is better for assessing fluid collections. A phased array probe
can also be used.

Patient Positioning:

o Upright/Sitting: This is the optimal position, as fluid accumulates dependently in the
costophrenic angles.

o Lateral Decubitus: Patient lying on their side with the affected side down can also
help fluid pool.

o Supine: While possible, small effusions may be missed as fluid pools posteriorly.

Scanning Location:

o PLAPS Point (PosteroLateral Alveolar and/or Pleural Syndrome): This is the most
sensitive area for detecting pleural effusions. Place the probe (curvilinear or phased
array) in the 8th-9th intercostal space along the posterior axillary line, aiming
superiorly and medially. You will see the diaphragm, liver/spleen below it, and if
present, fluid above the diaphragm.

o Posterior Chest: Systematically scan the posterior chest, moving from superior to
inferior and medial to lateral.

Methods for Quantifying Effusion Size
Quantification is often a rough estimation but can be useful for tracking changes or guiding
drainage.

Qualitative Assessment: Small, moderate, large.
o Small: Only seen at the costophrenic angle.
o Moderate: Extends more superiorly, sometimes reaching the mid-lung fields.



o Large: Occupies a significant portion of the hemithorax, often with lung collapse.
e Semiquantitative Measurements:

o Interpleural Distance: Measure the maximum distance between the parietal and
visceral pleura in the supine patient at the base of the lung. A distance of >20mm
often suggests a significant effusion.

o TRI-STAR Method: In the upright position, measure the maximum vertical distance
between the diaphragm and the inferior aspect of the lung in the posterior axillary
line. This can be correlated with fluid volume, although formulas vary.

o Advantages: Ultrasound can detect effusions as small as 20-50 mL, making it
superior to chest X-ray for small effusions. It can also differentiate between fluid and
consolidated lung.

8. Lung Consolidation Patterns

Consolidation refers to the filling of the airspaces with fluid, cells, or other material, as seen in
pneumonia, atelectasis, or contusion. Ultrasound is excellent for detecting peripheral
consolidations.

Define Consolidation and Its Ultrasound Characteristics

e Definition: On ultrasound, consolidation appears as a solid, tissue-like (hepatized)
pattern of the lung parenchyma, replacing the normal air-filled pattern. It often looks
similar to liver tissue.

e Ultrasound Characteristics:

o Tissue-like Pattern (Hepatization): The most defining feature. The consolidated
lung appears as a relatively homogeneous, grey, solid area.

o Irregular or Shaggy Pleural Line: The pleural line directly overlying the
consolidation may appear thickened, irregular, or even fragmented, unlike the smooth
normal pleural line.

o Absence of Pleural Sliding: Over the consolidated area, pleural sliding will typically
be absent because the lung tissue is no longer moving freely against the chest wall.

o Absence of A-lines and B-lines: The air that generates these artifacts is replaced
by fluid/cells within the consolidated tissue.

Different Types of Consolidation Patterns

e Lobar Consolidation (e.g., Pneumonia):
o Appearance: A large, wedge-shaped or ill-defined area of hepatized lung.
o Associated Findings: Often accompanied by dynamic air bronchograms
(discussed below), indicating that air is still present in the larger airways within the
consolidated lung. A small pleural effusion may also be present.



e Subpleural Consolidation (e.g., early Pneumonia, Atelectasis, Contusion):

o Appearance: Smaller, more localized, often triangular or irregularly shaped areas of
consolidation directly beneath the pleural line.

o Associated Findings: May also show air bronchograms.

e Atelectasis (Collapse):

o Appearance: Can also appear as hepatized lung, sometimes with a more "shred
sign” (irregular, ill-defined border) or "curtain sign" (the aerated lung "curtaining”
over the consolidated area during respiration).

o Associated Findings: Often associated with a pleural effusion. Air bronchograms
may be static.

Associated Findings Like Air Bronchograms

e Air Bronchograms: These are bright, punctate (dot-like) or linear structures seen within
the consolidated lung. They represent air-filled bronchi that are still patent within the
surrounding fluid-filled or consolidated lung tissue.

o Static Air Bronchograms: If the air bubbles within the bronchi do not move with
respiration, they are considered static. This is more common in atelectasis.

o Dynamic Air Bronchograms: If the air bubbles show movement with respiration,
they are dynamic. This is highly suggestive of pneumonia, as it indicates that the
consolidated lung is still connected to the airway system and air is flowing through it.
It's a key differentiator from atelectasis or effusion where air bronchograms might be
static or absent.

Scanning Technique: Use the curvilinear probe for better depth. Systematically scan the lung
fields, especially posteriorly and laterally, as consolidations often begin in these areas. Look
for the "hepatized" appearance and dynamic air bronchograms.

9. Common Artifacts and Troubleshooting

Understanding artifacts and knowing how to troubleshoot common problems will significantly
improve your image interpretation and scanning efficiency.

Identify Common Artifacts that Can Confuse Beginners

e A-lines: (Revisit) Normal reverberation artifacts, parallel to the pleural line. Indicate
air-filled lung. Don't confuse with B-lines!

e B-lines: (Revisit) Vertical, laser-like artifacts from the pleural line, indicating fluid in the
interstitium.

e Rib Shadows: Anechoic (dark) areas deep to the ribs. Normal and expected. Position
your probe in the intercostal space to avoid them obscuring the pleura.



Subcutaneous Emphysema (“Snowstorm Sign"): Air in the soft tissues of the chest
wall. Appears as a chaotic, bright, diffuse shimmering pattern that obscures the deeper
structures, including the pleural line and lung. This makes assessing pleural sliding and
other signs difficult.

Mirror Image Artifact: Occurs when a strong reflector (like the diaphragm) acts like a
mirror, creating a duplicated image of a structure (e.g., the liver) on the opposite side of
the reflector (in the chest cavity). This can be confusing, making it look like there's lung
tissue or an effusion where there isn't. Recognize it by its identical appearance to the true
structure and its position across a strong reflector.

Edge Shadowing: Dark shadows that appear at the edges of curved structures (e.g.,
blood vessels, consolidated lung) due to refraction of the ultrasound beam.

Troubleshooting Guidance for Technical Problems

Image Too Dark/Bright (Gain):

o Problem: Images are too dark or too bright.

o Solution: Adjust the gain setting (overall brightness). Increase gain if too dark,
decrease if too bright.

Image Too Shallow/Deep (Depth):

o Problem: The structure of interest is not fully visible, or too much unnecessary deep
tissue is displayed.

o Solution: Adjust the depth setting. Decrease depth for superficial structures (e.g.,
pleural line with linear probe), increase depth for deeper structures (e.g., pleural
effusion with curvilinear probe).

Poor Resolution/Fuzzy Image (Focus):

o Problem: The image appears blurry or indistinct.

o Solution: Adjust the focal zone (often indicated by an arrow or triangle on the side
of the screen). Place the focal zone at the level of the structure you want to optimize
for, usually the pleural line for lung.

Obscured View due to Air:

o Problem: Air between the probe and skin, or subcutaneous emphysema.

o Solution: Apply more ultrasound gel, ensure firm but gentle probe contact. If
subcutaneous emphysema is present, try scanning in a different area or a different
intercostal space where the emphysema is less severe.

Can't See Pleural Sliding:

o Problem: Suspected absent sliding, but unsure if it's true absence or technical issue.

o Solution:

m Check Patient Breathing: Ask for deeper breaths.

Reduce Pressure: Ensure you're not pushing too hard.

Adjust Depth/Gain: Optimize image.

Try M-mode: Confirm "seashore" or "barcode."

Compare to Other Side: Always compare.



Tips for Optimizing Image Quality

Proper Probe Selection: Use the right probe for the job (linear for superficial, curvilinear
for deep).

Generous Gel: Always use enough gel to eliminate air pockets.

Patient Positioning: Optimize patient position for the specific pathology you are looking
for.

Systematic Scanning: Scan methodically to avoid missing areas.

Adjust Settings: Continuously adjust depth, gain, and focal zone in real-time as you
scan.

Transducer Pressure: Maintain consistent, appropriate pressure.

Clean Probe: Always clean the probe thoroughly after each use.

10. Clinical Integration and Decision-Making

The power of FLUS lies in its ability to rapidly provide bedside information that complements
your clinical assessment, leading to better and faster decision-making.

Explain How to Integrate Lung Ultrasound Findings with Clinical Assessment

Problem-Oriented Approach: Use FLUS to answer specific clinical questions (e.g.,
"Does this patient with acute dyspnea have pulmonary edema, pneumothorax, or
pneumonia?").

History and Physical Exam First: Always perform a thorough history and physical exam
before scanning. This will guide your ultrasound exam and help you interpret the findings.
For example, a patient with sudden onset dyspnea and unilateral decreased breath
sounds makes you highly suspicious for pneumothorax, and you would prioritize looking
for absent sliding.

Dynamic Assessment: Ultrasound is a real-time, dynamic tool. Observe changes over
time, especially during respiration, and correlate with patient effort.

Pattern Recognition: Learn the characteristic patterns for different pathologies (e.g.,
diffuse B-lines for CHF, absent sliding + A-lines for PTX, hepatization + dynamic air
bronchograms for pneumonia).

Consider Differential Diagnoses: If your initial scan doesn't confirm your suspected
diagnosis, re-evaluate your clinical assessment and consider other possibilities. For
example, if you suspect pneumonia but only see A-lines, maybe it's bronchitis or asthma.

Guidance on When to Use Lung Ultrasound
FLUS is particularly useful in various acute settings:

Acute Dyspnea: Rapidly differentiate between causes like pulmonary edema, COPD



exacerbation, asthma, pneumonia, and pneumothorax.

e Hypotension/Shock: Assess for cardiogenic shock (B-lines, cardiac dysfunction),
obstructive shock (pneumothorax, large effusion), or hypovolemic shock (dry lungs, IVC
assessment).

Trauma: Screen for pneumothorax and hemothorax/pleural effusion.
Cardiac Arrest: Rule out reversible causes like pneumothorax or massive pulmonary
embolism (though PE diagnosis is complex with FLUS alone).

e Guiding Procedures: Thoracentesis (pleural effusion drainage), central line placement
(rule out iatrogenic pneumothorax).

e Monitoring Treatment Response: Track resolution of B-lines with diuretic therapy in
CHF, or re-expansion of the lung after chest tube insertion for PTX.

Safety Considerations and Limitations

o Safety:

o Non-ionizing Radiation: Ultrasound uses sound waves, not radiation, making it very
safe and repeatable.

o Infection Control: Always clean the probe thoroughly between patients with
appropriate disinfectants. Use sterile gel and covers for sterile procedures (e.g.,
thoracentesis guidance).

o Patient Comfort: Explain the procedure, use warm gel, and apply gentle pressure.

e Limitations:

o Operator Dependence: Skill and experience are crucial for accurate acquisition and
interpretation.

o Cannot See Through Air: As discussed, air is a barrier to ultrasound. Deep lung
pathology (e.g., central lung tumors, deep lung abscesses) not reaching the pleural
surface cannot be directly visualized.

o Cannot See Through Bone: Ribs and sternum block the ultrasound beam. Always
scan in intercostal spaces.

o Subcutaneous Emphysema: Can severely degrade image quality and obscure
underlying pathology.

o Obesity: Excessive adipose tissue can attenuate the ultrasound beam, making image
acquisition more challenging.

o Non-Specific Findings: Some findings (e.g., B-lines, consolidations) are
non-specific and require clinical correlation.

o Limited View of Mediastinum/Hila: Ultrasound is not good for evaluating these
structures.

Memory Aids and Clinical Pearls

“B-lines = Wet Lung": Often indicates fluid in the lung interstitium.
“No Sliding, No B-lines = PTX until proven otherwise": A critical rule for
pneumothorax.

e "Seashore Sign vs. Barcode Sign": For M-mode and pleural sliding.



“Bat Sign": For identifying the pleural line and ribs.

"Spine Sign": For identifying pleural effusion.

“Dynamic Air Bronchograms = Pneumonia™: A strong clue.

Always Compare Sides: A unilateral finding is often more significant than a bilateral one.
Scan Systematically: Don't miss areas.

Practice, Practice, Practice: Like any skill, proficiency in FLUS comes with repeated
hands-on practice. Start with healthy volunteers, then move to patients with known
conditions under supervision.

By mastering these fundamentals, you will be well on your way to confidently incorporating
focused lung ultrasound into your clinical practice, enhancing your diagnostic capabilities,
and ultimately improving patient care. Good luck!
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