Focused Lung Ultrasound Training Instructions

1. Basic Ultrasound Physics for Lung Imaging

Ultrasound imaging relies on the principle of acoustic waves and their interactions

with tissues. Here's a breakdown of the fundamental physics relevant to lung

ultrasound:

Acoustic Impedance: The resistance of tissues to ultrasound waves. Different
tissues have varying acoustic impedances, which affect how ultrasound
waves interact with them.

Reflection: When ultrasound waves encounter a tissue interface, some of the
energy is reflected back to the probe. The amount of reflection depends on
the difference in acoustic impedance between the tissues.

Artifact Generation: Ultrasound artifacts occur when the machine
misinterprets the returning echoes, creating images that don't accurately
represent the tissue. In lung ultrasound, artifacts like A-lines and B-lines are

crucial for diagnosis.

Lungs appear different from other organs on ultrasound due to the air-tissue

interface, which creates a significant acoustic impedance mismatch. This results in a

characteristic "speckled" appearance and the generation of artifacts.

2. Probe Selection and Positioning

Probe Selection: For lung ultrasound, a high-frequency linear probe (5-10
MHz) or a curvilinear probe (2-5 MHz) can be used. The choice of probe
depends on the specific application and patient characteristics.
Probe Positioning: Optimal probe positioning techniques include:
o Placing the probe perpendicular to the chest wall
o Using anatomical landmarks like the intercostal spaces and rib margins
o Scanning in multiple planes to assess different areas of the lung
Standard Anatomical Landmarks: Familiarize yourself with the following

landmarks:



o Rib shadows: Dark shadows cast by the ribs
o Intercostal spaces: The areas between the ribs

o Pleural line: The interface between the lung and chest wall

3. Normal Lung Ultrasound Appearance

Normal Lung Ultrasound: A normal lung ultrasound shows:
o A smooth, echogenic pleural line
o A-lines: Horizontal, hyperechoic lines parallel to the pleural line
o Normal lung sliding: The visceral pleura gliding smoothly over the
parietal pleura during breathing
Key Anatomical Landmarks: Identify the pleural line, rib shadows, and
intercostal spaces.
Normal Artifacts: A-lines and normal lung sliding are essential artifacts in lung

ultrasound.

4. Identifying Pleural Sliding

What is Pleural Sliding?: Pleural sliding is the movement of the visceral pleura
against the parietal pleura during breathing.
Recognizing Pleural Sliding: Visually, pleural sliding appears as a smooth,
synchronized movement of the pleural line with respiration.
Confirmation Techniques:

o Use M-mode ultrasound to confirm lung sliding

o Look for the "seashore sign" in M-mode
Troubleshooting Tips:

o Ensure proper probe positioning and pressure

o Check for adequate lung expansion and patient breathing

5. Recognizing B-Lines and Their Significance

What are B-Lines?: B-lines are vertical, hyperechoic artifacts that originate

from the pleural line and extend to the bottom of the screen.



e Identifying B-Lines: B-lines can be identified by their:

o \Vertical orientation

o Hyperechoic appearance

o Origin at the pleural line
e Quantifying B-Lines: Count the number of B-lines in each intercostal space.
e Clinical Significance: B-lines are associated with various conditions, including

pulmonary edema, pneumonia, and interstitial lung disease.

6. Detecting Pneumothorax

e Ultrasound Signs of Pneumothorax:
o Absence of lung sliding
o Absence of B-lines
o Presence of a "barcode sign" in M-mode
e Scanning Technique: Scan the lung in multiple planes, focusing on the areas
where pneumothorax is most likely to occur.
e Confirmatory Signs:
o Look for the "lung point" sign

o Use M-mode ultrasound to confirm pneumothorax

7. Assessing Pleural Effusion

e Ultrasound Appearance: Pleural effusion appears as an anechoic or
hypoechoic area above the diaphragm.
e Optimal Scanning Techniques:
o Scan the patient in the supine or lateral decubitus position
o Use a curvilinear probe to assess the diaphragm and pleural space
e Quantifying Effusion Size: Measure the distance between the diaphragm and

the lung.

8. Lung Consolidation Patterns



e What is Consolidation?: Consolidation refers to the alveolar filling with
inflammatory cells, fluid, or other material.
e Ultrasound Characteristics:
o Hypoechoic or isoechoic areas within the lung
o Presence of air bronchograms
e Types of Consolidation Patterns:
o Lobar consolidation
o Bronchopneumonia

o Interstitial pneumonia

9. Common Artifacts and Troubleshooting

e Common Artifacts:
o Reverberation artifacts
o Side-lobe artifacts
o Motion artifacts
e Troubleshooting Guidance:
o Adjust probe positioning and pressure
o Optimize machine settings (gain, depth, frequency)

o Use respiratory gating or ECG triggering

10. Clinical Integration and Decision-Making

e Integrating Lung Ultrasound Findings: Combine lung ultrasound findings with
clinical assessment and other diagnostic modalities.
e When to Use Lung Ultrasound:
o Evaluate patients with suspected pneumothorax or pleural effusion
o Monitor patients with respiratory failure or cardiac disease
e Safety Considerations:
o Ensure proper probe handling and disinfection
o Follow ALARA principle (As Low As Reasonably Achievable) for

ultrasound exposure



By following these comprehensive instructions, novice healthcare practitioners can
develop a solid foundation in focused lung ultrasound and improve their skills in

diagnosing and managing respiratory patients.



