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Ultrasound imaging

Advantages Disadvantage

• No radiation

• Rapid, Portability

• Can assess moving structures (heart)

• Non-invasive

(patient comfort during test)

• Dependent on operator training

• Difficulty in evaluating deep tissues 

(retroperitoneal vessels)

• Sound waves cannot penetrate bone and 

metal

• Gas collections interfere with visualization

→ Unlike other parts of the body, normal healthy lung is not actually visualized on the screen.
Instead, the lung tissue is seen as artifacts.



Point of care US in ICU

• Ultrasound examination that is performed at the bedside, 
interpreted directly by the clinician 

• A (airway) – B (breathing) – C (circulation)

J Korean Med Sci 2020;35(7):e54 /.Acute Medicine & Surgery 2020;7(1):e481



• Basic principles

• Interpretation of Thoracic US     

- Normal lung findings

- Injured lung findings

• Respiratory muscle US

• Technique and protocols 

- BLUE protocol (2008)

- PoCUS in Weaning failure (2020)
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Basic principles

▪ Echogenicity



Basic principles

▪ Rib shadow (bat sign)



Transducer (probe)

• Acts as an emitter and  receptor of sound waves

• Types:

* Low vs. High frequency probe / Higher frequencies →  detailed image

(gynecologic imaging)

(vascular imaging)

(thoracic imaging)

(cardiac imaging)

(abdominal imaging)

Low penetration
High resolution

High penetration
Low resolution



Probe positions

Radiology: Cardiothoracic Imaging 2021;3(2):e200564

Anterior
: air (pneumothorax)

Lateral / Posterior
: consolidations and
effusions



Probe positions: BLUE protocol

• BLUE (Bedside Lung US in Emergency)

Chest 2008;134:117-125

Upper BLUE point

Lower BLUE point

Phrenic point
(mid axillary)

PLAPS point
(posterolateral 
alveolar or 
pleural 
syndromes)



Probe positions

• Indicator cephalad

• Perpendicular to chest wall
→ “Rib shadows” confirm  

position and guide to pleura

head

Current Problems in Diagnostic Radiology 2017;46(4):305-316



Normal lung findings: Lung sliding (1)

• Horizontal sliding movements of the visceral pleura with respiration along 
the parietal pleura

→ Sliding = both the pleural (visceral and parietal) are in contact !!



Normal lung findings: Lung sliding (2)

• Seashore sign (M-mode)

- superficial to the pleura

: horizontal lines

- deep to the pleura

: the lung motion

→ “sandy” pattern

Radiology: Cardiothoracic Imaging 2021;3(2):e200564

M-mode

Shore

Sea
Pleura→

Lung pulse



Normal lung findings: A-lines

• Reverberation artifact

: Hyperechoic horizontal artifact arising from the pleural line 

Radiology: Cardiothoracic Imaging 2021;3(2):e200564

• Seen at equal distance from skin to pleura
• A-lines = Normal aerated lung !!

Pleura

A-line

A-line

A-line

← A line

← A line

Pleura →



Normal lung findings: Curtain sign

• the inferior aspect of the lung field,   

- the costophrenic recesses

- the peripheral lung bases

Journal of Medical Ultrasound 2017;25(2):101-104

Radiology: Cardiothoracic Imaging 2021;3(2):e200564



Abnormal lung findings: B-lines (1)

Radiology: Cardiothoracic Imaging 2021;3(2):e200564

• Arise from pleura
• Hyper-echoic vertical line
• Erases, or obliterates the A-lines
• Move with respiration

• More than three B-lines is 
indicative of increased density 
→ “B sign”, “B pattern”



Abnormal lung findings: B-lines (2)

Healthy 
(well-aerated)

Pulmonary edema 
(fluid-filled)
Pneumonia (consolidated)



Cardiovascular Ultrasound 

2011;9:6

Interstitial syndrome
(B pattern)



Abnormal lung findings

Journal of Medical Ultrasound 2017;25(2):101-104



Abnormal lung findings : Consolidation (1)

Radiology: Cardiothoracic Imaging 2021;3(2):e200564

• Tissue-like pattern, not artifact!
• Similar to the liver, representing so-called 

hepatization of the pulmonary parenchyma
• Hyper-echoic foci = air bronchograms



Abnormal lung findings: Consolidation (2)

• Shred sign

- Typical alveolar consolidation, 

- Tissular pattern arising from the pleural line, with a highly irregular,

shredded border

Radiology: Cardiothoracic Imaging 2021;3(2):e200564

Pleural line

Consolidation

Consolidation



Abnormal lung findings: Pleural effusion

• Sitting at the mid-scapular line

• Supine at the posterior axillary line

• Longitudinal approach

• Liver (Rt) / Spleen (Lt)

→ V(ml) = 16~20 x pleural separation (mm)
Ultrasound J 2021;13:40



Abnormal lung findings

• Abnormal curtain sign 

Journal of Medical Ultrasound 2017;25(2):101-104

Normal



Abnormal lung findings

• Pleural effusion

Journal of Medical Ultrasound 2017;25(2):101-104



Abnormal lung findings: Pneumothorax (1)

• Air-filled space = A-line

• No attached pleura 

- Absence of lung sliding

- Absence of B-line



Abnormal lung findings: Pneumothorax (M-mode)

Barcode sign 
or Stratosphere sign

Seashore sign 



Abnormal lung findings: Pneumothorax (3)

▪ Lung point
- Change of lung sliding pattern
- Visceral pleural meet parietal pleura
- 100% detection of PNX



Continuum of aeration in LUS

[ PNX ]
- No lung sliding

: barcode sign
- Lung point (hard to find)
- A-lines

[ Normal lung ]
- Lung sliding

: seashore sign
- A-lines
- Curtain sign

[ Pneumonia ]
- B-lines
- Hepatization of lung
- Shred sign
- Possible small  

pleural effusion

[ Cardiogenic 
pulmonary edema ]
- Widespread 

bilateral B-lines
- Normal lung sliding
- Possible bilateral 

pleural effusion

[ ARDS ]
- Bilateral or

unilateral B-lines
- Normal lung sliding



Interpretation of LUS

Minerva 

Anestesiol
2012;78(11):1282-96



BLUE (Bedside Lung US in Emergency) protocol

Chest 2008;134:117-125

+ : potential diagnosis
- : diagnosis ruled out



Chest 2008;134:117-125

BLUE (Bedside Lung US in Emergency) protocol



Intensive Care Med 2020;46:594-605

▪ Diaphragmatic thickening fraction (DTF)

• Intercostal approach, linear probe

• Zone of apposition

• 8th~11th intercostal space

• Between mid- or antero- axillary line

• TFdi= (Tei-Tee)/Tee*100% < 20-36%

→ indicator for weaning failure

M-mode

Respiratory muscle US: Diaphragm (1)



Intensive Care Med 2020;46:594-605

▪ Diaphragmatic Excursion (DE)

• Subcostal approach

• Phased or curved probe

• DE should be measured during unassisted 
breathing (T-piece or minimum tolerable 
CPAP) d/t passive displacement under 
ventilator support

• DE < 10-14mm or paradoxical movement

→ indicator for weaning failure

M-mode

Respiratory muscle US: Diaphragm (2)



Intensive Care Med 2020;46:594-605

▪ Parasternal intercostal muscle

• Intercostal approach

• Linear probe

• 2nd intercostal space

• 6~8cm lateral to the sternal edge

• → In healthy subjects, 

thickening of parasternal intercostal muscles

is observed only during maximal efforts
M-mode

Respiratory muscle US: Intercostal muscle



Intensive Care Med 2020;46:594-605



Intensive Care Med 2020;46:594-605



Intensive Care Med 2020;46:594-605



Summary

• Basic principles: the lung tissue is seen as artifacts

• Interpretation of Thoracic US

- Normal lung findings: Lung sliding (seashore sign), A-lines, curtain sign



Summary

• Interpretation of Thoracic US

- Injured lung findings:  B-lines, interstitial syndrome (B-patterns),

consolidation (tissue-like, shred sign), 

pleural effusion, PNX (lung point, barcode sign)



Summary

• Respiratory muscle US: Diaphragmatic thickening fraction (DTF),

diaphragmatic excursion (ED)

• Technique and protocols: BLUE protocol (Upper/lower points, PLAPS point)

PoCUS in WF (A-B-C-D-E)



•Thank you for your attention ☺
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