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� Review pleura and lung ultrasound with a focus on lung consolidations
� Describe the difference between B-lines and lung consolidations
� Classify the different types of lung consolidation
� List differential diagnoses for lung consolidations

Objectives for today



Prior Sessions: Pleura and Lung Ultrasound (PLUS)

https://clarius.com/webinar/veterinary-pocus-differentiating-primary-cardiac-from-pulmonary-and-pleural-space-diseases/

https://clarius.com/webinar/veterinary-point-of-care-pleural-space-and-lung-ultrasound-for-everyday-practice/

�Normal & how to find the correct sites to evaluate
�The 4 key pathologies of PLUS 

1. Pleural space
a) Pneumothorax
b) Pleural effusion

2. Lung parenchymal 
a) Increased B lines
b) Consolidations

Regional lung scanning

Pleural effusion

Pneumothorax



1. Abnormal Lung Ultrasound Findings
1. Increased B-lines 
2. Consolidations
I. Partial
a) Shred
b) Nodule
c) (Wedge)

II. Translobar

On the menu: Pleura and Lung Ultrasound (PLUS)



How to scan the lung (vs. the  pleural space)McMurray 2015
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Lung	shown	in	pink

� Step 1: Start at the caudal dorsal site (we will show you how to find this site soon)
� Step 2: Scan multiple lung regions (S shaped pattern)
� Step 3: Include the subxiphoid site
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If	lung	sliding	visible:
Assess	the	lungs	for	3	main	findings

Lung	sliding	
present?
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3	Lung	consolidation

https://clarius.com/webinar/veterinary-point-of-care-pleural-space-and-
lung-ultrasound-for-everyday-practice/



Detecting lung pathology
What determines if B lines or lung consolidations are seen?
� The percentage of air in the lung below the lung surface



Detecting lung pathology

If	>	10%	air	in	the	peripheral	lung	the		beam	is	reflected
You	only	see	lung	surface	artifacts	=	B	lines

If	<	10%	air	in	the	peripheral	lung	the	beam	travels	through	
the	lung	as	if	it	is	soft	tissue	(no	air	interference)
You	see	actual	lung	=	lung	consolidations



Fairly	normal	

Interstitial	pattern

Radiographs vs. lung ultrasound

Alveolar	pattern

“Dry”	lung:	>	85%	air

“Wet”	lung:	<	85%,		>	10	%	air

“Consolidated”	lung:	<	10%	air



Fairly normal “dry” lung

Interstitial “wet” 
lung

Alveolar 
“consolidated” 

lung



Clinical Medicine Insights: Circulatory, Respiratory and Pulmonary Medicine 2016:10 1–9 doi: 10.4137/CCRPM.S33382.



When	B	lines	are	present	pay	attention	to	the	thickness	and	character	of	the	pleural	line	
and	look	for	consolidation:	less	likely	cardiac?

Smooth/irregular		lung	surface	- subpleural	consolidation:	Y/N?



� Presents for decreased activity and appetite
� Started 3 days ago
� Heart rate 88 bpm
� RR 32 BPM, no effort
� T 38.4 C (101.6 F)
� Occasional cough
� Normal thoracic auscultation

Chloe: 8-year-old Golden



Thoughts?

POCUS	finding?

Anything	else	visible?



Thoughts?



Age	related	interstitial	pattern

Chloe: 8-year-old Golden



CT for Chloe



� Can only detect lung injury at the 
periphery 

� 95% of human pathology that causes 
“wet” lung reaches the lung surface

� Therefore it is detectable via lung 
ultrasound

� Likely similar in veterinary patients

LUS is a surface 
imaging technique



1. Should arise from the "pleural line”*

2. Should have a tissue like pattern (similar to liver)

3. Distal lung boundaries must be present

Armenisie,	JSAP	2019

Lung consolidation: 3 criteria to diagnose



Must reach the lung surface!!!

1. Arise from pleural line

4.8



Similar soft tissue appearance to liver

2. Tissue like pattern
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Helps define the type of consolidation ….
Consolidation	does	not	extend	surface	to	surface:
• Partial	consolidation

Consolidation	that	extends	surface	to	surface:
• Trans-lobar	hepatization
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3. Distal lung boundaries



Partial	or	complete? Partial	or	complete?

Can	you	see	the	diaphragm	curving	away	from	the	chest	wall?

3. Lung consolidation: shred vs hepatisation



1. Shred sign: partial lung lobe consolidation with an 
irregular jagged lines occurring within lung tissue

2. Nodule sign: partial lung lobe consolidation with 
smooth regular to semi-circular border within the 
lung tissue

3. Hepatization/trans-lobar sign: complete lung 
consolidation from superficial to deep border: 
entire lung width

Pleural	line	origin

Irregular	deep	border	– aerated	lung
Shred	sign
Full	consolidation

3 common lung consolidations

Triangular ” wedge” shape lesions may occur with pulmonary embolism 
but not well studied in veterinary medicine

Other consolidations exist…



� Air may be replaced by…
� Fluid*******

�Blood
� Pus
�Aspirated gastric content
�Other fluid types

� Cells 
�Neoplastic
� Inflammatory
� Fibrotic

Causes of lung consolidation: decreased aerated lung

Decreased	air	in	the	alveoli	due	to	atelectasis/collapse	will	also	cause	increased	B	lines	and	
even	consolidation!!



Simple	answer:	not	having	air	in	the	lung	is	a	problem

Is	it	always	serious	underlying	lung	pathology?

Why do we care about consolidation?



� Air bronchograms occur with partial and complete lung consolidation
� Can be visualized on lung ultrasound as punctate echogenic foci or “worms”

Air bronchograms



� Air bronchograms occur with partial and complete lung consolidation
� Can be visualized on lung ultrasound as punctate echogenic foci or “worms”

Air bronchograms



Air	bronchograms:
White	punctate	dots	or	lines

Dr Celine Nevoret

Air bronchograms: Y/N?
Static	or	dynamic?

If	you	see	air	bronchograms:	
Dynamic	=	pathology
Static	may	be	seen	with	pathology	or	atelectasis

Shred Translobar hepatization

Air	bronchogram?
Yes
No



McMurray 2015
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Combine	all	PLUS	and	clinical	
information	to	create	the	

PLUS	PROFILE

Answer BINARY	QUESTIONS	at	
each	window

Assess	each	window	but	also	consider	the	entire	hemithorax



McMurray 2015
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Combine	all	PLUS	and	clinical	
information	to	create	the	

PLUS	PROFILE

Answer BINARY	QUESTIONS	at	
each	window

Assess	each	window	but	also	consider	the	entire	hemithorax



1. When there is less than 5-10% air in the lung the ultrasound beam can traverse lung 
tissue  = lung consolidation

2. There are many types of consolidation: 3 are common
1. Shred sign
2. Nodule sign
3. Hepatization/trans-lobar sign
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Summary: Lung consolidations



Questions?
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