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Lung ultrasound provides a reliable
diagnosis of pulmonary contusion after 

trauma”

Dicker SA, Lisciandro GR, Newell SM, Johnson JA. Diagnosis of pulmonary contusions with point-of-care lung ultrasonography and thoracic radiography compared to thoracic computed tomography in 
dogs with motor vehicle trauma: 29 cases (2017-2018). J Vet Emerg Crit Care (San Antonio). 2020 Nov;30(6):638-646. doi: 10.1111/vec.13021. Epub 2020 Oct 21. PMID: 33085212.

Diagnosis of pulmonary contusions with 
point-of-care lung ultrasonography and 

thoracic radiography compared to 
thoracic CT in dogs with motor vehicle 

trauma



…Lung ultrasonography is more sensitive tan 
thoracic radiography for detecting mild

pneumothorax in dogs”

Hwang TS, Yoon YM, Jung DI, Yeon SC, Lee HC. Usefulness of transthoracic lung ultrasound for the diagnosis of mild pneumothorax. J Vet Sci. 2018 Sep 30;19(5):660-666. doi: 
10.4142/jvs.2018.19.5.660. PMID: 30041286; PMCID: PMC6167337.

Usefulness of transthoracic 
lung ultrasound for the mild 

pneumothorax



How often do you use 
ultrasound to assess 
trauma patients?
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Review:	Clarius,	March	2021	Veterinary	Point-of-Care	Pleural	Space	and	Lung	Ultrasound	(PLUS)	for	Everyday	Practice!	



� 2 y.o. MN Husky: Hit by car!
� HR: 158 bpm, RR 44 rpm, T 38.6 C (101.5 F)
� Increased respiratory effort 

� Decreased right dorsal breath sounds
� Crackles left thorax

TRIAAAAAGE!!!!	Kira



� Trauma is common (11% to 13% of cases urban ER cases)
� Blunt abdominal injuries in up to 45% of dogs

�Hemoperitoneum ≈ 28-45 %
�Urinary tract rupture ≈ 3%
�Other…

1) Free	abdominal	fluid	Y/N?
2) Free	abdominal	air	Y/N?
3) Gall	bladder	wall	edema	Y/N?
4) Urine	production	(+/- pyometra)	Y/N?
5) Generalized	ileus	Y/N?	(duodenum)
6) Renal	pelvic	dilation		Y/N?
7) Gastric ileus	+/- fluid	distention	Y/N?
8) Fluid bolus	OK?	Y/N	(CVC	assessment)
9) Pericardial	effusion	Y/N?
10) CPR	cardiac	activity	Y/N?
11) Pleural	effusion	Y/N?
12) Caudal	lung	pathology	Y/N?
13) Splenic	mass	if	Hemoabdomen Y/N?	

5-point	APOCUS	exam	

Introduction:	Small	animal	trauma

Kolata JAVMA	1975,	Kolata JAVMA	1974,	Boysen	JAVMA	2004,	Sipmson JVECC	2009,	Streeter	JAVMA	2009



�Thoracic Injuries (up to 50% of trauma dogs)
� Pulmonary contusions up to 58%
� Pneumothorax up to 47%
� Hemothorax up to 18%
� Rib fractures up to 14%
� Diaphragmatic hernia 6% (more often blunt abdominal trauma)
� Flail chest (more common with penetrating injury)

�Traumatic right atrial rupture (very rare < 0.01%)

Introduction:	Small	animal	trauma

Kolata JAVMA	1975,	Kolata JAVMA	1974,	Sipmson JVECC	2009,	Streeter	JAVMA	2009 What	to	do	next?



Kira:	Stabilization	and	point-of-care	testing
� Oxygen
� Anxiolytics/analgesics
� Minimum emergency data base

� Hct 41%, TS 5.8 g/dl (58 g/L)
� BUN 15-26mg/dl
� Glucose 4.9 mmol/l (89mg/dl)
� Lactate 3.5 mmol/L
� SpaO2: 85% (room air)
� ECG: Sinus tachycardia
� Systolic blood pressure 90 mmHg

Point-of-care	ultrasound	as	part	of	triage/MEDB?



1) Targeted

Patient centered
� Minimum Emergency Data Base

� Hct 41%, TS 5.8 g/dl (58 g/L)
� BUN 15-26mg/dl
� Glucose 4.9 mmol/l (89mg/dl)
� Lactate 3.5 mmol/L
� SpaO2: 85% (room air)
� ECG: Sinus tachycardia
� Systolic blood pressure 90 mmHg

3) Triage

5) Tracking

The 3 T’s of FAST have expanded to the six “T’s” of POCUS:

2) Trauma

No	Serge!	We	are	not	starting	with	renal	pelvic	dilation	or	gastrointestinal	ileus	because	this	
is	not	part	of	POCUS	for	trauma!

4) Treatment

6) Total (systemic)
J	Am	Vet	Med	Assoc.	2004	Oct	15;225(8):1198-204.

Clarius,	July	2022:	Veterinary	POCUS:	Rapidly	assessing	acute	abdominal	conditions	using	the	5-point	abdominal	point-of-care	ultrasound (POCUS)	exam	



Kira:	POCUS	and	Trauma

� Clinically relevant POCUS question(s) 
� Pleural and lung ultrasound (PLUS): incidence of injury in ≈ 50% of blunt thoracic trauma 
� 5-point APOCUS: ≈ 45% incidence in blunt trauma (hemoabdomen >> uroabdomen)
� Cardiovascular POCUS – volume status (rare blunt trauma induced pathology)

� 2 y.o male castrated Husky
� HR: 158 bpm, RR 44 rpm, T 38.6 C (101.5 F)
� Increased effort 

� Decreased breath sounds right dorsal
� Crackles left side

� Minimum Emergency Data Base
� Hct 41%, TS 5.8 g/dl (58 g/L)
� BUN 15-26mg/dl
� Glucose 4.9 mmol/l (89mg/dl)
� Lactate 3.5 mmol/L
� SpaO2: 85% (room air)

Where	do	you	want	to	start	with	Kira?



Kira:	POCUS	and	Trauma
Where	do	you	want	to	start	with	Kira?

1) Free	abdominal	fluid	Y/N?
2) Free	abdominal	air	Y/N?
3) Gall	bladder	wall	edema	Y/N?
4) Urine	production	(+/- pyometra)	Y/N?
5) Generalized	ileus	Y/N?	(duodenum)
6) Renal	pelvic	dilation		Y/N?
7) Gastric ileus	+/- fluid	distention	Y/N?
8) Fluid bolus	OK?	Y/N	(CVC	assessment)
9) Pericardial	effusion	Y/N?
10) CPR	cardiac	activity	Y/N?
11) Pleural	effusion	Y/N?
12) Caudal	lung	pathology	Y/N?
13) Splenic	mass	if	Hemoabdomen Y/N?	

5-point	APOCUS:	negative

Check	serially	with	therapy:	can	have	delayed	findings



Pulmonary	contusions	58%
Pneumothorax	47% Hemothorax	18%

Rib	fractures	14%
Physical	exam/radiographs

Role	for	ultrasound?

Diaphragmatic	hernia	6%	

Flail	chest:	obvious	on	physical	exam

Dyspneic	dog	following	blunt	thoracic	trauma

Increased	B	lines
Possible	lung	consolidationAbsent	lung	sliding,	lung	

point,
abnormal	curtain	signs

Pleural	effusion

Abdominal	organs,	particularly	the	
liver,	cranial	to	the	diaphragm

A line

Rib
 sh

ad
ow

Rib shadow

Lung

Pleural effusion



� 2 y.o male castrated Husky: Hit by car!
� HR: 158 bpm, RR 44 rpm, T 38.6 C (101.5 F)
� Increased effort 

� Decreased breath sounds right dorsal
� Crackles left side

� 2 y.o male castrated Husky
� HR: 158 bpm, RR 44 rpm, T 38.6 C (101.5 F)
� Increased effort 

� Decreased breath sounds right dorsal
� Crackles left side

� Minimum Emergency Data Base
� Hct 41%, TS 5.8 g/dl (58 g/L)
� BUN 15-26mg/dl
� Glucose 4.9 mmol/l (89mg/dl)
� Lactate 3.5 mmol/L
� SpaO2: 85% (room air)

Kira:	Where	to	start	on	the	thorax?



� There are two criteria that rule out pneumothorax at the probe location
1. Lung sliding: a rule out finding

� Lung sliding has a 95% sensitivity and 100% negative predictive value
� Lung sliding confidently rules out pneumothorax (at that site)
� *Absence of lung sliding is not accurate at diagnosing pneumothorax

2. Search for B-lines: a rule out finding
� Even a single B-line rules out pneumothorax at the probe location
� Only present in 10-50 % of healthy animals!

Interpreting PLUS for pneumothorax: Rule out findings



Interpreting PLUS for pneumothorax: Rule out findings
� If pneumothorax can’t be ruled out with B-lines and absence of lung sliding,  

there are 2 criteria that confirm its presence
1. The lung point: Rules in pneumothorax
2. Abnormal curtain signs: there are 2 that help rule in pneumothorax
a) Double curtain sign 
b) Asynchronous curtain sign 

What	is	our	preferred	protocol	to	rule	out/confirm	
pneumothorax?



Step	1:	Start	over	lung



Interpreting PLUS for pneumothorax: Rule out findings
� If pneumothorax can’t be ruled out with B-lines and absence of lung sliding,  

there are 2 criteria that confirm its presence
1. The lung point: Rules in pneumothorax
2. Abnormal curtain signs: there are 2 that help rule in pneumothorax
a) Double curtain sign 
b) Asynchronous curtain sign 

What	is	our	preferred	protocol	to	rule	out/confirm	
pneumothorax?



RS	=	rib	shadow

� Pleural line: Bat Sign
� Ultrasound waves can’t go through bone!

� Rib shadows
� Ultrasound waves can’t go through air!

� 99.9% of the ultrasound beam is reflected at soft tissue air interface (e.g. at the pleural line), 
rendering aerated lung impenetrable to ultrasound

All	sonographic	signs	
arise	from	the	pleural	

line	

Artifact LUS is a surface 
imaging technique

Bat sign to find the pleural line

RS RS

Rib Rib

Pleural	
Line

A line

A line
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Step	1:	Start	over	lung
Step	2:		Find	the	caudal	border	(curtain	sign)



Interpreting PLUS for pneumothorax: Rule out findings
� If pneumothorax can’t be ruled out with B-lines and absence of lung sliding,  

there are 2 criteria that confirm its presence
1. The lung point: Rules in pneumothorax
2. Abnormal curtain signs: there are 2 that help rule in pneumothorax
a) Double curtain sign 
b) Asynchronous curtain sign 

What	is	our	preferred	protocol	to	rule	out/confirm	
pneumothorax?



Ultrasound	beam	strikes	
lung	surface/air:	A	lines

Ultrasound	beam	
strikes	soft	tissue

Assess	the	curtain	sign	as	normal	or	abnormal

Søren Boysen
Kris Gommeren
Serge Chalhoub

THE ESSENTIALS  
OF VETERINARY POINT  

OF CARE ULTRASOUND 

Pleural Space 
and Lung



Double	curtain	sign

1. Abnormal Curtain Sign & Pneumothorax!
Normal

Air Soft	tissue Air
Soft	
tissue Air



Normal

Abnormal curtain sign & pneumothorax!

Asynchronous	curtain	sign

Asynchronous



Step	3:	Find	the	most	caudo-dorsal	border

Step	1:	Start	over	lung
Step	2:		Find	the	
caudal	border



1 2 3



Pleural	line	with	lung	sliding
(parietal	and	visceral	pleura	in	contact)

The bat sign, pleural line & lung sliding

Rib
Shadow

Rib
Shadow

Key	points:	
• Only	look	at	the	pleural	line
• Only	look	for	horizontal	shimmering

Clarius,	March	2021	Veterinary	Point-of-Care	Pleural	Space	and	Lung	Ultrasound	(PLUS)	for	Everyday	Practice!	

Parietal

VisceralPleural	line



Double	curtain	sign	=	pneumothorax!

Kira

Assessment	of	the	curtain	sign?
Lung	sliding	&	B-lines	present	at	starting	

point…

Double	curtain	sign	present	with	loss	of	B-
lines	&	lung	sliding	at	the	caudal	border….



Kira	Treatment:	Thoracocentesis



Pulmonary	contusions	58%
Pneumothorax	47% Hemothorax	18%

Rib	fractures	14%
Physical	exam/radiographs

Role	for	ultrasound?

Diaphragmatic	hernia	6%	

Flail	chest:	obvious	on	physical	exam

Dyspneic	dog	following	blunt	thoracic	trauma

Increased	B	lines
Possible	lung	consolidation

Absent	lung	sliding,	lung	
point,

abnormal	curtain	signs

Pleural	effusion

Abdominal	organs,	particularly	the	
liver,	cranial	to	the	diaphragm

� 2 y.o male castrated Husky: Hit by car!
� HR: 158 bpm, RR 44 rpm, T 38.6 C (101.5 F)
� Increased effort 

� Decreased breath sounds right dorsal
� Crackles left side

Armenisie,	JSAP	2018



How to scan the lung (vs. the  pleural space)McMurray 2015

1

2

34

Jantina McMurray 2018 

Lung	shown	in	pink

� Step 1: Start at the caudal dorsal site 
� Step 2: Scan multiple lung regions (S shaped pattern)
� Step 3: Include the subxiphoid site





• Occasional	is	normal
• *Vertical	white	lines
• *Originate	at	the	lung	surface
• *Moves	with	the	pleura	
• Usually	extend to	the	far	field	
• Often	obliterates	A	lines

B	lines	originating	from	the	
pleural	line	rule	out	

pneumothorax	at	that	probe	
location!!!

Vertical	laser	like	projections

B-line criteria for identification



Kira	lung	ultrasound:	Left	hemithorax	- crackles

Left	caudo-dorsal	site

Pleural	line

Do	you	have	lung	sliding	Y/N?
Do	you	have	a	pneumothorax	Y/N?
Is	the	lung	surface	normal	Y/N?



Kira	Rib	Fractures



Kira	Rib	Fractures

Overall sensitivity and specificity for rib fractures on ultrasound and radiographs were 83%, 99.74%, and 82%, 
99.22% respectively, with no statistical difference between group comparisons



Summary of PLUS

� Pleural space
1. Pleural effusion
2. Pneumothorax

� Rib fractures?

� Lung 
3. Increased B-lines (vs. normal surface)
4. Consolidations

Regional lung 
scanning

Pleural effusion

Pneumothorax

Scant pleural effusion



� 2 y.o. MN Husky: Hit by car!
� Pulmonary contusions and rib fractures

� Analgesia, oxygen, supportive care (do not give steroids or antibiotics)!
� Pneumothorax

� Thoracocentesis x 3 
� Discharged to owner 

Kira
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Shelley Guenther, CRGS, CRCS
Sonographer | Clinical Marketing Manager

Live Demonstration



What additional 
information would 
you like?
Interactive Poll

www.clarius.com/vet
www.clarius.com/demo
www.clarius.com/classroom



C7 Vet HD3
Small Animals

C3 Vet HD3
Large Animals

L7 Vet HD3
MSK/Ocular

High-Definition Ultrasound 
for Veterinarians

Wireless and 
Ultra-Portable

Easy-to-Use App for 
iOS & Android

Unlimited Cloud 
Storage

High-Resolution 
Ultrasound

Real-Time Live 
Telemedicine

Advanced 
Vet Package



Dr. Soren Boysen
Veterinary Critical Care, 

University of Calgary

Dr. Serge Chalhoub
Veterinary Internal Medicine,

University of Calgary

Dr. Oron Frenkel
Emergency Physician

Questions



Thank you!


