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Historiquement…	
•  1967:	Joyner	CR,	Hermans	RJ,	Reid	JM	:	Reflected	

ultrasound	in	the	detecOon	and	localisaOon	of	
pleural	effusion.	JAMA	200:	399-402	

	
•  1992:	Targhe`a	R,	Bourgeois	JM,	Chavagneux	R,	

Balmes	P.	Diagnosis	of	pneumothorax	by	
ultrasound	immediately	acer	ultrasonic	guided	
aspiraOon	biopsy.	Chest.	1992	Mar;101(3):855-6.	

«	L’échographie	est	inu3le	pour	
l’évalua3on	du	parenchyme	

pulmonaire	»	

Actuellement…	
Bibliographie	actuelle:		

«	chest	ultrasonography	and	ED	»	

En	Pathologie	Médicale:	
Can	chest	ultrasonography	replace	
standard	chest	radiography	for	evaluaOon	
of	acute	dyspnea	in	the	ED?	

Zanobei	et	al.	Chest	Mai	2011	
	

=>	«	This	technique	could	become	the	
rouOne	imaging	modality	for	paOents	with	
dyspnea	presenOng	to	the	ED	»	
	
	

En	Traumatologie:	
DiagnosOc	accuracy	of	ultrasonography	in	
the	acute	assessment	of	common	thoracic	
lesions	acer	trauma.	

Hyacinte	AC	et	al.	Chest	Octobre	2011	
	

=>	«	Thoracic	ultrasound	as	a	bedside	
diagnosOc	modality	is	a	be`er	diagnosOc	
test	than	CE	and	CXR	in	comparison	to	CT	
scanning	when	evaluaOng	supine	chest	
trauma	paOents	in	the	emergency	seing,	
parOcularly	for	diagnosing	
pneumothoraces	and	lung	contusions.	»	
	

Actuellement…	
RecommandaOons:	

Echographie pleuro pulmonaire : conclusion 
… Simple, non invasif, bien adapté aux patients critiques 

Volpicelli et al Intensive Care Med 2012 

«  Lung ultrasound should be considered as a 
basic technique with a steep learning curve » . 

Volpicelli,	Intensice	Care	Med,	
2012	



Matériel	requis	
•  Le	meilleur	=	celui	dont	on	dispose	

…	
•  La	polyvalence	=	affaire	de	

compromis	…	

•  Idéalement:		
Ø  	Sonde	étroite	(passage	intercostal)	
Ø  	Fréquence	5	à	7	MHz	
Ø  	Pas	de	place	à	l’u'lisa'on	du	

mode	Doppler	(pour	le	moment…)	

Matériel	requis	

1	 2	

1	

2	

Matériel	requis	
•  Entrave	à	l’examen	pleuro-
pulmonaire:	

→	l’uOlisaOon	des	filtres	dynamiques	
•  Réglage	correct	du	gain:	
→	limiter	au	maximum	le	gain	pour	
l’analyse	dynamique	du	
mouvement	pleural	

•  Réglage	de	profondeur:	
→	limiter	la	pénétraOon=	magnifie	
l’image	pleurale	

Identification de la ligne pleurale : Bien régler la fréquence 

Identification de la ligne pleurale : Bien régler la fréquence 

ApprenOssage	de	la	technique	

•  Courbe	d’apprenOssage	brève	
•  Double	lecture	en	phase	d’apprenOssage	+++	
•  Principe	de	précauOon	=	quesOons	simples	



ApprenOssage	de	la	technique	

•  27	praOciens	–	SAMU	Necker	–	avril	2007	
•  8	praOciens	avec	formaOon	d’écho	générale	préalable	dont	

seulement	4	avec	1	an	d’expérience	
•  Test	:	25	boucles	écho	pulmonaire	de	5’	
•  Pré-test	–	Forma'on	(1h	PNT	+	1h	OAP)	–	Post-test	

	

ApprenOssage	de	la	technique	

•  The	sonographic	image	pa[erns	are	rela'vely	simple	(yes/no	
pleural	sliding	and	yes/no	B-line	presence)	

•  As	 demonstrated	 by	 this	 rela'vely	 basic	 teaching	 module,	
require	 minimal	 'me	 and	 effort	 (one	 didacOc	 one-hour	
session)	for	rapid	image	recogniOon	improvement.	
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Les	grands	principes	échographiques	
appliqués	à	l’échographie	pleuro-pulmonaire	

Le	thorax	est	un	
milieu	partagé	air-
eau:	la	différence	

importante	
d’impédance	

acous'que	entre	air	
et	eau	génère	les	

signes	
échographiques.	

	



Les	grands	principes	échographiques	
	appliqués	à	l’échographie	pleuro-pulmonaire	

Le	point	de	départ	
de	la	sémiologie	
échographique	
pulmonaire	est	la	
ligne	pleurale.	

	

Les	grands	principes	échographiques	
	appliqués	à	l’échographie	pleuro-pulmonaire	

La	sémiologie	
échographique	

pulmonaire	est	basée	
en	grande	parOe	sur	
l’étude	des	artéfacts	

classiquement	
considérés	comme	

indésirables.	
	

Les	grands	principes	échographiques	
	appliqués	à	l’échographie	pleuro-pulmonaire	

L’échographie	pleuro	
pulmonaire	s’appuie	
sur	une	étude		de	la	

dynamique.	

	

TEMPS	(sec)	

Conduite	de	l’examen	échographique	

Ø Etude	longitudinale	:	
stabilité	des	repères	
échographiques	en	mode	
B	(repère	+++)	

Ø Etude	antéropostérieure:	
définit	3	niveaux	
d’exploraOon	



Conduite	de	l’examen	échographique	

•  Niveau	1:		
Ø Analyse	de	
la	paroi	
antérieure	
chez	un	
paOent	en	
décubitus	
dorsal.	

	

Conduite	de	l’examen	échographique	

•  Niveau	2:		
Ø Analyse	de	
la	paroi	
latérale	
jusqu’au	
plan	du	lit.	

	

Conduite	de	l’examen	échographique	

•  Niveau	3:		
Ø Analyse	de	
l’abord	
postérieur,	
nécessite	une	
mobilisaOon	
du	paOent.	

Ø Manœuvre	de	
latéralisaOon:	
MDL	

Conduite	de	l’examen	échographique	

•  Niveau	4:	
Ø 	Analyse	de	la	paroi	
postérieure	et	des	
aires	sus-claviculaires	

Ø Nécessité	de	
mobilisaOon	+++:	DV,	
Assis,	DL		

Ø 	Intérêt	clinique	?	



Aspect	échographique	pulmonaire	
normal	et	repères	

•  Seule	la	plèvre	est	
visible	
échographiquement:	
interface	
paroi=hydrique	et	
poumon=air	

•  L’image	pleurale	=	la	
ligne	pleurale.	

•  Point	de	repère	de	
départ	de	tout	
examen	

Aspect	échographique	pulmonaire	
normal	et	repères	

•  Sonde	en	posi'on	longitudinale	
•  Ligne	hyper-échogène	5	mm	en	arrière	de	la	
ligne	costale	

Aspect	échographique	pulmonaire	
normal	et	repères	

•  Ligne	pleurale	et	périoste	costal=	signe	de	la	chauve	
souris	

•  Signe	de	la	chauve	souris:	
Ø Repère	permanent	en	échographie	pleurale	
Ø Evite	de	confondre	la	plèvre	avec	toute	autre	structure	
	

Aspect	échographique	pulmonaire	
normal	et	repères	

•  A	parOr	du	repère	défini	
par	la	ligne	pleurale:	

Ø 	Etude	des	signes	
sta'ques	du	poumon	
«	normal	»	=	mode	B	

Ø Etude	des	signes	
dynamiques	du	poumon	
«	normal	»	=	mode	TM	



Aspect	échographique	pulmonaire	
normal:	signes	staOques	

•  Les	images	artéfactuelles	normales	chez	le	
sujet	sain:		

•  Artéfacts	horizontaux:	
Ø Ligne	A	:	image	de	répéOOon	de	la	ligne	
pleurale:	longue	et	tangenOelle	à	la	ligne	
pleurale	

Ø Ligne	O:	ligne	A	plus	courte	et	moins	visible	
	

Aspect	échographique	pulmonaire	
normal:	signes	staOques	

A	

A	 A	

A	

O	

O	

Lignes	A	 Lignes	O	

Aspect	échographique	pulmonaire	
normal:	signes	staOques	

→	Artéfact	de	réflexion	mulOple	

Aspect	échographique	pulmonaire	
normal:	signes	staOques	

•  Les	images	artéfactuelles	normales	chez	le	sujet	sain:		
•  Artéfacts	ver'caux:	
Ø Ligne	B:	on	peut	en	voir	une	à	deux	chez	le	sujet	sain	
Ø Ce	sont	des	artefacts	linéaires	verOcaux	ou	queue	de	
comète:	partant	de	la	ligne	pleurale	et	joignant	le	bas	
de	l’image	(sans	épuisement)	

Ø Fines	et	solidaires	du	mouvement	pleural	
Ø Elles	sont	surtout	visibles	en	zones	déclives	(dans	30	à	
40	%	des	cas)	

	



Aspect	échographique	pulmonaire	
normal:	signes	staOques	

B	 B	

Lignes	B	

Aspect	échographique	pulmonaire	
normal:	signes	staOques	

→	Artéfact	de	réverbéraOon	

Targhe`a	R.	J.	Clin.	Ultrasound,	1993	

Aspect	échographique	pulmonaire	normal:	
signes	staOques	

•  Caractéris'ques	des	lignes	B:	
Ø Artéfact	en	queue	de	comètes	
Ø Nombre	restreint	à	l’état	physiologique	

(<2)	sur	une	même	coupe	échographique	
=1	EIC	

Ø Naissant	de	la	ligne	pleurale	
Ø Bien	définie	
Ø Hyper-échogène	
Ø Descendant	jusqu’au	bas	du	champ	

d’exploraOon	échographique	
Ø  Effaçant	les	lignes	A	
Ø Assujeie	au	glissement	pleural	

Aspect	échographique	pulmonaire	
normal:	signes	staOques	

•  RéanimaOon	médicale	–	Ambroise	Paré	
•  Comparaison	de	41	PNT	complets	vs	146	hémithoraxs	
sans	pneumothorax	(diagnosOc=CT)	

•  DescripOon	des	artéfacts	staOques	dans	les	deux	
populaOons	



Aspect	échographique	pulmonaire	
normal:	signes	staOques	

•  Fréquence	+++	des	lignes	A	et	O	dans	le	cadre	de	l’examen	de	poumon	«	sains	»	
•  Fréquence	----	des	lignes	B	dans	le	cadre	de	l’examen	de	poumons	«	sains	»	

Aspect	échographique	pulmonaire	
normal:	signe	dynamique	

•  Glissement	pleural=	signe	dynamique	normal	
correspondant	à	la	descente	crânio-caudale	
du	poumon	lors	de	l’inspiraOon	

Ø Loi	du	tout	ou	rien:	un	glissement	minime	est	
retenu	

	
	

Aspect	échographique	pulmonaire	
normal:	signe	dynamique	

Sonde	
«	Vasculaire	»	



Sonde	«	Cardio	»	

Aspect	échographique	pulmonaire	
normal:	signe	dynamique	

•  En	Mode	TM:	
Ø 	Signe	du	bord	de	mer:	ligne	pleurale	est	
hyper-échogène,	mobile	avec	un	granité	
postérieur	immobile.	

Ø 	Intérêt:	Fixe	une	image	«	dynamique	»	dans	
le	dossier	

Aspect	échographique	pulmonaire	
normal:	signe	dynamique	

Aspect	échographique	pulmonaire	
normal:	signe	dynamique	

•  ParOcularités	«	sémiologiques	»	du	glissement	pleural:	
Ø 	Mal	visualisé	avec	sonde	basses	fréquences	
Ø 	Minimisé	par	l’u'lisa'on	des	«	filtres	»	et	haut	
niveau	de	gain	

Ø 	Loi	du	tout	ou	rien	
Ø 	Aboli	par	l’apnée	
Ø 	L’amplitude	augmente	du	sommet	à	la	base	chez	le	
sujet	sain	

Ø 	Cas	de	mise	en	évidence	difficile:	AAG,	atcdt	de	
pleurésie,	dyspnée	à	Orage	majeure,	emphyséme	
pariétal.	



Aspect	échographique	pulmonaire	
normal:	signe	dynamique	

•  Etude	du	glissement	pleural	par	
deux	observateurs	

•  En	aveugle	des	condiOons	d’IOT	

Aspect	échographique	pulmonaire	
normal:	signe	dynamique	

•  Echographiste	S1:	
-			IOT	correcte:	Se	95%,	Sp	

100%,	VPN	93%	et	VPP	100%	
-  IOT	sélec've:	Se	69	%,	Sp	

93%,	VPN	64	%	et	VPP	95	%	

•  Echographiste	S2:	
-  IOT	correcte:	Se	100	%,	Sp	

100	%,	VPN	100	%	et	VPP	
100	%	

-  IOT	sélec've:	Se	79	%,	Sp	
100	%,	VPN	71	%	et	VPP	100	
%	

	

Aspect	échographique	pulmonaire	
normal:	conduite	de	l’examen	

Repérage	ligne	pleurale	

Glissement	pleural	

Artefacts	horizontaux	
«	normaux	»:	ligne	A	/	O	

Artefacts	verOcaux	
«	normaux	»:	ligne	b	

Est-ce	bien	perOnent	en	praOque	clinique	?	

•  32	SDRA	
•  10	volontaires	
sains	

•  Gold	std	diagnosOque	
=	TDM	
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recommendations before the conferences, which laid the
foundation to work together and critique the recommen-
dations during the conferences. At each plenary
conference, a representative of each domain presented
potentially controversial issues in the recommendations. A
face-to-face debate took place in two rounds of modified
Delphi technique; after each round, anonymous voting was
conducted. A standardized method for determining the
agreement/disagreement and the degree of agreement and
hence for deciding about the grade of recommendation
(weak versus strong) was then applied [3, 4].

Results

Literature search results

A total of 209 articles and two books were retrieved by
the first track search. An additional 110 articles were
added from the second track over a 1-year period. These
320 references (see Electronic Supplementary Material 1)
were individually appraised based on methodological
criteria to determine the initial quality level. The final

judgment about the quality of evidence-based recom-
mendations was only done after assigning the articles to
each statement/question.

General results

A total number of 73 proposed statements were examined
by 28 experts and discussed in the three conferences.
Each statement was coded with an alphanumeric code,
which includes the following in order of appearance: the
location of the conference (Bologna, B; Pisa, P; Rome,
RL), the number assigned to the domain, and the number
assigned to the statement. Table 3 presents each statement
code with its grade of recommendation, degree of con-
sensus, and level of quality of evidence.

Statements and discussion

Pneumothorax

Technique

Statement code B-D1-S1 (strong recommendation:
level A of evidence)

• The sonographic signs of pneumothorax include the
following:

– Presence of lung point(s)
– Absence of lung sliding
– Absence of B-lines
– Absence of lung pulse

B-D1-S2 (strong: level A)

• In the supine patient, the sonographic technique
consists of exploration of the least gravitationally
dependent areas progressing more laterally.

• Adjunct techniques such as M-mode and color
Doppler may be used.

B-D1-S3 (weak: level C)

• Ultrasound scanning for pneumothorax may be a basic
ultrasound technique with a steep learning curve.

P-D1-S2 (strong: level B)

• During assessment for pneumothorax in adults, a
microconvex probe is preferred. However, other
transducer (e.g., linear array, phased array, convex)
may be chosen based on physician preference and
clinical setting.

Clinical implications

B-D1-S4 (strong: level A)

• Lung ultrasound should be used in clinical settings
when pneumothorax is in the differential diagnosis.

Table 2 Search terms used

MeSH
headings

Terms

Sonography (echographic OR echography OR sonographic OR
sonography OR ultrasonic OR ultrasonographic
OR ultrasonography OR ultrasound).ti

EM/CCM (bedside OR critical OR intensive OR emergency OR
emergent OR urgency OR urgent OR critical OR
critically OR shock OR unstable OR hypotensive
OR hypoperfusion OR sepsis).ti

ECHO (cardiac OR cardiologic OR cardiological
echocardiography OR echocardiographic OR heart
OR pacing OR chest OR lung OR congestive heart
failure OR CHF OR ADHF OR pressure).ti

LUNG (lung OR chest OR thoracic OR transthoracic OR
cardiothoracic OR pleural OR pulmonary OR
pulmonic OR pneumology OR pneumonic OR
alveolar OR interstitial OR pneumothorax OR
hemothorax OR consolidation).ti

OTHER (accuracy OR accurate OR sensitivity OR sensitive
OR specificity OR specific OR predictive OR
predict).ti

COST (cost OR effective OR effectiveness OR efficacy OR
efficacious OR efficient OR efficiency OR benefit
OR value).ti

Search databases: Books@Ovid June 02, 2011; Journals@Ovid Full
Text June 2003, 2011; Your Journals@Ovid; AMED (Allied and
Comp Medicine) 1985 to May 2011; CAB Abstracts Archive
1910–1972; Embase 1980–2011 week 22; ERIC 1965 to May
2011; Health and Psychosocial Instruments 1985 to April 2011;
Ovid MEDLINE(R) In-Process and Other Non-Indexed Citations
and Ovid MEDLINE(R) 1948 to present; Ovid MEDLINE(R) 1948
to May week 4 2011; Social Work Abstracts 1968 to June 2011;
NASW Clinical Register 14th Edition
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Historiquement	

•  1992:	cases	reports	et	études	préliminaires	
sur	pneumothoraxs	échographiques	

En	praOque	clinique	

•  En	pra'que:	
	
Ø ELIMINER	le	
PNT=très	accessible	

	
Ø AFFIRMER	le	
PNT=analyse	
échographique	
rigoureuse	

PEEP	=12	!!!	



En	praOque	clinique	

•  Méta-analyse	à	par'r	d’une	situa'on	clinique:	
dyspnée	et	douleur	thoracique	post	trauma'que	chez	
un	adulte	et	indisponibilité	immédiate	de	la	RT		

										=>	écho	par	le	médecin	des	urgences	
•  MEDLINE	1965	à	2009	et	EMBASE	1980	à	2009	

En	praOque	clinique	

En	praOque	clinique	

•  Meilleure	Se	et	Sp	comparable	pour	l’EPP	réalisée	par	les	
urgenOstes	vs	RT	dans	l’évaluaOon	des	traumaOsmes	
fermés	du	thorax.	

Echographie	pleuro-
pulmonaire	

Radiographie	
pulmonaire	

Conduite	de	l’examen	échographique	

•  98	%	des	pneumothorax	cliniques	
sont	décollés	au	moins	dans	la	
zone	antérieure	et	inférieure:	

Ø 	Zones	d’inves'ga'ons	de	niveau	
1	et	2	

	
•  Début	d’examen	par	l’abord	
culminant	=	antérieur	en	décubitus	
dorsal	

+++	



Conduite	de	l’examen	échographique	

•  Etude	prospecOve:	109	paOents	en	VS	=	
trauma	fermé	du	thorax	ou	traumaOsé	sévère	

•  RT,	CT	et	US	dans	l’heure	suivant	l’admission	
•  25	PNT	pour	219	hémithoraxs	(	2	PNT	bilat)	

Conduite	de	l’examen	échographique	

→	Niveau	d’inves'ga'on	1	et	2	

Symptomatologie	élémentaire:	
DispariOon	du	glissement	pleural	

•  Dispari'on	du	glissement	pleural	=	signe	
élémentaire											Targhe`a	R,	Bourgeois	JM	et	Balmes	JL.	

	Ultrasonic	approach	to	diagnosing	hydropneumothorax.	Chest	1992	

	

Pas	de	mouvement	de	la	ligne	
pleurale	durant	le	cycle	respiratoire	

en	mode	B	

Ligne	pleurale	sans	ondulaOon	
durant	le	cycle	respiratoire	en	

mode	TM	

Symptomatologie	élémentaire:	
DispariOon	du	glissement	pleural	

LS	(+)	 LS	(-)	



Symptomatologie	élémentaire:	
DispariOon	du	glissement	pleural	

Sensibilité	95	%;	100	%	si	on	élimine	les	
emphysèmes	sous	cutanés	

Ø 	VPN	=	100	%	
Ø 	Problème:	Spécificité	basse	=	78	%	

Lichtenstein	D	et	Menu	Y.		
A	bedside	ultrasound	sign	ruling	out	
pneumothorax	in	cri'cally	ill:	lung	sliding.		
Chest	108	:	1345-1348	

Symptomatologie	élémentaire:	
Profil	A	exclusif	

•  Dispari'on	de	toutes	lignes	B	(générées	par	la	
plévre	viscérale)	=	Profil	A	exclusif	

	

Signe	de	la	
stratosphere	

Symptomatologie	élémentaire:	
Profil	A	exclusif	

Absence	de	ligne	b	=	profil	lignes	A	exclusives		

Symptomatologie	élémentaire:	
Profil	A	exclusif	

•  42	PNT	(chez	41	paOents)	et	148	hémithorax	sans	PNT	
(	74	paOents	de	ICU)	

•  ConfirmaOon	diagnosOque	=	CT	
•  Posi've	test	for	PNT	=	aucune	ligne	B	et	présence	
exclusive	de	ligne	A	sur	tout	le	champ	d’inves'ga'on	
antérieur	



Symptomatologie	élémentaire:	
Profil	A	exclusif	

•  Se	=	100%	mais	Sp	=	60	%	
•  VPN	de	ligne	B	=	100	%	

En	praOque	clinique:	
Eliminer	un	pneumothorax	

Repérage	ligne	pleurale	

Glissement	pleural	
présent	

Artefacts	verOcaux	
«	normaux	»:	ligne	b	

présentes	

=	Absence	de	PNEUMOTHORAX	

En	praOque	clinique:	
Affirmer	le	pneumothorax	?	

•  Probléma'que:	affirmer	le	pneumothorax	
avec	un	degré	de	cerOtude	diagnosOc	
saOsfaisant	?	

Ø Dispari'on	du	glissement	pleural	(VPN	et	
Se=95%	mais	Sp=60%)	

Ø Absence	de	ligne	b	=	profil	lignes	A	exclusives	
(Se=100%	mais	Sp=60%)	

	

Symptomatologie	combinée:	
Absence	de	glissement	+	Profil	A	exclusif	

•  43	PNT	occultes	(non	trouvés	sur	RT)	et	
confirmés	par	CT	et	155	paOents	au	groupe	
contrôle.	

•  Étude	du	glissement	pleural,	lignes	A	et	
absence	de	lignes	B	



Symptomatologie	combinée:	
Absence	de	glissement	+	Profil	A	exclusif	

•  Pour	le	diagnosOc	de	PNT:	

→	Aboli'on	de	glissement	+	profil	A	exclusif	
																											=	Se	95	%	et	Sp	94	%	

Symptomatologie	élémentaire:	
Point	Poumon	

•  Le	point	poumon	correspond	à	la	jonc'on	
accolement	expiratoire-décollement	
inspiratoire.	

Ø Soit	une	joncOon	entre	zone	de	glissement	
pleural	présent	et	absent.	

Ø Soit	une	joncOon	en	mode	TM	entre	une	zone	de	
«	signe	de	bord	de	mer	»	et	zone	de	ligne	A	
exclusives	

Ø En	général	localisé	en	antérieur	ou	latéral	(niveau	
d’invesOgaOon	1	ou	2)	

•  Spécifique	de	pneumothorax	

Symptomatologie	élémentaire:	
Point	Poumon	

Point	poumon	

Symptomatologie	élémentaire:	
Point	Poumon	

•  ProspecOf,	70	PNT	consécuOfs	en	ICU	chez	64	
paOents	

•  50	en	VS	et	20	en	VM	et	51	ont	nécessité	un	
drainage	

•  Groupe	contrôle	:	238	poumons	chez	139	
paOents	consécuOfs	ayant	bénéficié	d’un	CT	



Symptomatologie	élémentaire:	
Point	Poumon	

•  Point	poumon:	
Ø 	Sp	=	100%	
Ø 	Se	=	66%	

En	praOque	clinique:	
Affirmer	un	pneumothorax	

Absence	de	
glissement	pleural	

Profil	lignes	A	
exclusives	

Point	poumon	

Diagnos'c	
probable	
Sp	=	96%	

Diagnos'c	
certain	

Sp	=	100	%	

En	praOque	clinique:	
Affirmer	un	pneumothorax	

Diagnos'c	
PROBABLE	

Diagnos'c	
CERTAIN	

Diagnos'c	
EXCLU	
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      Physical examination, including lung auscultation, 
is insuffi cient for diagnosing a pneumothorax (PTX) 

in blunt trauma victims.  1,2   The most common adjunct 

used to evaluate a PTX is the plain chest radiograph 
(CXR) but this modality has a low sensitivity for 
detecting intrapleural air in patients with trauma, 
who are typically confi ned in the supine position for 
spinal immobilization.  3,4   As a consequence, more than 

  Background:    Although thoracic ultrasonography accurately determines the size and extent of 
occult pneumothoraces (PTXs) in spontaneously breathing patients, there is uncertainty about 
patients receiving positive pressure ventilation. We compared the lung point (ie, the area where 
the collapsed lung still adheres to the inside of the chest wall) using the two modalities ultrasonog-
raphy and CT scanning to determine whether ultrasonography can be used reliably to assess PTX 
progression in a positive-pressure-ventilated porcine model. 
  Methods:    Air was introduced in incremental steps into fi ve hemithoraces in three intubated porcine 
models. The lung point was identifi ed on ultrasound imaging and referenced against the lateral 
limit of the intrapleural air space identifi ed on the CT scans. The distance from the sternum to the 
lung point (S-LP) was measured on the CT scans and correlated to the insuffl ated air volume. 
  Results:    The mean total difference between the 131 ultrasound and CT scan lung points was 
6.8 mm (SD, 7.1 mm; range, 0.0-29.3 mm). A mixed-model regression analysis showed a linear 
relationship between the S-LP distances and the PTX volume ( P   ,  .001). 
  Conclusions:    In an experimental porcine model, we found a linear relation between the PTX size 
and the lateral position of the lung point. The accuracy of thoracic ultrasonography for identi-
fying the lung point (and, thus, the PTX extent) was comparable to that of CT imaging. These 
clinically relevant results suggest that ultrasonography may be safe and accurate in monitoring 
PTX progression during positive pressure ventilation.    CHEST 2013; 143(2):415–422   

  Abbreviations:  CXR  5  chest radiograph; PTX  5  pneumothorax; S-LP  5  sternum-lung point 
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from the pleural cavity using a 50-mL syringe (Omnifi x, 50 mL; 
B. Braun Medical Inc) connected to the catheter. At the conclusion 
of the data collection, the animals were killed with an injection of 
pentobarbital. 

 Diagnostic Tests 

 Diagnostic ultrasound and CT scan thoracic evaluations were 
performed at 10 different PTX volumes. The PTX volumes were: 
50, 100, 150, 200, 300, 400, 500, 600, 500, and 200 mL. 

  Ultrasonography:   The ultrasound scans were performed by 
two experienced anesthesiologists using a Vivid Q ultrasound 
machine (General Electric Company) with a 12L-RS multifre-
quency 6-13 MHz linear array transducer (General Electric 
Company). To map the PTX topography, the pleural line between 
two ribs close to the sternum was identifi ed. The probe was 
rotated to align with the intercostal space and was then gradually 
moved toward the lateral-inferior area of the chest. This maneuver 
was conducted to locate the point on the chest adjacent to the 
collapsed lung on the interior chest wall, which was defi ned as 
the “lung point.”  17   The lung point corresponds to the lateral edge 
of the PTX.  18   Subcutaneous needles that were easily visualized 
on the subsequent CT scan were placed during inspiration to des-
ignate the cutaneous projection of the lung points and the lateral 
limit of the intrapleural air collection. The number of needles 
used varied from two (for smaller PTXs) to four (for larger PTXs). 
The diagnostic algorithm for ultrasound identifi cation of the lung 
point is illustrated in  Figures 1 to 3   . 

  CT Imaging:   To defi ne the extension of the intrapleural air 
collection, a non-contrast-enhanced CT scan was performed using 
a multislice CT scanner (Philips MX 8000 quad, Koninklijke 
Philips Electronics N.V.) with the following parameters: 120 kV, 
120 to 150 mA, standard fi lter, 6.5-mm slice thickness, 3.2-mm 
slice increments, and a 310- to 360-mm fi eld of view. A complete 
thoracic CT scan was obtained from the apex to the base during 
a short inspiratory hold period. The Digital Imaging and Commu-
nications in Medicine format pictures were stored and transferred 
to an archiving workstation. To optimize intrapleural air detec-
tion, the window width was adjusted to 1,500 Hounsfi eld units 
and the window level to  2 500 Hounsfi eld units. 

 Data Analysis 

 The accuracy of the ultrasound imaging for delineating the 
PTX extension was determined by measuring the distance from 

one-half of all traumatic PTXs are found only by a 
CT chest scan,  5   which is the gold standard diagnostic 
test for a PTX.  4,6   Clinically silent and radiographically 
undetected PTXs that are subsequently identifi ed 
on CT scans are defi ned as occult PTXs.  7-9   Once an 
occult PTX is identifi ed, it must be decided whether 
to undertake tube thoracostomy or to simply observe 
the patient.  10   Inserting a chest tube, which many believe 
is the only safe and appropriate PTX treatment,  7   is 
associated with a 22% risk of major complications.  11   
Observation without chest drainage, considered suffi -
cient in spontaneously breathing patients,  12   carries a 
risk of PTX progression during positive pressure ven-
tilation. Occult PTXs can evolve into tension PTXs,  7   at 
which point diagnostic and treatment delays are highly 
lethal.  13   Thus, a reliable, easy, and repeatable method 
for monitoring PTXs is needed. Ultrasonography meets 
all these requirements and can be performed in almost 
any clinical setting.  14   The fi rst international evidence-
based set of recommendations for lung ultrasonography, 
published in March 2012,  15   contains no expert consen-
sus on how ultrasonography compares with CT scan-
ning for assessing PTX extensions. Further research 
is necessary.  15   We aimed to determine the accuracy of 
ultrasound imaging for delineating PTX extensions 
and to compare ultrasonography and CT scan assess-
ment of PTX progression during positive pressure 
ventilation in mechanically ventilated pigs. 

 Materials and Methods 

 This was a laboratory study of a PTX in a porcine model. Qual-
ifi ed and experienced animal caretaker personnel monitored the 
health of the animals during the study period. The experiments 
complied with the guidelines for animal experimental studies 
issued by the Danish Inspectorate for Animal Experimentation 
under the Danish Ministry of Justice, which also approved the 
study. The study adhered to the principles in the  Guide for the 
Care and Use of Laboratory Animals .  16   

 Animal Model 

 Three female Danish Landrace pigs   (mean  !  SD body weight  5  
56.0  !  2.0 kg) were used (supplied from a local farm owned by 
Aarhus University). The animals were anesthetized with a com-
bination of fentanyl, ketamine, and propofol; intubated; and posi-
tive pressure ventilated using a transport respirator (Oxylog 3000; 
Dräger) set to a tidal volume of 750 mL, a respiratory rate of 
15 breaths/min, a positive end-expiratory pressure of 2 to 
4 cm H 2 O, and an F io  2  of 30%. The end-tidal CO 2  level was kept 
within the normal range (4.0-6.5 kPa). All the animals were mon-
itored by ECG, and their core temperatures, invasive arterial BPs, 
oxygen saturations, and end-tidal CO 2  levels were trended. In the 
radiology department, the animals were fi xed in the supine posi-
tion on a CT scan table. A three-way stopcock catheter (BD Con-
necta; Becton, Dickinson and Company) was inserted into the 
pleural space through a small thoracotomy at the intersection of 
the fi fth to the seventh intercostal space and the anterior axillary 
line ( Fig 1  ). The catheter was then anchored to the surrounding 
muscle and fascia. Bilateral (n  5  2) and unilateral (n  5  1) PTXs 
were induced by incrementally injecting and withdrawing air 

  Figure  1. Chest of a porcine model with intrapleural catheter 
and needles.   
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•  3	«	paOentes	»	
•  Volumes	de	PNT	expérimentaux:	50	à	600	
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poumon	»	
•  Marqués	à	la	paroi	par	une	aiguille	sous	

cutané	
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  Figure  2. Flowchart suggesting the correct sequence for ultrasound identifi cation of the 
lung point. The lung point is localized at the interface between two distinct sonographic 
patterns that are synchronous with respiration: one with no lung sliding (the “stratosphere 
sign” in M-mode) and the other with normal lung sliding (the “seashore sign” in M-mode) 
illustrated in the lower right corner. Demonstration of normal lung sliding is only possible 
on video clips.   
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relation between lung point location and PTX size ( Fig 4B ). A 
mixed linear model regression was used to analyze the effects of 
PTX volume, increasing/decreasing PTX size, thoracic laterality, and 
chest levels on the S-LP distance. The interdependencies between 
the measurements in the porcine model were modeled by a com-
pound (or autoregressive) correlation structure.  19   All the statis-
tical calculations were performed using SPSS 18.0 (IBM). 

 Results 

 A total of 131 lung points were identifi ed. The 
overall mean difference between the two modalities 

the cutaneous needle tip to the lateral limit of the intrapleural air 
layer on the CT scan ( Fig 4A  ). The difference in the lung point 
designations ( !  LP ultrasound-CT scan) was measured at three 
areas on the chest (the anterior chest between costae 1 and 5, the 
lateral chest between costae 5 and 8, and the posterior chest 
between costae 8 and 12), and the measurements were expressed 
as absolute and mean values (millimeters) with SDs and ranges. 
To reduce possible sources of bias, two readers performed all the 
measurements in random order, and the degree of agreement 
between their separate readings was analyzed using a Bland-
Altman plot. A straight line from the central part of the sternum 
to the lung point (the S-LP distance) at two preset chest levels on 
the CT scans (the high level between costae 2 and 3 and the 
medium level between costae 5 and 6) was drawn to evaluate the 

  Figure  3. Lung points were located at the chest adjacent to the collapsed lung on the interior chest wall 
and aligned in the center of the ultrasound probe during inspiration. Needles were inserted to mark its 
cutaneous projection on the chest wall. (Illustrations: Kari M. Toverud [certifi ed medical illustrator].)   

  Figure  4. A, Difference in lung point localization was determined by comparing the ultrasound-placed needles with the extension of the 
PTX on the CT scans. B, The sternum-lung point (S-LP) distance. The lung is increasingly separated from the chest wall as the PTX expands, 
leading to lateralization of the lung point and increased S-LP distance. See Figure 2 legend for expansion of other abbreviations.   
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  Figure  4. A, Difference in lung point localization was determined by comparing the ultrasound-placed needles with the extension of the 
PTX on the CT scans. B, The sternum-lung point (S-LP) distance. The lung is increasingly separated from the chest wall as the PTX expands, 
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Unfortunately, the current study design, combined 
with the radiation hazard posed by serial CT scans, 
precludes using this experimental approach in human 
subjects. 

 We do recognize some limitations. First, one pig 
had a small amount of pleural fl uid in the basal part 
of the right hemithorax that could have affected the 
localization of the lung point. Second, the thoracot-
omies may have introduced small amounts of air into 
the pleural cavities when the catheters were intro-
duced, thereby increasing the actual PTX volume 
beyond the insuffl ated air volumes specifi ed in the 
study protocol. Although excessive air was withdrawn 
using a 10-mL syringe before starting the air injec-
tions, it is possible that some air remained in the 
pleural cavity. This residual air may explain the differ-
ences in the mean S-LP distances of the right and 
left hemithoraces with equal PTX volumes ( Fig 6 ). 
Another explanation for this fi nding may be the ana-
tomic asymmetry of the thorax, with the presence 
of the heart in the left hemithorax affecting the air 
distribution. Finally, a large PTX can eliminate the 
lung point sign completely because the lung totally 
collapses and loses contact with the interior wall 
of the chest cavity. These patients often experience 
respiratory distress due to diminished lung capacity 

demonstrate that ultrasonography is comparable to 
CT imaging for localizing the lung point during posi-
tive pressure ventilation in a porcine model. The linear 
response of the S-LP distance to the PTX volume 
implies that the lung point moves in a progressive 
arc from the anterior to the lateral and to the posterior 
aspect of the chest wall as the PTXs expand. This pro-
gression was assessed at two different chest levels and 
was independent of whether the PTX was increasing 
or decreasing in size ( Fig 6 ,  Table 2 ). 

 Porcine anatomy is not identical to human anatomy, 
but the respiratory and cardiovascular systems are 
similar; therefore, pigs are an important animal model 
in biomedical research.  30,31   Before commencing this 
study, we validated our PTX model using the refer-
ence standard CT scan and found equal distribution 
of intrapleural air as in supine patients with trauma.  32   
This study also revealed that the PTX volume and 
lung point position could easily be altered through 
insuffl ation and defl ation. We performed all our mea-
surements at the CT scan laboratory, which reduced 
the risk of any PTX progression occurring between 
the ultrasound and the CT scans. Soldati et al  18   allowed 
up to 1 h to elapse between their tests, whereas 
all our measurements were performed during an 
inspiratory hold and within minutes of each other. 

  Figure  5. Bland-Altman plot of the paired measurements from the two readers. The high degree of 
agreement is indicated by a difference in measurements (the  y -axis) that remains close to zero over the 
full measurement range (the  x -axis). LP  5  lung point; us  5  ultrasound.   
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fi nding may open up new possibilities for monitoring 
PTX development at the bedside. If a decision is made 
to observe patients who are mechanically ventilated 
with trauma and occult PTXs, we propose using serial 
thoracic ultrasound imaging to assess any PTX pro-
gression, which is known to be the strongest pre-
dictor of a patient’s need for chest tube insertion. 
Further research should focus on the relationship 
between the cutaneous projections of the lung point 
and the optimal treatment options. 
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and cardiovascular compromise due to tension PTXs.  13,33   
A tension PTX is diagnosed clinically and requires 
immediate needle decompression without the diagnos-
tic delay associated with CXR or ultrasound imaging.  1   

 Conclusions 

 We have demonstrated that lung point movement 
is an indicator of PTX progression during positive 
pressure ventilation that can be evaluated as accu-
rately by ultrasonography as by CT scanning. This 

  Figure  6. Graph illustrating the mixed linear model of the S-LP 
relative to the PTX volume. See Figure 2 and 4 legends for expan-
sion of abbreviations.   

 Table 2— Mixed Linear Model Analysis of the Sternum 
to Lung Point Distance Relative to the Pneumothorax 

Volume on the Thoracic Insuffl ation Side 
and Chest Level  

Variable  

Coeffi cient  F  Test

Estimate 95% CI  P  Value

Intercept, mm 43.7 16.0 to 71.3 .010
 Side a 
  R 54.0 39.5 to 68.5  ,  .001
  L 0.0 Reference …
 Level b 
  High  2 20.6  2 27.7 to  2 13.4  ,  .001
  Medium 0.0 Reference …
Volume, mL 0.11 0.08 to 0.13  ,  .001
Thoracic side 

  (R)  3  volume
 2 0.067  2 0.11 to  2 0.03 .001

Thoracic side 
  (L)  3  volume

0.000 Reference …

L  5  left; R  5  right.
 a Right and left thoracic sides; the left is the reference.
 b Chest level; high is between costae 2 and 3; medium is between 
costae 5 and 6 (reference).
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Bonne	reproducObilité	des	mesures	
Bonne	corrélaOon	entre	mesures	US	et	TDM	

Bonne	corréla'on	entre	volume	
de	PNT	et	distance	S-LP	

PerspecOves:	

•  DiagnosOc	pré-hospitalier	
•  Drainage	de	sauvetage	
Inadequate	needle	thoracostomy	rate	in	the	prehospital	seing	for	presumed	

pneumothorax:	an	ultrasound	study.	
Blaivas	et	al.	J.	Ultrasound	Med,	2010	

	

•  DiagnosOc	rapide	de	barotraumaOsme	en	VM	
•  Surveillance	du	retour	à	la	paroi	après	drainage	

The	use	of	point-of-care	bedside	lung	ultrasound	significantly	reduces	the	
number	of	radiographs	and	computed	tomography	scans	in	criOcally	ill	

paOents.	
Peris	et	al.	Anesth.	Analg,	2010	

	

PerspecOves:	
•  Contrôle	post-procédural	et	VVC:	
Bedside	ultrasound	can	safely	eliminate	the	need	for	chest	
radiographs	acer	central	venous	catheter	placement:	CVC	sono	in	the	
surgical	ICU	(SICU).	

	Matsushima	K,	J	Surg	Res.	Mai	2011	
	
Objec'f:	évalua'on	US	de	CVC:	posi'on	et	PNT	
⇒ 	Performance	diagnosOque	au	moins	comparable	
à	la	RT	

⇒ 	Temps	de	réponse:	10.8	min	vs	75.3	min	(P	<	
0.001)	


