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An old technology�

has become �
disruptive innovation!



CLINICALLY-INTEGRATED		
US	in	Cri3cal	Care	

•  Ultrasound	Performed	at	the	point	of	care	

•  Performed	!	Visualized	on	the	screen	

•  Finally…	INTERPRETED	AT	THAT	TIME!	

How	an	old	technology	has	become	a	disrup3ve	innova3on	
	 	 	 	 	 	 	Resa	Lewis,	TEDMED	Talks	



1794	–	Lazzaro	Spallanzani	

•  Dimostrò	che	i	pipistrelli,	così	come	molM	altri	

animali	(es.	i	cetacei),	usavano	gli	ultrasuoni	per	

orientarsi	



Ultrasuoni:	prime	applicazioni	

•  Hanno	riguardato	inizialmente	l’abito	mariVmo	

•  In	pace	le	navi	lo	usavano	per	idenMficare	
ostacoli	(es.	icebergs)	

•  Paul	Langevin	meXe	a	punto	il	primo	trasduXore	dopo	la	

tragedia	del	Titanic	

•  In	guerra	per	idenMficare	soXomarini	o	altre	

navi		



1880	–	The	Curie	Brothers		

•  Pierre	e	Jacques	Curie	scoprono	l’effeXo	
piezoeleXrico	

•  Inventano	il	primo	trasduXore	di	energia,	da	

eleXrica	a	meccanica	…	ovvero…	inventano	la	

prima	sonda	ecografica	della	storia!		



1942	–	Karl	T.	Dussik	

•  Prima	applicazione	in	medicina:	diagnosi	di	

tumori	cerebrali	e	valutazione	dei	ventricoli	

cerebrali	



1948	–	George	Ludwig	

•  Diagnosi	ecografica	di	calcolosi	della	colecisM	
•  Individuazione	di	corpi	estranei	



1958	–	Ian	Donald	

•  Diffusione	dell’ecografia	in	ambito	ostetrico-

ginecologico	

•  Prima	pubblicazione	su	The	Lancet	





policy	on	privileging	US	

(1)  Ultrasound imaging is within the scope of practice of 
appropriately trained physicians;	

(2) […] broad and diverse use and application of ultrasound 
imaging technologies exist in medical practice;	

(3) […] each hospital medical staff should review and approve 
criteria for granting ultrasound privileges based upon 
background and training for the use of ultrasound 
technology and strongly recommends that these criteria 
are in accordance with recommended training and 
education standards developed by each physician’s 
respective specialty.




Primi	ecografi	rudimentali	



…	evoluzione…	







PortaMli	e	dedicaM…	gli	albori…	







Ricordate	il	Tricorder?	



…	on	the	scene…	

…In-hospital…	







•  Emergency	ultrasound	examinaMons	are	performed	and	interpreted	by	emergency	

physicians	[…]	in	the	seVng	of	the	ED	or	a	non-ED	emergency	seVng	such	as	out-of-

hospital,	baXlefield,	space,	clinic,	or	any	remote	seVng.		

•  […]	may	also	be	performed	in	other	hospital	seVngs	if	needed	for	emergent	situaMons.	

Other	medical	specialMes	may	wish	to	use	this	document	if	they	perform	emergency	

ultrasounds	in	the	manner	described	above.		

•  […]	is	a	goal-directed	focused	ultrasound	examinaMon	that	answers	brief	and	important	

clinical	quesMons	in	an	organ	system	or	for	a	clinical	symptom	or	sign	involving	mulMple	

organ	systems	Emergency	ultrasound	is	synonymous	with	the	terms	bedside,	point-of-care,	

focused,	clinical	and	physician	performed.	[…]	

•  […]	as	described	above	uses	a	different	paradigm	than	tradiMonal,	consultaMve	ultrasound	

such	as	those	ultrasound	exams	performed	in	US	laboratories	or	departments	

•  Emergency	ultrasound	is	an	emergency	medicine	procedure,	and	should	not	be	considered	

in	conflict	with	exclusive	“imaging”	contracts	seen	with	consultaMve	ultrasound.	





Ecografia	pleuro-polmonare	

•  The	lung	has	always	been	considered	off-limits	for	ultrasound,	

«because	ultrasound	energy	is	rapidly	dissipated	by	air,	

ultrasound	imaging	is	not	useful	for	the	evaluaMon	of	the	

pulmonary	parenchyma» 	 	 							

	 	 	 	 		(Harrison’s	Principles	of	Internal	Medicine,	2008)	



1816-1819:	René	T.H.	Laennec	

•  Inventore	dello	stetoscopio…	





Valutazione Ecografica Preliminare 

Controllo della punta 

Diagnosi/Esclusione PNX/Emotorace 

Puntura ecoguidata 

Ecografia e Accessi Vascolari
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…	era	il	1978	quando…	

Anesthesia	&	Analgesia	



…	1983	…	

•  Anesthesiology	



…alcuni	anni	più	tardi…	

Anesthesiology,	

1986	









Le	evidenze	pubblicate	

•  Cfr	le	meta-analisi	disponibili	in	leXeratura	

–  Randolph	1996	
–  Keenan	2002	
–  Calvert	2003	
–  Cochrane	2015	

•  TuXe	dimostrano	che	la	ecoguida	si	associa	a	

– Maggiore	%	successi	al	primo	tentaMvo	

– Minore	%	di	complicanze	

– Minor	numero	di	punture	ripetute	

– Minor	costo	

– Minor	tempo	



Calvert 2003: analisi economica 

‘Economic modeling indicates that US is 
likely to save NHS resources as well as 
improve failure and complication rates’ 

    ‘For every 1000 procedures, a resource 
saving of 2000 pounds is suggested’ 



Le	prime	esperienze…	

•  Vena	giugulare	interna	
– Approccio	‘out	of	plane’,	in	asse	corto	





Puntura	ecoguidata	della	VGI	

•  439	studi	
•  29	RCTs;	2	QRCTs;	2	non	chiaro	se	RCT	
•  33	solo	VGI	
•  2	VGI	+	SV	(?)	
•  29	solo	Eco	
•  6	solo	doppler	
•  2	Eco-color-doppler	



Problemi	

•  Doppler	o	Eco-doppler	
•  Eco-assistenza	

– Alderson	PJ,	BJA	1992	
•  Ecoguida	real-Mme	

•  Solo	VGI	
–  In-plane	+	“Asse	Lungo”	
– Out-of-plane	+	“Asse	Corto”	

•  Tecniche	non	standardizzate	e/o	non	ben	
descriXe	nei	lavori	



2015	
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and	children.	Acta	Anaesthesiol.Scand.	2002;46(4):390-392.	[Consecu3ve,	prospec3ve	
study:	42	pa3ents]		

•  Liberman	L,	Hordof	AJ,	Hsu	DT,	et	al.	Ultrasound-assisted	cannulaMon	of	the	right	

internal	jugular	vein	during	electro-	physiologic	studies	in	children.	J.Interv.Card	
Electrophysiol.	2001;5(2):177-179.	[Descrip3ve	study:	45	pa3ents]		

•  Leyvi	G,	Taylor	DG,	Reith	E,	et	al.	UMlity	of	ultrasound-	guided	central	venous	

cannulaMon	in	pediatric	surgical	paMents:	a	clinical	series.	Paediatr.Anaesth.	

2005;15(11):953-	958.	[Retrospec3ve	study:149	pa3ents]		
•  Arai	T,	Yamashita	M.	Central	venous	catheterizaMon	in	infants	and	children—small	

caliber	audio-Doppler	probe	versus	ultrasound	scanner.	Paediatr.Anaesth.	2005;15(10):

858-	861.	[Non-randomized,	prospec3ve	study:	81	pa3ents]		



•  Grebenik CR, Boyce A, Sinclair ME, et al. NICE guidelines for central 
venous catheterization in children. Is the evidence base sufficient? 
Br.J.Anaesth. 2004;92(6):827-830. [Randomized, prospective study: 124 
patients]  

•  Keyes LE, Frazee BW, Snoey ER, et al. Ultrasound-guided brachial and 
basilic vein cannulation in emergency depart- ment patients with difficult 
intravenous access. Ann.Emerg.Med. 1999;34(6):711-714. [Prospective 
study: 101 patients] 

•  Costantino TG, Parikh AK, Satz WA, et al. Ultrasonography- guided 
peripheral intravenous access versus traditional approaches in patients with 
difficult intravenous access. Ann.Emerg.Med. 2005;46(5):456-461. 
[Prospective study: 60 patients] 

•  Chuan WX, Wei W, Yu L: A randomized-controlled study of ultrasound 
prelocation vs anatomical landmark-guided cannulation of the internal 
jugular vein in infants and children. Paediatr Anaesth 2005; 15:733–738 
[Randomized, prospective study: 62 patients] 



RCTs



•  LimiM	

– Numero	pazienM	arruolaM	

– Solo	VGI	
– Eco	assistenza	e	Eco	Guida	



•  RCT	
•  150	pts	<	18	anni	
•  Outcome	primario:	N°	tentaMvi	

•  Outcome	secondario:	tempo,	puntura	arteriosa,	altre	

complicanze	

•  Solo	VGI	



Linee	guida	internazionali	di	riferimento	

" Raccomandazioni	AHRQ	

" Linee	guida	NICE	
" Linee	guida	pediatriche	ESPEN	
" Linee	guida	BCSH		
" PosiMon	Statement	AVA	2008	

" PosiMon	Statement	ACS	2008	

" Linee	guida	ESPEN	
" Linee	guida	CDC	Atlanta		2011	
" Linee	Guida	SHEA	2014	
" 	Linee	Guida	EPIC	3	



AHRQ Recommendations  

2013	

2001	









Vena	Succlavia	

•  10	studi	
•  6	RCTs,	1	QRCT,	3	non	ben	determinato	

•  6	Eco	B-mode	

– 1	puntura	eco-assisMta	
•  4	Eco	B-mode	+	Eco-doppler	





Confusione	terminologica	

•  La	puntura	eco-guidata	della	vena	succlavia	è	
SOVRACLAVEARE	

•  La	puntura	eco-guidata	in	regione	
soXoclaveare	consiste	nella	puntura	di:	

– Vena	Ascellare		
– Vena	Cefalica	al	torace	





•  97.2%	success	rate		
•  Three	failed	aXempts	due	to	hematomas	from	venous	

bleeding	
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•  “…	It	is	my	belief	that	there	is	enough	evidence	

now	…	to	support	rouTne	use	of	ultrasound	in	

all	situaTons…”	





Intensive	Care	Med.	2012	Jul;38(7):1105-17.	



Valutazione Ecografica Preliminare 

Non	esiste	un	sito	ideale	per	il	posizionamento	di	cateteri	

venosi	 centrali	ma	 esso	 deve	 essere	 stabilito	 sulla	 base	

dell’integrazione	 (a)	 dell’esame	 ecografico	 preliminare,	

(b)	del	Mpo	di	catetere	e	(c)	della	clinica	



RaCeVA – Rapid Central Vein Assessment






…nel	bambino	e	nel	neonato…	









Anche	effeXo	su	infezioni:		
Real-3me	ultrasound-guided	catheterisa3on	of	the	

internal	jugular	vein:	a	prospec3ve	comparison	with	
the	landmark	technique	in	cri3cal	care	pa3ents	

D.	Karakitsos	et	al	-	CriTcal	Care	2006,	10:R162	



CDC	2011	



Linee	Guida	EPIC	2014	

“… L’uso dell’ecografia può indirettamente ridurre il 
rischio di infezione facilitando il  posizionamento del 
catetere venoso centrale…” 





Consensus	2012	













Clinical Question…








…nel	bambino	e	nel	neonato…	



  Generally	speaking,	suggest	cauMon	with	the	use	of	US	to	
detect	Mp	locaMon	

  Recommend	to	consider	US	to	detect	Mp	locaMon	in	neonates	

and	in	emergency	condiMon	when	immediate	knowledge	of	

the	CVAD	Mp	locaMon	is	beneficial.		



 Ultrasound	can	confirm	catheter	posiMon	with:		

– Supraclavicular	views		
– Transthoracic	echocardiographic	views		
– Transoesophageal	echocardiographic	views	



PrevenMon	of	primary	malposiMon	

  In	regard	to	the	prevenMon	of	primary	malposiMon	US	

may	play	two	roles:	

–  As	a	„Mp	navigaMon“	technique	
–  As	a	„Mp	locaMon“	technique	







TEE	

  TEE	is	the	most	accurate	method	for	Mp	locaMon	(gold	

standard),	but	it	is	expensive	and	invasive.		



US	based	“Mp	locaMon”	technique	

•  As	a	‘Mp	locaMon’	technique,	TTE	allows	direct	or	
indirect	visualizaMon	of	the	catheter	Mp	or	J-

guidewire	at	the	CAJ	or	in	the	lower	SVC	by	

means	of	a	subcostal	bicaval	view.		

IVC	

SVC	

RA	







Bedel	et	al.	









Ideale	nei	neonaM…		



Ideal	aÉer	FICC	inserMon…	
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US	based	Mp	locaMon	&	Mp	navigaMon:	EBM	







•  Color Doppler signals in the superior vena cava.


•  Increased colour signal due to turbulent flow during infusion 
of saline solution 








High	specificity	but	low	sensiMvity	

  32	studies	on	US	detecMon	of	CVC	malposiMon	

–  11	studies	in	which	Vascular	US	was	coupled	with	TTE	+/-	CEUS	
–  In	6	studies	advancement	of	the	guidewire	was	assessed	by	US	

–  In	the	remaining	26	studies	the	CVC	was	visualized	by	US	directly	

aÉer	placement.		

  US	to	detect	CVC	malposiMon	is	feasible	in	96.8%	of	cases	

  US	to	detect	CVC	malposiMon	as	a	Mp	locaMon	technique	

has	an	overall	pooled	specificity	of	98.9	(95%	CI:	97.8–

99.5)	and	sensiMvity	of	68.2	(95%	CI:	54.4–79.4)	



Low	sensiMvity:	why?	

  The	limited	sensiMvity	of	US	to	detect	CVC	malposiMon	

can	be	explained	by	the	small	a	priori	chance	of	

primary	malposiMon	

  Given	the	small	incidence	of	primary	malposiMon	in	

these	studies,	they	was	certainly	underpowered	

  	Therefore,	small	changes	in	the	number	of	false	

negaMves	could	eventually	cause	dramaMc	changes	in	

the	sensiMvity	



  Imperfect	reference	standard!		

–  ExcepMng	for	2	studies	in	which	the	reference	standard	was	
TEE,	in	the	remaining	studies	the	reference	was	the	CXR	

which	should	not	be	considered	always	a	reliable	and	

accurate	diagnosMc	method	for	Mp	locaMon		

  There	is	a	large	inter-observer	variability	among	

radiologists	in	idenMfying	the	cavo-atrial	juncMon	on	

CXRs;	therefore,	reading	of	a	bedside	CXR	alone	may	

not	be	sufficiently	accurate	to	idenMfy	Mp	posiMon		

Low	sensiMvity:	why?	



  Lack	of	informaMons	about	training	

–  Operators’	experience	and	proficiency	
– What	to	teach?	

–  How	to	teach	it?	

  Lack	of	standardizaMon	of	the	technique	
–  Subcostal	bicaval	view	
–  Right	Parasternal	view	
–  Supraclavicular	view	
–  …		

Low	sensiMvity:	why?	



TTE	+	CEUS	

  In	cases	where	CEUS	was	implemented	in	the	study	

protocol	an	overall	lower	sensiMvity	was	noted		

–  This	may	be	due	to	the	high	inter-observer	and	intra-observer	

variability	in	interpreMng	the	appearance	of	microbubbles	and	its	

shape	

  It	has	been	debated	whether	the	threshold	of	2	s	in	
appearance	of	microbubbles	is	an	accurate	indicator	of	

correct	CVC	posiMon	

 More	likely,	the	delay	in	appearance	of	microbubbles	is	

dependent	on	the	length	of	CVC	

 Meggiolaro	et	al.	suggested	a	cut-	off	value	of	500	ms	



•  “….CVC	posi8on,	
according	to	our	
meta-analysis,	is	best	
verified	by	vascular	
US	combined	with	
TTE…”	

•  TheoreMcally,	the	best	
protocol	is	an	US	

method	incorporaMng	

a	scan	of	the	central	

vessels	bilaterally	(if	

needed)	and	

visualizing	the	

migraMon	of	the	CVC	

Mp	into	the	heart	

through	CEUS		



  Recently,	Kim	et	al.	proposed	

the	use	of	a	microconvex	probe	

to	visualize	catheter	passage	

into	the	SVC	aÉer	US	guided	

central	vein	puncture	

 Microconvex	probe	allows	to	

visualize	deeper	structures		



  A	supraclavicular	US	obtained	
with	this	probe	offers	a	

longitudinal	view	of	the	SVC	to	its	

crossing	with	the	right	pulmonary	

artery	in	front	of	which	the	CAJ	

lies,	allowing	both	catheter	Mp	

navigaMon	and	locaMon	at	the	

same	Mme	







Supraclavicular	Ultrasound	(SCU)	

  SCU	has	been	proved	to	have	the	highest	specificity	of	
100%	(95%	CI:	94.4–100)	but	due	to	absent	cases	of	
malposi8on	in	the	published	studies	the	sensi8vity	
could	not	be	calculated	
  SCU	is	a	promising	protocol	which	could	potenMally	be	

the	best	since	it	is	performed	during	the	procedure	

allowing	both	Mp	navigaMon	and,	in	most	paMents,	Mp	

locaMon	

  Primary	malposiMons	may	be	almost	competely	

prevented!	



SCU	-	limitaMons	

  Operator	dependent	
–  inter-	and	intra-	variability	

  PaMent	dependent	
–  poor	echogenic	window	due	to	high	acusMc	impedance	of	

the	chest	



Objective


   Ruling out pulmonary 
complications 
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…nel	bambino	e	nel	neonato…	







•  The	probe	can	be	posiMoned	longitudinally,	
perpendicular	to	two	(or	more)	conseuMve	ribs	

The	scanning	technique	



•  Most	exam	must	include,	at	a	minimum,	the	anterior,	anterolateral	and	

postero-lateral	 porMons	 of	 the	 chest	 wall	 evaluated	 in	 a	 clinically	

integrated	goal-directed	manner	based	on	paMent’s	clinical	presentaMon	

The	scanning	technique	



• 	The	presence	of	air,	between	the	chest	wall	and	the	lung	causes	a	change	of	the	
sonographic	dynamic	image	of	the	lung		

• 	In	PNX	lung	sliding	is	absent,	due	to	the	presence	of	air	between	the	two	pleural	
layers	



M-Mode	



M	-	MODE		

•  Stratosphere	sign	is	the	typical	
PNX	m-mode	paXern	



•  This	phenomenon	creates	verMcal	artefacts	known	as	B-lines		

•  B-lines	belong	to	the	family	of	the	comet-tail	arMfacts	

•  B-lines	are	verMcal	hyperechoic	lines	arising	from	pleural	line	extending	

downward	to	the	edge	of	the	ultrasound	screen		

•  B-lines	move	synchronously	with	lung	sliding	



•  The	presence	of	fluid	between	the	two	pleural	layers	can	be	easily	
detected	using	ultrasound	as	an	anechoic	fluid	mass		

•  Complicated	effusions	may	have	mulMple	internal	echoes	

•  LUS	allows	to	determine	the	characterisMcs	of	the	effusion,	such	as	

being	free,	loculated	or	corpuscolated	
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Curtain 
Sign
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PNX

! PNX Sonographic Signs

! Sliding Sign

! B - lines

! Lung Pulse

! Lung Point




Pneumothorax	

•  PNX	US	signs:	
– Absence	of	lung	
sliding	

– Absence	of	B-lines	
– Absence	of	Lung	Pulse	
– Presence	of	Lung	
Point	





Ruling	out	a	PNX	







Il nuovo concetto che emerge è:

• USO ‘CLINICO - INTEGRATO’ 

DELL’ECOGRAFO 

-  Per la scelta della vena 

-  Per la venipuntura 

-  Per la corretta direzione della guida metallica e del catetere 

-  Per la esclusione di complicanze da venipuntura:  

-  Puntura arteriosa; Ematoma; PNX; Emotorace 

-  Per la verifica della posizione della punta 

-  Diagnosi di complicanze tardive non infettive: es. trombosi 



Domande?	








