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“Ideally,	the	position	of	the	tip	
should	be	checked	during the	
procedure“

“Use	methods	for	identifying	CVAD	
tip	location	during the	insertion	
procedure	(ie,	real	time)	due	to	
greater	accuracy,	more	rapid	
initiation	of	infusion	therapy,	and	
reduced costs“

2016

Tip location:	during CVC	insertion !!!



Intraprocedural
tip	location:	IC-ECG

Intracavitary ECG	is	a	well	established	method	for	verifying	
the	position	of	the	tip	of	a	CVC



Adults* Children**

Accuracy 94.5%	 95.8%

Feasibility 98.5% 99.3%

*The intracavitary ECG method for positioning the tip of central venous catheters: results 
of an Italian multicenter study. M Pittiruti et al J Vasc Access 2012;13 (3): 357-365
** The intracavitary ECG method for positioning the tip of central venous devices in 
pediatric patients: a multicenter study. F. Rossetti, M. Pittiruti et al. J Vasc Access, IN PRESS

Tip	location:	IC-ECG



Not	only	as	as	an	alternative	
to	X-Ray	based	controls	...

...	but	even	as a
first-choice	method

IC-ECG:	guidelines	!!!

2016



No	more	X-Rays

Postprocedure radiograph	
imaging	is	not	necessary	if	
alternative	tip	location	
technology	confirms	proper tip	
placement	(II).

2016

If	the	position	has	not	been	checked	
intraoperatively,	a	post-procedural	
chest	X-ray	should	be	performed	to	
check	the	position	of	the	tip
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TIP LOCATION
2011-2016

Standard of care: IC-ECG …



Problem …

IC-ECG	is based on	the	
interpretation of	changes of	the	
p-wave during intracavitary
detection of	ECG:
- maximal p-wave =	CAJ
Conventional IC-ECG	cannot be	
carried out	when the	p-wave is:
- absent (atrial fibrillation);
- abnormal (ectopic rhytms)

- hidden (active pacemakers)

- difficult to	identify/evaluate
(extreme tachycardia,	malposition)

Un-Applicability

Un-Feasibility



Problem …

A	subgroup of	patients
cannot benefit	from	IC-ECG:

a)	Patients	without	an	evident	P	
wave	or	with	abnormal	P	on	
their	basal	surface	ECG	tracking

• atrial	fibrillation	or	other	
morphologic	abnormalities	of	p	
wave	(junctional rhythms	and	
others)

• Active	atrial	pace-makers

Global applicability (in-hospital):  
91-93%



Problem …

A	subgroup of patients cannot benefit	from IC-
ECG:
b)	Difficult interpretation of	a	potentially detectable IC	p-
wave
– training	?	correct procedural flow
– technical problems (electrical interference,	 cable or	monitor	quality)
– tachyarrythmias ?
– trembling or	non	cohoperating patients

c)	No	p-waves variations detected despite potentially
detectable IC	p-wave

Global feasibility
(italian multicenter studies)

98.5-99.3%



2016

Problem …



We still want to strictly adhere to the	2013	
AHRQ	statement

No	more	X-Rays



Intra-procedural tip location	in	the
IC-ECG	unsuitable patients:	how ?

• Introducing alternative	tip location	methods
• Adding further tip location	and/or	navigation
technologies to	IC-ECG

• Improving applicability of	IC-ECG	
(modified IC-ECG)

• Integrating all the	above mentioned
strategies (an	algorithm)



Intra-procedural tip location	in	the
IC-ECG	unsuitable patients:	how ?

• Introducing alternative	tip location	methods



Intra-procedural tip location	in	the
IC-ECG	unsuitable patients:	how ?

• Introducing alternative	tip location	methods
– Fluoroscopy
– Echocardiography

• Trans-esophageal
• Trans-thoracic

– Modified IC-ECG



- Expensive
- Logistically unsustainable
- Inaccuracy of radiological landmarks

Intra-procedural	tip	location:	
Fluoroscopy



Intra-procedural	tip	location:	
Fluoroscopy
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Intra-procedural	tip	location:	
Fluoroscopy



• The	most accurate
• Invasive
• Specialty-based
• Only for	patients
under	general	
anesthesia

Intra-procedural	tip	location:	
Trans-Esophageal	Echocardiography

J tip



Intra-procedural	tip	location:	
Trans-Thoracic	Ecocardiography
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Negative assessment: 
IJV & SCV (supraclavicular view), RA (subcostal view)

Negative assessment: 
RA (subcostal view) + 

predictive length

“Positive” assessment: 
Saline + air bubbles in linear flow or color signals appearing

within 1-2 seconds (subcostal view)

26



• Direct	visualization of	the	tip difficult in	adult
patients

• Direct	visualization of	the	tip usually possible
only if located in	the	right	atrium

• Contrast /	Doppler	based indirect visualization
under	evaluation studies

• Better visualization in	pediatrics (neonates)

Intra-procedural	 tip	location:	
Trans-Thoracic	Ecocardiography



Intra-procedural	 tip	location:	
Trans-Thoracic	Ecocardiography

M. Pittiruti



RBCV LBCV

SVC
AoA



“IMPROVING	THE	“GLOBAL	USE”	OF	ULTRASOUND	FOR	CENTRAL	VENOUS	
ACCESS:		A	NEW	SUPRACLAVICULAR	SCAN	BY	MICROCONVEX	PROBE”

• PART 1: MCP tested on 10  patients in order to define its accuracy in
(1) identifying nerve-vascular bundles
(2) visualizing the brachiocephalic-caval venous axis via the right supra-

clavicular approach
(3) detecting the pleural 'sliding sign' (rule out of pneumothorax).
In all patients, all three goals were achieved.

• PART 2: 6 CVC placements, to test the possibility of adopting the MCP for 
a) systematic scan of central veins (RaCeVA protocol)
b) puncture and cannulation of central veins (3 internal jugular veins and 3 
axillary veins)
c) visualization of  catheter/guidewire within the great vessels (via the right 
supraclavicular scan) so to locate the tip in the lower portion of the superior 
vena cava (SVC)
d) detection of pleural complications. 

Intra-procedural	tip	location:	
Trans-Thoracic	EcocardiographyVia	Microconvex probe



• The	MCP	was	effective	for	all	of	these	purposes,	with	some	concerns	
only	with	tip	location:	
–metal	guidewire visible	within	the	SVC	in	all	6	patients
–Tip	recognizable	below	the	crossing	between	SVC	and	right	
pulmonary	artery	in	only	2	cases

–Catheter	never	recognizable	within	the	great	vessels,	maybe	
because	of	its	low	echogenicity as	compared	to	the	metal	guidewire.

• Our	pilot	study	suggests	that	the	MCP	may	be	used	in	all	steps	of	CVC	
insertion.	The	supra-clavicular scan	is	a	promising	view	for	
visualization	of	the	guidewirewithin	the	great	vessels	deep	into	the	
SVC,	though	its	effectiveness	for	tip	location	is	still	uncertain.

“IMPROVING	THE	“GLOBAL	USE”	OF	ULTRASOUND	FOR	CENTRAL	VENOUS	
ACCESS:		A	NEW	SUPRACLAVICULAR	SCAN	BY	MICROCONVEX	PROBE”

Intra-procedural	tip	location:	
Trans-Thoracic	EcocardiographyVia	Microconvex probe





Intra-procedural	 tip	location:	
Trans-Thoracic	Ecocardiography
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Intra-procedural	 tip	location:
Trans-Thoracic	Ecocardiography



Intra-procedural tip location	in	the
IC-ECG	unsuitable patients:	how ?

• Introducing alternative	tip location	methods
• Adding further tip location	and/or	navigation
technologies to	IC-ECG

• Improving applicability of	IC-ECG	
(modified IC-ECG)

• Integrating all the	above mentioned
strategies (an	algorithm)



Intra-procedural tip location	in	the
IC-ECG	unsuitable patients:	how ?

• Adding further tip location	and/or	navigation
technologies to	IC-ECG



ECG	+	doppler

ECG
+	presso-acoustic waves

ECG
+	electromagnetic tracking

Improving feasibility:	
“integrated devices”	(ECG+navigation)



Adding	a	navigation system	may help	
directing the	tip towards the	SVC	thus
obtaining the	expected variations in	
amplitude of P	wave or	T-Q	segment



“TIP	NAVIGATION	+	TIP	LOCATION:	AN	ALGORITHM	FOR	MAXIMIZING	
SAFETY	AND	COST-EFFECTIVENESS	OF	CENTRAL	VADs”

• 30 patients consecutively studied during PICC 
placement

• Navigator (Corpak) as tip navigation system
• Intracavitary ECG method for tip location.

Improving feasibility:	
IC-ECG	+	navigation study



• The	tip	navigation	device	was	successfully	used	in	all	
patients,	making	the	procedure	easier	and	faster.

• In	all	patients,	the	correct	tip	location	as	evaluated	by	the	
intracavitary ECG	method	corresponded	to	the	
electromagnetic	detection	of	the	tip	below	the	third	
intercostal space,	with	the	tip	properly	directed	downward.

Improving feasibility:	
IC-ECG	+	navigation study



Improving feasibility:	
IC-ECG	navigation!!!



Improving	feasibility:	
IC-ECG	navigation!!!



Improving feasibility:	
IC-ECG	navigation!!!



Improving feasibility:	
IC-ECG	navigation!!!



Improving feasibility:	
IC-ECG	navigation!!!



Intra-procedural tip location	in	the
IC-ECG	unsuitable patients:	how ?

• Introducing alternative	tip location	methods
• Adding further tip location	and/or	navigation
technologies to	IC-ECG

• Improving applicability of	IC-ECG	
(modified IC-ECG)

• Integrating all the	above mentioned
strategies (an	algorithm)



Intra-procedural tip location	in	the
IC-ECG	unsuitable patients:	how ?

• Improving applicability of	IC-ECG	
(modified IC-ECG)



Improving applicability of	IC-ECG	
(atrial fibrillation)

The	mean	increase	of	the	baseline	
electrical	activity	on	the	intracavitary ECG	
recorded	in	patients	with	atrial fibrillation	
may	be	used	for	detecting	the	transition	of	
the	catheter	electrode	from	the	superior	

vena	cava	to	the	right	atrium

(Engelhardt 1984;	Pittiruti	et	al.	2011	and	2016)



“EKG-controlled	placement	of	central	venous	catheters	in	patients	with	atrial fibrillation”
(Pittiruti,	La	Greca,	Scoppettuolo	et	al.	- INS	2011)

• Cavo-atrial junction	was	detected	by	two	criteria:
– (a)	abrupt	appearance	 of	high-voltage	waves	when	entering	 the	right	atrium	

and	their	brisk	disappearance	when	pulling	the	catheter	back	into	the	vena	
cava	superior;	

– (b)	sudden	 increase	 (4-fold,	10fold)	of	the	amount	of	energy	 recorded	by	
the	intracavitary electrode

• Post-op.	chest	x-ray	in	all	patients
• Cavo-atrial junction	correctly	identified	in	25	pts.	out	of	27
• Conclusion:	the	EKG	method	for	verifying	the	position	of	the	tip	of	

central	venous	access	devices	can	be	applied	in	most	patients	with	
atrial fibrillation,	with	high	accuracy	(no	false	positives;	few	false	
negatives).

Improving applicability
FA	– Study 1



• Patients	affected	by	atrial fibrillation	and	
candidate	to	cardiac	surgery	(aorto-
coronaric bypass,	valvular replacement)	
under	emodynamicmonitoring	via	trans-
esophageal	echocardiography	+	CVAD	
placement	in	the	operating	room	have	
been	consecutively	enrolled.	

• In	each	patient,	the	TEE	probe	was	inserted	
after	completion	of	the	general	anesthesia	
procedure	and	adjusted	to	obtain	the	atrio-
bicaval view	according	to	the	Medical	
Society	of	Echocardiography	guidelines.

Improving applicability
FA	– Study 2



• The	CVAD	was	inserted	under	ultrasound	
and	IC-ECG	guidance	according	to	our	
Institution	standard	policy.	

• The	CVAD	tip	was	placed	at	the	CAJ	as	
defined	with	regard	to	the	crista terminalis,	
the	anatomical	and	US	landmark	of	the	CAJ	
and	then	threaded	2	cm	below	and	pulled	2	
cm	above	it	always	under	TEE	guidance.

• The	IC-ECG	traces	corresponding	to	the	
three	US-based	tip	positions	were	saved	for	
subsequent	analysis	and	the	catheter	was	
left	in	situ	at	the	point	defined	by	TEE.	

Improving applicability
FA	– Study 2



• To	date,	4	consecutive	patients	have	
been	enrolled	and	included	in	the	
analysis.	

• CVAD	insertion	successful	and	
uneventful	in	all	patients.	

• All	CVADs	inserted	via	the	right	IJV.	
• Guidewire J-tip	exiting	the	catheter	
and	the	crista terminalis clearly	
located	by	the	TEE	operator	in	all	
patients.

J tip at the crista terminalis

J tip

Improving applicability
FA	– Study 2



• Under	TEE,	an	abrupt	increase	in	the	
mean	intracavitary amplitude	of	the	
asynchronous	atrial	electrical	activity	
(i.e.	the	T-Q	segment	on	the	ECG	
trace)	as	compared	to	the	surface	
trace	is	recorded	with	the	J-tip	
placed	at	the	crista	terminalis.	

• A	clear	reduction	in	amplitude	is	
evident	in	the	two	alternative	
positions	(SVC	and	deep	RA)	in	all	
patients.

Abrupt increase in 
intracavitary T-Q amplitude

Improving applicability
FA	– Study 2



• While patients are	being
enrolled,	further IC-ECG	
traces analysis is ongoing to
define quantitative	
parameters allowing a	more	
refined correlation between
IC-ECG	and	tip position	in	FA	
patients (i.e.:	energy et al.)

Improving applicability
FA	– Study 2



Using specialized “digital”	ECG	monitors
The	area	under	the	T-Q	segment =	atrial energy

Improving applicability of	IC-ECG	
(atrial fibrillation)



Using specialized “digital”	ECG	monitors

The	area	under	the	T-Q	segment (atrial “energy”)	might be	related to	
the	cavo-atrial junction tip location

Improving applicability of	IC-ECG	
(atrial fibrillation)

But it is different during examination in 
the same tip position !!! (different

duration of the T-Q segment)



Using specialized “digital”	ECG	monitors
The	median peack-to-peack maximal voltagemight be	related to	the	
cavo-atrial junction tip location	(more	costant in	different
measurements at the	same tip position)

Improving applicability
FA	– Study 3





So,	can	we improve IC-ECG	
results ?

…	yes,	we can	!



So,	can	we completely avoid
X-Ray based tip control in	all
patients ?

…	maybe !



Algorithm-adults
US (no X-ray) to rule-out
pleural complicationsor

P wave or AF evident

Atrial P wave
or AF evident

No change in 
EC-atrial waves

PM spikes

US tip location
Unable Able

US/Magnetic Tracking
(gross malposition)

+ Chest Xray

If available

Our proposal of	an	“advanced”	algorythm

Improving IC-ECG	results



Improving tip location
Our proposal of	an	“advanced”	algorythm



Thanks !!!


