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Tip location is mandatory in all central VAD insertions

Any central venous access device (PICC, CICC, chest-port, PICC-port, 
dialysis cath., etc.) inserted through of a vein of the upper arm or a vein 
of the cervico-thoracic area should have its tip properly placed in the 
lower part of the superior vena cava or in the upper part of the right 
atrium (depending on the performance required).

Any central venous access device (FICC, groin-port, dialysis cath., etc.) 
inserted through of a vein of the inguinal area should have its tip properly 
placed in the middle part of the inferior vena cava or in the right atrium 
(depending on the performance required).



Central tip locations

Non-
peripherally
compatible
infusions

Blood sampling Hemodialysis CVP/PICCO SvO2

Lower 1/3 SVC yes yes no yes no

Right atrium yes yes yes yes yes

IVC yes yes yes no no



Main ‘tip location’ methods:

DURING THE PROCEDURE

• Intracavitary ECG

• Fluoroscopy

• Echocardiography (TTE, TEE)

AFTER PROCEDURE

• Chest x-ray

• CT, MR, angiography

• Echocardiography (TTE, TEE) 



Post-procedural control of tip location is associated with the possible need 
for repositioning the tip. Which implies:

• waste of time

• waste of resources

• potential harm to the patient 2016



Post-procedural chest x-ray: only in exceptional cases

2016



• Length estimation by surface landmark + post-procedural
control of tip location is not acceptable any more

• We MUST adopt an intraprocedural method of tip location



There are three main intra-procedural methods for tip location

• Fluoroscopy

• Echocardiography (TEE or TTE)

• Intracavitary electrocardiography (IC-ECG)



70 years of clinical studies on IC-ECG



Proc Soc Exp Biol Med. 1949 May;71(1):58-60.

https://www.ncbi.nlm.nih.gov/pubmed/18151477


1981 – 2003: prehistory

First scientific papers about IC-ECG as tip location (most of them
from Europe)

The method is regarded as easy and inexpensive

The ‘accuracy’ is tested (inevitably) comparing with chest x-ray

Clinical use is limited to some European hospitals (particularly in 
Germany, Belgium, Austria, and Italy); in my hospital, IC-ECG use 
started in 1997.



Three very important clinical studies finally validate 
the IC-ECG method using the Trans-Esophageal
Echocardiography, showing that IC-ECG is more 
accurate than chest x-ray:

•Chu 2004
• Jeon 2006
• Ender 2009

2004 - 2009



2004

2006

2009



The first randomized controlled study is published
(Gebhard 2007)

The first studies applying IC-ECG to peripherally
inserted central catheters (PICC) are published
(Pittiruti 2008 and Moureau 2010)

2007 - 2010



2007

first randomized controlled study



2008

2010

first studies applying IC-ECG to peripherally inserted central catheters (PICC)



2009

First international guidelines to recommend IC-ECG:
Guidelines of the European Society of Parenteral and Enteral Nutrition

«Ideally, the position of 
the tip should be checked
during the procedure,
either by fluoroscopy or 
by the ECG method»
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diologic control was also based on the need to rule out 

pleura-pulmonary complications. However, nowadays an 

increasing number of central VADs are inserted using ap-

proaches that exclude the risk of this type of complica-

tions (peripheral insertion at mid-arm) or that minimize it 

(ultrasound guided venipuncture).

The guidelines of the European Society of Parenteral 

and Enteral Nutrition (1) have recently stated that radio-

logic control after central venous cannulation should be 

considered essential only (a) if an insertion technique 

that entailed a risk of pneumothorax is used and/or (b) 

if the position of the tip of the catheter is not verified via 

other methods during the procedure. This implies that the 

combination of a method that carries zero risk of pleura-

pulmonary complications (e.g. positioning of a central ve-

nous catheter by means of cannulation of an arm vein, or 

INTRODUCTION

Verification of the correct position of the tip of cen-

tral venous access devices (VAD) is of major importance 

because malposition, defined as a tip not located in the 

lower part of the superior vena cava (SVC) or in the upper 

part of the right atrium (1), is associated with a high risk of 

malfunction, venous thrombosis, vessel erosion, visceral 

and other complications (1-7). A tip location on the upper 

third of the superior vena cava, particularly if the VAD is 

inserted on the left side, is also dangerous, since the tip 

of the catheter may be stuck against the lateral wall of 

the SVC and cause local endothelial damage and venous 

thrombosis (8,9).

Tip position is often assessed at the end of the pro-

cedure by a standard chest x-ray. Historically, such ra-
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ABSTRACT

Purpose: The aim of this multicenter study was to assess the feasibility, safety, and accuracy of the intracavitary ECG method 

for real-time positioning of the tip of different types of central venous catheters. 

Methods: A total of 1444 catheter insertions in adult patients were studied in eight Italian centers (539 ports, 245 PICCs, 

325 tunneled CVCs, 335 non-tunneled CVCs). Patients with no visible P wave at the standard baseline ECG were excluded. 

Depending on the type of catheter and its purpose, the target was to position the tip either (a) at the cavo-atrial junction, 

or (b) in the lower third of the superior vena cava, or (c) in the upper part of the atrium. The final position was verified by a 

post-procedural chest x-ray. 

Results: The method was feasible in 99.3% of all cases. There were no complications potentially related to the method itself. 

At the final x-ray control, 83% of all tips were positioned exactly at the target; 12.4% were positioned within 1-2 cm from 

the target, but still in a correct central position; only 3.8% were malpositioned. The mismatch between intra-procedural ECG 

method and post-procedural x-ray was significantly lower when the x-ray was taken in supine position.

Conclusions: Our multicenter study confirms that the intracavitary ECG method for real time verification of tip position 

is accurate, safe, feasible in all adult patients and applicable to any type of short-term or long-term central venous access 

device. 
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The first multicenter
study about IC-ECG



In the decade 2008 – 2018, many issues become clear:

- The maximal height of the P wave represents faithfully the CAJ 
(i.e., the crista terminalis)

- The maximal height of the P wave is NOT related to the sino-atrial
node, but to the transition between electrically inactive tissue
(SVC) and electrically active tissue (atrium)

- The best way to detect the maximal P wave - avoiding false 
positives - is to look at the ‘pattern’ of changes (increasing P - peak
– decreasing or diphasic P)

2008 - 2018



Today, 2020: Intracavitary ECG (IC-ECG) is the preferred 
method for intra-procedural tip location

• Accurate 
• More accurate than radiology or TTE
• Less accurate than trans-esophageal echocardiography (TEE)

• Inexpensive
• Less expensive than radiology or TEE
• As inexpensive as TTE

• 100% Safe
• Safer than radiology or TEE
• As safe as TTE 

• Easy to perform
• Easier than radiology or TEE
• As easy as TTE

• Easy to learn
• Easier than radiology or TEE or TTE



Inexpensive !

+

any standard ECG monitor + a sterile cable for IC-ECG



any standard ECG monitor + a sterile cable for IC-ECG



Tip location should preferably performed by IC-ECG

2016



Conventional IC-ECG has some limitations of applicability

• ‘Conventional IC-ECG’ is based on the interpretation of changes of P-
wave
• Maximal P wave = CAJ

• In particular: identification of a specific pattern (‘increasing P – maximal P – diphasic P’)

• Conventional IC-ECG cannot be carried out in conditions in which the P 
wave is difficult or impossible to identify
• Atrial fibrillation 

• Pacemaker

• Other abnormalities of cardiac rhythm with absence or hiding of P wave



In atrial fibrillation patients (7-11%), modified IC-ECG may
replace conventional IC-ECG as tip location method



Methods

We studied 18 AF patients requiring simultaneously a CVC and a trans-
esophageal echocardiography (TEE). 

An IC-ECG trace was recorded with the catheter tip in 3 different positions 
defined by TEE imaging: in the superior vena cava, 2 cm above the cavo-
atrial junction (CAJ); at the CAJ; and in the right atrium, 2 cm below the 
CAJ. 





Methods

Three different criteria of measurement of the f waves pattern in the 
TQ tract were used: 

- the mean height of f waves (method A); 

- the height of the highest f wave (method B); 

- the difference between the highest positive peak and the lowest 
negative peak (method C)



Method A

• Measurement of the the mean height of f waves 



Method B

• Measurement of the the height of the highest f wave



Method C

• Measurement of the widest difference between maximal positive peak 
and maximal negative peak



With the tip placed at the CAJ, the mean value of the f waves was significantly 
higher than in the other two positions. 



ANOVA
p <.001
for all

Pairwise
p <.05
for each



All three methods were effective in discriminating the tip position at the CAJ, 
though method B proved to be the most accurate.



ROC Analysis
Higher value of AUC = better discrimination between two different positions



Conclusions of our study

Our study demonstrates that a ‘modified’ IC-ECG method based not on the 
maximal height of the P wave but on the maximal electrical activity of the 
TQ tract can be safely used for detecting the location of the tip of central 
VADs in AF patients. 

Our data also suggests that this method should replace other tip location 
methods currently used in AF patients, such as fluoroscopy or post-
procedural chest x-ray, since such radiological techniques are less accurate, 
more expensive and less safe than IC-ECG.



Not only AF…

…Conventional IC-ECG may be difficult also in other
conditions (1-2%):

- pacemaker (if active at every beat)

- some rare cardiac arrhythmias

- some cardiovascular abnormalities (persistent left SVC)

- when the electric signal is poorly conducted
- very small bore catheters (< 3Fr) in neonates

- …………………



When conventional IC-ECG and modified IC-ECG 
are not applicable…

Should we use fluoroscopy ?



When conventional IC-ECG and modified IC-ECG 
are not applicable…

Should we use fluoroscopy ?

NO !



Tip location by fluoroscopy

• Acceptable as accuracy
• Though, less accurate than echocardiography or IC-ECG

• Very expensive
• Far more expensive than IC-ECG or TTE

• Unsafe
• X-ray exposure ! (both for the patient and for the operator)

• Logistically difficult
• In particular for bedside CVADs (PICC, FICC and CICC)



Tip location by fluoroscopy: only in exceptional cases

2013



Tip location by fluoroscopy: only in exceptional cases

2016



When conventional IC-ECG and modified IC-ECG 
are not applicable…

Should we consider echocardiography?

TEE?

TTE?



Tip location by echocardiography (TEE)

TEE : trans-esophageal echocardiography

• The most accurate method for tip location

• Invasive
• Esophageal probe

• Very expensive

• Requires specific training

• Logistically impossible in the vast majority of patients
• Feasible for CICCs before/during cardiac surgery
• Not feasible for routine bedside placement



Tip location by echocardiography (TTE)

TTE : trans-thoracic echocardiography

• Accuracy depending on the method used and on the operator

• Easy and accurate in neonates and children

• Sometimes difficult in some adult patients

• Widely used in Europe more than in USA



WoCoVA-GAVeCeLT Consensus, 
Intensive Care Medicine 2012

2012



WoCoVA-GAVeCeLT Consensus, 
Intensive Care Medicine 2012





2020



Contrast-enhanced ultrasound (CEUS)

• Simple saline 
• neonates

• Saline + microbubbles of air (‘shakered saline’)
• children and adults

so-called ‘bubble test’



US-BASED TIP LOCATION (bubble test)



TTE for tip location
(with or without the ‘bubble test’) 
has been widely studied in the literature since
2001

Evidence of maximal safety, accuracy and cost-
effectiveness



2020

The latest clinical study



SUBCOSTAL VIEW



SUBCOSTAL VIEW



Subcostal four-chamber view



Subcostal bicaval view



APICAL VIEW



APICAL VIEW



Apical view



Tip location by TTE in pediatrics

•Particularly easy in children
•PICC, CICC, FICC, port, etc.

• Ideal in neonates and infants
•UVC, ECC, CICC, FICC



The first experiences with IC-ECG in pediatric patients are 
very old (more than 25 years ago)

IC-ECG is tested in neonates and children in many studies, 
mostly from Europe (Italy, Germany, France, Spain) but also
from USA and – more recently – from China.

IC-ECG is used for any central device: ECC, UVC and CICC 
(neonates); CICC and PICC (children)
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The first multicenter
study about IC-ECG in children



2015First pediatric guidelines to recommend IC-ECG:
Guidelines of the Italian Society of Pediatric Oncology (AIEOP)

«The tip location should be ideally
verified in real time during the 
procedure (by fluoroscopy, by 
intracavitary electrocardiography
or by echocardiography) or — as a 

second option — soon after the 
procedure (by chest x-ray or 
by echocardiography)».



IC-ECG can be applied in Umbilical Venous Catheters (UVC) 
and in Epicutaneo-Caval Catheters (ECC), though there might
be some issues related to the small caliber of ECC (< 3Fr).

As ultrasound-based tip location by TTE is particularly easy 
and accurate for ECC and UVC in neonates, and it is becoming
more popular than IC-ECG.

For CICCs = or > 3Fr in neonates and for all central lines in 
children, on the other hand, IC-ECG is still the ideal tip
location method.



TTE for umbilical venous catheters



TTE for 
epicutaneo-cava
catheters





Today, 2020: trans-thoracic echocardiography (TTE) is an 
appropriate method for intra-procedural tip location

• Accurate 
• More accurate than radiology
• Less accurate than IC-ECG or TEE

• Inexpensive
• Less expensive than radiology or TEE
• As inexpensive as IC-ECG

• 100% Safe
• Safer than radiology or TEE
• As safe as IC-ECG

• Easy to perform
• Easier than radiology or TEE
• As easy as IC-ECG

• Easy to learn
• Easier than radiology or TEE 
• Less easy than IC-ECG



TTE

Accurate

Inexpensive

Safe

Easy



ONE WIRELESS PROBE
FOR ALL USES

LINEAR PROBE

CONVEX PROBE SECTOR PROBE



ONE WIRELESS PROBE FOR ALL USES:
1) US-guided venipuncture for PICC
2) US-guided venipuncture for CICC
3) Detection of pneumothorax (pleural scan)
4) Tip navigation (supraclavicular scan) 
5) Tip location (subcostal view)
6) Tip location (apical view)

LINEAR PROBE CONVEX OR SECTOR PROBE

1 2

3 4 5 6



In conclusion, TTE has proper indications:

Recommended for all central VADs in neonates 

- particularly easy, accurate and always feasible

Not ideal for routine use in adults and children, but appropriate when 
conventional IC-ECG or modified IC-ECG are not applicable or not 
feasible: no P; no AF; emergency (!)

- not as accurate as IC-ECG

- not always easy or feasible

- requires training



Conclusions



Our current algorithm in neonates and children

Epicutaneo-caval CathPICC, CICC, FICC Umbilical Venous Cath

Conventional IC-ECG TTE

No chest x-ray

TTE TTE



Our current algorithm in adults

Basal ECG

P wave is evident
P wave is not evident

Conventional IC-ECG

AF

Non-AF

Modified IC-ECG
TTE

Post-op chest x-ray only in selected cases

No chest x-ray

TTE



Our current algorithm in adults

Basal ECG

P wave is evident
P wave is not evident

Conventional IC-ECG

AF

Non-AF

Modified IC-ECG
TTE

Post-op chest x-ray only in selected cases

No chest x-ray

90%

9%
1%

TTE



Take home messages

1) Use ALWAYS an intraprocedural method
‘blind’ insertion by length estimation only + post-procedural x-ray is simply not
acceptable any more

2) Avoid fluoroscopy
It is expensive, inaccurate and unsafe: its routine use is not acceptable any more

3) Use conventional IC-ECG whenever the P is evident

4) Use modified IC-ECG and/or TTE whenever the P is not evident
Add post-procedural x-ray control only in selected cases



SAVE THE DATE !



mauropittiruti@me.com

Thank you for your attention

www.gavecelt.info

www.wocova.com

http://www.gavecelt.info/
http://www.wocova.com/

