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Perché è importante la TIP location?

• La corretta posizione della punta dei dispositivi di accesso 
venoso centrale (CVAD) è essenziale per evitare complicanze 
legate al catetere:
• malfunzionamento
• malposizionamento secondario
• trombosi
• erosioni vascolari e valvolari 
• aritmie

Pittiruti M et al. Clin Nutr 2009⏐Gorski L et al. J Infus Nurs 2016
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Quale posizione?



CORRECT POSITION

Fletcher SA et al. BJA 2000



Metodi per tip location
INTRAPROCEDURALI
• FLUOROSCOPIA
• ECOCARDIOSCOPIA (TTE, TEE)
• ECG INTRACAVITARIO
POSTPROCEDURALI
• RX TORACE
• CT, MRI



IL METODO DI SCELTA E’ INTRAPROCEDURALE

• «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.»
• «Postprocedural radiograph imaging remains acceptable

practice (…) only in absence of technology used during the 
procedure»

Gorsky L et al. J Inf Nursing 2016



FLUOROSCOPIA? 
• Inaccuratezza landmark radiologici
• Costosa
• Non facilmente ed immediatamente disponibile
• Non appropriata per VAD bedside (PICC, CVC a breve termine)
• Esposizione a RX
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  23.2 The original tip location is documented in the 
patient’s medical record and made available to other 
organizations involved with the patient’s care.  
  23.3 The CVAD tip location with the greatest safety 
profile in adults and children is the cavoatrial junction 
(CAJ).      

 Practice Criteria   

  A. Determine the desired catheter length for insertion 
by anthropometric measurement including, but not 
limited to, external measurement from the planned 
insertion site to the third intercostal space, use of 
formulas to calculate length based on body surface 
area, or measurement from preprocedure chest 
radiographs. 1-3  (IV)  

  B. Avoid CVAD tip locations in veins distal to the 
su perior or inferior vena cava (eg, innominate or 
brachiocephalic, subclavian, external, or common 
iliac veins), as they are associated with higher rates 
of complications. These noncentral, suboptimal tip 
locations are included in data collection for central 
line-associated bloodstream infection (CLABSI) 
surveillance according to the National Healthcare 
Safety Network from the Centers for Disease Control 
and Prevention (CDC). Although these tip locations 
may be clinically indicated in rare cases due to ana-
tomical or pathophysiological changes, the goal for 
tip location should be the CAJ. 4-8  (IV)  

  C. Position the tip of a CVAD in the lower segment of 
the superior vena cava at or near the CAJ for adults 
and children.  
  1. For upper body insertion sites, respiratory move-

ment, arm movement, and changes in body posi-
tion will cause the CVAD tip to move above or 
below the CAJ, indicating excursion into the upper 
right atrium. Tip location deeper in the right atri-
um near the tricuspid valve or in the right ventricle 
is associated with cardiac arrhythmias. 9-11  (II)  

  2. For lower body insertion sites, the CVAD tip 
should be located in the inferior vena cava above 
the level of the diaphragm. 3  (IV)  

  D. Avoid intracardiac tip location in neonates and 
infants less than 1 year of age, as this tip location 
has been associated with vessel erosion and cardiac 
tamponade. 6,10  (II)  

  E. Use methods for identifying CVAD tip location dur-
ing the insertion procedure (ie, “real time”) due to 
greater accuracy, more rapid initiation of infusion 
therapy, and reduced costs.  
  1. Use electrocardiogram (ECG) methods with 

either a metal guidewire or a column of normal 
saline inside the catheter lumen and observe the 
ECG tracing to place the CVAD tip at the CAJ. 
Follow manufacturers’ directions for use with 
other ECG-based technology using a changing 
light pattern to detect tip location.  

  2. Assess patient for known history of cardiac dys-
rhythmias and the presence of a P wave on ECG 
(if available) before planning to use ECG tech-
nology for placement. Contraindications to the 
use of ECG technology include patients with an 
abnormal ECG rhythm with an absence or alter-
ation in the P wave (eg, presence of pacemakers, 
atrial fibrillation, extreme tachycardia). Follow 
manufacturers’ directions for use in the appropri-
ate patient populations.  

  3. Use caution with ultrasound for CVAD tip loca-
tion, as its use in replacing chest radiographs is 
controversial in all ages due to small sample sizes 
in available studies and lack of standardized 
techniques. Consider use in neonates and in 
emergency departments when immediate knowl-
edge of the CVAD tip location is beneficial.  

  4. Avoid fluoroscopy except in the case of difficult 
CVAD insertions, as it requires exposure to ion-
izing radiation.  

  5. Postprocedure radiograph imaging is not neces-
sary if alternative tip location technology con-
firms proper tip placement. 3,12-18  (II)  

  F. Confirmation of tip location by postprocedure chest 
radiograph remains acceptable practice and is 
required in the absence of technology used during 
the procedure. This method is less accurate because 
the CAJ cannot be seen on the radiograph, requiring 
identification of tip location by measurement from 
the carina, trachea-bronchial angle, or thoracic ver-
tebral bodies. Additionally, a change in the patient 
position from supine to standing, usually required 
for the radiograph, results in movement of the cath-
eter tip by as much as 2 cm. 3,11,12,19,20  (II)  

  G. Recognize that radiographic or ECG tip location 
technology does not differentiate between venous 
and arterial placement. When arterial placement is 
suspected, use other methods to confirm or rule out 
arterial placement (refer to Standard 53,  Central 
Vascular Access Device [CVAD] Malposition ).  

  H. Clinicians with documented competency determine 
the tip location of a CVAD by using ECG or assess-
ing the postprocedure chest radiograph and initiate 
infusion therapy based on this assessment. When a 
postprocedure chest radiograph is used, the radi-
ologist as directed by organizational policies and 
procedures authors the complete report. 2,21  (V)  

  I. Document the CVAD tip location by including a 
copy of the ECG tracing, chest radiograph report, 
or other appropriate report in the medical record 
(refer to Standard 10,  Documentation in the Medical 
Record ).      

 REFERENCES 

  Note: All electronic references in this section were accessed September 
18, 2015 . 
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ECG Intracavitario (IC) Oggi:
Lo Stato dell’Arte della Tip Location 



Perché ECG-IC? E perché in particolare per i 
PICC?

• IC-ECG:
• Intraprocedurale
•Accurata 
• Sicura 
•Costo-efficace (semplice; low cost training)
•Portatile, applicabile bedside
• intraospedaliero
• domicilio



Una vecchia tecnologia, con una storia recente

Review

Intracavitary electrocardiography for
tip location during central venous
catheterization: A narrative review
of 70 years of clinical studies

Mauro Pittiruti1 , Filippo Pelagatti2 and Fulvio Pinelli3

Abstract
Intracavitary electrocardiography is an accurate and non-invasive method for central venous access tip location. Using the
catheter as a traveling intracavitary electrode, intracavitary electrocardiography is based on the increase in the detected
amplitude of the P wave while approaching the cavoatrial junction. Despite having been adopted diffusely in clinical
practice only in the last years, this method is not novel. In fact, it has first been described in the late 40s, during elec-
trophysiological studies. After a long period of quiescence, it is in the last two decades of the XX century that intracavitary
electrocardiography became popular as an effective mean of central venous catheters tip location. But the golden age of
this technique began with the new millennium, as documented by high-quality studies in this period. In fact, in those years,
intracavitary electrocardiography has been studied broadly, and important achievements in terms of comprehension of
the technique, accuracy, and feasibility of the method in different populations and conditions (i.e. pediatrics, renal patients,
atrial fibrillation) have been gained. In this review, we describe the technique, its history, and its current perspectives.
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Introduction

The correct position of the tip of central venous access
devices (CVADs) is essential in order to avoid catheter-
related complications such as malfunction, thrombosis,
vascular and valve erosions, or arrhythmias.1–3 Intracavi-
tary electrocardiography (IC-ECG) is a non-invasive, safe,
inexpensive, and accurate method for intraprocedural ver-
ification of the correct position of the tip. First described by
Hellerstein et al.4 in 1949, its early use as a method for tip
location is dated back in the 60s in the field of neuro-
anesthesia,5 with a subsequent exponential development
only in the last 20 years. The year 2019 marked the 70th
anniversary of the first study about IC-ECG.

Short description of the technique of
IC-ECG

The IC-ECG method is based on the use of the catheter tip
as a “travelling intracavitary electrode.” The vector of the

lead II of ECG is approximately co-axial to the vector of
the atrial depolarization, so that—when one of the two
electrodes of lead II is moving inside the superior vena
cava (SVC)—the ECG trace shows a progressive incre-
ment of the height of the P wave, reaching the maximal
positivity as the intracavitary electrode gets to the cavoa-
trial junction (CAJ), that is, when all the depolarized atrial
mass is in front of the electrode. Advancing the catheter
further into the right atrium (RA), the P wave becomes
biphasic (negative/positive); at this point, the catheter tip
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(Breve) storia dell’ECG-IC

•2019: 70° anniversario del primo studio su ECG-IC
•1949: descritto per la prima volta da Hellerstein

(elettrofisiologia)
•1961: Primo utilizzo come metodo per la tip location 

(neuro-anestesia)
•1961-1999: …
•Ultimi 20 anni: sviluppo esponenziale

Hellerstein et al. Proc Soc Exp Biol Med 1949 ⏐ Robertson JT et al. J Neurosurg 1961



• Gebhard R. Anesth Analg 2007: 96%

• Pelagatti C. JVA 2011: 91%

• Capozzoli G. JVA 2012: 99%

• Pittiruti M. JVA 2012: 99%

• Rossetti F. JVA 2014: 99%

• …

Gli ultimi 20 anni: la «golden age» dell’ECG-IC

ACCURATEZZA DELLA METODICA: IN QUALE % DEI PAZIENTI ONDA P MASSIMALE CORRISPONDE A CAJ?



Gli ultimi 20 anni: la «golden age» dell’ECG-IC

• 3 studi con TEE (Chu; Jeon; Ender) dimostrano l’accuratezza
(100% circa), molto maggiore di RX; meno invasivo, meno 
costoso e più applicabile di TEE
• 2008-2010: primi studi su PICC con ECG-IC (Pittiruti; 

Moureau), dimostrano l’accuratezza e suggeriscono la non 
necessità di eseguire RX post-procedurale
• 2009: LG ESPEN per prime raccomandano ECG-IC vs RX post-

procedurale (metodica «real time»)

Pittiruti et al. The Journal of Vascular Access 2020



2009: Lo «sbarco» nelle Linee Guida

INS 2006: «CVAD tip location shall be determined radiographically»

ESPEN 2009: «Ideally, the position of the tip should be checked during
the procedure, either by fluoroscopy or by the ECG method. 

INS 2011: «Tip location of a CVAD shall be determined radiographically 
or by other approved technologies prior to initiation of infusions».

INS 2016: «Use Electrocardiogram methods (…) to place CVAD tip..».

INS 2021: «Use Electrocardiogram methods (…) to place CVAD tip..».



COVID-19 RECOMMENDATIONS

• Intraprocedural
• Bedside
• No-X-ray
• IC-ECG or US



ECG-IC: la tecnica 
• Punta del catetere come elettrodo 

intracavitario «viaggiante»
• Vettore II derivazione è coassiale al 

vettore atriale
• Progressivo aumento dell'altezza 

dell'onda P, con massima positività 
alla giunzione cavoatriale (CAJ)

• Avanzando il catetere in atrio dx, 
l’onda P diventa bifasica 
(negativa/positiva)



üIC-ECG si basa sull'interpretazione dei cambiamenti QUANTITATIVI 
nell'ampiezza dell'onda P durante il rilevamento intracavitario dell'ECG: 
ümaximal p-wave = CAJ

üL'IC-ECG convenzionale non può essere effettuato quando l'onda P è:
• assente (fibrillazione atriale)
• anormale (ritmi ectopici)
• nascosta (pacemaker attivi)
• difficile da identificare/valutare 

• (tachicardia, pazienti tremanti, problemi tecnici, malposizione)

Non applicabile 
(7-11%)

Problema…

Go AS et al. J Am Med Assoc 2001⏐Chow GV et al. Clin Geriatr Med 2012 

Non fattibile
(0.7-1.5%)



ECG-IC MODIFICATO: ANALISI DEL TRATTO T-Q 
(ONDE f)

• Engelhardt W et al. Anaesthetist 1989
• Calabrese M et al. JVA 2018
• Gao Y et al. Therap Clin Risk Man 2018
• Steinhagen F et al. JVA 2018
• Albertini F et al. Minerva Cardioangiol 2019
• Zhao C et al. Ann Noninvasive Elect 2021



• Verifica accuratezza IC ECG modificato 
usando TEE come reference

• La traccia è stata registrata con la punta del 
catetere in tre diverse posizioni identificate 
da TEE: SVC (2 cm sopra CAJ); alla CAJ; in RA 
(2 cm sotto CAJ)

• IC-ECG "modificato"  basato sulla massima 
attività elettrica del tratto TQ (altezza onde 
"f") è accurato per tip location in AF

• Problema: misura delle onde F (necessità di 
monitor con algoritmi di calcolo automatico)

ECG-IC MODIFICATO: ANALISI DEL TRATTO T-Q 
(ONDE f)



CONCLUSIONI

• Importanza della corretta posizione della punta
• Tip location deve essere intraprocedurale
• ECG-IC rappresenta lo stato dell’arte della tip location dei CVADs: 
• più accurato, sicuro, semplice, costo-efficace e più accessibile della 

fluoroscopia
• più semplice e richiede meno training del TTE
• perfetto per bedside (PICC)

• Studi recenti ne suggeriscono l’utilizzo anche in paziente con FA 
(monitor con software dedicati sono necessari)
• Rimane non fattibile in una piccola percentuale di pazienti (ruolo di 

TTE)
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