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Introduction

Central venous access devices (CVADs) are often required 
in Neonatal Intensive Care Unit (NICU) for several pur-
poses. For any CVAD, the proper location of the tip is cru-
cial to minimize the risks potentially associated with the 
use of the device. Current methods for accurate and safe 
tip location of CVADs include intracavitary electrocardi-
ography (IC-ECG)1,2 and ultrasound-based tip navigation/
tip location (ECHOTIP).1,3 Unfortunately, tip location is 
still assessed by radiological methods (chest and abdomi-
nal X-rays) in most neonates; several surveys found out 
that such practice is still used in up to 80% of NICUs.4,5

It is nowadays recognized that conventional radiology 
should be avoided for several reasons. First, because it is 
inaccurate. In fact, plain X-rays do not allow the direct vis-
ualization of the vasculature (veins, atrium or cava-atrial 

junctions), so that location of the tip is estimated on the 
basis of radiological landmarks such as the vertebral bod-
ies, the cardiac silhouette, or the diaphragmatic contour: 
this estimate is purely based on statistical inference and 
often does not correspond to the actual anatomical position 
of the tip .1,3,6–12 Also, since fluoroscopy is hardly if ever 
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adopted in NICU, radiological methods are always post-
procedural: this implies that they might be used only for tip 
location (i.e. assessment of the final position of the tip of 
the catheter) and not for tip navigation (i.e. real-time assess-
ment of the proper direction of the catheter during place-
ment).1 As for any post-procedural method, there is 
inevitably some delay in reporting the result; also, there is 
sometimes the need to reposition the device, which means 
additional manipulations of the CVADs, increased stress 
and discomfort for the patient and potentially increased risk 
for infection.13 Last, radiology-based tip location is not 
harmless, since it exposes the neonate to ionizing radia-
tions, which might ultimately be associated with long term 
consequences.14–16

For these reasons, all recent guidelines strongly recom-
mend preferring real-time, intra-procedural, non-radiolog-
ical methods of tip location such as IC-ECG and real time 
ultrasound,1,17,18 since they are more accurate, more relia-
ble and more cost-effective than radiology.1 Being intrap-
rocedural methods, they shorten the delay between device 
insertion and device utilization, allowing a more rapid start 
of the therapy (which is very important, especially in criti-
cally ill neonates).1,13

Both IC-ECG and ultrasound offer several advantages 
but they also have some limitations in the neonatal set-
ting. The aim of this paper is to review all the evidence 
available about IC-ECG and ultrasound in the neonatal 
setting and to describe how these two methods might inte-
grate for tip navigation and location in NICU. After a brief 
overview of these methods applied on the neonatal popu-
lation, we will discuss separately the main CVADs used in 
NICU: umbilical venous catheters (UVC); epicutaneo-
cava catheters (ECC); CVADs inserted by ultrasound-
guided venipuncture of deep veins, that is, centrally 
inserted central catheters (CICC) and femorally inserted 
central catheters (FICC).

Literature search

The literature search was performed using PubMed, 
EMBASE, Google Scholar, as well as the Cochrane 
Central Register of Controlled Trials.

Terms used in the search included “ultrasound,” 
“USG,” “point-of-care ultrasound,” “POCUS,” 
“Intracavitary ECG,” “NICU,” “central line,” “umbilical 
line,” “umbilical catheter,” “umbilical venous catheter 
(UVC),” “PICC,”“epicutaneo- cava catheter (ECC),” 
“CICC,” “FICC,” “internal jugular vein,” “subclavian 
vein,” “brachiocephalic vein,” and “femoral vein,” all of 
them matched with the terms “infant,” “neonate,” “new-
born”; the search included papers published in the past 
20 years, from 1/1/2004 to 1/1/2024. No language 
restrictions were applied, and we included all trials, case 
reports, and case series; the articles were filtered by 
reviewing the abstract.

The method of intracavitary 
electrocardiography for tip location

IC-ECG is a non-invasive, safe, inexpensive, and accurate 
method for intraprocedural verification of the correct 
position of the tip of the catheter.2 In adults and in chil-
dren, IC-ECG is currently regarded as the gold standard 
for tip location because it is intra-procedural, accurate, 
safe, cost-effective, easy to use and easy to learn.19–27 The 
IC-ECG method is based on the use of the catheter tip as 
a “traveling intracavitary electrode.” The vector of the 
lead II of the ECG is approximately co-axial to the vector 
of the atrial depolarization, so that the ECG trace shows a 
progressive increase in the height of the P wave, which 
reaches its peak as the intracavitary electrode (i.e. the tip 
of the catheter) is at the cava-atrial junction.21 Though, 
IC-ECG is not always easily feasible in newborns, par-
ticularly when using small caliber central venous cathe-
ters as 1 Fr ECCs.28 Also, umbilical venous catheters 
(UVC) are often inserted in emergency, and/or in settings 
where IC-ECG might be logistically difficult to use.29 
Furthermore, while IC-ECG is highly accurate for detect-
ing the position of the tip at the junction between superior 
vena cava (SVC) and right atrium (RA) (peak of P wave), 
or in the middle of the RA (biphasic P wave), it cannot 
accurately detect the position of the tip at the junction 
between inferior vena cava (IVC) and RA (the ideal posi-
tion for UVC). Last but not least, IC-ECG is not useful for 
tip navigation, at least in neonates.

Real time ultrasound for tip 
navigation and tip location

Ultrasound represents the most promising method for both 
tip navigation and tip location during insertion of CVADs 
in NICU,17,30 because of its many advantages: it is accu-
rate, consistently applicable and feasible, easy to perform 
(as ultrasound visualization of the vasculature is optimal in 
neonates), intraprocedural, non-invasive, absolutely safe, 
rapidly available, and appropriate for both tip navigation 
and tip location. On the other hand, learning this method 
requires a longer and more structured training if compared 
to the IC-ECG method.31,32 In this regard, a recent paper 
has offered a standardized protocol for tip navigation and 
tip location of all CVADs in NICU3—the Neo-ECHOTIP 
protocol—which should be used in the near future as an 
effective strategy to standardize the methodology, facili-
tate learning, and implement training programs focused on 
US based tip navigation and tip location in neonates.

The umbilical venous catheter

UVC is a very common CVAD in neonates, because is 
easy to insert at birth, and appropriate for the management 
of the critically ill, since it can be used for any type of 
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infusion, including inotropes and parenteral nutrition, as 
well as for blood sampling.29,33 On the other hand, UVC 
may be associated with severe complications if the tip is 
not placed in the appropriate location.3

Safe position of the tip of umbilical venous 
catheters

The correct position for the tip of UVCs is at the IVC/RA 
junction: this location of the tip appears to be associated 
with the minimal incidence of UVC-related complications 
(pleural and cardiac effusion, cardiac tamponade, endocar-
ditis, arrhythmias, liver lesions, portal vein thrombosis, 
and portal hypertension).29,34–37

IC-ECG for UVC

Three studies have explored the use of IC-ECG for tip 
location of UVCs.38–40 The two main limitations of these 
studies are the small number of neonates enrolled and the 
method used for comparison (X-rays). Furthermore, UVC 
is sometimes inserted in emergency and/or in settings 
where the use of IC-ECG might be logistically difficult. 
Also, as mentioned above, IC-ECG is not accurate in the 
detection of the IVC/RA junction. When the tip is in the 
IVC below the diaphragm, the amplitude of the P-wave 
and of the QRS complex is low; as the catheter tip 
approaches the RA, the amplitude of the QRS complex 
increases but the amplitude of the P wave does not follow 
a reliable pattern; as the tip gets to the middle of the RA, 
the P-wave becomes biphasic. At this point, the catheter 
should be retracted for an undetermined length so to reach 
again the IVC/RA junction.41 In short, this maneuver is not 
really accurate, since IC-ECG identifies the SVC/RA junc-
tion or the mid-atrium, but it cannot directly identify the 
IVC/RA junction. Last, IC-ECG cannot be used for tip 
navigation, which is crucial during UVC insertion.3,42

Ultrasound for tip navigation/location of UVC

Many recent clinical studies have evaluated the accuracy 
of ultrasound during UVC placement.43–52 Ultrasound is 
feasible in any setting, and it is relatively easy to teach, and 
to learn. As a tip location method, it is more accurate, 
faster, safer and less expensive than conventional radiol-
ogy; according to most authors, the method is consistently 
applicable and feasible, and the tip can be successfully 
located in 95%–100% of patients.53 During UVC inser-
tion, ultrasound is also extremely useful for tip navigation, 
and not only for tip location: primary malpositions with 
the catheter tip caught in the right or left portal vein branch 
are quite common if ultrasound is not utilized (up to 50% 
of the cases).29 Ultrasound guidance facilitates the pro-
gression of the catheter in the desired direction, toward the 
ductus venosus: in fact, exerting a small pressure with the 

probe, the umbilical vein becomes aligned with the ductus 
venosus. Tip navigation by ultrasound reduces signifi-
cantly the incidence of errors in the progression of the 
catheter, thus reducing primary malposition and the inci-
dence of related complications.3,42,54,55 The procedure of 
ultrasound-based tip navigation and tip location of UVCs 
has been properly described and standardized—in terms of 
probes and acoustic windows – as part of the previously 
quoted Neo-ECHOTIP protocol.

Summary: tip navigation/location of UVC

Analyzing the available evidence and the pro and cons of 
the two methods, it is reasonable to prefer ultrasound to 
IC-ECG, and consider ultrasound as the gold standard for 
both tip navigation and tip location of UVC in terms of 
applicability, feasibility, and accuracy; the intraprocedural 
ultrasound based tip navigation is particularly important, 
since it reduces dramatically the incidence of primary mal-
positions.55 As regards tip location of UVCs, ultrasound is 
simple to learn, so that it can be easily introduced in the 
daily clinical practice56: proper training may be facilitated 
by adopting standardized procedural protocols such as the 
Neo-ECHOTIP.3

The epicutaneo-cava catheter

Epicutaneo-cava catheter (ECC) is the most common 
CVAD used in NICU to administer parenteral nutrition 
and drugs not suitable for the peripheral veins; though, 
ECC is not appropriate for blood sampling or blood trans-
fusion because of its small caliber; also, its use is some-
how limited by the low flow (max 1–2 ml/min).28,33 In 
most NICUs, tip location of ECCs is performed by post-
procedural chest X-ray; as explained above, X-rays offer 
only a very rough estimation of the tip location, based on 
relatively unreliable radiological landmarks4,5; also, cur-
rent guidelines recommend intra-procedural and not post-
procedural methods.

Safe position of the tip of epicutaneo cava-
catheters

The location of the tip depends on the insertion site of the 
ECC. For catheters inserted in veins of the upper limb or of 
the scalp, the tip should be located at the SVC/RA junction 
or in the upper third of the RA. For ECCs inserted in veins 
of the lower limb, the tip should be located either at IVC/
RA junction or in the IVC above the level of renal veins 
and below the hepatic veins.1,57

IC-ECG for ECC: Evidence from the literature

Several studies have explored the applicability, the feasi-
bility, and the accuracy of IC-ECG for ECC inserted in 
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veins of the upper limbs or the scalp.58–62 Though, only in 
one study IC-ECG has been applied to small-caliber 1 Fr 
catheters, which are the most common ECCs used in 
NICU.58 Furthermore, until now, this aforementioned 
study is the only one comparing the accuracy of IC-ECG 
to ultrasound-based tip location. Unfortunately, it is a very 
small study, which included only 26 patients. Due to this 
scarce evidence, IC-ECG cannot be recommended as first 
choice for intraprocedural tip location of ECCs inserted in 
the upper limbs. Two other studies evaluated the IC-ECG 
method for 2 Fr ECCs inserted in veins of the lower limbs, 
using as comparison conventional radiology.63,64 The 
results of these studies are limited by the consideration that 
IC-ECG—as already mentioned—is quite inaccurate in 
detecting the IVC/RA junction.

Ultrasound for ECC: Evidence from the 
literature

In the last decade, many clinical studies have investigated 
ultrasound as a tool for tip location for ECCs.3,13,31,48,53,65–68 
In these studies, the tip was successfully located in a varia-
ble percentage of cases. The success of tip location is maxi-
mal when the operator is properly trained and a standardized 
protocol is adopted.32,53,65 Ultrasound-based tip location of 
ECCs requires a more advanced training if compared to 
UVCs. As for UVCs, also for ECCs ultrasound has the addi-
tional value of being useful for tip navigation, which should 
be performed preferably adopting standardized protocols of 
systematic ultrasound evaluation of the deep veins,3,69 such 
as the Rapid Central Vein Assessment70(RaCeVA), the 
Rapid Peripheral Vein Assessment71 (RaPeVA), and the 
Rapid Femoral Vein Assessment (RaFeVA).72 Ultrasound 
can be used for tip location of ECCs inserted either in the 
upper limbs or in the lower limbs. The Neo-ECHOTIP pro-
tocol3 provides a standardized and easy guide for choosing 
the appropriate probe and the appropriate acoustic window 
in each situation. For catheters inserted in the lower limbs, a 
new acoustic window has been proposed recently, the so-
called transhepatic view.73 This approach is particularly use-
ful for ECCs inserted in the lower limbs, since it allows to 
visualize the tip in the tract of IVC between hepatic veins 
and renal veins.

Summary: Tip navigation/location of ECCs

If ECCs are inserted in the upper limbs, both ultrasound 
and IC-ECG are theoretically applicable for tip location, 
but the feasibility of IC-ECG may be limited because of 
interferences derived from the movements of the non-
sedated or mildly sedated neonate, and because of poor 
conductivity of the signal through small caliber 1Fr cath-
eters. Also, data supporting IC-ECG as the only tech-
nique for tip location are scarce, while ultrasound-based 

tip location is supported by a significant amount of data. 
Last, ultrasound can be used for tip navigation, in con-
trast to IC-ECG. Nonetheless, appropriate training is of 
paramount importance. If ECCs are inserted in the lower 
limbs, ultrasound is the only appropriate method for both 
tip navigation and tip location, since the IVC/RA cannot 
be accurately detected by IC-ECG. Ultrasound-based tip 
navigation/location may not be easy for ECCs and 
requires proper training, which may be facilitated by 
adopting standardized procedural protocols such as the 
Neo-ECHOTIP.3

Ultrasound-guided CVADs

In neonates, most ultrasound-guided CVADs are power-
injectable, 3–4 Fr polyurethane catheters inserted by ultra-
sound guided puncture either of the internal jugular or of 
the brachio-cephalic vein (CICC), or of the common femo-
ral vein (FICC). CICCs and FICCs are especially appropri-
ate for the management of critically ill neonates, since 
these CVADs allow high flow infusions (1ml/s), hemody-
namic monitoring (central venous pressure and oxygen 
saturation of mixed venous blood), easy blood sampling, 
and administration of blood products.33,74,75

Safe position of the tip of CICCs and FICCs

For CICCs, the tip should be located at the SVC/RA junc-
tion or in the upper third of the RA.1,57 For FICCs, the tip 
should be located either at the IVC/RA junction (if the 
device is meant to be used also for hemodynamic monitor-
ing) or in the tract of IVC between renal and hepatic veins 
(if the device is meant to be used only for infusion not suit-
able for the peripheral route and blood sampling).33,73

IC-ECG for CICCs and FICCs: Evidence from the 
literature

Several studies have investigated the IC-ECG method for 
tip location of CICCs and FICCs, demonstrating that it is 
widely applicable and feasible in the neonatal popula-
tion.19,26,74,76–79 In the largest study currently available,78 
including 105 CICC insertions in neonates, the applicabil-
ity of IC-ECG (i.e. evidence of P-wave on the surface 
ECG) was 100%, and its feasibility (i.e. detection of an 
increased P-wave on the intracavitary ECG) was also 
100%. The accuracy was 100%, since there was a perfect 
match between tip location by IC-ECG and tip location by 
ultrasound. There were no adverse events directly or indi-
rectly related to the IC-ECG technique. IC-ECG may also 
be applicable and feasible for FICCs, with the main limita-
tion that the method is accurate in the detection of the tip 
in mid-atrium (biphasic P wave) but it is not accurate to 
locate the IVC/RA junction or the subdiaphragmatic IVC.
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Ultrasound for CICCs and FICCs: Evidence from 
the literature

Ultrasound, particularly if adopting the Neo-ECHOTIP 
protocol, is certainly applicable, feasible and accurate for 
tip location of CICCs, though few published studies are 
available on this specific topic. Ultrasound-based tip loca-
tion of FICCs is also particularly easy and accurate for 
any desired position of the tip, either at the IVC/RA junc-
tion or in the subdiaphragmatic IVC. For both CICCs and 
FICCs, real time ultrasound is also very useful for tip 
navigation. The above mentioned Neo-ECHOTIP proto-
col3 provides a standardized and easy guide for choosing 
the appropriate probe and the appropriate acoustic win-
dow not only during UVC and ECC insertion, but also 
during CICC and FICC insertion.

Summary: Tip navigation/location of CICCs and 
FICCs

IC-ECG is the gold standard for tip location during CICC 
insertion since it is applicable, feasible, accurate, cost 
effective, and—most interestingly—requires only a mini-
mal training. During CICC insertion, the infant is fully 
sedated, and the ECG trace is not exposed to interference. 
Also, the caliber of the CICC is appropriately large so to 
guarantee an optimal conductivity of the ECG signal. 
IC-ECG tip location has the advantage that it can be per-
formed by a single operator, with no need of additional 
probes, as required by ultrasound-based tip location.78 
Though, even if using IC-ECG, ultrasound can be very 
useful during CICC insertion, because it accounts for an 
accurate tip navigation and because it identifies easily any 
primary malposition. Furthermore, there are some rare 

situations where the IC-ECG may not be applicable (e.g. 
newborns with atrial flutter) while ultrasound-based tip 
location is applicable in 100% of cases. As regards FICC 
insertion, tip location by ultrasound is to be preferred, 
since it is the only accurate method for detecting the tip 
inside the IVC or at the IVC/RA junction.

Conclusions

The main limitation of the present paper is that it’ is not a 
systematic review however it offers a comprehensive over-
view of tip navigation and tip location for all CVADs used 
in NICU.

CVADs are often required in neonates admitted to the 
NICU. The position of the tip of the CVAD is often 
assessed by post-procedural radiography, but this strategy 
should be discouraged because inaccurate, expensive, 
unsafe, and time-consuming. Since recent guidelines 
strongly recommend intra-procedural methods for tip loca-
tion, the only acceptable strategies for tip location are 
either ultrasound or IC-ECG (see Tables 1 and 2).

IC-ECG can be theoretically applicable for tip location 
of ECCs, UVCs, and FICCs, but its actual applicability, 
feasibility and accuracy are limited by several factors: the 
small caliber of some ECCs; the interferences due to 
movements of awake or lightly sedated infants; the absence 
of a clear electrophysiological correlate of the IVC/RA 
junction.

On the other hand, during CICCs insertion, IC-ECG 
should be regarded as the gold-standard, although integra-
tion with ultrasound is recommended in some special 
situations.

Last, as regards tip navigation of CVADs, IC-ECG is 
not useful; the only methods theoretically useful are 

Table 1.  Tip location by intracavitary ECG.

Vascular Access Device Applicability Feasibility Accuracy

UVC Applicable, but not recommended Yes Low
ECC – upper limbs Applicable, but not recommended Not always feasible High
ECC – lower limbs Not always applicable Not always feasible Low
CICC Applicable and highly recommended Yes High
FICC Not always applicable Not always feasible Low

IC-ECG = never applicable for tip navigation.

Table 2.  Tip location by real time ultrasound.

Vascular Access Device Applicability Feasibility Accuracy

UVC Applicable, highly recommended Yes High
ECC – upper limbs Applicable, recommended Yes High
ECC – lower limbs Applicable, recommended Yes High
CICC Applicable Yes High
FICC Applicable, recommended Yes High

Real time ultrasound = always applicable for tip navigation.
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fluoroscopy and ultrasound, and the latter is obviously the 
only option in neonates, since fluoroscopy-based tip navi-
gation is inaccurate, unsafe, expensive, and logistically 
difficult or impossible.
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