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Introduction

In the past two decades, ultrasound guided venipuncture 
has dramatically improved the results of central venous 
access procedures in terms of global and first attempt suc-
cess and of complications rates.1 Though, the benefits of 
ultrasound are not limited to the maneuver of venipunc-
ture, but cover several aspects of the procedure of central 
venous catheterization:

-  the identification of the anatomic characteristics of 
the vasculature, so to choose the most appropriate 
vein, using structured protocols of pre-procedural 
venous examination, such as RaCeVA—Rapid 
Central Venous Assessment,2 RaPeVA—Rapid 
Peripheral Venous Assessment,3 and RaFeVA—
Rapid Femoral Venous Assessment4;
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Unità Sanitaria Locale della Romagna, Rimini, Italy

6 UOC di Rianimazione e Neuroanestesia, Azienda Ospedaliera 
Santobono-Pausilipon, Naples, Italy

Corresponding author:
Mauro Pittiruti, Department of Surgery, Fondazione Policlinico 
Universitario Agostino Gemelli IRCCS, Largo Agostino Gemelli, 8, 
Rome 00168, Italy. 
Email: mauropittiruti@me.com

1044325 JVA0010.1177/11297298211044325The Journal of Vascular AccessLa Greca et al.
editorial2021

Editorial

https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/jva
mailto:mauropittiruti@me.com
http://crossmark.crossref.org/dialog/?doi=10.1177%2F11297298211044325&domain=pdf&date_stamp=2021-09-08


2 The Journal of Vascular Access 00(0)

-  the real-time identification of puncture-related 
complications (hematomas, pneumothorax, 
hemothorax, etc.)1,5;

-  the early detection of many non-infective compli-
cations (venous thrombosis, tip migration, fibro-
blastic sleeve, etc.).1,6

An additional use of ultrasound during central venous 
catheterization is the intra-procedural assessment of the 
correct direction of the guidewire (and/or of the catheter) 
as it progresses into the vasculature (so called “tip naviga-
tion”), as well as the intraprocedural verification of the 
correct location of the tip of the catheter at the end of the 
maneuver (so called “tip location”).7,8

Intraprocedural tip navigation—which is not always 
perceived as necessary by the operator, though it may be 
very useful in case of difficult progression due to anatomic 
variations or venous abnormalities—can be performed 
also by fluoroscopy or by electromagnetic tracking meth-
ods. Though, fluoroscopy is inaccurate (since the radio-
logical imaging visualizes the intravascular devices but 
not the vasculature), expensive and inevitably associated 
with x-ray exposure.9 Electromagnetic methods are inac-
curate, expensive, and available only for some central 
venous access devices.10 Therefore, ultrasound appears to 
be the most attractive option for tip navigation.

As regards tip location, all current guidelines recom-
mend using intraprocedural methods: the old-fashioned 
strategy of “blind” intraprocedural insertion of the catheter 
based on approximated length estimation and subsequent 
chest X-ray is not recommended anymore.9 Intraprocedural 
tip location by fluoroscopy is inaccurate, expensive, and 
unsafe (due to X-ray exposure). Thus, intracavitary elec-
trocardiography (IC-ECG) is currently regarded as the 
first-choice method for tip location,9 being easy to per-
form, easy to learn, inexpensive, and very accurate.11 On 
the other hand, the conventional technique of IC-ECG—as 
originally described—may be not applicable or not feasi-
ble in some clinical conditions when the P wave is not pre-
sent or not easy to identify (atrial fibrillation, active 
pacemakers, and several types of arrhythmias); as a result, 
a significant percentage of patients may not benefit from 
IC-ECG (up to 10% in selected geriatric or cardiac hospi-
talized patients). Even though a new modified technique of 
IC-ECG has been described to be applicable in atrial fibril-
lation patients,12 still in a significant percentage of patients 
IC-ECG may not be applicable (continuously active atrial 
pacemakers) or not feasible (trembling or uncooperating 
patients, technical problems due to electric interferences or 
device failure, emergency). In such conditions, ultrasound-
based tip location may be an attractive alternative 
option.1,5,7,9

Ultrasound-based tip location during placement of cen-
tral venous access devices has been described since 2012.5 

Recent guidelines1,9 have discussed the pros and cons of 
ultrasound-based tip location:

-  it has certainly a wider range of applicability than 
IC-ECG, though it may not always be feasible in 
some adult patients.

-  it is as safe as IC-ECG, since both methods do not 
imply X-ray exposure.

-  in adult patients, it is not as accurate as IC-ECG 
and is less easy to learn.

The latter limitations are probably also secondary to 
lack of standardization of the technique; the percentage of 
false positives and false negatives can be minimized by an 
appropriate definition of the method; on the other hand, an 
effective training is possible only when the details of the 
method are clearly defined and standardized.

Though many clinical studies on this topic have been 
published in the last two decades, standard criteria on how 
to perform ultrasound-based tip location and navigation in 
clinical practice are still lacking, in terms of procedural 
protocols, acoustic windows, tip imaging modalities; 
moreover, the concept of ultrasound-based “tip naviga-
tion” is often not addressed and not clearly distinguished 
from “tip location.”

The purpose of this paper is (a) to review all the evi-
dence available in the literature about ultrasound-based tip 
navigation and tip location of central Venous Access 
Devices (VAD) in adults, and (b) to propose a novel stand-
ardized protocol for ultrasound-based tip navigation and 
tip location based on such evidence. Our protocol (nick-
named “ECHOTIP”) will focus on practical issues such as 
the choice of the probe and of the acoustic window as well 
as the definition of the best method for ultrasound visuali-
zation of the guidewire and/or catheter and/or tip. The 
same issue has been already addressed in two recent stud-
ies carried out by our group in the context of pediatric13 
and neonatal14 populations.

Methods

Literature search was performed on electronic databases 
of PubMed, EMBASE, Google Scholar, and Cochrane 
Central Register of Controlled Trials. The terms used in 
the search were “ultrasound,” “USG,” “point-of-care 
ultrasound,” “POCUS,” “adult,” “central line,” “PICC,” 
“CICC,” “FICC,” “internal jugular vein,” axillary vein,” 
“subclavian vein,” “brachiocephalic vein,” “femoral 
vein”; the search was limited to the last two decades 
(from 1/1/2000 to 1/1/2021). No language restrictions 
were applied; we included all trials, case reports, and 
case series and filtered the articles by reviewing the 
abstract.
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Ultrasound for tip navigation and tip 
location for central venous access in 
adults: Evidence from the literature

In the last two decades, we found 34 observational pro-
spective studies and 1 randomized controlled study that 
have investigated feasibility and diagnostic accuracy of 
ultrasound for tip navigation and tip location of central 
venous access devices. Six of these were conducted in 
pediatric patients and were thus excluded, as they were 
discussed in our previous studies on ECHOTIP in chil-
dren13 and ECHOTIP in neonates.14

Many of the studies have been carried out on centrally 
inserted central catheters (CICCs),15–17 but others on 
peripherally inserted central catheters (PICCs)18 and on 
ports.19 The differentiation between tip navigation and tip 
location was not always clear, and most of the studies 
focused on the latter. For the purposes of this review, we 
will discuss the literature identifying three main modalities 
of US-based visualization:

1. Tip navigation: ultrasound-based visualization of 
the guidewire and/or of the catheter to verify the 
correct direction into the superior vena cava (SVC) 
or inferior vena cava (IVC).

2. Tip location by direct visualization of the final 
position of the tip of the catheter, usually at the 
junction between right atrium and SVC or between 
right atrium (RA) and IVC.

3. Tip location by indirect visualization of the final 
position of the tip of the catheter, using the so-
called “bubble test” (visualization of micro-bub-
bles inside the vasculature after injection of saline 
or saline/air mixture into the catheter).

Tip navigation

Some studies have demonstrated the possibility of 
achieving a good visualization of the guidewire and of 
the catheter inside the SVC, using either a micro-convex 
or a sectorial probe (“phased array probe”). By placing 
the probe on the supraclavicular fossa, the SVC can be 
followed down to the intersection with the right pulmo-
nary artery.20,21 This technique should be regarded as a 
method of tip navigation, since the guidewire (or cathe-
ter) can be tracked into SVC, but the final position of the 
tip cannot be properly assessed. The method has been 
used for both supraclavicular access (puncture of the 
internal jugular vein) and infraclavicular access (punc-
ture of the axillary vein). The overall feasibility of the 
method was 96% and its specificity 100% (no false posi-
tives). Still, the limit of the method is that—while the 
wire can be easily visualized inside the IVC—the cath-
eter is not easily identified, unless it still has the guide-
wire inside.

In other studies, tip navigation has been carried out plac-
ing a linear probe on the supraclavicular fossa. The linear 
probe allows a proper visualization of all central veins of 
the supraclavicular area (internal jugular vein, external jug-
ular vein, subclavian vein, and brachio-cephalic vein), so to 
ascertain that the guidewire (or catheter) has entered the 
brachio-cephalic vein. In these studies, tip navigation by 
linear probe was coupled with tip location by direct visuali-
zation of the tip,15–19,22 or by indirect visualization with 
“bubble test.”23–26 The specificity of the method appears to 
be close to 100% (no false positives) in all studies.15,17–19,23–27 
The sensitivity is quite variable from 55% to 80% depend-
ing on the study17,18,24,25,27: false negatives have been 
described when attempting to visualize the CICC in the 
subclavian vein,24,26 brachio-cephalic vein,17,18 and internal 
mammary vein.24 In clinical studies on tip navigation of 
PICCs,18,22 many false negatives have been reported: in 3 
cases out of 718 and in 15 cases out of 9522 ultrasound could 
not detect the wrong direction of the catheter into the ipsi-
lateral internal jugular vein.

Tip location by direct visualization of the final 
position of the tip of the catheter

Most clinical studies addressing ultrasound-based tip loca-
tion of central venous access in adult patients have adopted 
2.5–3.5 MHz sectorial probes (phased array).15,24,28–34 The 
subcostal four-chamber (longitudinal) view has been con-
sidered as the first choice in most studies15,24,28,29,31–34: this 
view can be easily applied in patients with respiratory 
problems (mechanical ventilation, lung emphysema) but it 
may be difficult in some cases of previous surgery of the 
upper abdomen.27,34 An alternative option is the four-
chamber transthoracic apical view, which—on the other 
hand—may be difficult in obese patients27,34 and in patients 
with acute or chronic lung disease.

In adult patients, with either the subcostal view or the 
apical view, sensitivity is quite low: if the tip of the catheter 
is inside the SVC or at the junction between SVC and RA, 
false negatives may occur.29 The tip may be easier to visual-
ize in the RA,15–19,27 as demonstrated in clinical studies on 
CICCs,15–17 on PICCs,18 and on ports.19 The double maneu-
ver of ultrasound-guide venipuncture and ultrasound-based 
tip location has been described as performed by one opera-
tor16 or by two operators.27,34 In the study on tip navigation/
location during PICC insertion, one operator performed the 
venipuncture, and a second operator performed the ultra-
sound-based verification of the direction of the catheter and 
of the final position of the tip.22 The method of direct visu-
alization of the tip by ultrasound had high feasibility 
(94.1%) and high specificity (98.9%)15–19,22,27; its sensitiv-
ity was evaluated only in six studies15–19,22 and estimated to 
be 78.4%, though quite variable from study to study.

One critical issue is the training of the operators. In 
some studies,16,19,22 the experience of the operators was not 
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addressed. In one study, the operators were defined as 
experts, even if no formal training was mentioned.15 In 
another study, a one-day training course is mentioned.18 In 
another study, the authors compared the performance of 
two formally trained operators with two operators with 
minimal training,27 the former being more successful than 
the latter in the visualization of the catheter (95% vs 83%). 
Other authors17 have defined the level of experience of the 
operators adopting the criteria suggested by the American 
College of Emergency Physicians.35

Tip location by indirect visualization of the final 
position of the tip of the catheter

While the metallic guidewire is usually easy to visualize by 
ultrasound, the direct visualization of the catheter, and in par-
ticular of the tip of the catheter, may be difficult in adult 
patients. Therefore, a new technique of indirect ultrasound 
visualization of the catheter using a saline flush (so-called 
“bubble test”) has been introduced in the clinical practice.20,23 
The rapid infusion of normal saline or of a 9:1 mixture of 
saline + air creates microbubbles inside the vasculature: 
such microbubbles act as contrast medium, and their appear-
ance in the RA facilitates the visualization of the tip. If the tip 
is not in the RA but in the lower part of the SVC, the immedi-
ate appearance of the bubbles in the RA will confirm the 
proximity of the tip; if the bubbles do not appear or appear 
with a significant delay, the tip is not in the SVC.

The technique is simple and absolutely safe for the 
patient36,37: it has been tested in many clinical stud-
ies.17,31–34,38–43 As in the technique of direct ultrasound visu-
alization, a sector probe is used, and the preferred views are 
the four-chamber subcostal view and the apical view.

As contrast, different solutions have been used31,32,34,38,43: 
10 ml normal saline, 5 ml “shaken” saline, 5 or 10 ml of 9:1 
mixture of saline + air.

When the tip cannot be visualized directly inside the 
RA, the delay of appearance of the microbubbles is of crit-
ical importance. According to some authors,29 if the delay 
is <2 s, the tip of the catheter is in the SVC. If the bubbles 
do not appear, some authors28,43 recommend a second 
saline injection: if the bubbles still do not appear or if they 
appear with a delay >2 s, the tip of the catheter is not in the 
correct position. When the bubbles appear immediately 
(delay <2 s) inside the RA, a laminar flow is suggestive of 
a tip inside the SVC, while a turbulent flow suggests an 
intra-atrial position of the tip.28,32

More recently, several authors have questioned the cut-
off of 2 s, originally proposed by Vezzani et al.23 Weekes 
et al.31 found that when the tip of a CICC is in the lower 
third of the SVC, the mean time of appearance of the bub-
bles in the RA was 1.1 ± 0.3 s. Meggiolaro et al.24 have 
demonstrated that when the tip of the CICC is in the final 
tract of the SVC or at the junction between SVC and RA, 
the time of appearance must be less than 500 ms; if the tip 

is inside the RA, the expected delay is 150 ms. Iacobone 
et al.43 have shown that when the tip is at the junction 
between SVC and RA, the appearance time of the micro-
bubbles is different comparing CICC versus PICC 
(0.89 ± 0.33 vs 1.1 ± 0.20 s).

The “bubble test” has been proven to be applicable not 
only to CICCs and PICCs, but also to dialysis catheters.39,42

The overall feasibility of the “bubble test” method is 
98%; its specificity is 99.5% and its sensitivity 64,9%, but 
with a wide variability among the studies 
(33.3%–100%).28,31–33,38–41

There is wide variability in the experience and training 
of the operators who have carried out the clinical studies 
with the bubble test. In two studies28,33 the operators met 
the criteria suggested by the American College of 
Emergency Physicians35; in other studies, it was stated that 
the operators had many years of clinical experience with 
ultrasound,34,39 or that they had rapid training courses.41 In 
most studies, the level of competence of the operators is 
not specifically mentioned.31,32,38,40

In a few studies, the indirect method of ultrasound-
based tip location by bubble test was coupled with ultra-
sound-based tip navigation.23–26 A linear probe is used for 
both ultrasound-guided venipuncture and ultrasound-
based tip navigation (probe in the supraclavicular area). 
Tip location is then performed using a sectorial probe or—
in one study25—a convex probe. The overall feasibility 
was 96.3%, the specificity 97.5%, and the sensitivity 
50.5%.23–26 No detail is offered about the level of compe-
tence and training of the operators.

Recently, two reviews have evaluated the applicability 
and feasibility of ultrasound-based tip location.36,37 In sum-
mary, both reviews concluded that the overall feasibility of 
the method is very high (96.8%) and that the current limita-
tions for an extensive clinical use are (a) the lack of stand-
ardization in technical terms (probe, acoustic window, 
procedure), (b) the lack of studies evaluating the accuracy 
of the technique using as reference accurate methods of tip 
location (intracavitary ECG or trans-esophageal echocardi-
ography) rather than relatively inaccurate radiological 
methods, and (c) the lack of information about the minimal 
training required for a proper performance of the method.

In a very recent clinical study,44 the bubble test has been 
used as a rapid bedside maneuver for verifying the intra-
vascular position of totally implanted venous devices with 
persistent withdrawal occlusion.

Proposal of a structured approach 
for the use of ultrasound for tip 
navigation/location of central venous 
access in adults: The ECHOTIP 
protocol

The techniques described in the abovementioned clinical 
studies are quite heterogeneous, especially in terms of 
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probes and views. The methodology for an optimal ultra-
sound-based tip navigation and tip location has not been 
standardized by any author, and little attention has been 
given to the competence and training of the operators. 
Furthermore, most authors have used an imperfect refer-
ence standard for tip location, that is, chest X-ray, which is 
known to be quite inaccurate9 if compared to intracavitary 
ECG or transesophageal echocardiography.

After our systematic review, we have tried to develop a 
novel standardized protocol for ultrasound-based tip navi-
gation and tip location of central venous VADs in adult 
patients. We have developed three different protocols, 
dealing with the three different central VADs that are 
inserted in adult patients:

(a)  centrally inserted central catheters (CICC), inserted 
by venipuncture of veins of the supra/infra-clavicu-
lar area (internal jugular, external jugular, subcla-
vian, brachio-cephalic, axillary vein)

(b)  peripherally inserted central catheters (PICC), 
inserted by venipuncture of the deep veins of the 
upper arm (basilic, brachial, axillary)

(c)  femorally inserted central catheters (FICC), 
inserted by venipuncture of deep veins of the 
lower limb (common femoral, superficial femo-
ral, saphenous).

The definition of three different protocols is justified by 
the different ultrasound techniques required by the differ-
ent approaches to the vasculature of the superior and infe-
rior vena cava.

All three protocols can be adopted also during insertion 
of totally implantable vascular access devices (ports), con-
sidering that the issues of tip navigation and tip location 
are not affected by the subsequent connection of the cath-
eter with a reservoir.

We assume that ultrasound must be consistently used 
also for choosing the best vein via a systematic ultrasound 
scan of the vein of the area, according to standardized pro-
tocols previously described: RaCeVA (Rapid Central 
Venous Assessment) before CICC insertion2; RaPeVA 
(Rapid Peripheral Venous Assessment) before PICC  
insertion3; RaFeVA (Rapid Femoral Venous Assessment) 
before FICC insertion.4 Also, we assume that all central 
VAD insertions (either CICC, or FICC or PICC) must be 
always performed adopting real time ultrasound guided 
venipuncture.1,5,9

ECHOTIP-adults for CICC insertion

Tip navigation protocol:

Probe: first option, 7–12 MHz linear probe (same probe 
used for venipuncture).

Acoustic window: same windows as described in 
RaCeVA2

Procedure: Soon after venipuncture, the guidewire is 
threaded into the vein and observed sequentially in the 
RaCeVA windows to ensure its intravascular placement 
and its direction. Guidewires are echogenic and usually 
easy to identify; though, 0.018″ wires might be harder 
to visualize than 0.035″ wires. Both a negative assess-
ment (absence of the wire in an undesired vessel) and a 
positive assessment (presence of the wire in the desired 
vessel) should be obtained. The same RaCeVA-based 
procedure is repeated when the catheter progresses into 
the vasculature; as the catheter is less echogenic than 
the guidewire, its visualization may be enhanced by 
using a saline flush (the turbulence at the catheter tip 
will help to identify the direction of the catheter). With 
this method, the operator can rule out any wrong direc-
tion of the guidewire and/or of the catheter (e.g. into the 
internal jugular vein after axillary venipuncture) and 
confirm that the guidewire and/or the catheter are 
directed toward the SVC.

Tip location Protocol:

Probe: 2–6 MHz sectorial probe; as alternative option, 
3–8 MHz convex probe.

Acoustic window: a subcostal four-chamber view (Figure 
1) or a subcostal bi-caval view (Figure 2) are recom-
mended, since these views are easy to obtain and require 
minimal training; a trans-thoracic apical four-chamber 
view (Figure 3) may be an alternative option, when the 
subcostal scans are not feasible due to local acoustic inter-
ferences (gastric meteorism, large surgical scars, etc.).

Procedure: as the catheter has entered the SVC and is 
in the proximity of the junction between SVC and RA, 
a quick flush of “shaken” saline (5–10 ml) is injected, 
so to confirm the location of the tip: the flush of saline 
arriving in the RA is visualized as a sudden cloud of 
“bubbles,” coming from the tip of the catheter; even if 
the tip of the catheter is not directly visualized, the 
immediate appearance of the bubbles soon after injec-
tion (less than 1 s) proves that the tip is in the proximity 
of the RA (Figures 1–3)

ECHOTIP-adults for PICC insertion

Tip navigation protocol:

Probe: 7–12 MHz linear probe (same probe used for 
venipuncture).

Acoustic window: same windows as described in 
RaPeVA3 and RaCeVA2: the deep veins of the arm up to 
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the axilla, the axillary vein in the infraclavicular area, 
as well as the subclavian, the internal jugular, and the 
brachiocephalic veins in the supraclavicular area are all 
easily visualized with the same linear probe used for 
venipuncture: this will confirm the proper direction of 

the catheter into the brachio-cephalic vein, ruling out 
any wrong direction (e.g. into the ipsilateral internal 
jugular vein).

Procedure: After venipuncture, the presence of the guide 
wire inside the brachial tract of the axillary vein can be 

Figure 1. Subcostal (longitudinal) four-chamber view: placement of the probe (a), visualization of the heart chambers (b), and 
visualization of the microbubbles in the right atrium (c).

Figure 2. Subcostal (oblique) bi-caval view: placement of the probe (a), visualization of the superior vena cava, inferior vena cava, 
and right atrium (b), and visualization of the microbubbles in the right atrium (c).

Figure 3. Transthoracic apical four-chamber view: placement of the probe (a), visualization of the heart chambers (b), and 
visualization of the microbubbles in the right atrium (c).
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assessed with the linear probe; with this same probe, the 
operator can visualize the trajectory of the catheter into 
the thoracic tract of the axillary vein (infraclavicular 
view), and then into the subclavian vein and the ipsilateral 
brachiocephalic vein (supraclavicular view), ruling out 
misdirection to the ipsilateral internal jugular vein.

Tip location Protocol:

Probe: 2–6 MHz sectorial probe; as alternative option, 
3–8 MHz convex probe.

Acoustic windows: a subcostal four-chamber view 
(Figure 1) or a subcostal bi-caval view (Figure 2) are 
recommended, since these views are easy to obtain and 
require minimal training; a trans-thoracic apical four-
chamber view may be an alternative option, when the 
subcostal scans are not feasible due to local acoustic 
interferences.

Procedure: as the catheter has entered the SVC and 
is in the proximity of the junction between SVC and 
RA, a quick flush of “shaken” saline (5–10 ml) is 
injected, so to confirm the location of the tip: the 
flush of saline arriving in the RA is visualized as a 
sudden cloud of “bubbles,” coming from the tip of the 
catheter; even if the tip of the catheter is not directly 
visualized, the immediate appearance of the bubbles 
soon after injection (less than 2 s) proves that the tip 
is in the proximity of the RA. This cut-off limit of 2 s 
is higher than what suggested for CICCs (1 s), since 
we must consider that PICCs are longer than CICCs, 
as demonstrated in the clinical study by Iacobone 
et al.43

ECHOTIP-adults for FICC insertion

Tip navigation protocol:

Probe: 7–12 MHz linear probe; 3–8 MHz convex 
probe.

Acoustic window: short and long axis view of the com-
mon femoral vein (linear probe); short and long axis view 
of the external iliac vein (linear probe); short axis view of 
the common iliac vein (linear or convex probe) lateral to 
the psoas muscle; short axis view of the IVC beneath and 
behind the liver (convex probe). As an optional maneu-
ver, a long axis view of the inferior vena cava can be 
obtained by a “right flank” window (i.e. probe placed on 
the mid-axillary line and sliding in between the last inter-
costal spaces and the subcostal area). The latter view may 
not be easy in the obese patient.

Procedure: After venipuncture, the guide wire is visu-
alized inside the common femoral vein and inside the 

external iliac vein, using combined short and long axis 
views. The progression of the catheter from the com-
mon femoral vein toward the external iliac vein can be 
assessed with the linear probe; the visualization of the 
catheter in the common iliac vein often requires a con-
vex probe. The trajectory of the catheter inside the IVC 
can also be assessed with a convex probe, visualizing 
the IVC in short and long axis views at the level of the 
umbilicus and/or in its pararenal and retro-hepatic tract, 
using a “right flank” window (see above).

Tip location Protocol (flush/bubble test):

Probe: 2–6 MHz sectorial probe; as alternative option, 
3–8 MHz convex probe

Acoustic windows: short and long axis view of the 
IVC above the confluence of the common iliac veins, 
below the confluence of the hepatic veins may be use-
ful; a subcostal bi-caval view is recommended to visu-
alize the junction between IVC and the RA, above the 
confluence of the hepatic veins; a four-chamber subcos-
tal view may also be effective for performing the “bub-
ble test.”

Procedure: a rapid flush of “shaken” saline (5–10 ml) 
is injected: the immediate appearance of the bubbles 
inside the IVC confirms that the tip is inside this vein; a 
delayed appearance of the bubbles inside the IVC indi-
cates that the tip is in the iliac veins or in collateral 
veins; the immediate appearance of the bubbles in the 
RA confirms that the tip is at the junction between IVC 
and RA. If the tip of the catheter is inside the RA, it can 
be directly visualized by a subcostal view, and the bub-
ble test may facilitate the visualization of the tip.

Please note that the maneuvers of tip navigation are not 
strictly necessary in most FICC insertions. On the con-
trary, ultrasound-based tip location for FICC is highly 
useful, since the other methods of tip location (intracavi-
tary ECG and X-ray) are not accurate and not properly 
standardized for FICC. As regards tip location, please 
also note the tip of a FICC is not necessarily located in 
the RA or at the junction between IVC and RA: if the 
FICC is not to be used for hemodynamic monitoring, the 
tip is usually left in the mid-portion of the IVC, above 
the confluence of the iliac veins and below the renal 
veins.45 In this latter case, it is easy to locate the catheter 
tip in the RA by the bubble test (as described above) and 
then withdraw it.

A summary of the ECHOTIP protocol is shown in Table 1.

Conclusions

We have tried to develop a stepwise and standardized pro-
cedure (the ECHOTIP protocol), potentially useful to 
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perform ultrasound-based tip navigation and tip location 
during the insertion of all central venous access devices 
currently used in adults.

Some of these maneuvers are easy and require only a 
minimal training, while some others imply a well-trained 
operator with more than basic knowledge in the field of 
vascular ultrasound and echocardiography. Thus, training 
is the main open question, and we suggest that more evi-
dence should be published about the proper training 
required for achieving appropriate skills of real-time 
ultrasound for central venous catheterization in adult 
patients.

Tip location by subcostal or trans-thoracic ultrasound is 
almost always applicable and feasible, but certainly less 
accurate than tip location by intracavitary ECG or trans-
esophageal echocardiography. Though, clinical studies 
show that it is as accurate as radiological methods, so that 
it may play an important role when intracavitary ECG is 
not applicable (due to specific cardiac rhythm abnormali-
ties) or not feasible (in emergency, or because of logistic or 
technical issues).

The combined use of intracavitary ECG and ultrasound-
based tip location may completely avoid the need for 
intraprocedural fluoroscopy and/or post-procedural chest 

X-ray in adult patients requiring central venous 
catheterization.
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