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Abstract 

Background:  To assess the usefulness of pre-operative contrast-enhanced transthoracic echocardiography (CE-TTE) 
and post-operative chest-x-ray (CXR) for evaluating central venous catheter (CVC) tip placements, with trans-esopha-
geal echocardiography (TEE) as gold standard.

Methods:  A prospective single-center, observational study was performed in 111 patients requiring CVC position-
ing into the internal jugular vein for elective cardiac surgery. At the end of CVC insertion by landmark technique, a 
contrast-enhanced TTE was performed by both the apical four-chambers and epigastric bicaval acoustic view to 
assess catheter tip position; then, a TEE was performed and considered as a reference technique. A postoperative CXR 
was obtained for all patients.

Results:  As per TEE, 74 (67%) catheter tips were correctly placed and 37 (33%) misplaced. Considering intravascular 
and intracardiac misplacements together, they were detected in 8 patients by CE-TTE via apical four-chamber view, 
36 patients by CE-TTE via epigastric bicaval acoustic view, and 12 patients by CXR. For the detection of catheter tip 
misplacement, CE-TTE via epigastric bicaval acoustic view was the most accurate method providing 97% sensitivity, 
90% specificity, and 92% diagnostic accuracy if compared with either CE-TTE via apical four-chamber view or CXR. 
Concordance with TEE was 79% (p < 0.001) for CE-TTE via epigastric bicaval acoustic view.

Conclusions:  The concordance between CE-TTE via epigastric bicaval acoustic view and TEE suggests the use of the 
former as a standard technique to ensure the correct positioning of catheter tip after central venous cannulation to 
optimize the use of hospital resources and minimize radiation exposure.

Keywords:  Bubble test, Central venous catheterization, CVC misplacements, Cardiac surgery patients, Internal jugular 
vein cannulation, Chest radiography
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Background
Central venous catheter (CVC) placement is a com-
mon procedure in the operating room and intensive care 
unit (ICU), for CVC allows the administration of hyper-
tonic and vesicant drugs with better control of infusion 
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velocity [1]. In upper extremity cannulation, the CVC 
tip should be placed in the last 3 cm of the superior vena 
cava (SVC) before its junction to right atrium (SVC-
RA) [2]. The evaluation of catheter tip position before 
CVC is recommended as a misplacement may result 
in severe complications whether being within cardiac 
chambers (arrhythmias/cardiac wall damage) [2] or into 
the upper-veins system (vein endothelium damage with 
extravasation, and pleural effusion, or thrombosis) [3, 4]. 
CVC-related-thrombosis is reported between 30 and 70% 
of cases [3–5] and represents a frequent, although largely 
under-recognized, complication potentially causing life-
threatening sequelae such as pulmonary embolism and 
catheter-related sepsis [3, 4, 6–8].

A post-procedural chest-x-ray (CXR) is routinely 
obtained after CVC cannulation of the upper extrem-
ity according to current guidelines [9]. However, CXR 
is limited by the indirect visualization of vessels and 
the CVC tip positioning is inferred from its projection 
on anatomical structures, such as the carina or dorsal 
vertebrae [10]. Despite its wide use, CXR presents low 
accuracy when compared to transoesophageal echocardi-
ography (TEE), assumed as the gold standard [10]. TEE 
represents the only bedside tool that can directly visual-
ize CVC tip at the SVC-RA junction [11], but it is inva-
sive, time-consuming, and requires specific competences. 
Transthoracic echocardiography (TTE), with contrast-
enhancement (CE), has been proposed as an alternative 
to CXR in detecting CVC positioning with high accuracy 
[12]. Nevertheless, TTE-CE is not widely used also con-
sidering some previous conflicting results [13] and only 
comparison between TTE and CXR has been reported 
[14].

The aim of the present study was to assess the diagnos-
tic accuracy of CEUS-TTE, by two different ultrasound 
acoustic views (apical four-chambers and subcostal), and 
CXR for the detection of CVC tip misplacements in com-
parison with TEE as gold standard.

Materials and methods
Study population
This study was conducted from April 1 to October 31, 
2019, in the cardiac surgery operating room of the Pisa 
University Hospital. The study protocol was approved by 
the Institutional Ethics Committee (CEAVNO approval 
number 25585/2019). Inclusion criteria were adult age 
and elective cardiac surgery with undergoing TEE as per 
clinical indications. Exclusion criteria were patient’s ina-
bility to sign an informed consent or no CVC in site.

Methods
The CVCs were placed by different physicians fol-
lowing orotracheal intubation and before surgery. 

Non-tunnelled, 7F dual-lumen, 20-cm length CVCs 
(BD Careflow; Becton Dickinson Critical Care Systems, 
Franklin Lakes, NJ) were inserted percutaneously into the 
right internal jugular vein, by standard Seldinger tech-
nique using anatomical landmarks, without the use of 
either fluoroscopy or intraoperative ultrasound guidance. 
After CVC insertion, a skilled cardio-anaesthesiologist, 
not directly involved in the CVC placement, performed 
all echocardiographic examinations to assess the correct 
CVC position.

Echocardiographic techniques
Examinations were performed by using an iE33 ultra-
sound system (Philips Ultrasound, Bothell, WA, USA) 
with a 2.5–3.5 MHz sector probe. The TTE apical four-
chambers (Fig. 1) and short-axis subcostal bicaval views 
were scanned (Fig. 2a, b). A standard bubble-study with 
rapid flush of agitated saline was used [15] to confirm the 
correct identification of the CVC tip (Fig. 2c, d). The con-
trast medium was a saline-air mixture with two 10-mL 
syringes containing 8 mL of saline, 1 mL of air and 1 mL 
of blood each. A homogeneous solution was obtained by 
mixing with a three-way stopcock and a 3-mL bolus was 
injected through the catheter. Microbubbles were identi-
fied to verify the catheter tip position in three steps: (i) 
during apical four-chamber view; (ii) during subcostal 
view scanning; (iii) during TEE examination.

With the apical four-chambers view, the CVC was 
considered correctly positioned when a laminar saline 
swirl entering the right atrium was observed immedi-
ately after saline injection as previously described [16], 

Fig. 1  Heart ultrasounography. Apical four chamber view. RA right 
atrium, RV right ventricle, LA left atrium, LV left ventricle
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because this method does not allow direct visualization 
of the SVC-RA junction. Misplacement was defined as 
catheter tip too distal in RA (Additional file  1). With 
the subcostal view, the correct catheter position was 
inferred from direct detection of catheter tip confirmed 
by the visualization of the CE exit point at the SVC-
RA junction (Additional file  2). Misplacements were 
defined as catheter tip too distal in RA or not directly 
visualized by B-mode ultrasound, despite the appear-
ance of a laminar jet flow from the SVC.

By TEE probe via mid-oesophageal bicaval view (90°–
10°) (Fig.  3), the CVC was considered correctly posi-
tioned when the CVC tip was identified in the last 3 cm 
of the SVC measured from cresta terminalis (CT). Mis-
placement was defined as the catheter tip too distal in 
RA or too proximal in the SVC (more than 3 cm above 
the cresta terminalis) or not directly visualized by 
B-mode ultrasound, despite the appearance of a lami-
nar jet flow coming from the SVC. The catheter was 
identified as two closely spaced, parallel, bright hyper-
echoic lines surrounding the dark fluid-filled lumen. 
(Additional file 3).

Fig. 2  a Probe orientation in the epigastric bicaval acoustic window. b B-mode short-axis bicaval view, c CVC tip, d microbubbles solution injected 
as a bolus through the catheter directly showing the catheter tip and CE exit point. ICV inferior cava vein, SVC superior vena cava, RA right atrium, RV 
right ventricle, CVC tip central venous catheter tip

Fig. 3  TEE probe inserted at a mid-oesophageal position, turned 
clockwise and rotated to 123° to produce a mid-oesophageal SVC-RA 
junction visualization. Red arrow: central venous catheter tip at 
SCV-RA junction. SVC superior vena cava, RA right atrium, CVC tip 
central venous catheter tip
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Post-operative CXR results were also collected in all 
patients as required by the on-duty physician for clini-
cal purposes. By CXR the CVC was considered correctly 
positioned when the CVC tip was identified in the SVC/
RA junction defined as the apex of the concave shadow 
formed by the superimposition of the distal SVC on the 
right atrium. A senior radiologist examined all the plain 
film radiographs.

Statistical analysis
A sample size of at least 94 patients was required by 
assuming sensitivity = 0.90, delta = 0.10, alpha = 0.05 and 
power = 0.80. A true positive result was defined as the 
judgment of correct placement that was eventually con-
firmed by TEE. A true negative result was defined as the 
judgment of an incorrect placement that was confirmed 
by TEE. False positive and negative results were defined 
accordingly. Sensitivity, specificity, positive/negative pre-
dictive values and likelihood ratios, diagnostic accuracy/
concordance between different techniques and TEE were 
calculated. For the latter, Cohen’s k statistics were used, 
with 0–0.20 indicated slight agreement, 0.21–0.40 fair 
agreement, 0.41–0.60 moderate agreement, 0.61–0.80 
substantial agreement, and 0.81–1.00 almost perfect 
agreement [17]. ROC curves were used to evaluate the 
diagnostic accuracy of echocardiographic techniques and 
chest-x-rays assuming transesophageal echocardiography 
as the gold standard. For each ROC curve, the area under 
the curve (AUC) and the corresponding 95% confidence 
interval (CI) was calculated. The comparisons between 
the AUC of two ROC curves were performed by apply-
ing the De Long test and bootstrap at 2000 replicates. 
Continuous variables were expressed as median and 
inter-quartile range (IQR) or mean ± standard deviation 
as appropriate. Statistical significance was set at p < 0.05 
with two-sided tests. All data were analyzed with SPSS 
(version 20, IBM Corporation, New York, NY) and R sta-
tistical environment (version 4.0.3, R Foundation for Sta-
tistical Computing, Vienna, Austria).

Results
We initially considered 112 patients, but in one case 
TEE was not able to show CVC tip position due to mas-
sive enlargement of the ascending aorta; thus, we finally 
analyzed the data of 111 patients: 69 males (62%) with 
median age of 70 (IQR: 60–75) years.

TEE exams were obtained in all cases whereas CE-TTE 
was not obtainable via apical four-chamber view in 5 
patients (5%) and via subcostal bicaval view in 3 (2.7%), 
due to difficult visualization of the acoustic window. The 
median body mass index (BMI) was 25.5 (IQR: 23–28) 
kg/m2 and was higher in those patients in whom CE-TTE 
was not feasible (29 vs. 25 kg/m2; p = 0.017).

In our population, 74 (67%) TEE catheter tips were cor-
rectly placed at the SVC-RA junction within 3 cm from 
cresta terminalis, while 37 (33%) were misplaced. Con-
cerning these misplaced catheter tips, 18 (49%) were too 
proximal in the SVC, 17 (46%) were too distal in the right 
atrium, and in 2 cases (5%) catheters were misplaced in 
vessels other than SCV (pulmonary artery in one case 
and homolateral subclavian vein in the other). None of 
the patients had the CVC tip positioned in the inferior 
vena cava.

Apical four-chamber CE-TTE misdiagnosed 32 cases; 
of these, 4 were wrongly identified as misplaced and 28 
wrongly identified as correctly placed. However, apical 
four-chamber CE-TTE detected 8 out of 37 misplace-
ments identified by TEE, all distally located.

Of the 5 non-feasible CE-TTE cases, one had the CVC 
in the RA whereas 4 were correctly positioned at the 
SVC-RA junction.

Subcostal bicaval CE-TTE diagnosed 36 out of 37 mis-
placements, including 16 in the RA, 19 in the SCV, and 1 
in the pulmonary artery. The catheter distally located in 
the pulmonary artery was classified as misplaced because 
neither tip nor contrast exit point were directly visual-
ized. Seven catheters lying at a median distance of 2.5 cm 
(IQR: 1.5–3 cm) from the CT were classified as misplaced 
even if they were not. By this technique, were correctly 
visualized 64 catheters tips located in the SVC-RA junc-
tion at a median distance of 1 cm (IQR: 0–1.5 cm) from 
the CT. Seven cases were erroneously visualized as wrong 
positioned. The 3 non-feasible cases due to poor acoustic 
window, were all correctly located in the SCV.

Post-operative CXR detected 12 out of 37 misplace-
ments including 4 in the RA, 6 in the proximal SCV, and 
2 in the homolateral subclavian vein or pulmonary artery, 
respectively. Five cases were erroneously interpreted as 
wrong positioned even if they were not. Twenty-five CXR 
did not detect 13 catheter tips in the RA and 12 located 
in the proximal SCV. CXR was feasible in all patients.

The diagnostic accuracy of the different techniques 
compared with the reference TEE are reported in Addi-
tional file  4. The concordance between TEE and CE-
TTE subcostal view was strong (k = 0.79), whereas the 
concordance was poor when compared with the CE-
TTE 4-chambers view or CXR (k = 0.17 and k = 0.27, 
respectively).

The ROC curves and the corresponding AUC for CE-
TTE subcostal view, apical four-chambers view and CXR 
are shown in Fig.  4. By comparing ROC curves, signifi-
cant differences were found for subcostal bicaval TTE 
versus apical four-chamber TTE (p < 0.001) and subcos-
tal bicaval TTE versus CXR (p < 0.001), whereas no sta-
tistical significance was observed for apical four-chamber 
TTE versus CXR (p = 0.388).
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Discussion
The main results of the study are that (1) the incidence of 
catheter misplacements was 33%, with half of them due 
to a tip position proximal to SCV-RA junction; (2) CE-
TTE subcostal bicaval view was the best transthoracic 
echocardiographic approach providing 92% diagnostic 
accuracy and 79% concordance with CE-TEE; (3) CXR, as 
well as CE-TTE four-chambers view, had a limited value 
in the detection of misplacements with a poor concord-
ance with CE-TEE.

A CVC tip positioned at the transition from the SVC 
to the right atrium, lying parallel to the major axis of the 
vessel, is considered as the “ideal position” however dif-
ficult to obtain. CVC-related venous thrombosis has a 
high prevalence when the catheter tip is positioned in the 
superior upper third of the SVC or in the brachiocephalic 
vein [18] and represents a major cause of late complica-
tions finally resulting in SVC syndrome, infections and 
pulmonary embolism, occurring mostly in oncologic frail 
patients [19, 20].

In our study, the incidence of catheter misplacements 
was higher than previously reported [14, 21]. Possible 
explanations are the following: first, in most of other 
studies [21] chest radiography was choose as reference 
standard even if inaccurate for tip location [14]; second, 
in our center catheters were placed by standard Seld-
inger technique using anatomical landmarks, without 
use of intraoperative ultrasound guidance or navigation 
procedures; third, 20 cm of catheter length were inserted 
in the right internal jugular vein, because this is the cur-
rent clinical practice in our center. Altogether, the above 

methodological issues might have increased the rate of 
misplacements, but it seems unlikely that they might 
have affected the results.

TEE is considered the gold standard to assess the cor-
rect position of CVC though it is not free from com-
plications related to probe insertion and should not be 
therefore used for this purpose. The strong concordance 
between TEE and TTE subcostal bicaval view (k = 0.79) 
is clinically important. Indeed, TTE subcostal bicaval 
view is non-invasive, frequently obtainable, and based on 
direct visualization of the CVC tip at the SVC-RA junc-
tion. In seven of our cases, we classified the catheters 
as misplaced even if their tips were correctly placed at a 
median distance of 2.5 cm (IQR: 1.5–3 cm) from the CT. 
This was presumably due to the difficulty of visualizing 
the CVC tip when lying in the proximal portions of the 
SVC. However, our results show that the probability of 
classifying a correctly placed catheter as misplaced is 9.7 
time lower than the probability of classifying a misplaced 
catheter as correctly placed.

The CE-TTE four-chambers view allowed showing the 
correct position of catheter tip in the SVC through the 
“bubble-test” [22]; additionally, a low concordance with 
CE-TEE (k = 0.17) was observed. CE-TTE four-cham-
bers view misdiagnosed catheter position in 32 patients. 
These findings may have a twofold explanation. First, 
bubbles reach the RA even in cases of intravascular mis-
placements. Second, it may be difficult to differentiate 
between bubbles originating within the RA from bub-
bles reaching the RA, because CE-TTE four-chambers 
view does not allow direct visualization of the SVC-RA 

Fig. 4  ROC curves for subcostal bicaval transthoracic echocardiography (subcostal Bicaval TTE), apical four-chamber transthoracic 
echocardiography (apical four-chamber TTE) and chest-x-ray (CXR), with transesophageal echocardiography assumed as reference. AUC​ area under 
curve (95% confidence interval)
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junction. Indeed, by this technique, intra-atrial misplace-
ments were more readily detected compared to extra-
atrial misplacements and the high number of extra-atrial 
misplacements depicted by TEE led to a lower sensitivity 
than previously described [16].

Evaluation of different patterns of jet flow (laminar or 
turbulent) and bubbles transition-times have been sug-
gested [12] to define if the arrival of the bubbles was 
associated with correct positioning. We decided not to 
adopt this method, because in our experience transition-
times may be dependent on (a) patient hemodynamic, 
(b) length and diameter of the catheter, (c) CVC inser-
tion point, (d) infusion velocity of contrast media, and 
(e) assessment difficulties (no commercially available 
device to synchronize “push-to-bubble time”). A previ-
ous study [22] investigating the “qualitative” bubble test, 
defined as the complete RA opacization versus “few or 
no bubbles” detection, reported that the complete opaci-
zation of RA occurred in half of the patients with CVC 
misplacements, claiming its low diagnostic accuracy. Fur-
thermore, another study has questioned the usefulness of 
the proposed cut-off transition times to confirm central 
catheters tips position [23].

Some ultrasound-based tip navigation methods sug-
gested direct visualization of the guidewire during 
the insertion procedure [24, 25]. These methods allow 
advancing the guidewire with catheter insertion, and 
misplacements can be quickly recognized. However, this 
technique can be applied only during real-time ultra-
sound-guided cannulations, whereas many physicians 
still use landmark procedures [26]. On the contrary, tip 
location methods allow checking the catheter tip when 
already in place. Thus, tip navigation does not replace tip 
location, which should be assumed as complementary 
methods [14].

CXR also showed low concordance with CE-TEE 
(k = 0.29), as it led to a catheter position misdiagnosis in 
27% of cases. These results can be explained considering 
that the SCV-RA junction cannot be directly visualized 
by bedside CXR and catheter tip positioning is presumed 
on the basis of its projection on other fixed anatomical 
structures taken as radiological landmarks, none of them 
being 100% reliable [27, 28]. Likewise, the detection of 
SVC/RA junction by the shadow of SVC on the RA can 
be difficult [29].

In recent years, the potential role of transthoracic ultra-
sound has been investigated as an alternative to CXR 
in the detection of catheter positioning [12, 13, 15, 16, 
30–32], but not all studies confirmed these results[13], 
mainly because of methodological differences (detection 
of tip positioning vs. bubble test or subcostal bicaval vs. 
apical four-chambers scanning view) and lack of a reli-
able comparator (TEE). This is the reason why, although 

the ultrasound-guided CVC insertion has been widely 
accepted to improve success and safety of the procedures 
[26, 33, 34], the CVC position confirmation by CE-TTE 
has not yet obtained widespread dissemination [35] and 
in many centers CXR is still considered the reference 
confirmatory test [31].

To the best of our knowledge, this is the first study 
rigorously comparing CXR, TTE with TEE. Our results 
confirm that CE-TTE via short-axis subcostal bicaval 
view, but neither CE-TTE via apical four-chambers view 
nor CXR, represents a reliable tool to identify CVC tip 
misplacements when compared with CE-TEE. CE-TTE 
via apical four-chambers view is usually used only to 
rule-out RA misplacements, but in our population the 
sensitivity was only 50% and it appears to be unreliable in 
ruling CVC lying proximally in the SCV. Post-operative 
bedside CXR is always feasible, but its usefulness is lim-
ited by its poor diagnostic accuracy.

Limitations: First, our study was conducted in elective 
anesthetized and pharmacologically paralyzed patients 
undergoing cardiac surgery. This controlled setting may 
have influenced the results of the study making TTE 
scans easier to acquire especially in the subcostal views. 
Thus, our results may not be directly applied in other 
clinical contexts such as awake, non-paralyzed, obese 
patients, emergency, or trauma. Second, all CVCs were 
inserted percutaneously without ultrasound guide assis-
tance, thus a perioperative vascular scan of latero-cervi-
cal, supraclavicular and infraclavicular fossae to identify 
errant catheters [26] was not performed. However, we 
believe that this limitation did not affect the results of 
the study because vascular ultrasound, however useful 
for aiding insertion and detecting misplacements in neck 
veins [26], is of limited value in confirming tip placement 
because not suitable for the imaging of SCV. Third, we 
did not use right atrial electrocardiography during CVC 
positioning because by this technique it is only possible 
to detect the tip within the RA but not its exact loca-
tion within the vascular system. Fourth, only one skilled 
cardio-anesthesiologist not involved in the CVC place-
ment performed all the examinations to avoid inter-rater 
variability. Therefore, this source of variability was not 
considered, and the study was focused on the variability 
between techniques only. Finally, although the number 
of patients exceeded the sample size estimation, further 
single- or multi-center studies including large numbers of 
patients are needed to confirm our results.

Conclusions
The present study suggests that CE-TTE via the subcos-
tal bicaval short-axis view may represent an accurate 
technique in detecting CVC misplacements after inter-
nal jugular vein cannulation, with an accuracy similar to 
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that of the TEE gold standard. The use of CXR should be 
restricted to those cases where ultrasound examinations 
are not feasible due to technical limitations.
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