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Abstract: Background: Central venous catheters (CVC) are commonly required for pediatric congeni-
tal cardiac surgeries. The current standard for verification of CVC positioning following perioperative
insertion is postsurgical radiography. However, incorrect positioning may induce serious complica-
tions, including pleural and pericardial effusion, arrhythmias, valvular damage, or incorrect drug
release, and point of care diagnostic may prevent these serious consequences. Furthermore, pediatric
patients with congenital heart disease receive various radiological procedures. Although relatively
low, radiation exposure accumulates over the lifetime, potentially reaching high carcinogenic values
in pediatric patients with chronic disease, and therefore needs to be limited. We hypothesized that
correct CVC positioning in pediatric patients can be performed quickly and safely by point-of-care ul-
trasound diagnostic. Methods: We evaluated a point-of-care ultrasound protocol, consistent with the
combination of parasternal craniocaudal, parasternal transversal, suprasternal notch, and subcostal
probe positions, to verify tip positioning in any of the evaluated views at initial CVC placement in
pediatric patients undergoing cardiothoracic surgery for congenital heart disease. Results: Using
the combination of the four views, the CVC tip could be identified and positioned in 25 of 27 exam-
inations (92.6%). Correct positioning was confirmed via chest X-ray after the surgery in all cases.
Conclusions: In pediatric cardiac patients, point-of-care ultrasound diagnostic may be effective to
confirm CVC positioning following initial placement and to reduce radiation exposure.

Keywords: central venous catheter 1; point-of-care ultrasound 2; pediatric cardiac anesthesia 3

1. Introduction

Central venous catheters (CVC) are commonly required in neonatology and pediatric
intensive care patients, and ultrathin single-lumen catheters are preferably used. However,
during high-risk procedures, such as congenital cardiac or major pediatric surgeries, multi-
lumen CVC with larger diameters, analogous to those used in adult perioperative medicine,
are required to perform differentiated drug therapies and perfuse higher volumes. While
various central veins are feasible to access, the most common puncture site for CVC in
pediatric anesthesia for congenital heart surgery in Germany is the internal jugular vein [1].
Point-of-care verification of CVC positioning is not standardized in pediatric patients and
correct positioning is usually verified postoperatively by X-ray [2]. However, incorrect
positioning of the catheter may induce serious complications, such as extravasation, pleural
and pericardial effusion, arrhythmias, valvular damage, or incorrect drug release before
correct CVC positioning is verified post-surgery [3,4]. Therefore, timely point of care
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diagnostics, preferably without exposing the patient to radiation, and position verifica-
tion immediately after introduction or during insertion may have enormous advantages
and would be desirable for correct positioning of the catheter tip, preventing potential
deleterious consequences.

Ultrasound-guided techniques of correct CVC tip positioning, e.g., a method of direct
ultrasound tip position of CVC using a microconvex probe, have been described in adult
perioperative patients and are already established in the clinical routine [5].

Central venous puncture is nowadays ultrasound guided at the majority of pediatric
heart centers [1]. However, existing formulas calculating depth of insertion based on
body dimensions are unreliable, especially in children with pathologic heart dimensions or
abnormal anatomy [6]. For example, in cases of extreme cardiomegaly, the CVC may be
inserted too deep after only a few centimeters.

At our center, puncture of the central vessel is also performed under continuous
ultrasound guidance. Our research group has found that ultrasound can also be used to
monitor the intrathoracic position of the CVC tip, especially in young children. Jugular,
parasternal, and subcostal ultrasound windows have proven to be favorable.

The relatively large glandular tissue of the thymus provides a very good acoustic
window for the central intrathoracic vessels, especially in young children who have not
undergone previous thoracic surgery. It is also favorable that the large thymic tissue in
young children displaces the lung parasternal and therefore provides a good view of the
central vessels. Another favorable circumstance is that the thorax in the infant is largely
cartilaginous, and thus no sound cancellation by bone complicates ultrasound diagnosis.

Therefore, the aim of the present study was to test the hypothesis that CVC placement
and tip confirmation can safely be performed via point-of-care ultrasound visualization,
reducing radiation exposure in pediatric patients undergoing cardiothoracic surgery.

2. Materials and Methods

To evaluate the safety and feasibility of ultrasound-guided CVC placement and tip
positioning in pediatric patients undergoing cardiothoracic surgery, the following examina-
tion protocol has been developed based on our daily routine. The ideal position of the CVC
tip is the junction of the superior vena cava (SVC) and the right atrium (RA). Consecutively,
from the two parasternal, the suprasternal notch, and the subcostal view, the SVC, the CVC
tip itself, and the right pulmonary artery (RPA) have been attempted to be identified. If the
junction of the superior vena cava into the right atrium could not be identified, the RPA
was used as an accessory structure. The RPA is in direct anatomic relation to the junction
of the superior vena cava with the right atrium [7].

The present prospective study was conducted at the pediatric cardiac surgery suite
and pediatric cardiac ICU at the University Hospital Bonn, Germany. The study was per-
formed in accordance with the principles expressed in the Declaration of Helsinki and after
approval by the institutional revenue board (IRB) at the Rheinische Friedrich-Wilhelms-
University Bonn (protocol No. 159/14). Nineteen children, ranging from 3 days old to
4 years of age and weighing between 2.55 and 16 kilograms in body weight, that underwent
pediatric cardiac surgery for congenital heart disease, were included. The sample size
was calculated based on previous studies’ evaluations on CVC tip positioning in adult
patients [5].

Children requiring a CVC for cardiac surgery were included and evaluations were
performed by anesthesiologists highly experienced in both pediatric cardiac anesthesia
and vascular ultrasound. A total of 28 examinations were performed on 19 children.
Ten children were examined by one examiner, and nine children were examined by two
examiners and were assessed separately.

After induction of general anesthesia, the children received a CVC according to the
standard in-hospital procedure using ultrasound-guided puncture of the right jugular
venae. The primary depth of insertion of the CVC was calculated based on the child’s
height using the following formula: primary insertion depth (cm) = body length (cm)/10.
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Subsequently, using a standard examination procedure with the above-mentioned 4 ul-
trasound views, an attempt was made to identify the following structures: superior vena
cava, right pulmonary artery, and the CVC tip (Figure 1).
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Figure 1. Schematic view of the four probe positions.

The examiner had to rate the visualization of the identified structures and duration of
the assessment on a five-point scale. This five-point scale was defined as follows:

Class 1 Structures can be reliably identified, sharp and complete contour, prompt display
Class 2 Structures can be delineated, not reliably complete, no prompt display
Class 3 Structures incompletely identified, only after image optimization, delayed visualization
Class 4 Structures insufficiently identified after image optimization, strongly delayed visualization
Class 5 Structures not visualized

After distinct visualization of the CVC tip in the SVC, the catheter was corrected
for position.

Echo views: here, we describe the 4 probe positions and subsequent views that were
evaluated in the present manuscript for CVC placement and tip confirmation (Figure 1).

• First view: parasternal craniocaudal view

A linear transducer, or hockey stick, was used for the assessment of the parasternal
view. The transducer was positioned in the 3rd intercostal space right parasternal with the
transducer index mark parallel to the sternum. The superior vena cava (SVC) is present in
the longitudinal section; the junction of the SVC with the right atrium is depicted and the
CVC is visible in the SVC (Figure 2).

• Second view: parasternal transversal view

A linear transducer, or hockey stick, was used. From the previous position, the probe
was rotated 90 degrees. The SVC was visualized in the cross-section, with the brachio-
cephalic trunk (BCT) and the right carotid artery. The right pulmonary artery (RPA) can be
seen longitudinally (Figure 3).

• Third view: suprasternal notch view

A cardiac sector transducer was primarily used. The use of a linear transducer/hockey
stick is also possible in young children. The limiting factor is the penetration depth of the
linear transducer or hockey stick. The connection from the right internal jugular vein to
the innominate vein (Innom V) can be seen. Ideally, the junction into the right atrium and
the distal ascending aorta in the cross-section are also visualized (Figure 4).
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Figure 4. Suprasternal notch view: superior vena cava (SVC), right internal jugular vein (Rt IJV), left
innominate vein (Lt Innom V), aorta (Ao), thymus (Thy).

• Fourth: subcostal view

A cardiac sector transducer was primarily used. The use of a linear transducer/hockey
stick might also be possible in young children. The limiting factor is the penetration depth
of the linear transducer or hockey stick.

View from subcostal, a four-chamber view can be seen. By tilting the transducer,
the superior vena cava is displayed in a longitudinal section, and the entry of the superior
vena cava into the right atrium is clearly visible (Figure 5). A PW Doppler signal can be
placed in the confluence of the superior vena cava to the atrium and a vena cava flow signal
can be detected.
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3. Results

The present study included children aged between 2 days and 54 months. The mean
age was 8.9 months, and the mean body weight was 5.8 ± 3.5 kg with a range between
2.5 and 16 kg (Table 1). In all children, the CVC was successfully inserted into the right
internal jugular vein. In all cases, the position of the CVC was verified postoperatively by
chest X-ray. Additionally, positioning was intraoperatively verified by the surgeon through
visual inspection during opening of the cardiac structures, or by palpation of the CVC tip
in the SVC. The mean insertion depth was 0.13±0.02cm/cm body height (Table 1).

Table 1. Patients’ characteristics.

Mean SD Range

body weight (kg) 5.8 3.46 2.55–16
body height (cm) 65 16 50–109

age (months) 8.9 15 0.007–53.37
insertion depth (cm)/body height (cm) 0.13 0.02

Ten children had no previous surgical procedures, while the remaining nine children
had undergone surgery previously. Due to the procedure or individual reasons, not each
of the four views could be obtained in all children. In one child, the parasternal and
jugular views were not performed, and in two other children, the suprasternal view was
not performed. However, most views have been performed in all patients included in our
study. The most successful visualization of the superior vena cava was from subcostal
(88%), followed by the suprasternal notch (87%), and the parasternal transversal view in
(74%) of the cases (Table 2).

Table 2. Echocardiographic evaluation.

Parasternal Craniocaudal View n Sufficiently Identifiable Mean Classification SD

SVC 27 17 63% 1.94 17
CVC tip 27 11 41% 1.64 11

RPA 27 12 44% 2.25 12

Parasternal transversal view n sufficiently identifiable mean classification SD

SVC 27 20 74% 2.10 20
CVC tip 27 11 41% 1.73 11

RPA 27 13 48% 2.31 13

Suprasternal notch view n sufficiently identifiable mean classification SD
SVC 23 20 87% 1.75 20

CVC tip 23 5 22% 2.60 5
RPA 23 6 26% 2.17 6

Subcostal view n sufficiently identifiable mean classification SD

SVC 24 21 88% 1.38 0.65
CVC tip 24 19 79% 1.53 0.68

RPA 24 18 75% 2.17 0.76

superior vena cava (SVC), central venous catheter (CVC) tip, right pulmonary artery (RPA).

Although visualization of the SVC from the parasternal transversal view and supraster-
nal notch view was easy to achieve, the tip of the CVC could only be identified in 41% and
22% of the cases, respectively. Similarly, identification of the right pulmonary artery was
possible from the suprasternal view in only 26% of the cases.

The most reliable visualization of all structures from one view was achieved from the
subcostal view. From the subcostal view, the superior vena cava was visible in 88% of the
cases, the CVC tip in 79%, and RPA in 75% of the cases.

Particularly in pre-operated children, the parasternal views were significantly more
difficult or even impossible to achieve. The visualization of the structures in these cases
was more frequently classified as poor or not possible. Thus, in none of the nine children
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with previous sternotomy, neither the CVC tip, nor the right pulmonary artery could be
reliably visualized in the parasternal views (Figure 6a,b).

In summary, using the combination of the four views, all structures have clearly
been visualized in the majority of the children and the CVC tip could be identified and
positioned in 25 of 27 examinations (92.6%). Correct positioning was confirmed via chest
X-ray after the surgery in all cases.
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4. Discussion

Ultrasound-guided puncture of central vessels is an accepted standard procedure for
the insertion of central venous catheters in adult as well as in pediatric patients, preventing
incorrect puncture and damage to proximate structures as well as arterial puncture [8–11].

Formulas calculating the insertion depth are commonly used in pediatric patients
but are very imprecise. The reasons for this may be due to the patient, e.g., cardiomegaly
due to heart disease, or to the physician performing the procedure, e.g., due to different
insertion points [6,12]. Therefore, verification of the correct insertion depth and positioning
is still performed by X-ray diagnosis in many areas and subsequent correction of the CVC
positioning is frequently required.

Ultrasound-guided positioning of the CVC tip has been described in adults, but
studies in children have not been performed so far [5,13,14]. The present feasibility study
utilizes four transthoracic views visualizing the tip of the CVC and the related anatomical
structures. In children, from the suprasternal notch, the SVC can be visualized very easily.

However, for reliable identification, a pulsed-wave Doppler signal can be derived
from the superior vena cava, especially in the case of subcostal sections. This is usually
possible and prevents confusion, e.g., with the brachiocephalic trunk (Figure 7).
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Figure 7. Subcostal view: PW Doppler signal from the superior vena cava with systolic (S), diastolic
(D), and atrial (A) waves.

From the subcostal view, the distance between the CVC tip and the junction of the
superior vena cava and the right atrium can usually be measured precisely. The CVC
can thus be precisely retracted to the level above the right pulmonary artery. This offers
significant advantages, especially in procedures where ligation of the superior vena cava is
required, such as a Glenn operation. From the subcostal view, the essential structures can be
identified in both naive children and children that have undergone previous cardiac surgery.
If only one view is intended to be used for positioning of the CVC tip, the subcostal view is
most promising in verifying CVC tip position. However, the results of our study indicate
that, by combining the four views, a very good orientation and the correct intravascular
position as well as the correct insertion depth of the CVC can be achieved during insertion
of the central venous catheter.

Difficulties identifying the anatomic structures and CVC tip have been observed in
children who have previously undergone cardiac surgery. The thymus provides an ideal
parasternal acoustic window in small children. Therefore, these difficulties may be due to
the fact that the thymus, and its favorable acoustic conditions, has been removed in the
previous surgery and is therefore no longer present. In addition, there is certainly scar
tissue which also restricts the view from parasternal views.
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The CVC is identified by visualizing a double structure in the vein. The tip of the
CVC is particularly echogenic. If the identification of the CVC tip is not clear, a useful
tool is continuous flushing of the CVC with saline. Due to the small diameter of the CVC,
a turbulent flow is created at the CVC tip, so that a clearly visible jet is created even without
the use of agitated saline or ultrasound contrast medium (see Video S1). The jet is easy
to identify and provides an indirect indicator of the position of the CVC. In addition, it is
often possible to identify the J-wire of the CVC passing over the tip of the CVC (Figure 8).

Most importantly, in all cases when the tip positioning was feasible through echocar-
diographic evaluation, the correct positioning was confirmed intraoperatively by direct
visualization or palpation as well as postoperatively via X-ray verification of the CVC tip
at the junction of the SVC and the RA. However, the examinations in our study were per-
formed by colleagues highly experienced in cardiac and vascular ultrasound evaluations
and it is unclear how much training is required to gain competence for sonographic CVC
evaluation. Therefore, further investigations of the views in a larger group of children
and examiners are required, evaluating the safety and precession of ultrasound-guided
CVC insertion depth in children, and verifying the results of this feasibility study. Further-
more, chest X-ray diagnostics are performed after cardiac surgery, not only evaluating the
lungs and confirming CVC tip positioning, but also evaluating the heart and chest wall.
However, during ICU therapy, the CVC often needs to be replaced and our protocol may
have the potential to reduce radiation in situations when radiography diagnostics are only
performed for tip CVC positioning verification and pneumothorax exclusion.
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Medical radiation is the largest source of radiation exposure accounting for a mean
effective dose (ED) of 3.0 mSv/y per person originating from diagnostic and therapeutic
interventions. The annual ED in pediatric patients with CHD is relatively low (<3 mSv/y);
however, yearly exposure accrues over the lifetime, potentially reaching high values
(>100 mSv) in selected cohorts of chronic pediatric patients and cancer risk estimation
highlights the need to limit medical radiation exposure [11,15].

5. Conclusions

Based on the present observational feasibility study, we were able to demonstrate that
ultrasound-guided CVC insertion and tip positioning in children is a fast and reliable tech-
nique, preventing unnecessary X-ray exposure that may be considered for future policies.



J. Clin. Med. 2021, 10, 5971 10 of 10

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.3
390/jcm10245971/s1, Video S1: Turbulent flow is created at the CVC tip.

Author Contributions: Conceptualization, T.B. and S.-C.K.; Data curation, T.B., M.R., E.S. and I.H.;
Formal analysis, T.B.; Investigation T.B., E.S. and M.V.; Project administration, M.V., M.W. and
N.S.-N.; Supervision, M.V. and E.S.; Visualization, T.B.; Writing—original draft, T.B. and N.S.-N.;
Writing—review & editing, M.V. and S.-C.K. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review of the Rheinische Friedrich-
Wilhelms-University Bonn (protocol code 159/14 and date of approval 26 January 2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Baehner, T.; Kiefer, N.; Ghamari, S.; Graeff, I.; Huett, C.; Pflugradt, S.; Sendzik, B.; Heinze, I.; Mueller, M.; Schindler, E.; et al.

A National Survey: Current Clinical Practice in Pediatric Anesthesia for Congenital Heart Surgery. World J. Pediatr. Congenit.
Heart Surg. 2020, 11, 257–264. [CrossRef] [PubMed]

2. Katheria, A.C.; Fleming, S.E.; Kim, J.H. A randomized controlled trial of ultrasound-guided peripherally inserted central catheters
compared with standard radiograph in neonates. J. Perinatol. 2013, 33, 791–794. [CrossRef] [PubMed]

3. Lloreda-García, J.M.; Lorente-Nicolás, A.; Bermejo-Costa, F.; Fernández-Fructuoso, J.R. Catheter tip position and risk of mechanical
complications in a neonatal unit. An. Pediatr. 2016, 85, 77–85. [CrossRef] [PubMed]

4. Sharma, D.; Farahbakhsh, N.; Tabatabaii, S.A. Role of ultrasound for central catheter tip localization in neonates: A review of the
current evidence. J. Matern.-Fetal Neonatal Med. 2019, 32, 2429–2437. [CrossRef] [PubMed]

5. Kim, S.-C.; Gräff, I.; Sommer, A.; Hoeft, A.; Weber, S. Ultrasound-guided supraclavicular central venous catheter tip positioning
via the right subclavian vein using a microconvex probe. J. Vasc. Access 2016, 17, 435–439. [CrossRef] [PubMed]

6. Cleff, C.; Boensch, M.; Eifinger, F.; Hinkelbein, J. Correct positioning of central venous catheters in pediatrics: Are current
formulae really useful? Anaesthesist 2018, 67, 519–524. [CrossRef] [PubMed]

7. Mahlon, M.A.; Yoon, H.-C. CT angiography of the superior vena cava: Normative values and implications for central venous
catheter position. J. Vasc. Interv. Radiol. 2007, 18, 1106–1110. [CrossRef] [PubMed]

8. Brass, P.; Hellmich, M.; Kolodziej, L.; Schick, G.; Smith, A.F. Ultrasound guidance versus anatomical landmarks for internal
jugular vein catheterization. Cochrane Database Syst. Rev. 2015, 1, CD006962. [CrossRef] [PubMed]

9. Franco-Sadud, R.; Schnobrich, D.; Mathews, B.K.; Candotti, C.; Abdel-Ghani, S.; Perez, M.G.; Rodgers, S.C.; Mader, M.J.;
Haro, E.K.; Dancel, R.; et al. Recommendations on the Use of Ultrasound Guidance for Central and Peripheral Vascular Access in
Adults: A Position Statement of the Society of Hospital Medicine. J. Hosp. Med. 2019, 14, E1–E22. [CrossRef] [PubMed]

10. Schindler, E.; Mikus, M.; Velten, M. Central Venous Access in Children: Technique and Complications. Anasthesiol. Intensivmed.
Notfallmed. Schmerzther. 2021, 56, 60–68. [PubMed]

11. Maddali, M.M.; Al-Shamsi, F.; Arora, N.R.; Panchatcharam, S.M. The Optimal Length of Insertion for Central Venous Catheters
Via the Right Internal Jugular Vein in Pediatric Cardiac Surgical Patients. J. Cardiothorac. Vasc. Anesth. 2020, 34, 2386–2391.
[CrossRef] [PubMed]

12. Zick, G.; Eimer, C.; Renner, J.; Becher, T.; Kott, M.; Schädler, D.; Weiler, N.; Elke, G. Ultrasound visualization of the guidewire and
positioning of the central venous catheter: A prospective observational study. Anaesthesist 2020, 69, 489–496. [CrossRef] [PubMed]

13. Ablordeppey, E.A.; Drewry, A.M.; Beyer, A.B.; Theodoro, D.L.; Fowler, S.A.; Fuller, B.M.; Carpenter, C.R. Diagnostic Accuracy of
Central Venous Catheter Confirmation by Bedside Ultrasound Versus Chest Radiography in Critically Ill Patients: A Systematic
Review and Meta-Analysis. Crit. Care Med. 2017, 45, 715–724. [CrossRef] [PubMed]

14. Wilson, S.P.; Assaf, S.; Lahham, S.; Subeh, M.; Chiem, A.; Anderson, C.; Shwe, S.; Nguyen, R.; Fox, J.C. Simplified point-of-care
ultrasound protocol to confirm central venous catheter placement: A prospective study. World J. Emerg. Med. 2017, 8, 25–28.
[CrossRef] [PubMed]

15. Johnson, J.N.; Hornik, C.P.; Li, J.S.; Benjamin, D.K.; Yoshizumi, T.T.; Reiman, R.E.; Frush, D.P.; Hill, K.D. Cumulative radiation
exposure and cancer risk estimation in children with heart disease. Circulation 2014, 130, 161–167. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/jcm10245971/s1
https://www.mdpi.com/article/10.3390/jcm10245971/s1
http://doi.org/10.1177/2150135120902122
http://www.ncbi.nlm.nih.gov/pubmed/32294007
http://doi.org/10.1038/jp.2013.58
http://www.ncbi.nlm.nih.gov/pubmed/23765173
http://doi.org/10.1016/j.anpedi.2015.10.011
http://www.ncbi.nlm.nih.gov/pubmed/26652241
http://doi.org/10.1080/14767058.2018.1437135
http://www.ncbi.nlm.nih.gov/pubmed/29397784
http://doi.org/10.5301/jva.5000518
http://www.ncbi.nlm.nih.gov/pubmed/27012271
http://doi.org/10.1007/s00101-018-0446-1
http://www.ncbi.nlm.nih.gov/pubmed/29736556
http://doi.org/10.1016/j.jvir.2007.06.002
http://www.ncbi.nlm.nih.gov/pubmed/17804772
http://doi.org/10.1002/14651858.CD006962.pub2
http://www.ncbi.nlm.nih.gov/pubmed/25575244
http://doi.org/10.12788/jhm.3287
http://www.ncbi.nlm.nih.gov/pubmed/31561287
http://www.ncbi.nlm.nih.gov/pubmed/33412604
http://doi.org/10.1053/j.jvca.2020.03.007
http://www.ncbi.nlm.nih.gov/pubmed/32362548
http://doi.org/10.1007/s00101-020-00794-7
http://www.ncbi.nlm.nih.gov/pubmed/32409857
http://doi.org/10.1097/CCM.0000000000002188
http://www.ncbi.nlm.nih.gov/pubmed/27922877
http://doi.org/10.5847/wjem.j.1920-8642.2017.01.004
http://www.ncbi.nlm.nih.gov/pubmed/28123616
http://doi.org/10.1161/CIRCULATIONAHA.113.005425
http://www.ncbi.nlm.nih.gov/pubmed/24914037

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

