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Objectives: The primary outcomes of this study were to evaluate the diameters of the inferior vena cava (IVC) in a cohort of newborns and the correlation between newborn weight and IVC diameter. The secondary outcome was to evaluate the concordance between the measurements performed by the two investigators.



Methods: Two blind examiners performed an ultrasonographic (US) evaluation of the IVC diameter in neonates with a weight ranging from 2 to 4 kg. The exclusion criteria included hemodynamic instability, known vascular malformations, and major congenital malformations.



Results: A total of 143 neonates were enrolled between June 2019 and January 2021. All the US examinations were performed in the first 3 days of life. After dividing the patients into two groups according to their weight at the time of examination (2.0–2.99 kg and 3.0–4.0 kg), the median IVC diameters measured by examiner 1 were 3.1 mm (interquartile range 2.8–3.4) and 3.4 mm (interquartile range 2.9–3.8) (p = 0.003) for the two groups, respectively. The median IVC diameters measured by examiner 2 were 3.1 mm (interquartile range 2.6–3.3) and 3.3 mm (interquartile range 2.8–3.8) (p = 0.004) for the two groups, respectively. The intraclass correlation coefficient was 0.93 (95% CI: 0.90–0.95).



Conclusion: The IVC diameter values varied widely from 1.2 to 5.2 mm in newborns weighing 2–4 kg, and a low correlation between newborn weight and IVC diameter was found, so measuring IVC diameter may be a recommended step prior to inserting a umbilical venous catheter (UVC). The concordance between operators was good. We contemplated that the IVC diameter could be a potentially useful tool to identify the most appropriate UVC, thus reducing the risk of catheter-related thrombosis.
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Introduction

Umbilical venous catheters (UVCs) are commonly used in NICUs to manage high-risk newborns in administering parenteral nutrition, hypertonic solutions, medications, and exchange transfusion and providing emergency intravenous access. Not only preterm babies but also sick term babies may require UVCs.

Although catheter insertion could be easily performed, a neonatologist has to face two main problems: monitoring the insertion length of the catheter and choosing the appropriate caliber of the device.

As regards the insertion length, the ideal position of the catheter tip is at the junction of the right atrium and inferior vena cava (IVC), in the subdiaphragmatic vestibulum outside the cardiac silhouette, and pointing to the right side of the base of the heart (1). A UVC follows the umbilical vein and traverses the central part of the left portal vein (Rex segment) into the ductus venosus (DV) to reach the IVC. It is fundamental to place the UVC correctly to avoid serious complications. If the catheter tip is too deep in the heart, there is a risk of cardiac arrhythmia, intracardiac thrombosis, myocardial perforation, pericardial effusion, or tamponade. Conversely, if the tip is low in the portal vein, it can lead to portal vein thrombosis (PVT), portal hypertension, and liver necrosis (2).

In recent years, there has been a constant improvement in the insertion and positioning technique of central vein occlusions (CVO), thanks to the increasingly widespread use of the tip navigation and location ultrasonographic (US) technique. Indeed, echocardiography allows direct visualization of the cavo-atrial junction through a parasagittal subcostal view, making this technique superior to chest radiography in determining the position of the tip of the UVC (3–6). In addition, real-time bedside use of US during umbilical vein catheterization is a promising technique for the rapid and accurate placement of the catheter (7–10).

Despite these technical improvements, to our knowledge, there is a knowledge gap in choosing the appropriate caliber of UVC. A normal practice is to use a 3.5-French catheter for babies weighing less than 1.5 kg and a 5-Fr catheter for bigger babies, as suggested by the main manuals used in neonatology (11–13). A recent review article suggests using 3.5-Fr catheters for infants weighing less than 3.5 kg and 5-Fr catheters for neonates weighing more than 3.5 kg, but no references are provided to support this recommendation (14). The choice of the right caliber of UVC is essential because it is well known that thrombosis risk significantly increases with increasing catheter size (15, 16). In addition, mathematical and experimental models demonstrate blood flow reduction because of the presence of a catheter in a vein. Consequently, it is suggested that the external diameter of the catheter should be equal to or smaller than one-third of the internal diameter of the vein (17, 18) or less than 45% (19).

Few data are available regarding the diameter of the veins of newborns (20). Even fewer data are available about the IVC diameter: current studies concern the ultrasonographic assessment of hydration status or the assessment of central venous pressure measurement in correlation with the IVC diameter (21–23). From what we know, there are no studies on the US identification of the UVC size according to the diameter of the vein.

In this prospective study, we aimed to evaluate the IVC diameters in a cohort of newborns weighing 2–4 kg and investigate the correlation between newborn weight and IVC diameter. The secondary outcome was to evaluate the concordance between the measures carried out by two investigators.



Methods

In this prospective cross-sectional study, we performed the US evaluation of the IVC diameter in neonates weighing 2–4 kg.

The study was conducted between June 2019 and January 2021 in IRCCS Burlo Garofolo, Italy. The Bioethic Committee approved the study protocol.

Healthy newborns in the nursery ward and newborns admitted to our NICU with a weight of 2–4 kg were enrolled after obtaining informed written consent from parents. The exclusion criteria included hemodynamic instability, known vascular malformations, and major congenital malformations.

US scans were performed by a Logiq E9 Ultrasound Unit (GE Healthcare) using an S4-10 microconvex probe. Each neonate was placed in a supine position, and stress-reducing measures were used if needed. A transducer was placed over the subxiphoid region, avoiding abdominal compression, and a longitudinal image of the IVC was obtained. The maximal IVC anteroposterior diameter was measured in two dimensions (B-mode) from the inner wall to the inner wall (see Supplementary Figure S1). We followed the guidelines on echocardiographic chamber quantification published in 2015 by the American Society of Echocardiography, which recommends measuring the maximum IVC diameter from the subcostal view with the IVC displayed along its long axis. The diameter should be measured approximately 1–2 cm caudal to the junction of the IVC and the ostium of the right atrium (24).

Two adequately trained neonatologists (CB and FG) performed the scan consecutively, blinded to each other's results. Each examiner obtained multiple measurements of the vessel (at least two), and the highest value of the two was recorded.

The primary outcomes of this study were to evaluate the IVC diameter in a cohort of newborns and the correlation between newborn weight and IVC diameter.

To better evaluate a possible association between newborns’ weight and IVC size, neonates were divided into two groups based on their weight at the moment of the US examination: 2.0–2.99 and 3.0–4.0 kg. The categorizations of baby weight were established before starting the study based on our usual NICU population to obtain comparable categories.

The secondary outcome was to evaluate the concordance between the measures carried out by the two investigators.

Categorical data were presented as numbers and percentages, and continuous data were presented as medians, interquartile ranges (IQRs), and ranges. The Bland–Altman plot and the intraclass correlation coefficient (ICC) were used to evaluate the agreement between operators. The differences in the IVC diameter between weight groups, sex, and IV infusion were evaluated using the non-parametric Mann–Whitney test. The use of non-parametric tests is justified by the non-normal distribution of data, evaluated both visually and using the Kolmogorov–Smirnov test. The differences with a p-value of <0.05 were considered statistically significant. Analysis was performed using SPSS version 23 (IBM, New York, USA).



Results

A total of 143 neonates were enrolled between June 2019 and January 2021, including 59 neonates (41.3%) in the 2.0–2.99 kg group and 84 (58.7%) in the 3.0–4.0 kg group. In total, 49.9% of the sample were female (n = 70). The median weight at the time of the US examination was 3.1 kg (IQR: 2.6–3.5), while the median birth weight was 3.2 kg (IQR: 2.7–3.5). All the US examinations were performed within the third day of life; specifically, 60 patients (42.0%) were examined within the first postnatal day, 43 (30.0%) within the second, and 40 (28.0%) within the third.

The median gestational age at birth was 39 weeks (IQR: 38–40). Patients were mainly healthy term infants admitted to the nursery ward, with 23 preterm babies. Of the 143 patients, 12 (8.4%) received IV infusion at the time of US examination.

The IVC median diameter measured by the first examiner was 3.3 mm (IQR: 2.9–3.7; range: 1.3–5.2) and by the second examiner was 3.2 mm (IQR: 2.7–3.5; range: 1.2–4.5). Figure 1 shows the Bland–Altman plot comparing the evaluations performed by the two examiners. The 95% limits of agreement (−0.54 to 0.78) include 93.3% (132/143) of the difference scores. The ICC was 0.93 (95% CI: 0.90–0.95).
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FIGURE 1
Bland–Altman plot. LOA, 95% limit of agreement.


There were no differences in IVC diameter by sex (p = 0.7 for both examiners) and IV infusion (p = 0.8 for both examiners).

After dividing the patients into two groups according to their weight at the time of examination (2.0–2.99 and 3.0–4.0 kg), the IVC median diameters measured by examiner 1 were 3.1 mm (IQR range: 2.8–3.4; range: 1.3–4.2) and 3.4 mm (IQR: 2.9–3.8; range: 1.6–5.2) (p = 0.003) and the IVC median diameters measured by examiner 2 were 3.1 mm (IQR: 2.6–3.3; range: 1.2–4.3 mm) and 3.3 mm (IQR: 2.8–3.8; range: 1.5–4.5 mm) (p = 0.004), respectively, for the two groups (Figure 2).
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FIGURE 2
IVC median diameters measured by examiners 1 and 2 according to newborn weights.


Figure 3 shows the relationship between newborn weight at the time of examination and IVC. Spearman's correlation coefficient was relatively low (rho = 0.25).
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FIGURE 3
Relation between newborn weight at the time of examination and IVC diameter (mean value of the two examiners).


Considering the actual number of patients enrolled, means and standard deviations, and a precision of 5%, the study power was 0.70 for the 2–2.99-kg group and 0.76 for the 3–3.99-kg group.



Discussion

Current guidelines suggest a catheter-to-vein diameter ratio equal to or smaller than one-third (17) or less than 45% (19) to reduce the risk of thrombosis.

Indeed, thrombosis is a well-known complication of central venous accesses, and the reported incidence of UVC-related thrombosis varies greatly due to the differences in study design and methodology: it is reported to occur in 3%–33% of infants after umbilical vein catheterization (13). Recently, although a much higher incidence was reported, the prospective study of Dubbink-Verheij et al. (25) found a 75% incidence rate of thrombosis, with 17% of clots involving the right atrium/IVC junction. By performing contrast venography, Roy et al. (26) similarly found 50% of the thrombi in the IVC, 29% in the right atrium, and 21% in the DV, with an overall incidence rate of UVC-related thrombosis of 30%. From these data, IVC seems to be the most involved structure in this complication.

Catheter-related PVT has been described as a rare event but is increasingly recognized, thanks to the increased use of US evaluations when the UVC is in place and after its removal. The reported incidence rate varies from 2.2% to 43% because of the differences in study design and methodology. UVC can cause thrombosis with different mechanisms: direct damage to vessel walls, disrupted blood flow, infusion of substances damaging endothelial cells, and introduction of a foreign thrombogenic surface (14).

The traditional risk factors of thrombosis are summarized by Virchow's triad, namely stasis, vascular injury, and hypercoagulability. Intravascular catheters can impact this triad by reducing the vein's blood flow (stasis), damaging the endothelium, and introducing a thrombogenic surface. Also, neonates are at a high risk of thrombosis because they have underdeveloped clotting mechanisms, small vessel diameter, and often underlying diseases such as perinatal asphyxia, hypovolemia, septicemia, polycythemia, or congenital cardiac disease (27). Studies described that thrombus formation in the UVC route could lead to thrombocytopenia, persistent sepsis, liver damage, portal hypertension, symptoms of right heart failure, and pulmonary embolism.

Although newborns have risk factors for thrombosis, especially those with UVC, no studies evaluate the size of the vessels crossed by UVC.

Ideally, a pre-procedural US scan of the veins has to be performed before any US-guided cannulation (18): we could identify the anatomic variants (such as azygos continuation or persistent right umbilical vein), evaluate the vascular flexion running from the portal sinus to the DV (useful aligning maneuver of the umbilical vein with the DV in a straight line under US guidance) (28), and measure the vein through which the catheter runs.

When a UVC is positioned, it is inserted into the unpaired vein of the umbilicus until it reaches the umbilical recess (UR) and should, if correctly positioned, reach the IVC through the DV. The catheter occurs for its greater length in the lumen of the DV, a vessel mostly virtual and, therefore, difficult to sample. With regard to the DV diameter, Zytoon et al. calculated the reference ranges for the DV diameter in the 690 fetuses, showing a parabolic curve with the first to ninety-ninth percentiles. It ranged from 0.06 to 0.16 cm with an average of 0.11 in the first trimester, from 0.08 to 0.18 cm with an average of 0.15 cm in the second trimester, and from 0.13 to 0.23 cm with an average of 0.16 cm in the third trimester (29). The decrease in diameter of the umbilical vein (UV) from the UR into the ductal vein is well known. This narrowness is caused by a connective tissue called the “border strip” and could lead to catheter malpositioning, depending on the size and flexibility of the catheter. Due to the high variability of measurement of the DV, we contemplated that the IVC diameter could be the most reliable and easily reproducible measurement.

Furthermore, a US-based study of the IVC is a feasible practice, and the bedside use of US for tip navigation and tip location is increasingly used in the NICU during the placement of central venous access devices. In detail, we chose the subcostal view (longitudinal view) since it allowed a rapid visualization of the vessel and was proved equally reliable to M-mode. During the examination in the longitudinal plane, the IVC anteroposterior diameter may be underestimated when the US beam goes through the vessel in an off-centered plane. Therefore, we considered the highest measure of the diameter (22).

Our study has several strengths. First, we examined a large neonatal population. In addition, we performed all the US examinations within 72 h of life because inserting an UVC after the third day of life is neither common nor feasible in clinical practice. Last but not least, two blinded examiners performed the ultrasonographic assessment, unlike the other available studies.

Concerning the concordance between the measures carried out by the two investigators, the interval in the vertical axis of the Bland–Altman graph (difference between the two evaluations) appears to be quite broad. However, the mean difference between evaluations is 0.12 mm, and 93% of the observations fall inside the 95% CI lines. The ICC suggests good agreement between evaluators.

There are several limitations to our study. First, we did not measure the DV and the portion of the IVC in which the catheter runs. Ideally, these measurements should have been performed. However, the natural involution of the DV, mostly a virtual vassel, is to close over time through thrombosis. Regarding the portion of the IVC measured, we chose the easiest and most reproducible US view, as close as possible to the point where the DV joins IVC. Indeed, an improvement point would be to measure the VCI closer to the subdiaphragmatic vestibulum using a different US view by trained operators (complementary windows such as the apical four-chamber view and the parasternal short-axis view).

Furthermore, in our study, as per protocol, we did not evaluate the IVC diameter in very low birth weight (VLBW) newborns, a category that requires UVC insertion more frequently. In this group of babies, UVC catheterization is often an emergency issue, and it would not be realistic to have the IVC diameter measured by both the examiners involved in the study before catheter insertion.

In conclusion, we believe that ultrasonography should be routinely performed to optimize UV catheter size choice, as it is already performed for the cannulation of the other central veins (27). Based on Spearman's rank correlation in evaluating the association between newborn weight and IVC, we found a low correlation. Therefore, in our study, it is impossible to identify a cutoff weight to choose a UV catheter. Therefore, measuring IVC may be a recommended step prior to inserting a UV catheter. Assuming that the catheter should be one-third of the vessel diameter (or catheter-to-vessel ratio <45%) to decrease the risk of thrombosis, we suggest that the IVC diameter of 3.5–5 mm requires a 3.5-Fr (1.15-mm) catheter and the IVC diameter of more than 5 mm requires a 5-Fr (1.6-mm) catheter.

In our study, although we did not find a correlation between the weight and size of the IVC, our result supported the recent indications in the literature regarding the choice of the 3.5-Fr catheter even in newborns under 3.5 kg (14).

Our assumptions on catheter size need to be verified. As far as we know, no studies focused on comparing the incidence of thrombosis using a 3.5-Fr vs. a 5-Fr UV catheter.

It will be interesting to generate data about this common procedure. These data may provide the desired evidence to guide clinicians on the best UV catheter size choice, which in turn could reduce the incidence of thrombosis.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by IRCCS materno infantile Burlo Garofolo. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin. Written informed consent for the publication of any potentially identifiable images or data included in this article was obtained from the minor(s)’ legal guardian/next of kin.



Author contributions

FG: Conceptualization, Data curation, Writing – original draft, Writing – review & editing. AT: Conceptualization, Data curation, Methodology, Supervision, Validation, Writing – review & editing. FC: Writing – review & editing. CB: Conceptualization, Data curation, Methodology, Writing – original draft, Writing – review & editing. CR: Supervision, Writing – review & editing. LR: Data curation, Formal Analysis, Methodology, Writing – review & editing. PM: PM was involved in revising the article critically for important intellectual content. LT: Supervision, Validation, Writing – review & editing. FR: Supervision, Validation, Writing – review & editing. All the authors finally approved the version to be published.



Funding

The authors declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

This work was supported by the Italian Ministry of Health through the contribution given to the Institute for Maternal and Child Health IRCCS Burlo Garofolo, Trieste, Italy.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2023.1268622/full#supplementary-material



References

1. Young A, Harrison K, Sellwood MW. How to use… Imaging for umbilical venous catheter placement. Arch Dis Child Educ Pract Ed. (2019) 104(2):88–96. doi: 10.1136/archdischild-2017-312662

2. Rubortone SA, Costa S, Perri A, D’Andrea V, Vento G, Barone G. Real-time ultrasound for tip location of umbilical venous catheter in neonates: a pre/post intervention study. Ital J Pediatr. (2021) 47(1):68. doi: 10.1186/s13052-021-01014-7

3. Schlesinger AE, Braverman RM, DiPietro MA. Neonates and umbilical venous catheters: normal appearance, anomalous positions, complications, and potential aid to diagnosis. Am J Roentgenol. (2003) 180(4):1147–53. doi: 10.2214/ajr.180.4.1801147

4. Ades A, Sable C, Cummings S, Cross R, Markle B, Martin G. Echocardiographic evaluation of umbilical venous catheter placement. J Perinatol. (2003) 23(1):24–8. doi: 10.1038/sj.jp.7210851

5. Guimarães AFM, de Souza AACG, Bouzada MCF, Meira ZMA. Accuracy of chest radiography for positioning of the umbilical venous catheter. J Pediatr (Rio J). (2017) 93(2):172–8. doi: 10.1016/j.jped.2016.05.004

6. Franta J, Harabor A, Soraisham AS. Ultrasound assessment of umbilical venous catheter migration in preterm infants: a prospective study. Arch Dis Child Fetal Neonatal Ed. (2017) 102(3):F251–5. doi: 10.1136/archdischild-2016-311202

7. Barone G, Pittiruti M, Biasucci DG, Elisei D, Iacobone E, La Greca A, et al. Neo-ECHOTIP: a structured protocol for ultrasound-based tip navigation and tip location during placement of central venous access devices in neonates. J Vasc Access. (2022) 23(5):679–88. doi: 10.1177/11297298211007703

8. Seigel A, Evans N, Lutz T. Use of clinician-performed ultrasound in the assessment of safe umbilical venous catheter tip placement. J Paediatr Child Health. (2020) 56(3):439–43. doi: 10.1111/jpc.14658

9. Kozyak BW, Fraga MV, Juliano CE, Bhombal S, Munson DA, Brandsma E, et al. Real-time ultrasound guidance for umbilical venous cannulation in neonates with congenital heart disease. Pediatr Crit Care Med. (2022) 23(5):e257–66. doi: 10.1097/PCC.0000000000002919

10. Meinen RD, Bauer AS, Devous K, Cowan E. Point-of-care ultrasound use in umbilical line placement: a review. J Perinatol. (2020) 40(4):560–6. doi: 10.1038/s41372-019-0558-8

11. Gomella T, Eyal F, Bany-Mohammed F. Gomella’s neonatology. 8th ed. America: McGraw-Hill Education (2020).

12. Eichenwald EC, Hansen AR, Martin CR, Stark AR. Cloherty and Stark’s manual of neonatal care. America: Wolter Kluwers (2022).

13. Fleming SE, Kim JH. Ultrasound-guided umbilical catheter insertion in neonates. J Perinatol. (2011) 31(5):344–9. doi: 10.1038/jp.2010.128

14. D’Andrea V, Prontera G, Rubortone SA, Pezza L, Pinna G, Barone G, et al. Umbilical venous catheter update: a narrative review including ultrasound and training. Front Pediatr. (2022) 9. doi: 10.3389/fped.2021.774705

15. Evans RS, Sharp JH, Linford LH, Lloyd JF, Tripp JS, Jones JP, et al. Risk of symptomatic DVT associated with peripherally inserted central catheters. Chest. (2010) 138(4):803–10. doi: 10.1378/chest.10-0154

16. Grove JR, Pevec WC. Venous thrombosis related to peripherally inserted central catheters. J Vasc Interv Radiol. (2000) 11(7):837–40. doi: 10.1016/S1051-0443(07)61797-7

17. Lamperti M, Bodenham AR, Pittiruti M, Blaivas M, Augoustides JG, Elbarbary M, et al. International evidence-based recommendations on ultrasound-guided vascular access. Intensive Care Med. (2012) 38(7):1105–17. doi: 10.1007/s00134-012-2597-x

18. Nifong TP, McDevitt TJ. The effect of catheter to vein ratio on blood flow rates in a simulated model of peripherally inserted central venous catheters. Chest. (2011) 140(1):48–53. doi: 10.1378/chest.10-2637

19. Gorski LA, Hadaway L, Hagle ME, Broadhurst D, Clare S, Kleidon T, et al. Infusion therapy standards of practice, 8th edition. J Infus Nurs. (2021) 44(1S):S1–224. doi: 10.1097/NAN.0000000000000396

20. Crocoli A, Tornesello A, Pittiruti M, Barone A, Muggeo P, Inserra A, et al. Central venous access devices in pediatric malignancies: a position paper of Italian Association of Pediatric Hematology and Oncology. J Vasc Access. (2015) 16(2):130–6. doi: 10.5301/jva.5000314

21. Kieliszczyk J, Baranowski W, Kosiak W. Usefulness of ultrasound examination in the evaluation of a neonate’s body fluid status. J Ultrason. (2016) 16(65):125–34. doi: 10.15557/JoU.2016.0014

22. Jarosz-Lesz A, Michalik K, Maruniak-Chudek I. Baseline diameters of inferior vena cava and abdominal aorta measured by ultrasonography in healthy term neonates during early neonatal adaptation period. J Ultrasound Med. (2018) 37(1):181–9. doi: 10.1002/jum.14324

23. Mugloo MM, Malik S, Akhtar R. Echocardiographic inferior vena cava measurement as an alternative to central venous pressure measurement in neonates. Indian J Pediatr. (2017) 84(10):751–6. doi: 10.1007/s12098-017-2382-5

24. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al. Recommendations for cardiac chamber quantification by echocardiography in adults: an update from the American Society of Echocardiography and the European Association of Cardiovascular Imaging. J Am Soc Echocardiogr. (2015) 28(1):1–39.e14. doi: 10.1016/j.echo.2014.10.003

25. Dubbink-Verheij GH, Visser R, Roest AA, van Ommen CH, te Pas AB, Lopriore E. Thrombosis after umbilical venous catheterisation: prospective study with serial ultrasound. Arch Dis Child Fetal Neonatal Ed. (2020) 105(3):299–303. doi: 10.1136/archdischild-2018-316762

26. Roy M, Turner-Gomes S, Gill G, Way C, Mernagh J, Schmidt B. Accuracy of Doppler echocardiography for the diagnosis of thrombosis associated with umbilical venous catheters. J Pediatr. (2002) 140(1):131–4. doi: 10.1067/mpd.2002.119591

27. Selvam S, Humphrey T, Woodley H, English S, Kraft JK. Sonographic features of umbilical catheter-related complications. Pediatr Radiol. (2018) 48(13):1964–70. doi: 10.1007/s00247-018-4214-9

28. Kishigami M, Shimokaze T, Enomoto M, Shibasaki J, Toyoshima K. Ultrasound-guided umbilical venous catheter insertion with alignment of the umbilical vein and ductus venosus. J Ultrasound Med. (2020) 39(2):379–83. doi: 10.1002/jum.15106

29. Zytoon AA, El-Abakawy NNA, Hassanein SA-H. Reference values for ductus venosus flow in normal gestation among an Egyptian population. Egypt J Radiol Nucl Med. (2020) 51(1):7. doi: 10.1186/s43055-019-0129-1



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Ultrasonographic measurements of the inferior vena cava diameter in newborns: is it a useful tool for choosing an umbilical venous catheter?

		Introduction



		Methods



		Results



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
?frontiers ‘ Frontiers in Pediatrics

Ultrasonographic measurements

of the inferior vena cava diameter

in newborns: is it a useful tool for
choosing an umbilical venous catheter?





OPS/images/fped-11-1268622-g002.jpg
First examiner

.

$

Second examiner

20290

30400

20200

10404






OPS/images/fped-11-1268622-g003.jpg
5o
°
o
3
® o ®oso o
£ o 3P0, 3
£ oo 00%¥o, 8 5
] o o 5 g
g ° o %
H o Moo/ 2 oioliE oco IS 12
o o o
3 & 2% QerD 060
0000 £ 0, %0 © 00gP0 %0
. © 038 8% %0 ¥ 3 o
5o ® & % % ° ]
£ 5o ° &
£ 3 g o ° H
5 8 o 3 %6 ged
£ G0 g 0o o
6.0 . @
H 000 520 o
£ 005
1
3 20
g o 50
o
o
107

250 %0 e
Newborn weight at the time of examination
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