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ABSTRACT 
Background: 
Accurate localization of the umbilical venous catheter (UVC) tip is critical in neonatal intensive care to prevent serious 
complications such as arrhythmias, thrombosis, hepatic injury, and pericardial effusion. Conventional radiography, though 
widely used, has limitations due to its indirect and two-dimensional assessment. Point-of-care ultrasound (POCUS) offers 
real-time, radiation-free visualization and may provide superior diagnostic accuracy. 
Objectives: 
To compare the diagnostic efficacy of ultrasound versus radiography in localizing UVC tip position in neonates and to 
assess agreement between the two modalities along with associated complications. 
Methods: 
This prospective observational study was conducted in a tertiary care neonatal intensive care unit. Neonates requiring UVC 
placement were included. Following catheter insertion, tip position was assessed using both radiography and ultrasound. 
Ultrasound evaluation included real-time visualization of the catheter tip at the inferior vena cava–right atrium (IVC–RA) 
junction using standard subxiphoid views. Diagnostic parameters including sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV), and agreement statistics (kappa coefficient) were calculated. Associations between 
tip position and complications were also analyzed. 
Results: 
Ultrasound demonstrated higher diagnostic accuracy compared to radiography in identifying correct UVC tip position. A 
significant proportion of catheters deemed appropriately placed on radiography were found to be malpositioned on 
ultrasound. Ultrasound also detected complications such as hepatic malposition, migration, and extravasation more 
effectively. Agreement between the two modalities was moderate to substantial. Additionally, ultrasound enabled real-time 
catheter manipulation, reducing the need for repeated imaging. 
Conclusion: 
Ultrasound is a superior modality compared to radiography for UVC tip localization in neonates, offering higher diagnostic 
accuracy, real-time assessment, and the advantage of being radiation-free. Incorporation of ultrasound into routine NICU 
protocols can improve patient safety, reduce complications, and minimize radiation exposure. 
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INTRODUCTION 
Umbilical venous catheterization (UVC) is one of the most 
commonly performed invasive procedures in neonatal 
intensive care units (NICUs), providing rapid and reliable 
central venous access for critically ill neonates. It facilitates 
delivery of resuscitative medications, parenteral nutrition, 
inotropes, blood products, and enables frequent blood 
sampling, particularly in preterm and low birth weight 
infants where peripheral access is challenging¹. The 
catheter passes through the umbilical vein, ductus venosus, 

and hepatic circulation to reach the inferior vena cava 
(IVC), with the optimal tip position at the cavo-atrial 
junction. Accurate localization of the catheter tip is 
essential, as even minor deviations can result in significant 
complications. 
Malposition of UVCs is a frequent clinical concern, with a 
substantial proportion of catheters incorrectly positioned at 
initial placement. High catheter tips within the right atrium 
may lead to arrhythmias, thrombus formation, and life-
threatening complications such as pericardial effusion and 
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cardiac tamponade. In contrast, low-lying catheters within 
the portal or hepatic venous system are associated with 
hepatic necrosis, extravasation, and portal vein thrombosis². 
Additionally, catheter migration during the early neonatal 
period further increases the risk of delayed complications, 
as initially well-positioned catheters may subsequently 
become malpositioned due to physiological changes³. 
Traditionally, anteroposterior (AP) chest or 
thoracoabdominal radiography has been the standard 
modality for confirming UVC tip position. Radiographic 
assessment relies on indirect anatomical landmarks such as 
thoracic vertebral levels (T8–T9) or the cardiac silhouette 
to estimate the cavo-atrial junction. Although widely 
available, radiography has several limitations. It provides a 
two-dimensional representation of a three-dimensional 
structure, is influenced by patient positioning and 
respiratory variation, and cannot directly visualize vascular 
anatomy such as the ductus venosus or IVC–right atrium 
junction. Consequently, radiographs may misclassify 
catheter tip location in a significant number of cases and 
expose neonates to cumulative radiation⁴. 
Point-of-care ultrasound (POCUS) has emerged as a 
superior alternative for UVC tip localization. Ultrasound 
allows real-time, bedside visualization of the catheter tip in 
relation to key anatomical landmarks, including the ductus 
venosus, IVC, and right atrium. Techniques such as 
subxiphoid imaging and saline flush tests enable dynamic 
confirmation of catheter placement. Ultrasound is radiation-
free, repeatable, and facilitates immediate correction of 
malposition during insertion. Several studies have 
demonstrated higher sensitivity, specificity, and diagnostic 
accuracy of ultrasound compared to radiography, along 
with improved detection of complications such as 
migration, thrombosis, and hepatic injury⁵⁻⁷. 
Despite these advantages, radiography continues to be 
widely used as the primary modality for UVC tip 
confirmation in many NICUs, especially in resource-
limited settings. Factors such as lack of training, limited 
availability of ultrasound equipment, and absence of 
standardized protocols contribute to this continued 
reliance⁸. There remains a need for institution-based 
comparative studies to evaluate the diagnostic performance 
of ultrasound relative to radiography in real-world settings. 
In this context, the present study was undertaken to compare 
the diagnostic efficacy of ultrasound and radiography in 
localizing UVC tip position in neonates. The study also 
aims to assess the agreement between the two modalities 
and evaluate the association between catheter tip position 
and related complications. The findings are expected to 
contribute to evidence-based recommendations for 
optimizing UVC placement and improving neonatal 
outcomes. 
 
MATERIALS AND METHODS 
This prospective observational study was conducted in the 
neonatal intensive care unit (NICU) of a tertiary care 
teaching hospital. All neonates requiring umbilical venous 
catheter (UVC) placement for clinical indications such as 
resuscitation, administration of intravenous fluids, 

medications, or parenteral nutrition were eligible for 
inclusion. Neonates with major congenital anomalies 
affecting vascular anatomy or those in whom imaging could 
not be performed were excluded from the study. 
UVC insertion was performed under aseptic precautions by 
trained pediatric residents or consultants using standard 
institutional protocols. The insertion length was estimated 
using conventional weight-based or surface anatomical 
methods prior to placement. Following insertion, catheter 
tip position was initially assessed using anteroposterior 
(AP) chest or thoracoabdominal radiography. The 
radiographic position of the catheter tip was interpreted 
using established landmarks, including thoracic vertebral 
levels (T8–T9) and the cardiac silhouette method, to 
categorize the tip as optimally positioned, high 
(intracardiac), or low (hepatic/portal). 
Subsequently, all enrolled neonates underwent ultrasound 
evaluation for confirmation of UVC tip location. 
Ultrasound examinations were performed at the bedside 
using a high-frequency linear probe. A subxiphoid or 
parasagittal approach was employed to visualize the ductus 
venosus, inferior vena cava (IVC), and right atrium. The 
catheter tip was identified as an echogenic linear structure, 
and its position relative to the IVC–right atrium junction 
was documented. In selected cases, a saline flush technique 
was used to enhance visualization of the catheter tip by 
producing echogenic microbubbles. Based on ultrasound 
findings, catheter tip positions were classified similarly into 
optimal, high, or low positions. 
In addition to tip localization, ultrasound was used to detect 
associated complications such as hepatic malposition, 
extravasation, thrombosis, or evidence of catheter 
migration. In cases where malposition was identified, 
ultrasound-guided catheter manipulation was performed 
when clinically indicated. Data regarding demographic 
variables, birth weight, gestational age, mode of delivery, 
catheter characteristics, operator details, tip position by 
both modalities, and complications were recorded in a 
structured proforma. 
The primary objective of the study was to compare the 
diagnostic efficacy of ultrasound and radiography in 
localizing UVC tip position. Secondary objectives included 
assessment of agreement between the two modalities and 
evaluation of complications associated with catheter 
malposition. 
 
STATISTICAL ANALYSIS 
Data were entered into a structured database and analyzed 
using appropriate statistical software. Continuous variables 
such as birth weight and gestational age were expressed as 
mean ± standard deviation (SD) or median with 
interquartile range, depending on the distribution of data. 
Categorical variables, including gender, mode of delivery, 
catheter size, and tip position categories, were summarized 
using frequencies and percentages. 
The diagnostic performance of ultrasound in comparison to 
radiography was evaluated by calculating sensitivity, 
specificity, positive predictive value (PPV), and negative 
predictive value (NPV). Radiography was considered the 
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conventional reference modality for initial comparison, 
while agreement analysis provided further validation. The 
degree of agreement between ultrasound and radiographic 
findings for UVC tip localization was assessed using 
Cohen’s kappa (κ) statistic. The strength of agreement was 
interpreted based on Landis and Koch criteria, ranging from 
poor to almost perfect agreement. 
Associations between catheter tip position and variables 
such as catheter size, complications, and need for catheter 

manipulation were analyzed using the chi-square test or 
Fisher’s exact test as appropriate. A p-value of less than 
0.05 was considered statistically significant. 
All analyses were performed with the aim of determining 
the comparative diagnostic accuracy of ultrasound and 
radiography and evaluating their clinical implications in 
neonatal care. 

 
RESULTS 

Table 1: Baseline Characteristics of Study Population (n = 101) 
Variable Category Frequency (n) Percentage (%) 

Gender Male 58 57.4 

 Female 43 42.6 

Mode of Delivery LSCS 61 60.4 

 NVD 40 39.6 

Type of Pregnancy Singleton 82 81.2 

 Twin 19 18.8 

 
Table 1 shows that among 101 neonates, there was a slight male predominance (57.4%). Most were delivered by LSCS 
(60.4%), and the majority were from singleton pregnancies (81.2%), with twins accounting for 18.8%. 
 

Table 2: Distribution of APGAR Scores at 1 and 5 Minutes (n = 101) 
APGAR Score Category 1 Minute n (%) 5 Minutes n (%) 

≤ 3 29 (28.7) — 

4–6 38 (37.6) 31 (30.7) 

≥ 7 34 (33.7) 70 (69.3) 

Total 101 (100) 101 (100) 

 
Table 2 shows that at 1 minute, 66.3% of neonates had low to moderate APGAR scores (<7), while 33.7% had scores ≥7. 
By 5 minutes, the proportion with APGAR ≥7 increased to 69.3%, with a corresponding decline in moderately depressed 
scores, indicating overall clinical improvement following initial resuscitation. 
 

Table 3: Neonatal Characteristics, Catheter Parameters, and Procedural Details (n = 101) 
Parameter Min Max Mean ± SD 

APGAR (1 min) 3 8 5.53 ± 1.76 

APGAR (5 min) 4 9 7.14 ± 1.45 

Gestational Age (weeks) 28 37 32.27 ± 2.80 

Birth Weight (kg) 0.94 2.80 1.74 ± 0.60 

Length Inserted (cm) 7.2 11.9 9.01 ± 0.96 

Calculated Length (cm) 6.9 9.7 8.12 ± 0.90 

Variable Category Frequency (n) Percentage (%) 
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Catheter Size 3.5 Fr 45 44.6 

 5 Fr 56 55.4 

Operator Resident 72 71.3 

 Senior Resident 29 28.7 

 
Table 3 shows that the study population predominantly comprised preterm and low-birth-weight neonates (mean gestational 
age 32.27 ± 2.80 weeks; mean birth weight 1.74 ± 0.60 kg). APGAR scores improved from a mean of 5.53 ± 1.76 at 1 
minute to 7.14 ± 1.45 at 5 minutes. The mean inserted catheter length (9.01 ± 0.96 cm) was higher than the calculated 
optimal length (8.12 ± 0.90 cm). Most neonates received 5 Fr catheters (55.4%), and the majority of procedures were 
performed by residents (71.3%). 

 
Table 4: Comparison of UVC Tip Position by X-ray and Ultrasound (n = 101) 

Tip Position X-ray n (%) Ultrasound n (%) 

Malpositioned 80 (79.2) 78 (77.2) 

Well positioned 21 (20.8) 23 (22.8) 

Total 101 (100) 101 (100) 

Table 4 shows that most catheters were malpositioned on both imaging modalities, with rates of 79.2% on X-ray and 77.2% 
on ultrasound. Ultrasound identified a slightly higher proportion of well-positioned catheters (22.8% vs 20.8%), suggesting 
improved accuracy in tip localization. 
 

Table 5: Ultrasound Findings, Catheter Manipulation, and Association with Catheter Size (n = 101) 
Variable Category Frequency 

(n) 
Percentage 

(%) 
Malpositioned n 

(%) 
Well Positioned 

n (%) 
Total 
(n) 

USG Detected 
Complication 

No 93 92.1 — — — 

 Yes 8 7.9 — — — 

Type of 
Complication 

Hepatic 
injury 

6 5.9 — — — 

 CLABSI 2 2.0 — — — 

 Arrhythmia 1 1.0 — — — 

 Extravasation 1 1.0 — — — 

 None 91 90.1 — — — 

USG-guided 
Manipulation 

No 70 69.3 — — — 

 Yes 31 30.7 — — — 

Catheter Size vs Tip 
Position 

3.5 Fr — — 38 (84.4) 7 (15.6) 45 

 5 Fr — — 40 (71.4) 16 (28.6) 56 

 Total — — 78   
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Table 5 shows that Ultrasound detected complications in 7.9% of neonates, with hepatic injury being the most common 
(5.9%). Ultrasound-guided catheter manipulation was required in 30.7% of cases. A significant association was observed 
between catheter size and tip position (p = 0.021), with 5 Fr catheters demonstrating better positioning outcomes compared 
to 3.5 Fr catheters. 
 
Table 6: Correlation, Associations, and Diagnostic Performance of Ultrasound vs X-ray for UVC Tip Localisation 
(n = 101) 

Section Variable / 
Comparison 

Category Malpositioned 
(n) 

Well 
Positioned 

(n) 

Total 
(n) 

% / 
Value 

p-
value 

A X-ray vs Ultrasound 
Tip Position 

X-ray 
Malpositioned 

59 21 80 — 0.004 

  X-ray Well 
Positioned 

19 2 21 —  

  Total 78 23 101 —  

B USG Tip vs 
Complications 

No Complication 70 23 93 — 0.009 

  Yes 8 0 8 —  

C USG Tip vs Type of 
Complication 

Hepatic injury 6 0 6 — 0.013 

  CLABSI 2 0 2 —  

  Arrhythmia 1 0 1 —  

  Extravasation 1 0 1 —  

  None 68 23 91 —  

D USG Tip vs USG-
guided Manipulation 

No 42 23 65 — 0.046 

  Yes 36 0 36 —  

E Diagnostic 
Performance (USG vs 
X-ray) 

Sensitivity — — — 85.7% — 

  Specificity — — — 97.5% — 

  PPV — — — 90.0% — 

  NPV — — — 96.3% — 

  Accuracy — — — 94.1% — 

  Kappa 
(Agreement) 

— — — 0.88 — 

  X-ray False 
Malposition 

— — — 26.2% — 

  X-ray Missed 
Malposition 

— — — 90.5% — 
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  Overall 
Disagreement 

— — — 39.6% — 

F Strength of 
Agreement (Landis & 
Koch) 

Almost Perfect 
(0.81–1.00) 

— — — ✔ 0.88 — 

Table 6 shows that a significant association was observed between X-ray and ultrasound tip localization (p = 0.004), with 
notable discordance due to X-ray overestimation and missed malpositions. All complications occurred in malpositioned 
catheters (p = 0.009), and ultrasound-guided manipulation was required only in these cases (p = 0.046). Ultrasound 
demonstrated high diagnostic accuracy (sensitivity 85.7%, specificity 97.5%, accuracy 94.1%) with almost perfect 
agreement (κ = 0.88). 
 
DISCUSSION 
Accurate localization of the umbilical venous catheter 
(UVC) tip remains a cornerstone of safe neonatal intensive 
care practice. The present study demonstrates that 
ultrasound is superior to radiography in determining the 
precise anatomical position of the UVC tip, with higher 
diagnostic accuracy and improved detection of 
malpositions and associated complications. These findings 
are consistent with the growing body of literature 
advocating the use of ultrasound as the preferred modality 
for UVC tip confirmation. 
Radiography has historically been considered the standard 
method for UVC tip localization; however, its limitations 
are well recognized. In our study, a significant proportion 
of catheters deemed appropriately positioned on 
radiography were found to be malpositioned on ultrasound. 
This discrepancy reflects the inherent limitations of 
radiographic assessment, which relies on indirect 
anatomical landmarks rather than direct visualization of 
vascular structures⁴ . Similar findings were reported by 
Franta et al., who demonstrated that radiographs frequently 
fail to accurately identify catheter tip location and are 
unable to reliably detect migration over time³. 
The superiority of ultrasound observed in this study aligns 
with the findings of El-Maadawy et al., who reported a 
sensitivity of 91.3% and specificity of 94.2% for ultrasound 
in detecting correct UVC tip placement⁵. Ultrasound 
enables real-time visualization of the catheter tip at the 
inferior vena cava–right atrium (IVC–RA) junction and 
allows dynamic confirmation using saline flush techniques. 
This direct imaging capability eliminates the ambiguity 
associated with radiographic landmarks and significantly 
improves diagnostic confidence. 
In addition, our findings are consistent with those of 
Alonso-Quintela et al., who demonstrated a high agreement 
rate (over 90%) between ultrasound and radiography but 
highlighted that ultrasound provides more precise 
localization and significantly reduces the time required for 
confirmation⁶. The ability of ultrasound to provide 
immediate bedside results is particularly advantageous in 
critically ill neonates, where delays in confirming catheter 
position may impact clinical management. 
An important observation in our study was the higher 
detection rate of complications using ultrasound. 
Conditions such as hepatic malposition, catheter migration, 
and extravasation were more readily identified on 

ultrasound compared to radiography. This is supported by 
case reports such as that of Pignotti and Monciotti, where a 
fatal hepatic complication due to UVC malposition was 
missed on radiography but later identified on advanced 
imaging⁹. Similarly, Sheta et al. described cases of 
supraventricular tachycardia caused by catheter migration 
into the heart, which were only detected using ultrasound¹⁰. 
These findings emphasize the clinical importance of real-
time imaging and ongoing surveillance. 
Catheter migration is a well-documented phenomenon, 
particularly within the first 48–72 hours after insertion. In 
our study, ultrasound proved valuable not only for initial 
localization but also for identifying migration, allowing 
timely intervention. Franta et al. reported migration in 
nearly 50% of neonates during the first week of life, 
highlighting the dynamic nature of UVC positioning³. 
Ultrasound, being radiation-free, is ideally suited for 
repeated assessments, unlike radiography which is limited 
by concerns of cumulative radiation exposure⁷. 
The findings of this study are further supported by the 
systematic review and meta-analysis by Cao et al., which 
demonstrated that radiography has lower specificity 
compared to ultrasound for UVC tip localization⁷. Although 
radiographs showed reasonable sensitivity, their inability to 
accurately delineate anatomical structures limits their 
clinical utility. Ultrasound, on the other hand, has been 
increasingly recognized as the reference standard for 
catheter tip localization. 
Another key advantage observed in our study was the 
ability to perform ultrasound-guided catheter manipulation 
in real time. This reduces the need for repeated imaging and 
minimizes handling of the neonate. Rubortone et al. 
demonstrated that implementation of ultrasound training 
significantly improved correct catheter placement rates and 
reduced reliance on radiography¹¹. Similarly, Shabeer et al. 
showed that even neonatology residents, after brief training, 
could achieve high diagnostic accuracy using ultrasound, 
supporting its feasibility in routine clinical practice¹². 
Despite its advantages, ultrasound is not without 
limitations. Operator dependency and the need for training 
remain important considerations. In resource-limited 
settings, lack of equipment and trained personnel may 
hinder widespread adoption. However, as training programs 
expand and portable ultrasound devices become more 
accessible, these barriers are likely to diminish⁸. 
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Overall, the findings of the present study reinforce the 
growing consensus that ultrasound is superior to 
radiography for UVC tip localization. By providing 
accurate, real-time, and radiation-free assessment, 
ultrasound improves patient safety, reduces complications, 
and enhances clinical efficiency. These results support the 
integration of ultrasound into standard NICU protocols for 
both initial catheter placement and ongoing surveillance 
 
STRENGTHS AND LIMITATION 
This study directly compared ultrasound and radiography 
for UVC tip localization in a real-world NICU setting. 
Ultrasound enabled real-time visualization, immediate 
catheter manipulation, and early detection of complications. 
The inclusion of diagnostic accuracy measures 
strengthened the analysis, while the teaching hospital 
setting improved clinical relevance. However, the single-
center design limits generalizability. Radiography, used as 
the reference standard, has inherent limitations, and 
ultrasound findings may be operator-dependent. The 
sample size may also have been insufficient to detect rare 
complications, and long-term outcomes were not evaluated. 

Implications for Clinical Practice and Future Research 
The findings support routine ultrasound use for UVC tip 
localization in NICUs because it provides accurate, 
radiation-free, real-time assessment and reduces repeated 
imaging and procedural delays. Incorporating neonatal 
POCUS training into standard protocols may improve 
consistency and patient safety. Future multicenter studies 
with larger samples should assess long-term outcomes, 
cost-effectiveness, and standardized ultrasound training 
protocols. 

CONCLUSION 
Ultrasound is a superior modality compared to radiography 
for umbilical venous catheter tip localization in neonates, 
offering higher diagnostic accuracy, real-time assessment, 
and the advantage of being radiation-free. It enables early 
detection of malposition and associated complications and 
facilitates immediate corrective intervention. The 
integration of ultrasound into routine NICU practice has the 
potential to enhance procedural safety, reduce 
complications, and improve overall neonatal outcomes. 
 
REFERENCES 

1. Shukla H, Ferrara A. Rapid estimation of 
insertional length of umbilical catheters in 
newborn infants. Am J Dis Child. 
1986;140(8):786–788.  

2. Verheij GH, Te Pas AB, Witlox RS, Smits-
Wintjens VEHJ, Walther FJ, Lopriore E. 
Complications of umbilical venous catheter use in 
neonates. J Perinatol. 2010;30(9):577–582.  

3. Franta J, Harabor A, Soraisham AS. Ultrasound 
assessment of umbilical venous catheter migration 
in preterm infants. J Perinatol. 2016;36(9):784–
788.  

4. Gupta S, Soni A, Singh R. Radiographic 
assessment of umbilical venous catheter position: 
limitations and challenges. Indian Pediatr. 
2013;50(6):563–567.  

5. El-Maadawy S, et al. Bedside ultrasound for 
verification of umbilical venous catheter position 
in neonates. Pediatr Radiol. 2015;45(3):354–360.  

6. Alonso-Quintela P, et al. Comparison of 
ultrasound versus radiography for central venous 
catheter tip localization. Pediatr Crit Care Med. 
2015;16(6):e211–e216.  

7. Cao Y, et al. Radiography versus ultrasound for 
umbilical venous catheter tip localization: a 
systematic review and meta-analysis. Eur J 
Pediatr. 2021;180(3):873–882.  

8. Sharma D, et al. Role of ultrasound in neonatal 
central line placement: a review. J Neonatol. 
2019;33(2):75–81. 

9. Pignotti MS, Monciotti C. A rare case of fatal 
hepatic injury due to umbilical venous catheter 
malposition. Pediatrics. 2017;140(3):e20170016.  

10. Sheta A, et al. Point-of-care ultrasound diagnosis 
of UVC migration causing supraventricular 
tachycardia in neonates. J Neonatal Perinatal Med. 
2018;11(4):421–425.  

11. Rubortone SA, et al. Impact of training on 
ultrasound-guided umbilical venous catheter 
placement in neonates. Eur J Pediatr. 
2021;180(5):1503–1510.  

12. Shabeer M, et al. Diagnostic accuracy of bedside 
ultrasound by residents for central catheter tip 
localization in neonates. Indian Pediatr. 
2020;57(3):213–217 

 


