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Abstract

Background: Intravascular venous (VUC) or arterial (AUC) umbilical catheter placement is the most frequent invasive pro-
cedure in the neonatal intensive care unit (NICU). Either Wright’s or Shukla’s formula is used to introduce the catheters. 
However, Shukla’s formula is associated with incorrect insertion, especially for newborns < 1500  g. This study aimed to 
determine by chest X-ray if Wright’s formula is better than Shukla’s formula for the correct placement of umbilical catheters 
in newborns ≤ 1500 g. Methods: We included patients admitted to the NICU of a secondary-level hospital between 2021-
2022 who received VUC or AUC through the Wright or Shukla formulas. Results: A total of 129 newborns were included: 78 
with VUC and 51 with AUC. In VUC, 50% with Wright and 36.8% with Shukla formulas had the correct location, (p = 0.24). In 
AUC, 56.6 % with Wright and 52.4% with Shukla formulas were placed correctly placed, (p = 0.76). VUC with weight < 1000 
g were correctly placed in 36.4% with Wright and 33.3% with Shukla formulas (p = 0.58). VUC in newborns > 1000 g were 
correctly placed in 66.6% with Wright and 38.4% with Shukla formulas (p = 0.065). AUC in newborns < 1000 g were correctly 
placed in 45% using Wright and 42.9% Shukla formulas (p = 0.63). AUC in newborns > 1000 g were correctly placed in 80% 
using Wright and 57.1% Shukla formulas (p = 0.23). Conclusions: We found 13% more correctly placed VUC using Wright’s 
formula. Moreover, Wright’s formula was 29% above Shukla’s VUC placement in neonates > 1000 g, although there was no 
significant difference due to the sample size.
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Comparación entre las fórmulas de Wright y de Shukla: ¿cuál es mejor para la 
colocación de catéteres umbilicales en recién nacidos ≤ 1500 g?

Resumen

Introducción: La colocación de catéteres intravasculares venosos umbilicales (CVU) y arteriales (CAU) es el procedimiento 
invasivo más frecuente en la unidad de cuidados intensivos neonatales (UCIN). Para introducirlos se utilizan las fórmulas de 
Wright y de Shukla, aunque esta última podría estar asociada con una inserción incorrecta, especialmente en neonatos 
< 1500 g. El objetivo de este estudio fue determinar mediante radiografía de tórax cuál fórmula es mejor para la correcta 
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Introduction

Placement of umbilical intravascular catheters is the 
most frequent invasive procedure in the neonatal inten-
sive care unit (NICU)1. Intravenous therapy has several 
purposes, such as administering parenteral fluids, 
blood products, parenteral nutrition, and sampling 
blood, and can be used for longer than peripheral infu-
sion therapy2,3. Therefore, it is fundamental in caring 
for the critically ill, full term, or preterm newborn. 
Intravascular access methods include venous (VUC) or 
arterial (AUC) umbilical catheters.

Various methods have been described and compared 
for adequate measurement of the length of catheter 
introduction according to arterial or venous catheteriza-
tion. According to Shukla’s formula for VUC placement, 
it is necessary to calculate the distance (in cm) by 
multiplying birth weight (in kg) by 1.5 plus 5 (birth 
weight x 1.5 + 5). For AUC placement, the distance in 
centimeters birth weight (in kg) by 3 plus 9 (birth weight 
x 3 + 9). Conversely, according to Wright’s formula for 
VUC placement, the distance (in cm) is calculated by 
multiplying birth weight (in kg) by 4 plus 7 (birth weight 
x 4 + 7), and the formula for AUC placement is the 
product of the birth weight (in kg) by 3 plus 9 and sub-
sequently divided by 2 (birth weight x 3 + 9/2). Previous 
studies have associated the Shukla formula with the 
over-insertion of the catheter tip4-10.

The recommended position of the tip of the VUC is 
at the junction of the right atrium and the inferior vena 
cava, which corresponds to the tip being visible between 
the upper edge of T9 and the lower edge of T1011,12. In 
the case of the AUC, it could  be in a high position, in 
the descending aorta above the diaphragm and below 
the left subclavian artery between the upper edge of 
T6 and the lower edge of T10, or in a low position, 
between between L3 and L5 on the bifurcation of the 
aorta but below the origin of the main branches13.

Successful catheterization can be difficult, and failure is 
common due to small, mobile, and slippery, easily trau-
matic blood vessels. The catheter should be ideally placed 
shortly after birth when the cord is fresh and hydrated. 
Once the catheter is placed, it is important to determine 
the correct position of the tip using a chest radiograph14,15. 
If the catheter is incorrectly placed, it has a higher risk  
of complications with an incidence of 20-30%16,17. 
Complications include pericardial effusion, cardiac tam-
ponade, catheter-related infections, thrombosis, intestinal 
perforation, liver necrosis, cardiac arrhythmias, and myo-
cardial perforation18. This study aimed to determine by 
chest X-ray if Wright’s Shukla’s formula is better the correct 
placement of umbilical catheters in newborns ≤ 1500 g.

Methods

Study design and population

We conducted a randomized clinical trial. We included 
< 1500 g admitted to a secondary-level hospital’s NICU 
between 2021 and 2022 and who underwent a venous 
or arterial umbilical catheter placement according to 
medical indication. In the absence of previous verifiable 
effect sizes, (in kg) decided to use a medium effect size  
corresponding to a δ of 0.6 using the R power T test 
function for a comparison of two numeric variables 
using an α 0.05 and β 0.8. The resulting sample size 
was 45 per group. Twenty-six patients were excluded  
because there was no thorax X-ray to confirm the posi-
tion of the catheter, the catheter could not be placed or 
failed to place a catheter in the vein instead of the 
artery. The newborns were divided into two groups: one 
group evaluated with Shukla’s formula and the other 
with Wright’s formula. Random numbers were gener-
ated for the newborns and printed on cards, which were 
placed in sealed opaque envelopes and opened just 
before venous or arterial umbilical catheter 
placement.

colocación de catéteres umbilicales en recién nacidos ≤ 1500 g. Métodos: Se incluyeron los pacientes ingresados en la 
UCIN de un hospital de segundo nivel entre 2021-2022 que recibieron CVU o CAU mediante las fórmulas de Wrigth o Shukla. 
Resultados: Se incluyeron en total 129 recién nacidos: 78 CVU y 51 CAU. En CVU, Wright 50% y Shukla 36.8% tuvieron 
localización correcta, p = 0.24. En las CAU, Wright 56.6% y Shukla 52.4% tenían una ubicación correcta, p = 0.76. En CVU 
con peso < 1000 g, Wright 36.4% y Shukla 33.3% bien situados, p = 0.58. En CVU > 1000 g, Wright 66.6% y Shukla 38.4% 
bien situados, p = 0.065. En CAU < 1000 g, Wright 45% y Shukla 42.9%, p = 0.63. En CAU con peso > 1000 g, Wright 80% 
y Shukla 57.1%, p = 0.23. Conclusiones: La colocación del CVU fue 13% mejor con la fórmula de Wright. La fórmula de 
Wright superó en el 29% la colocación del CVU en los neonatos > 1000 g en comparación con la de Shukla, aunque no 
hubo diferencia significativa debido al tamaño de la muestra.

Palabras clave: Venas umbilicales. Arterias umbilicales. Cateterismo periférico. Recién nacido de muy bajo peso. Ombligo.
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Measurement

The umbilical catheter placement was assessed by 
chest radiography. Vygón brand umbilical catheters, 
venous 4 Fr double lumen and arterial 3.5 or 5 Fr of 
one lumen, catheter placement equipment, and porta-
ble chest X-ray were used. The correct place of the 
catheter tip for the VUC was considered to be at the 
union of the right atrium and the inferior vena cava 
(between the upper edge of T9 and the lower edge of 
T10). For the AUC, in the descending aorta above the 
diaphragm and below the left subclavian artery 
(between the upper edge of T6 and the lower edge of 
T10). The high position was referred to those placed at  
the aortic arch, and those within the descending aorta 
below the beginning of the main branches (between L3 
and L5) were classified as low position. Incorrect place-
ment of the VUC’s tip was defined as beyond, below, 
or intrahepatic location. The placement of the catheter 
tip was classified as a dichotomous variable depending 
on whether it was well or not placed according to the 
anatomical references. Concordance of the location of 
the umbilical catheter by chest radiography was 
assessed by the neonatologist and the radiologist. 
When there were different opinions between the attend-
ing physician and the radiologist, the criteria for estab-
lishing a correct placement were reached by consensus 
among the neonatology experts.

Ethical aspects

The consent of the parents or legal guardians was 
obtained through a document specifying the purpose 
of the study, the duration, the methods and techniques 
to be used. The study was submitted to the Research 
Ethics Committee of the Central Hospital Dr.  Ignacio 
Morones Prieto for approval (registration number 79-17).

Statistical analysis

The continuous demographic variables were pre-
sented as means with standard deviation and medians 
with interquartile ranges; the dichotomous variables 
were managed as percentages. For the analysis of 
continuous variables, the distribution of data was 
assessed with qq-plot, and Shapiro-Wilk’s test, while 
the homogeneity of the variances was assessed with 
Levene’s test. According to the results, Student’s t-test, 
and Mann-Whitney’s U test were used. χ2 or Fisher’s 
exact test was used to compare categorical variables 
between the two groups according to minimum expected 

frequencies. Statistically significant results were con-
sidered with p < 0.05. The analysis was conducted with 
the R version 4.2.1 software.

Results

The concordance of catheter placement was evalu-
ated by the neonatology specialist in charge and the 
participating radiologistby an X-ray assessment of the 
thorax. For VUC placement, a Kappa index = 0.59 (95% 
CI 0.41, 0.77) was obtained, while for AUC placement, 
a Kappa index = 0.19  (95% CI  -0.075, 0.45) was 
obtained. We included a  total of 78 patients. Patients 
were divided into two groups: 40 patients (51.3%) were 
included in Wright’s formula group, and 38  patients 
(48.7%) in Shukla’s formula group. In all patients, VUC 
was placed; additionally, 51  patients (65.4%) required 
AUC placement. The mean gestational age was 30.1 
(± 2.61) gestation weeks (GW). The mean weight of the 
total sample was 1078.06 ± 267.69, and the median 
was 1085.5 g  (856.2,1337.5 IQR). Forty-two patients 
(53.8%) were male, and 45 patients (57.5%) were < 
1500 gr (Table 1).

When comparing the location of the VUC according 
to the formula used, 40 (51.3%) catheters were placed 
with Wright’s formula, and 38 (48.7%) were placed with 
Shukla’s formula. Wright vs. Shukla formulas showed 
20 (50%) vs. 14 (36.8%) correct locations, respectively.  
No significant difference was observed (p = 0.24).

When comparing the location of the AUC according 
to the formula used, 30 (58.9%) catheters with Wright’s 
and 21  (41.2%) with Shukla’s formulas were placed. 
Wright vs. Shukla showed 17  (56.6%) vs. 11  (52.4%) 
correct locations but no significant difference (p = 0.76)
(Table 2).

Patients were divided by weight > 1000 g or < 1000 
g. In the group of VUC < 1000 gr, 34 (43.6%) catheters 
were placed, 22  (64.7%) with Wright’s formula, and 
12 (35.3%) with Shukla. With Wright’s formula 8 (36.4%) 
catheters were correctly placed, and the rest were 
incorrectly placed (63.6%). In comparison, with Shukla’s  
formula, 4  (33.3%) catheters were  correctly placed, 
and the rest (66.6%) were incorrectly placed, with no 
significant difference (p = 0.58).

In the VUC group, 44 (56.4%) catheters were placed 
in patients > 1000 gr, of which 18  (41%) with Wright’s 
and 26  (59.1%) with Shukla’s formula. Wright’s vs. 
Shukla’s fromula groups showed 12  (66.6%) vs. 
10  (38.4%) correctly placed, and 6  (33.3%) vs. 
16  (61.5%) incorrectly placed catheters, respectively,  
with no significant difference (p = 0.065).
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The placement of the VUC with the two formulas 
between patients < 1000  g and > 1000  g showed no 
significant difference (p= 0.19).

In the AUC group, 27 (56.4%) catheters were placed 
in patients < 1000 g, of which 20 (74.1%) were placed 
with Wright’s and 7  (26%) Correspondingly, with 
Wright’s vs. Shukla’s formula. With Wright vs. Shukla, 
9 (45%) vs. 3 (42.9%) catheters were correctly placed, 
and 11 (55%) vs. 3 (42.9%) were incorrectly placed, with 
no significant difference (p = 0.63).

In the group of AUC > 1000  g, 24  (47%) catheters 
were placed, of which 10  (41.6%) were placed with 
Wright’s and 14  (58.45%) with Shukla’s formula. With 
Wright’s, 8 (80%) of the catheters were correctly placed 
and the rest incorrectly, while Shukla formula 8 (57.1%) 
were correctly placed and the rest incorrectly placed. 
with no significant difference (p = 0.23).

The AUC placement with either formula between 
patients > 1000 gr and < 1000 g showed no significant 
difference (p = 0.11).

We further analyzed VUC and AUC groups by sex. Of 
36 (46.1%) female patients in the VUC group,  16 (44.4%) 
catheters were placed with Wright’s and the with Shukla. 
Wright vs. Shukla showed that 10 (62.5%) vs. 7  (35%) 
catheters were correctly placed with no significant dif-
ference (p = 0.1). Conversely, of  42 (53.8%) male in the 
VUC group, 24  (57.1%) were placed with Wright’s and 
18  (42.9%) with Shukla’s formula. Wright vs. Shukla 
groups showed 10 (41.6%) vs. 7 (38.9%) of the catheters 
correctly placed, respectively, and the rest incorrectly 
placed, with no significant difference (p = 0.85).

In the AUC group, from 23 (45%) females,  12 (52.1%) 
were placed with Wright’s and 11 (47.9%) with Shukla’s 
formula. Wright vs. Shukla groups showed that 6 (50%) 
vs. 5  (45%) catheters were correctly placed. The rest 
were incorrectly placed, (p = 0.82). From 28 (55%) male 
patients in the AUC group, 18 (64.2%) catheters were 
placed with the Wright’s and 10 (45%) with the Shukla’s 
formula. Wright vs. Shukla showed 11  (61.1%) vs. 
6 (60%) of catheters correctly placed and the rest incor-
rectly placed, with no significant difference (p= 0.63).

Discussion

The groups were classified based on data analysis, 
and randomized to apply each formula. The percentage 
of venous and arterial umbilical catheters correctly 
placed with Wright’s formula was higher than Shukla’s 
formula, both in patients < 1000 g and > 1000 g, which 
demonstrates the clinical superiority of this formula. 
The results of the present study showed no significant 
differences between the use of either Wright’s or 
Shukla’s formula for the correct placement of venous 
and arterial umbilical catheters in patients < 1500 g.

Table 1.  Demographic variables

Data Wright’s formula (n = 40) Shukla’s formula (n = 38) p

Age (GW), mean (SD) 29.46 (± 2.33) 30.79 (± 2.74) 0.02*

Weight (g) median (IQR) 965 (560, 1490) 1155 (600, 1480)   0.02**

Male gender, n (%)  24 (60) 18 (47.3)    0.26***

Weight > 1000 g, n (%) 18 (45) 26 (68.4)    0.03***

*Student’s t-test.
**Mann-Whitney’s U test.
***χ2 test.
GW: gestation weeks; IQR: interquartile ranges; SD: standard deviation.

Table 2. Frequency of correct placement of umbilical 
catheters according to the formula used

Variables Wright n (%) Shukla n (%) p

VUC 20 (50) 14 (37) 0.24*

AUC 17 (57) 1(52) 0.76*

VUC < 1000 g 8 (36) 4 (33) 0.58**

VUC > 1000 g 12 (67) 10 (38) 0.065*

AUC < 1000 g 9 (45) 3 (43) 0.63**

AUC > 1000 g 8 (80) 8 (57) 0.23**

VUC FEMALE 10 (62) 7 (35) 0.1*

VUC FEMALE 6 (50) 5 (45) 0.82*

AUC MALE 10 (42) 7 (39) 0.85*

AUC MALE 11 (61) 6 (60) 0.63**

*Chi-square.
**Fisher's exact test for calculation of the power of the test with α = 0.05, β = 0.76.
VUC: venous umbilical catheter; AUC: arterial umbilical catheter
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Kumar et al.19 also compared these two formulas in 
99 newborns stratified by birth weight and demon-
strated an 82% reduction in incorrect placement of the 
tip of the umbilical arterial catheter when using Wright’s 
formula, with a significant difference in catheter place-
ment in neonates < 1500 g. There were 12 physicians 
involved in the insertion of catheters, verified by two 
independent physicians, and reviewed with a radiolo-
gist. In contrast, in the present study, catheter place-
ment was verified at first intent by a single neonatologist 
and corroborated with a radiologist. We found medium 
concordance for the venous and low concordance for 
the arterial catheters.

Wright et al.7 compared these same formulas in a 
population of 74 newborns < 1500 g. In this study, they 
found a significant difference (p = 0.003) in correctly 
placing the arterial umbilical catheters using Wright’s 
formula. Unlike our study, they only included the high 
position in the AUC placement.

Verheij et al4. included a sample of 216 patients and 
evaluated the correct placement of arterial and venous 
umbilical catheters, comparing Dunn’s vs. Shukla’s 
method. They showed a correct placement rate of AUC 
of 87% (39/45) in the Shukla group, which was higher 
than in our study (< 30%). In comparison, the success 
rate in VUC was 24% (20/84), more similar to our study, 
which was > 36%.

One strength of our study is the large sample of 
patients, similar to Kumar et al.19 and Wright et al.7 In 
contrast, we consider that our results are affected by 
the low concordance between the radiologist and neo-
natologist in evaluating the position of arterial umbilical 
catheters. Therefore, we recommend that future evalu-
ations ensure higher Kappa indexes among evaluators 
by training them in standardized evaluations.

In conclusion, our study showed that Wright’s formula 
is better than Shukla’s for the correct placement of 
umbilical catheters regardless of the access route, sex, 
and weight of the patient but without a significant differ-
ence. Furthermore, VUC placement in patients > 1000 g 
showed a higher percentage tendency to be better 
placed with Wright’s formula. However, a significant dif-
ference was not observed, probably due to the sample 
size, calculating the power of the test with α of 0.05, 
resulting in β = 0.76. Therefore, we suggest to conduct 
studies with more patients > 1000 g to compare these two 
formulas.

We found a 13% difference in the correct placement 
of VUC using Wright’s vs. Shukla’s formulas in patients 
of ≤ 1500  g, although not statistically significant. The 
main difference between both formulas was found in 

VUC the Wright formula showed a difference of 29%, 
although no statistically significant difference was 
observed between the two formulas.

Ethical disclosures

Protection of human and animal subjects. The 
authors declare that no experiments were performed 
on humans or animals for this study.

Confidentiality of data. The authors declare that 
they have followed the protocols of their work center on 
the publication of patient data.

Right to privacy and informed consent. The 
authors have obtained the written informed consent of 
the patients or subjects mentioned in the article. The 
corresponding author has this document.

Conflicts of interest

The authors declare no conflicts of interest.

Funding

No funding.

References
	 1.	 Ades A, Sable C, Cummings S, Cross R, Markle B, Martin G. Echocar-

diographic evaluation of umbilical venous catheter placement. J Perinatol 
2003;23:24-8.

	 2.	 Ahluwalia JS, Brain JL, Kelsall AW. Procedures and Iatrogenic Disorders. In: 
Roberton’s textbook of neonatology. Rennie JM, editor. Philadelphia: Elsevier; 
2005. p. 1237.

	 3.	 Oestreich AE. Umbilical vein catheterization-appropriate and inappro-
priate placement. Pediatr Radiol. 2010;40:1941-9.

	 4.	 Verheij GH, te Pas AB, Smits-Wintjens VEHJ, Šràmek A, Walther FJ, 
Lopriore E. Revised formula to determine the insertion length of umbilical 
vein catheters. Eur J Pediatric. 2013;172:1011-5.

	 5.	 O’Riordan AM, Kozdoba O, Murphy JF, McCarthy LK. Magnifying lenses 
to aid umbilical catheter insertion. Acta Pediatr. 2018;107:1469-70.

	 6.	 Shukla H, Ferrara A. Rapid estimation of insertion length of umbilical 
catheters in newborns. Am J Dis Child. 1986;140:786-8.

	 7.	 Wright IMR, Owers M, Wagner M. The umbilical arterial catheter: a for-
mula for improved positioning in the very low birth weight infant. Pediatr 
Crit Care Med. 2008;9:498–501.

	 8.	 Verheij GH, te Pas AB, Witlox RSGM, Smits-Wintjens VEHJ, Walther FJ, 
Lopriore E. Poor accuracy of methods currently used to determine umbi-
lical catheter insertion length. Int J Pediatr. 2010;2010:873167.

	 9.	 Kieran EA, Laffan EE, O’Donnell CPF. Estimating umbilical catheter 
insertion depth in newborns using weight or body measurement: a ran-
domized trial. Arch Dis Child Fetal Neonatal Ed. 2016;101:F10-5.

	 10.	 Michel F, Brevaut-Malaty V, Pasquali R, Thomachot L, Vialet R, Hassid S, 
et al. Comparison of ultrasound and X-ray in determining the position of 
umbilical venous catheters. Resuscitation. 2012;83:705-9.

	 11.	 Hoellering AB, Koorts PJ, Cartwright DW, Davies MW. Determination of 
umbilical venous catheter tip position with radiograph. Pediatr Crit Care 
Med. 2014;15:56-61.

	 12.	 Egan EA, Eitzman DV. Umbilical vessel catheterization. Am J Dis Child. 
1971;121:213-8.

	 13.	 Barrington KJ. Umbilical artery catheters in the newborn: effects of posi-
tion of the catheter tip. Cochrane Database Syst Rev. 2000;1999:CD000505.

	 14.	 Guimaraes AF, de Souza AACG, Bouzada MCF, Meira ZMA. Accuracy 
of chest radiography for positioning of the umbilical venous catheter. 
J Pediatr (Rio J). 2017;93:172-8. ​

	 15.	 Marshall M. Radiographic assessment of umbilical venous and arterial 
catheter tip location ​Neonatal Netw. 2014;33:208-16.



182

Bol Med Hosp Infant Mex. 2023;80(3)

	 16.	 Verheij G, Smits-Wintjens V, Rozendaal L, Blom N, Walther F, Lopriore E. 
Cardiac arrhythmias associated with umbilical venous catheterization in 
neonates. BMJ Case Rep. 2009;2009:bcr04.2009.1778.

	 17.	 Donaldson LJ. Review of the deaths of four babies due to cardiac tamponed 
associated with the presence of central venous catheter. London: Depart-
ment of Health; 2001. Technical report 10.13140/RG.2.2.33782.29769. ​

	 18.	 Gomella TL, Eyal FG, Bany-Mohammed F. Neonatology, management, 
procedures, on-call problems, diseases and drugs. New  York: Lange 
Medical McGraw-Hill; 2005.

	 19.	 Kumar PP, Kumar CD, Nayak M, Shaikh FAR, Dusa S, Venkatalakshmi A. 
Umbilical arterial catheter insertion length: in quest of a universal formula. 
J Perinatol. 2012;32:604-7.


