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ABSTRACT 

Objective: To determine the accuracy of Umbilical Venous Catheter (UVC) depth of insertion using the body weight or body 
measurement method. 
Study Design:  Quasi-experimental study. 
Place and Duration of Study: Neonatal Intensive Care Unit of Combined Military Hospital, Peshawar Pakistan, from Jan to 
Jun 2023. 
Methodology: A total of 60 neonates who were passed UVC were included in the study. UVC depth insertion estimation was 
done by either Shukla method or by Dunn Normogram.  Group-A had UVC depth of insertion estimated by body weight, 
while the Group-B had estimation using body measurement. Various demographic and clinical factors were recorded. The 
accuracy of UVC placement was then determined on an antero-posterior chest radiograph. 
Results: Mean gestational age of 60 babies was 35.10±1.88 weeks and mean weight was 2.10±0.43kg. Of these 24(56.7%) were 
male babies, 41(68.3%) were born prematurely, 35(58.3%) had UVC placed on first or second day of life. Overall, success of a 
well-aligned UVC was 66.7% i.e. 40 neonates. UVC was well aligned in 16(53.3%) of the neonates measured by Shukla method, 
and 24(80%) plotted by Dunn Normogram. There was a statistically significant difference between methods (p=0.02). 
Conclusion: The study concluded that a majority of Umbilical Venous Catheter (UVCs) are well aligned irrespective of the 
method used. When compared, the assessment by body measurement method fares significantly better than body weight 
method. 
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INTRODUCTION 

Pakistan has one of the highest neonatal 
mortality rates in the world. For any 1000 live births 42 
babies die in Pakistan.1 WHO aims to reduce neonatal 
mortality worldwide and bring it down to 12 per 1000 
by the year 2030 and 10 per 1000 by 2035.2 For this 
purpose a detailed Every Neonate Action Plan has 
been devised. Unlike previous guidelines, this time 
focus is not only on access to medical facility but also 
improving the quality of medical care.3  

UVC is a common procedure in a neonatal unit of 
any tertiary care hospital. It may be used for 
emergency resuscitation of neonates but are mostly a 
mode of acquiring a painless central venous line.4 
UVCs are especially useful in premature and small for 
gestational age babies in whom peripheral lines 
through skin pricks are particularly painful and 

difficult. A majority of neonatal deaths occur amongst 
premature babies born before completion of 
gestational period.5 In such babies, UVCs are essential 
for provision of drugs as well as nutrition during the 
early neonatal period. UVCs have been used for more 
than half a century but there is no consensus regarding 
the length of insertion or the total duration of dwelling 
time.  

Estimation of depth of insertion of UVC was first 
attempted by Dunn. Results included a Normogram, 
and the mode of reference taken was body 
measurement.6 However, in 1986. Fererra. attempted 
estimation using body weight as reference.7 The 
possible advantage was that this would reduce the 
margin of error brought by an additional 
measurement and birth weight is recorded for all 
neonates as a routine procedure.8-10   

We conducted this study to determine the 
accuracy of Umbilical Venous Catheter (UVC) depth 
of insertion using the body weight versus body 
measurement method 
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METHODOLOGY 

This quasi-experimental study was conducted at 
Neonatal Intensive Care Unit of Combined Military 
Hospital, Peshawar Pakistan, from January to July 
2023. Ethical review board approval was obtained 
prior to the study from the hospital Ethical Review 
Committee (vide letter number 00250/23 dated 31-08-
2022).  

Inclusion Criteria: All inborn neonates, of either 
gender, undergoing Umbilical Venous Catheter (UVC) 
placement were included.  

Exclusion Criteria: Neonates that had UVC placed for 
the purpose of resuscitation, those with major 
malformations of the thoracic or abdominal cavity, 
those with any dysmorphic features, and those with 
birth weight below the 3rd centile for gestational age 
were excluded.  

Sample size was calculated taking accurate 
placement of umbilical catheters in 91% of patients by 
body weight method and 50% of patients by body 
measurement method, which came to 60.11 Non-
probability consecutive sampling technique was 
employed to collect data. Informed consent of all 
parents was taken. Figure-2 shows the patient flow. 
 

 
Figure-1: Dunn Normogram for Estimation of Depth of 
Umbilical Venous Catheter Insertion using Body Estimation 
 

Accuracy of UVC depth estimation was 
compared between neonates who were placed UVC by 
body weight method (Group-A) and those with body 
measurement method (Group-B). Estimation of 
insertion depth by birth weight, for Group-A, was 
done using the Shukla formula. This formula 
calculates the UVC length as 1.5 times the body      
weight at birth in kilograms and addition of 5.6cm. In 

Group-B UVC was placed by estimation of insertion 
depth by body measurement using the Dunn method, 
in which the child is measured from the shoulder tip 
or the lateral end of clavicle perpendicularly 
downwards up till the level of umbilicus. This length 
in centimeters is known as the shoulder to umbilicus 
length and is then plotted onto the x-axis of the Dunn 
Normogram (Figure-1).12 The umbilical catheter is 
then determined from the Y-axis of the normogram at 
a level in between the diaphragm and right atrium. In 
both methods, the length of the umbilical stump of 
that particular neonate is added to obtain the final 
length of insertion. 
 

 
Figure-2: Patient flow diagram 
 

Confirmation of tip placement was done with an 
anterior posterior chest radiograph done by a portable 
machine at the bedside. All catheters with a tip at or 
within 1.0cm above the diaphragm were taken as well-
aligned. Basic demographic data, including gestational 
age, number of completed weeks and weight in 
kilograms at the time of birth, and clinical features 
pertaining to neonates under study were recorded. 
Prematurity was defined as any baby born before 37 
completed weeks of gestation. Day of life at which 
UVC is placed was documented. Neonates 
catheterized at first or second day of life were placed 
in one category while all neonates catheterized on 
third day of life or later were noted separately.  

Gender, prematurity, day of life (early or late) 
and success rate of UVC placements were expressed as 
frequencies and percentages. Statistical analysis was 
performed by using Statistical Package for Social 
Sciences (SPSS) 23. Both groups were analyzed for 
differences in weight and gestational age by 
independent samples t-test. Pearson chi-square was 
used to assess if there was a difference across groups 
with respect to gestational age, chronological age, 
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gender and UVC placement success rate. A p-value of 
less than or equal to 0.05 was considered statistically 
significant. 

RESULTS 

A total of 60 neonates were included in the study. 
Thirty babies had UVC measurement by Shukla 
method, while 30 had body measurements plotted on 
the Dunn Normogram for estimation of insertion 
depth. The mean gestational age was 35.10±1.88 weeks 
and mean weight was 2.10±0.43kg. Baseline 
demographic data showed that 24(56.7%) of these 
were male babies and 26(43.3%) were female. 
41(68.3%) of babies were born prematurely while 
19(31.7%) were full term babies. 35(58.3%) of these 
neonates had UVC placed on first or second day of life 
while 25(41.7%) had UVC placed on day three of life 
or later. Overall, success of a well-aligned UVC was 
66.7% i.e. 40 babies irrespective of the method used. 
Table-I summarizes the basic characteristics of our 
sample population. 
 

Table-I: Characteristics of Study Participants (n=60) 

Gestational Age (weeks)  

  Mean+SD 
  Range (min-max) 

35.10±1.88 weeks 
(31.0-39.0) 

Weight (kgs)   

  Mean+SD 
  Range (min-max) 

2.10±0.43 kgs 
(1.3-2.8) 

Gender  

  Male 
  Female 

34(56.7%) 
26(43.3%) 

Prematurity   

  No  
  Yes   

41(68.3%) 
19(31.7%) 

Day of life   

  less than 3 days 
  3 days or more 

35(58.3%) 
25(41.7%) 

UVC placement  

  Well-aligned  
  Misaligned    

40(66.7%) 
20(33.3%) 

*UVC= Umbilical Venous Catheter 

 

Table-II illustrates the comparison of various 
characteristics between the groups and their statistical 
significance. The p-value was 0.685 and 0.929 
respectively for gestational age and weight, hence 
statistically non-significant. Similarly, gender, 
chronological age and prematurity were equally 
distributed amongst both groups. The p-value was 
0.795, 0.793 and 0.781 respectively and hence 
considered non-significant. UVC was well aligned in 
16(53.3%) of the babies measured by Shukla method 
and 24(80%) plotted by Dunn Normogram. The 
difference was statistically significant (p=.002). 

Table-II: Relationship of various factors with Method of 
Umbilical Veinous Catheter Insertion 

Associative 
factors 

Group-A 
n=30 
n (%) 

Group-B 
n=30 
n (%) 

p-value 

Gestational Age 
0.685* 

  Mean±SD 35.20±1.83 weeks 35.00±1.97 weeks 

Weight 
0.929* 

  Mean±SD 2.107±0.450 kgs 2.097±0.420 kgs 

Gender 

0.795**   Male 
  Female 

18(60.0%) 
12(40.0%) 

16(53.3%) 
14(46.7%) 

Day of life 

0.793**   less than 3 days 
  3 days or more 

17(56.7%) 
13(43.3%) 

18(60.0%) 
12(40.0%) 

Prematurity 

0.781**   Yes  
  No  

20(66.7%) 
10(33.3%) 

21(70.0%) 
09(30.0%) 

Umbilical Veinous Catheter placement 

0.028**   Yes   
  No   

16(53.3%) 
14(46.7%) 

24(80.0%) 
06(20.0%) 

* Independent T-test. ** Pearson Chi-square test 
 

DISCUSSION 

Our findings revealed that 33% Umbilical 
Veinous Catheters (UVCs) were not well aligned 
irrespective of the method adopted. Quality medical 
care requires standardization. Standardization of 
evidence-based practice is the corner stone to 
providing equitable neonatal care across Pakistan as 
has been highlighted by Haque et al.13 Therefore it is 
vital that we determine the method that best suits our 
population and adopt it nationwide. Goh et al., in their 
study of catheter related complications revealed that 
as many as one-third of all UVCs placed were 
malpositioned.14 This is in coherence with our 
findings. 

Overall success rate in our study, irrespective of 
the method of measurement chosen, was 66.7%. These 
are not the only methods adopted worldwide. As is 
expected any formula using body weight or 
measurement would need to be adjusted as per local 
population of that particular ethnicity.15 Researchers in 
USA have come up with new formulas and developed 
software that can be used to calculate the length of 
insertion with a mobile.16 The success rate of 
prediction by this application is 76% for venous 
catheters which is almost similar to overall success 
rate in or study. However, when compared to the 
Dunn method in our population, it does not fare well. 

It is not only the method of depth of insertion 
that had a subject of speculation, but research has also 
been conducted on whether radiography is the best 
method of confirmation of tip location. A meta-
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analysis by Cao et al., in 2021 concluded that 
ultrasonography or echocardiography is better than 
simple radiographs.17 However in Pakistan, these 
modalities may not be available at many centers. 
Moreover, both require considerable human hours and 
expertise which are both in dearth at neonatal units 
across Pakistan. 

A 2019 study by Lean et al., published in Archives 
of Diseases of Childhood Illnesses, fetal and neonatal 
edition compared five different methods of predicting 
depth insertion.18 The accuracy of these formulas 
ranged from 44.9% to 55.7%. Formulas based on birth 
weight had the highest rate of correct estimation.  

A review of literature pertaining to various 
aspects of UVC including depth of insertion 
estimation, dwelling time, choice of equipment, 
securing method and post procedural care was 
conducted in Italy in 2022.19 While further highlighting 
the lack of standard protocols, it discussed the various 
methods of depth insertion currently in practice. It 
proclaimed that amongst the two discussed in our 
study, Shukla’s method produced better results than 
Dunn’s method. This is contrary to findings of our 
study. However, no statistical figures were provided 
by the researchers of this study to support their 
statement. 

An extensive prospective observational study by 
Vejharis et al., compared the body weight and body 
measurement methods for estimation of depth 
insertion of both UVCs and Umbilical Arterial 
Catheters in neonates.20 Even though it was not as 
significant as in our study, it concluded that Dunn 
group had a considerably higher rate of success (41%) 
for venous catheters. They also proposed that Shukla’s 
method was better when used for estimation of 
arterial catheters as compared to venous. 

In our study, a majority of patients were 
premature in both experimental groups. Previously, 
Surak et al., proved in 2021 that a misaligned UVC is 
more likely to occur in late preterm and term babies.21 
Similar effect was documented with increasing 
chronological age and in babies who were not small 
for gestational age. Such themes were not explored for 
their relationship with accuracy in our study. 
However, these factors were equally distributed 
amongst both experimental groups hence not 
significant for group analysis.  

Further research would reveal if the results of our 
study are reproducible across all provinces and 
ethnicities of Pakistan and also exclusive focus on 

preterm or small for gestational age babies would 
further assist decision making regarding such 
neonates. 

LIMITATIONS OF STUDY  

We confirmed the correct placement of UVC with a 
chest roentgenograph. Whereas, the gold standard is bedside 
ultrasonography. We recognize this limitation; however, our 
method of confirmation was chosen due to lack of resources 
and lack of expertise. We hope that future studies will 
employ gold standard for confirmation. 

CONCLUSION 

In our study, the Dunn Normogram using body 
measurement as reference was better as compared to the 
Shukla method using body weight at birth for estimation of 
depth insertion of a Umbilical Veinous Catheter.  
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