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ABSTRACT
Objective Incorrectly positioned umbilical venous and
arterial catheters (UVC and UAC) are associated with
increased rates of complications in newborns. Catheter
insertion depth is often estimated using body surface
measurement. We wished to determine whether
estimating insertion depth of umbilical catheters using
birth weight (BW), rather than surface measurements,
results in more correctly positioned catheters.
Interventions/outcome Newborns were randomised
to have UVC and UAC insertion depth estimated using
formulae based on BW or using graphs based on
shoulder-umbilicus length. The primary outcome was
correct catheter tip position on X-ray determined by one
radiologist masked to group assignment.
Results UVC insertion was successful in 97/101 (96%)
infants but the catheter was not advanced to the estimated
depth in 22. There was no difference in the proportion of
correctly positioned UVCs between groups (weight 16/51
(31%) vs measurement 13/46 (28%), p=0.826). The tips
of 52 (54%) UVCs were in the portal venous system or too
low on X-ray. Attempted UAC insertion was successful in
62/87 (71%) infants. More infants in the weight group had
a correctly positioned UAC tip (weight 29/32 (91%) vs
measurement 15/30 (50%), p=0.001).
Conclusions UVCs were often not inserted to the
estimated depth, and their tips were in the portal venous
system or too low on X-ray. Using BW to estimate insertion
depth did not result in more correctly positioned UVCs.
UAC insertion attempts were often unsuccessful, but when
successful, using BW to estimate insertion depth resulted in
more correctly positioned catheters.
Trial registration number (ISRCTN17864069).

INTRODUCTION
Umbilical vessel catheterisation of newborns was
described more than 60 years ago1–3 and is still fre-
quently performed. When umbilical catheters are
inserted, they are secured in place and an antero-
posterior X-ray is taken to determine the position
of the catheter tip (figure 1). While umbilical
venous catheters (UVCs) and umbilical arterial
catheters (UACs) may be of benefit to infants, com-
plications with their use have been reported.1 4–6

The risk of complications is increased if the cath-
eter tip is incorrectly positioned. As pericardial
effusions and cardiac tamponade have been
reported with UVCs whose tips lay within the
heart,5–9 it is recommended to position UVC tips
outside the heart at the junction of the right atrium
and inferior vena cava.9 10 This position corre-
sponds to the tip being visible between the upper

border of the 9th and the lower border of the 10th
thoracic vertebrae (T9–T10) on X-ray (figure 1).10

It is recommended that UAC tips should lie in a
high position11—that is, in the descending aorta
above the level of the diaphragm and below the left
subclavian artery, with the catheter tip visible
between the upper border of T6 and the lower
border of T10 on X-ray (figure 1).3 10 Review of
X-rays showed that the tips were not in the recom-
mended position in half of infants who had umbil-
ical catheters inserted in our hospital.
UVCs and UACs are marked at 1 cm intervals

from the tip so that the depth to which they are
inserted is known. Several methods of estimating
an appropriate insertion depth for umbilical cathe-
ters have been described.12–19 Two methods that
may be used to estimate insertion depths for both
UVCs and UACs are widely used in clinical prac-
tice.12 13 From a postmortem study of 50 infants,
Dunn published graphs that related an infant’s
shoulder-umbilicus length to the insertion depth
for UVCs and UACs (figures 2 and 3).12 Shukla and
Ferrara13 retrospectively studied 10 infants who
had UVCs inserted and 43 infants who had UACs
inserted. He found that birth weight (BW) corre-
lated better with catheter insertion depth than
three body surface measurements that included
Dunn’s shoulder-umbilicus length and published
mathematical formulae to estimate UVC and UAC
insertion depth based on BW.13 In a retrospective
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What is already known on this topic

▸ Umbilical catheters are commonly inserted in
newborns for monitoring and for fluid and drug
administration.

▸ Fewer complications arise from correctly sited
catheters.

▸ Insertion depth may be estimated using infant
birth weight or body measurements.

What this study adds

▸ Estimating insertion depth using a birth
weight-derived formula resulted in more
correctly placed umbilical arterial catheters.

▸ Umbilical venous catheters were frequently
incorrectly placed whether insertion depth was
estimated using weight or measurements.
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cohort study, Verheij et al found that the Dunn method was
more accurate for predicting UVC insertion depth and the
Shukla method was more accurate for predicting UAC insertion
depth.20 We wished to prospectively compare the Dunn and
Shukla methods of estimating insertion depths for UVCs and
UACs in term and preterm infants in a randomised fashion.

PATIENTS AND METHODS
We conducted this randomised controlled trial at the National
Maternity Hospital (NMH), Dublin, a stand-alone university
maternity hospital with a level 3 neonatal intensive care unit
(NICU) and approximately 9500 deliveries annually. All infants
are weighed on electronic scales on admission to the NICU.
Prior to this study, umbilical catheter insertion depths were
usually estimated using shoulder-umbilicus length. Term and
preterm infants without congenital anomalies were eligible for

inclusion if they were undergoing umbilical vessel catheterisa-
tion in the NICU. The study protocol was approved by the
Ethics Committee at the NMH and was registered with Current
Controlled Trials (http://www.controlled-trials.com/
ISRCTN17864069/WORM).

If it was anticipated that an infant would undergo umbilical
vessel catheterisation following delivery (eg, in the case of a
planned extremely preterm delivery), written informed consent
was obtained prior to enrolment in the study from a parent or
guardian by a member of the research team. If umbilical vessel
catheterisation was performed as an emergency procedure, for
example, a critically ill term infant born unexpectedly in poor
condition and requiring UVC/UAC insertion on admission to
the NICU, we had ethical approval to enrol such infants using a
waiver of informed consent. In such situations infants were
enrolled at the time of UVC/UAC insertion and a member of the
research team informed parents as soon as possible that their
infant had been enrolled in the study, provided them with
written information about the study and sought written consent
for their infant’s information to be collected and included in
analysis.

We generated the randomisation schedule in blocks of four
using a random number table and kept it concealed from treat-
ing clinicians. The randomisation was stratified by BW (<1500
or ≥1500 g). Infants were randomised in a 1:1 ratio to have
their umbilical catheter insertion depth estimated using ‘weight’
or ‘measurement’ and infants of multiple pregnancies were ran-
domised as individuals. The group assignments were printed on
cards that were folded and placed in sequentially numbered,
sealed, opaque envelopes. The envelopes were opened just
before UVC and/or UAC insertion was attempted in the NICU.

WEIGHT GROUP
Infants had the umbilical catheter insertion depth estimated
using the formulae described by Shukla and Ferrara,13 that is:
▸ UVC insertion depth (cm)=(BW×1.5)+5
▸ UAC insertion depth (cm)=(BW×3)+9

Figure 2 Shoulder-umbilicus length—the distance measured in an
inferior vertical direction from the shoulder tip to the level of the
umbilicus—as measured by Dunn.12

Figure 1 Anteroposterior X-ray showing correct catheter tip
placement for (A) umbilical venous catheter (UVC)—between upper
border of 9th and lower border of 10th thoracic vertebrae, and (B)
umbilical arterial catheter (UAC)—between upper border of 6th and
lower border of 10th thoracic vertebrae and (C) tip in portal circulation.
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These formulae were printed on the card indicating assign-
ment to the weight group. Clinicians filled in the infants’ BW
into the preprinted formula, calculated the insertion depth and
recorded it on the card.

MEASUREMENT GROUP
Clinicians measured the vertical distance from the infants’
shoulder tip to the level of the umbilicus (figure 2). They then
applied this measurement to copies of the graphs described by
Dunn (figure 3) to estimate the insertion depth12 that were kept
in the NICU specifically for this purpose. The clinicians
recorded both the shoulder-umbilicus length and the resulting
estimated insertion depth it yielded in a space provided on the
card indicating assignment to the measurement group.

The decision to insert umbilical catheters was at the discretion
of the attending clinician. UVCs and UACs were inserted under
sterile conditions following local clinical guidelines. Size
4-French double lumen radio-opaque polyurethane UVCs and
single-lumen UACs (size 3.5 or 5 French) were inserted (all
Vygon, Ecouen, France). Infants were placed supine on a mat-
tress while the umbilical catheters were inserted. Clinicians were
advised to advance the catheters until the marker that indicated
the estimated insertion depth was at the level of the skin on the
abdominal wall, to confirm that blood could be aspirated
through the catheter with a syringe and to then suture the cath-
eter in place. If the catheter could not be advanced to the esti-
mated depth or blood could not be aspirated, the catheter was
withdrawn to a position where blood could be aspirated. The
clinician who inserted the catheter recorded the depth at which
they secured it on the group assignment card. Infants remained
supine until an anteroposterior X-ray of the infant’s chest and
abdomen was taken by a radiographer who was masked to
group assignment (figure 1). Radio-opaque contrast medium
was not injected into the lines before or during the X-ray. This
X-ray was used by clinicians to confirm line tip position and
catheter position was adjusted at their discretion. The X-ray was
also used to determine the primary outcome of this study.

The primary outcome for our study was correct placement of
the umbilical catheters. Correct placement of the UVC was

defined as the catheter tip being visible between T9 and T10 on
X-ray. Correct placement for UAC was defined as the catheter
tip being visible between T6 and T10 on X-ray (figure 1). The
position of the catheter tips was determined by one consultant
radiologist (EEL) who was masked to the infants’ group assign-
ment. We considered UVC and UAC separately and both cathe-
ters did not have to be correctly placed for an infant to reach
the primary outcome. We recorded clinically relevant secondary
outcomes and possible adverse events related to the placement
and use of UVCs and UACs. We recorded the duration that the
umbilical catheters were in situ and the duration of hospital stay
from case notes. Necrotising enterocolitis was diagnosed if the
criteria of Bell stage 2 were fulfilled (pneumatosis and/or perfor-
ation on X-ray). Blood culture-positive sepsis was diagnosed
when a pathogen (eg, Staphylococcus aureus) was present in a
single blood culture or when potential contaminants (eg,
coagulase-negative staphylococci) were grown on two separate
blood cultures drawn when an indwelling line was in situ or
within 24 h of its removal.

SAMPLE SIZE ESTIMATION
We estimated that we would need to enrol 92 infants to show a
reduction in incorrect catheter tip placement from 55% with
insertion depth estimation using the shoulder-umbilicus length
to 25% by using the BW formula with a two-tailed type I error
rate of 0.05 and a power of 80%. We estimated that 10% of
attempts at umbilical catheterisation would be unsuccessful; to
compensate, we aimed to enrol 101 infants. Data were analysed
using the intention-to-treat principle with PASW V.20 software
(IBM, Armonk, New York, USA). We compared the primary
outcome and dichotomous secondary outcomes with non-
parametric tests (Fisher’s exact test), continuous secondary out-
comes with parametric tests (t test) and considered p
values<0.05 statistically significant.

RESULTS
One hundred and twenty-one infants underwent umbilical
vessel catheterisation in the NICU of the NMH between July
2012 and July 2013. Fourteen infants were not enrolled into

Figure 3 Graphs relating
measurement of the
shoulder-umbilicus length to the
estimated insertion depth for umbilical
venous catheters (UVCs) (left) and
umbilical arterial catheters (UACs)
(right).12 On both graphs, the red lines
indicate the depth that estimates
insertion to the diaphragm that were
used in the study. Reproduced with
kind permission from Dunn PM.
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the study (figure 4). Six of the 107 infants who were rando-
mised were later excluded (figure 4). Parental consent was
obtained prior to randomisation for 52 infants, all of whom
were <31 weeks gestation at delivery. Forty-nine infants were
enrolled using the waiver of informed consent with written par-
ental consent obtained soon after inclusion. We analysed data
for 101 infants, of whom 53 were randomised to weight and 48
to measurement. The groups were well matched for gestational
age, BW, gender and respiratory support at time of randomisa-
tion (table 1).

Thirteen different clinicians inserted umbilical catheters, the
majority (91%) were inserted by nine registrars (trainees with
6 months to 2 years experience in neonatology); the remainder
were inserted by three consultant neonatologists (8%) and one
advanced neonatal nurse practitioner (1%).

UVC insertion was attempted in 101 infants and was success-
ful in 97 (96%). There was no difference in the proportion of
correctly placed UVCs between the two groups (weight 16/51
(31%) vs measurement 13/46 (28%) p=0.826) (table 2).

The UVC was secured at less than the estimated insertion
depth in 22/97 (23%) infants. The reasons for underinsertion

were that the operator could not insert the catheter to the esti-
mated depth in 15 infants, the operator could not aspirate
blood from the catheter in 5 infants and values were not
recorded for 2 infants. Of the UVCs that were secured at the
estimated depth, fewer catheters in the weight group had the tip
in a low position (ie, below T10) on X-ray (weight 4/38 (11%)
vs measurement 10/35 (29%), p=0.074). Overall, 30 (31%)
UVCs were in a low position and 22 (23%) UVCs were in the
portal circulation on X-ray (figure 1). Analysing infants whose
UVC was secured at the correct depth and was not in the liver,
there was no difference in the primary outcome between groups
(weight 16/30 (44%) vs measurement 12/27 (44%), p=0.599).

UAC insertion was attempted in 87 infants and was successful
in 62 (71%) (table 3).

Most infants in the weight group had the UAC tip placed cor-
rectly compared with half of infants in the measurement group
(29/32 (91%) vs 15/30 (50%) p=0.001). No infant in the
weight group had a UAC tip below T10 on X-ray. The UAC tip
was too low (below T10) in all infants in the measurement
group who had incorrectly placed UACs.

Figure 4 Patient recruitment. UAC, umbilical arterial catheter; UVC, umbilical venous catheter.

Table 1 Patient demographics

Weight (N=53) Measurement (N=48)

Gestational age (weeks)* 29 (27, 39) 29 (26, 39)
BW (g)* 1250 (910, 3065) 1313 (856, 3563)
BW <1500 g† 31 (58) 28 (58)
Male† 24 (45) 24 (50)
Ventilated at randomisation† 34 (64) 27 (56)
Nasal CPAP at randomisation† 12 (23) 15 (31)

*Median (IQR).
†n (%).
BW, birth weight; CPAP, continuous positive airway pressure.

Table 2 Outcomes for UVCs

UVC Weight Measurement p Value

Successfully inserted 51/53 (96) 46/48 (96) 1.0
Secured at estimated depth 38/51 (75) 35/46 (76) 1.0
Secured at more than estimated depth 2/51 (4) 0/46 (0) 0.496
Secured at less than estimated depth 11/51 (22) 11/46 (24) 0.812
Primary outcome—tip T9–T10 16/51 (31) 13/46 (28) 0.826
Tip above T9 11/51 (22) 5/46 (11) 0.181
Tip below T10 10/51 (20) 20/46 (43) 0.015
Tip in portal circulation 14/51 (27) 8/46 (17) 0.332

Data are n (%) compared with Fisher’s exact test.
UVC, umbilical venous catheter.
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There was no difference in any of the recorded secondary
outcomes between the two groups (table 4).

One infant in the measurement group had the UAC removed
because of concerns of vascular compromise to the lower limbs.
There were no confirmed episodes of umbilical catheter-related
thrombosis.

DISCUSSION
In contrast to a previous cohort study,20 we found no difference
in the rate of correctly positioned UVC whether insertion depth
was estimated using weight or body measurement. A striking
feature of our study is the high rate of UVCs that were in the
portal circulation on X-ray. We speculate that the large number of
UVCs that were not inserted to the estimated insertion depth
could not be advanced because they also entered the portal circu-
lation at the time of insertion. We anticipated that a proportion
of UVCs would not pass through the ductus venosus into the
inferior vena cava, but were surprised to confirm this in 23% of
cases and suspect that it happened in about half of attempts.
Techniques have been reported for decreasing the chance of
portal placement of the UVC, such as a double-catheter tech-
nique21 22 or external liver mobilisation.23 A technique that can
be used at the time of UVC insertion that reduces the incidence
of UVC placement in the liver is highly desirable.

In keeping with previous cohort studies,13 20 we found that
estimating the insertion depth of UACs in newborn infants using
weight rather than body surface measurement resulted in more
correctly positioned catheters. Though the rate of failure of
attempted umbilical artery catheterisation rate in our study was
disappointingly high (29%), it is comparable with that seen in
previous studies.20

One strength of our study is that the primary outcome was
determined by one radiologist who was unaware of group
assignment and unaware whether or not the catheters were
secured at the estimated depth. We used X-ray to determine the
primary outcome of our study, as this is the method most com-
monly used to assess umbilical catheter tip position in clinical
practice, both in our unit and worldwide. X-ray was the method
used to determine tip position in the majority of previous
studies and it is the method most often recommended in guide-
lines.9 15 18 20 While ultrasound has been used to and may be
superior for determining umbilical catheter tip position,24–28 we
do not have routine immediate access to this method of deter-
mination in clinical practice.

A weakness of our study is the small number of infants
enrolled; however, this number exceeds that enrolled in most
previous studies. Also, the operators inserting the UVCs and
UACs were not masked to the infants’ group assignment. The
marks on the catheters that we used are often inaccurate.29 The
differences between the indicated and actual distance from the
tip are small; however, they may be clinically important, particu-
larly in infants who have 3.5-French UACs inserted. As the
model of catheter was the same in all enrolled infants, we
believe that randomisation should have balanced any effect of
inaccuracies in markings between the groups. While the
shoulder-umbilicus length is frequently used to estimate the
insertion depth of umbilical catheters, it appears that many clini-
cians do so incorrectly. A survey of 101 paediatric doctors,
including 45 consultant paediatricians, showed that only 14/101
(14%) used the measurement described by Dunn correctly.30

Our results should be extrapolated with caution if the shoulder-
umbilicus length is measured incorrectly.

CONCLUSION
Estimating UVC insertion depth using weight did not result in
more correctly placed UVCs. UVCs were often not advanced to
the estimated insertion depth or the catheter tip was in the
portal venous system on X-ray. Attempted UAC insertion was
often unsuccessful; when successful, estimating insertion depth
using weight resulted in more correctly placed catheters.
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