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Randomised trial of umbilical arterial
position: Doppler ultrasound findings

S T Kempley, H R Gamsu

Abstract
Umbilical arterial catheters (UAC) were
randomly assigned in 69 infants to a high
(n=36) or to a low (n=33) position. Serial
Doppler ultrasound measurements of
blood flow velocity in their superior
mesenteric arteries, coeliac axis, renal
arteries, and anterior cerebral arteries
were then obtained.
There were no differences in blood flow

velocity between high and low UAC
groups on days 1, 3, and 7. At 2 weeks,
those infants with a high UAC still in
place had significantly higher velocities
in the mesenteric artery than those
infants who had no catheter in place.
Infants with high UACs remaining in
place for more than 7 days were found to
have an increase in abdominal distension
and tenderness, whereas this was not the
case for those with low UACs.
Catheter position has no effect on vis-

ceral blood flow if the UAC stays in place
for one week or less, whereas prolonged
use of a high UAC may alter intestinal
blood flow and increase the incidence of
abdominal symptoms.
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There has been a longstanding controversy
concerning the role of umbilical arterial
catheters (UAC) in the aetiology of necrotis-
ing enterocolitis. Case-control studies have
produced conflicting results,1-'2 with the sug-
gestion that UACs may have an independent
aetiological role in some birthweight groups
while their use is merely associated with other
definitive risk factors in others.12 If it is
assumed that UACs do have a truly causative
role, by compromising blood flow in the
mesenteric arteries, then catheters placed so
that the tip lies above the origin of these arter-
ies (high UACs) would be expected to cause
more necrotising enterocolitis than catheters
in a low position. However, randomised stud-
ies have failed to find any excess of necrotising
enterocolitis in those infants with high
catheters,13 14 a finding confirmed in a large
randomised study that we have conducted (ST
Kempley, S Bennett, BG Loftus, D Cooper,
HR Gamsu, unpublished observations).
This is surprising in view of the fact that

catheter associated thrombosis has been found
in a high proportion of infants with a UAC,1314
and clinical involvement of the mesenteric
arteries was documented principally with high
UACs. However, the majority of aortic
thrombi are clinically silent and it is possible

catheter

that catheters, or catheter associated thrombo-
sis, could affect intestinal blood flow without
necessarily causing necrotising enterocolitis.
We have therefore used Doppler ultrasound

to document the effects of UAC position on
blood flow velocity in the superior mesenteric
artery (SMA), coeliac axis, and left renal
artery. These major branches of the abdomi-
nal aorta originate proximally to the tip of
UACs placed in a low position, but distal to
the tip of UACs placed high; blood flow in
them should therefore only be influenced in
the latter. We have also included measure-
ments on the anterior cerebral artery (ACA)
as an index of each infant's general cardiovas-
cular status.

Methods
Over a two year period 147 infants admitted
to our unit and requiring umbilical arterial
catheterisation had their UAC randomly allo-
cated to a high position (T6-T10) or a low
position (below L3). Catheters were inserted
at a median age of 2 hours to a distance deter-
mined from the shoulder-umbilicus length
and the position was adjusted after a plain
radiograph. The catheters were either of a
plain end hole type (Argyle 3-5 French gauge
(FG) or Argyle 5 0 FG, Sherwood Medical)
or with a side hole and an oxygen sensing
electrode at the tip (Neocath 4 0 FG or
Neocath 5 0 FG, Biomedical Sensors Ltd).
The initial infusate was 5°/O dextrose with 1
IU/ml heparin, run at 1 ml/hour in all infants.
Blood pressure monitoring was performed via
the UAC in all infants.
A birthweight stratified randomisation was

used, with permuted blocks within strata, to
help produce well matched groups. One hun-
dred and tiirty one infants had their catheter
successfully inserted into the correct, ran-
domised position. (Over this time period 36
infants had a UAC in place but were not ran-
domised; most of these already had a UAC at
the time of transfer from another hospital, or
had been considered clinically unsuitable for
randomisation before entering the trial.) In
order to be included in the study infants were
required to have a UAC placed in the position
to which they had been randomised and to
have had Doppler measurements within the
first 24 hours of life.. By excluding data from
infants who had their first measurement after
24 hours we ensured that infants were not
selected for study on the basis of their later
clinical course, and so avoided biased groups.
The final study group consisted of 69 infants,
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with 36 high and 33 low UACs; these infants
did not differ significantly in any respect from
the group who were randomised but not mea-
sured. The planned total study size had been
70 subjects, in order to give an 80% power to
detect a 30% difference in blood flow velocity
at a significance level of 5%.
Doppler measurements were performed at

1 day (0-24 hours), 3 days (48-96 hours),
and 1 week (120-216 hours) of age, in those
infants who were stable enough to tolerate
scanning. Measurements were made at 2
weeks (240-316 hours) in most infants who
still had a catheter in place, and in some other
infants who were still in intensive care. From
the original group of 69 who were all
measured on day 1, 75% were measured at 3
days, 68% at 1 week, but only 29% at 2
weeks. In addition, we made serial measure-
ments on a small number of babies whose
attempted UAC placement had failed.
On each occasion we attempted to obtain

measurements from the SMA, the coeliac
axis, the left renal artery, and the ACA as pre-
viously described.'5 For each artery our read-
ings consisted of a measure of blood flow
velocity (the time averaged mean velocity of
the peak velocity envelope, corrected for angle
of insonation), and a measure of the pulsatility
of the velocity waveform (the pulsatility index
of Gosling and King). We chose a cerebral
artery as the index artery because it would not
be affected by high or low UACs, and its mea-
surement could be combined with a clinical
imaging scan performed after abdominal
Doppler measurements. We found that
attempting to combine abdominal Doppler
with cardiac output measurements resulted in
excessive disturbance to infants who were
often small and needing intensive support,
and so we did not consider this a suitable
measurement for our study.

In our first analysis we assessed the Doppler
data according to the randomised position of
the UAC (regardless of whether the UAC was
still in place at the time of measurement).
Subsequently we looked at the influence of
actual catheter position at the time of mea-
surement (high, low, or no catheter). In this
analysis the 'no catheter' group included
infants whose UAC had been removed and

Table I Clinical details of the high and low catheter groups who also had Doppler
measurements within the first 24 hours of life. (Quantitative measures are medians and
ranges)

High catheter Low catheter
(n=36) (n=33)

Birth weight (g) 1160 (540-5180) 1400 (430-3480)
Gestation (weeks) 29 (24-40) 30 (23-42)

Small for gestational age 7 7
Caesarean delivery 15 20
Apgar score:

<7 at Iminute 15 27*
<7 at 5 minutes 10 10

Respiratory distress syndrome 16 17
+Extreme prematurity 10 8

Interstitial emphysema 6 5

Infection 9 5
Transient tachypnoea 3 4
Aspiration 0 3
Mechanical ventilation 32 32

Highest peak inspiratory pressure (cm H20) 20 (0-42) 22 (0-41)

Significant differences: *=p<0.01

those infants with a failed catheter placement
who nevertheless were studied from day 1.
The data were analysed for the group of

infants studied from day 1 until 2 weeks of
age. They were divided into a cohort who still
had a high catheter in place at 2 weeks, and a
cohort who had no catheter in place at 2
weeks. We expressed the results for these two
cohorts as the measurement of SMA blood
flow velocity divided by ACA blood flow
velocity to give the SMA:ACA ratio, in an
attempt to control for general rather than
specific differences in blood flow velocity
between the groups.
The means and 95% confidence intervals of

all the Doppler velocity measurements are pre-
sented. We had previously examined Doppler
measurements obtained on the first day of life
from appropriately grown infants who survived
without abdominal symptoms. Velocity data
from all arteries were normally distributed; for
pulsatility index data only renal artery values
had a skewed distribution. Unpaired Student's
t tests were used to test the significance of dif-
ferences between groups, but the Mann-
Whitney U test was used to test differences in
renal pulsatility index data. (There were no
differences in renal artery pulsatility index
between any of the groups.) A log rank
analysis was used to assess differences in the
duration of catheterisation, with elective
removals being counted as 'curtailed follow up'.
For all randomised infants we recorded the

occurrence of any abdominal symptoms
(abdominal distension, abdominal tenderness
or rigidity, blood in the faeces, vomiting, or
large bile stained nasogastric aspirates). We
divided high and low catheter groups into
those who had a catheter in place for more, or
less, than 7 days. The relative risk of develop-
ing abdominal symptoms after prolonged
catheterisation was calculated for the high and
low catheter groups (risk for >7 days divided
by risk for <7 days).

Results
The high and low catheter groups were clini-
cally well matched (table 1), the only statisti-
cally significant difference between the groups
being a greater number of infants with Apgar
scores at 1 minute of less than 7 in the low
catheter group. The 5 minute Apgar scores
were similar in the two groups, indicating that
there was no difference in the incidence of
clinically significant asphyxia. Similar cathe-
ters were used in the two groups (table 2),
with slightly more of the high UACs being
used for exchange transfusions. Positive
catheter tip cultures were obtained from eight
high UACs and two low UACs (just failing
statistical significance, p=006). High UACs
were associated with less blanching or
cyanosis of the lower limbs (p<0-001), and
stayed in place significantly longer than low
UACs (p<0 05).
Randomised UAC position had no effect on

blood flow velocity in any of the arteries
measured (fig 1). The only significant effect of
UAC position was a reduction in the pulsatility
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Table 2 Details of catheters used and theirfunction

High catheter Low catheter
(n=36) (n=33)

Catheter type:
3-5 FG Argyle 4 8
50 FGArgyle 2 0
4 0 FG Neocath 26 22
5-0 FGNeocath 4 2

Usage:
Exchange transfusion 5 2
Total parenteral nutrition 0 1

Duration (hours): median (range) 103 (4-614) 99 (15-709)
Emergency removal 8 10
Replacement 1 3
Positive culture from tip 8 2
Blanching or cyanosis of

lower limbs 8 35*

Significant differences: *=p<0-01.
One type of low catheter not recorded.

index of the SMA with high UACs at 2 weeks
of age (high: 2-22, low: 3-20, p<005).
However, by this stage there were only four
infants from the low catheter group left in the
study, and only one of these had a catheter in
place.

Restricting the analysis to infants who still
had a catheter in place at the time of measure-
ment yielded no significant differences be-
tween high and low catheter groups (fig 2).
However, differences were seen between those
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infants who had a high catheter in place, and
those who had no catheter (those whose
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had a failed insertion). For the first week of
life infants with a catheter in place had lower
SMA and coeliac axis blood flow velocities
than those infants with no catheter. However,
at 2 weeks the situation was reversed, with a
significantly higher mean SMA velocity in the
infants with a high UAC still in place (33
cm/s, n=6) compared with those infants who
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ACA and renal artery velocity were con-
sistently slightly higher in the group with no
catheter.

Figure 3 shows the SMA:ACA blood flow
velocity ratio in those cohorts defined by their
UAC status at 2 weeks. A high ratio was
apparent in the cohort with a high UAC in
place at 2 weeks, but was not present in them
at an earlier age. A similar but non-significant
trend was seen in the coeliac axis. Infants who
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Figure I Randomised UAC position and bloodflow
velocity in the SMA, coeliac axis, left renal artery, and
ACA. The mean values for high and low UACs are shown,
with the 95% confidence intervals of the difference between
the means as error bars on the low group values.
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Figure 2 Actual UAC position at the time of
measurement, and bloodflow velocity in the SMA, coeliac
axis, left renal artery, andACA. The means for the three
groups are shown. The 95% confidence intervals of the
difference between the high group and the other groups are
shown as error bars on the low and no catheter groups.
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Figure 3 SMA.ACA bloodflow velocity ratio. Cohorts
followed upfrom day I until 2 weeks and defined by
catheter status at 2 weeks. Mean values are shown with the
95% confidence intervals of the difference between the
means.

had a catheter still in place at 2 weeks had a
lower mean birth weight (896 g v 1080 g), but
this difference was not statistically significant.
At 2 weeks enteral feeds were being received
by three of the six infants with a high UAC in
place and 6/13 of those without a UAC. No
infant had a clinical patent ductus arteriosus.
Mechanical ventilation was still required by all
of those with a UAC in place, but by only four
of those with no catheter. All the catheters still
in place at 2 weeks were of the Neocath type.
Using ultrasound, large aortic thrombi were

clearly seen after the removal of the UAC
in two infants with high Neocath catheters.
One of these infants was asymptomatic, but
the other died after a nearly complete occlu-
sion of the SMA and coeliac axis. At the time
symptoms developed, this infant had high
blood flow velocity in the coeliac axis and the
SMA.

Clinical data from all randomised infants
showed that in the high catheter group there
was an increased risk of abdominal distension,
rigidity, and tendemess if the catheter stayed
in place for more than a week (table 3). No
such excess was seen in the low catheter
group. There were no cases of necrotising
enterocolitis among infants who had Doppler
studies performed, but it did occur in three
infants randomised to a high catheter and one
randomised to a low catheter.

Discussion
Even though our study included an adequate
number of subjects, we did not find any dif-
ferences in blood flow velocity in the first
week of life between those infants randomised
to receive a high or a low UAC. At 2 weeks
the only significant difference between the

Table 3 Numbers of infants with abdominal distension,
tenderness, or rigidity according to catheter position and the
duration of catheterisation. The relative risk and 95%
confidence intervals (CI) ofabdominal symptoms that
prolonged catheterisation carries is shown for high and low
catheter groups

High catheter Low catheter

Catheter in 0-7 days 8/47 7/47
Catheter in >7 days 10/22 3/15
Relative risk 2 7 1-3
(95% CI) (1-3-5-3) (0 4-4-5)

groups was an increased pulsatility index in
the SMA of the high UAC group. As an iso-
lated finding this should be viewed with some
caution, as it was the only positive result from
16 tests of significance, and there was only
one infant with a low UAC still in place at this
stage.

Further analysis of the effects of actual
catheter position does suggest that high UACs
may alter mesenteric blood flow if they stay in
place for 2 weeks or more. Compared with
those infants who have no catheter, infants
who have a high UAC in situ at 2 weeks have
a raised SMA blood flow velocity, with a non-
significant increase in coeliac axis blood flow
velocity. This pattern is the opposite to that
seen in the first week, and is not seen until 2
weeks even when we follow up the groups as
cohorts. We might have expected those
infants with a UAC remaining in place at 2
weeks to have lower intestinal blood flow as
they were smaller, a greater number required
to be ventilated, and they had a lower ACA
blood flow velocity than those whose UAC
had been removed. Intrauterine hypoxia,15
patent ductus arteriosus,16 and enteral
feeding17 18 have all been shown to alter
Doppler measurements of SMA blood flow
velocity, but the groups did not differ with
respect to the frequency of any of these fac-
tors. We therefore believe that the abnormali-
ties we have demonstrated are related to pro-
longed catheterisation rather than resulting
from differences in the subject groups.
High UACs may have been expected to

reduce flow in the SMA, so why should their
prolonged use result in an increase of SMA
blood flow velocity? Since completing this
study we have seen high SMA blood flow
velocity in a baby with a positive culture of
Candida albicans from the tip of the UAC and
candida emboli in the mesenteric vessels.
Catheter tip infection could produce mesen-
teric vasodilatation as a result of local bacter-
aemia, and high UACs may be more prone to
colonisation because they are in place for a
longer period. Also, emboli or other intermit-
tent ischaemic phenomena resulting from high
UACs may have been missed by this study,
and such events could eventually produce a
reactive hyperaemia following multiple small
ischaemic/septic episodes. We have not inves-
tigated the effects of sampling from the
catheter, which may also predispose to such
effects. It is important, however, to point out
that high arterial blood flow velocity does not
necessarily mean that there is high arterial vol-
ume flow. In the one infant with documented
coeliac and SMA thrombosis, with hepatic
and bowel infarction, arterial blood flow
velocity remained high throughout, despite a
presumably low absolute volume flow. The
high observed velocity might well have
resulted from a considerable reduction in ves-
sel diameter, in much the same way that high
velocity flow is seen through stenotic cardiac
valves. Catheter associated thrombosis may
therefore provide the best explanation of the
increase of blood flow velocity in the SMA
that we demonstrated.
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Are our findings of any clinical significance,
except in rare cases of near total mesenteric
vessel occlusion? During this study we
recorded all abdominal symptoms, and found
an increased risk of abdominal distension, ten-
derness, or rigidity only in those infants who
had a high UAC in place for more than one
week. We are not able to comment on whether
low UACs produce any Doppler abnormalities
at 2 weeks, because few were still in place
then. The fact that their prolonged use does
not produce any increase in abdominal symp-
toms suggests that blood flow abnormalities
did not occur. Nearly all of the catheters that
were in place for more than a week were of the
Neocath type, with an oxygen sensing elec-
trode in the tip. We were therefore unable to
determine whether catheter type had any influ-
ence on the incidence of Doppler abnormali-
ties or abdominal symptoms.
We would suggest that prolonged use of

high UACs may result in bowel injury without
necessarily causing necrotising enterocolitis.
Such bowel injury is most likely to be the
result of thromboembolism. It is therefore
important to differentiate thromboembolic
ischaemic necrosis from necrotising entero-
colitis. If we become alert to the possibility of
this diagnosis in infants with high catheters,
the early use of thrombolytic treatment or of
surgery could improve the outcome from
catheter associated thrombosis.
We would recommend that high UACs

should be used initially for all infants who
require umbilical catheterisation, as they
remain functional for a longer period and
cause less lower limb ischaemia than low
UACs. Further research is needed to deter-
mine the best policy to be followed for the
infant who requires catheterisation for more
than a week, when high UACs may disturb
visceral blood flow and cause bowel injury. It
is possible that the use of less thrombogenic
materials in the manufacture of catheters may
reduce the incidence of thrombosis related

problems, but any trials of such materials
should study adequate numbers of high
catheters which stay in place for more than a
week, as this is the group where significant
problems occur.
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