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Sonographic features of umbilical catheter-related complications
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Abstract

Umbilical catheters are commonly used in the neonatal period for blood sampling or for administering medication or parenteral
nutrition. The position of the catheter is usually confirmed with radiography. However, many complications associated with the
use of umbilical catheters, such as liver collections from extravasation or vascular thrombosis, are not apparent on radiographs
but can be easily diagnosed with ultrasound. This pictorial review illustrates the sonographic findings of complications that
should be excluded in the sick neonate with an indwelling catheter.
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Introduction

Umbilical catheters are commonly used in the neonatal period
to administer medication, parenteral nutrition, hypertonic solu-
tions, or blood transfusions, or to monitor blood pressure.
Despite their many valuable applications, the use of umbilical
catheters carries significant risks. If a baby with a central ve-
nous catheter deteriorates, the question of catheter-related com-
plication will be raised by the neonatologist, who is especially
looking for infection, thrombosis, extravasation or tamponade
[1]. In this pictorial review we demonstrate how ultrasound can
be used to investigate these neonates, and we illustrate the
ultrasound imaging features of these complications.

Umbilical catheter position

An umbilical venous catheter follows the umbilical vein and
traverses the central part of the left portal vein (Rex segment)
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into the ductus venosus to reach the inferior vena cava. The
ductus venosus ends in the middle or right hepatic vein, close
to the inferior vena cava (Fig. 1) [2]. Intracardiac placement of
an umbilical venous catheter should be avoided and can have
fatal complications such as cardiac arrhythmias, intracardiac
thrombosis, myocardial perforation, pericardial effusion or
tamponade [3, 4]. Umbilical venous catheter tips sited below
the vertebral body T10 and overlying the liver on a radiograph
carry a significantly higher risk of extravasation into the liver
parenchyma [5]. If venous access is difficult to obtain, it might
be necessary to use a low-lying umbilical venous catheter for a
short time, but the line should be replaced at the earliest op-
portunity [1]. Assessing the position of the catheter tip with
ultrasound is more accurate than estimating the umbilical ve-
nous catheter tip position by its relationship to external struc-
tures on a radiograph [2, 6-8].

An umbilical arterial catheter follows one of the umbilical
arteries to either the right or left iliac artery into the aorta (Fig.
1). The position of an umbilical arterial catheter tip is defined as
high if the tip is in the descending aorta above the level of the
diaphragm and below the left subclavian vein. An umbilical
arterial catheter is low positioned when the tip is above the
aortic bifurcation and below the renal arteries [9]. A recent
Cochrane review by Barrington [9] showed that high-
positioning of umbilical arterial catheter tips leads to fewer
complications and reduced need for replacement than low-
positioning [10]. Umbilical arterial catheter tips between the
high and low position are inappropriate because of the risk of
thrombosis to the kidneys or bowel. Infusion into the coeliac
axis could cause refractory hypoglycaemia and infusion into
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Fig. 1 Correct umbilical catheter position in a 3-day-old boy. a
Anteroposterior radiograph shows the umbilical venous catheter tip
(short arrow) correctly sited. An umbilical venous catheter follows the
umbilical vein and traverses the central part of the left portal vein (Rex
segment) into the ductus venosus to reach the inferior vena cava. The line
tip should ideally be sited at the cavo-atrial junction or upper inferior vena
cava but outside the heart, which usually corresponds the level of the
vertebral bodies T8-T9 or the level of the diaphragm. The umbilical
arterial catheter tip (long arrow) is positioned high, well above the level

the artery of Adamkiewicz, which supplies the spinal cord,
could cause paraplegia [11, 12]. Therefore, a catheter that is
seen in this intermediate position needs to be pulled to a low
position. A catheter below the bifurcation or the vertebral body
L5 needs to be removed for risk of gluteal skin necrosis [13].
Four-French (4F) umbilical catheters are used in newborns;
smaller sizes might be needed in premature neonates [14].

Complications related to central catheters are usually
caused by malposition of the catheter.

Thromboembolic complications

Indwelling intravascular catheters can cause thromboem-
bolic events by introducing a foreign surface with
thrombogenic properties and by damaging the vessel wall.
Neonates are at a high risk of thrombosis because they
have underdeveloped clotting mechanisms, small vessel
diameter and often underlying disease such as perinatal
asphyxia, hypovolaemia, septicaemia, polycythaemia or
congenital cardiac disease [15, 16]. Persistent bacteraemia
might be associated with vascular thrombosis at any site
within the body [16]. If a thromboembolic event is deter-
mined to be related to an intravascular catheter, this

of'the renal arteries and superior mesenteric arteries, which normally arise
from the aorta at the level of the vertebral bodies L1-L2. b Lateral
radiograph shows the umbilical venous catheter, which traverses the
abdomen from the umbilicus at the anterior abdominal wall to the level
of the diaphragm superiorly and posteriorly (short white arrow). The
umbilical arterial catheter courses from the anterior abdominal wall
inferiorly (black arrows) along the iliac arteries before it reaches a
posterior position overlying the aorta, with the tip (long white arrow)
correctly positioned above the level of the diaphragm

catheter should be removed immediately unless it is vital
for the survival of the infant or for administering thrombo-
lytic therapy [15].

Arterial thrombosis

Umbilical arterial catheters are sometimes related to thrombo-
embolic complications involving the aorta, iliac, renal and
mesenteric vessels in neonates (Figs. 2 and 3) [17, 18]. If the
renal arteries are involved, the child may present with system-
ic hypertension with or without renal failure [16]. Ergaz et al.
[19] and Boo et al. [20] reported that the risk of developing
aortic thrombosis increases with the length of time an umbil-
ical arterial catheter is in situ. Thrombus occluding a larger
vessel such as the aorta can be visualised well on grey-scale
ultrasound with high-frequency transducers (Figs. 2 and 3).
Most aortic thrombi resolve, but no correlation has been found
between size of thrombus and time to resolution [19, 20].
Small remnants of calcified thrombus can remain long-term
[20]. Partial occlusion causing stenosis of an artery leads to
reduced perfusion of the organ supplied, such as the kidney. A
parvus tardus waveform is demonstrated on spectral Doppler
(Fig. 3). Children with aortic thrombosis after umbilical artery
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Fig.2 Aortic, inferior vena cava, portal vein and renal vein thrombosis in
a 16 day-old girl born at 29-week-gestation. The baby had an umbilical
venous catheter and umbilical arterial catheter prior to this ultrasound. a
Longitudinal ultrasound image of the midline upper abdomen shows a
large echogenic aortic thrombus (arrows). Acute thrombus can appear
hypoechogenic and completely occlude the vessel, which usually
appears expanded. With time the clot becomes more echogenic and
might retract, and the vessel re-canalises. b Transverse ultrasound
image of the upper abdomen shows extension of the thrombus from the
aorta (long arrow) into the coeliac axis (short arrow). ¢ Longitudinal

catheterisation should be followed up long-term because they
can develop complications including renovascular hyperten-
sion or leg-length discrepancy [18].

Venous thrombosis

Catheter-related venous thrombosis can be asymptomatic or

lead to severe complications such as deep venous thrombosis,

RENAL H

ultrasound image of the upper abdomen demonstrates thrombus
extending from the umbilical vein (short white arrow) through the
ductus venosus (long white arrow) into the inferior vena cava (black
arrow). d Transverse ultrasound image of the abdomen at the level of
the renal vessel demonstrates thrombus in the right renal vein (calipers).
A small thrombus is seen in the inferior vena cava at this level (short
arrow). Note aorta with thrombus (long arrow). RK right kidney. e
Spectral Doppler ultrasound of the right renal artery shows a high-
resistance flow pattern with reversed end-diastolic flow in keeping with
renal vein thrombosis

superior vena cava syndrome, intracardiac thrombosis or pul-
monary embolism [16]. This can damage vital organs through
thrombus propagation, embolisation or infection. A thrombus
in a vein is shown on ultrasound as a filling defect with re-
duced flow surrounding it or as complete obstruction of the
vein. In the acute phase the vessel is usually expanded and
filled with echogenic material (Fig. 2). The vessel could re-
canalise or in the case of a large thrombus remain occluded,
and collateral vessels can be seen on ultrasound.

Fig. 3 Renal artery and aortic thrombosis in a 9-day-old premature girl. a
Longitudinal colour Doppler ultrasound image of the left kidney shows
abnormally increased renal echogenicity with only minimal vascularity
and a capsular collateral vessel (arrow). b Spectral Doppler ultrasound of
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a small hilar vessel shows a parvus tardus waveform and very low
velocities. ¢ Transverse ultrasound image of the abdomen shows aortic
thrombus (arrow) at the level of the renal arteries. RK right kidney
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Fig. 4 Parenteral nutrition extravasation in a 25-week-gestation
premature girl. a Abdominal radiograph at 11 days old shows the
umbilical venous catheter tip (arrow) in a low position overlying the
liver parenchyma. b Transverse ultrasound image of the upper abdomen
at 12 days old demonstrates an echogenic area within the left lobe of the
liver, part of a large intrahepatic collection (short arrows). An echogenic
collection in the right lobe of the liver surrounds the portal vein, which is
thrombosed (long arrow). Central collections within the liver are thought
to be related to direct trauma caused by the indwelling umbilical catheter.

Renal vein thrombosis and adrenal
haemorrhage

Umbilical catheters are a well-recognised risk factor for the
development of renal vein thrombosis [21-23]. Adrenal
haemorrhage is associated with renal vein thrombosis and
inferior vena cava thrombosis [24]. It is more commonly seen
on the left side because the left renal and adrenal veins are
connected, aiding extension of thrombus [23, 25]. Renal vein
thrombosis is thought to arise in the arcuate or interlobular
veins and propagate to the main renal vein and into the inferior
vena cava [21, 23]. In cases of an indwelling catheter, howev-
er, there might be continuation of an inferior vena cava throm-
bus into the renal vein [23, 26]. In the acute stage, a kidney
affected with renal vein thrombosis is enlarged and shows

¢ Longitudinal image through the right lobe of the liver demonstrates a
hypoechoic subcapsular collection (arrows). Subcapsular collections
could be related to preferential flow of the infusate into the periphery of
the liver parenchyma, where it causes local irritation. d Longitudinal
colour Doppler ultrasound image of the liver hilum shows absent portal
venous flow in keeping with thrombus (arrow). e Transverse colour
Doppler ultrasound image of the liver shows extensive echogenic
thrombus within the right (short arrow) and left (long arrow) main
branches of the portal vein

echogenic stripes related to intrarenal thrombosis. A thrombus
in the renal vein might be visible on high-resolution images
(Fig. 2). Over time the affected kidney can recover perfusion
or atrophy [23, 26].

Portal vein thrombosis

Portal vein thrombosis in neonates has been described as a
rare event but is becoming increasingly recognised with the
use of routine ultrasound [27]. In neonates portal vein throm-
bosis is commonly associated with indwelling umbilical ve-
nous catheters, with or without infection [27-30]. Other fac-
tors that increase the risk of portal vein thrombosis in neonates
include composition of the solution infused, low birth weight,
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Fig. 5 Hydrops, misplaced
umbilical venous catheter and
liver collection from
extravasation in a 1-day-old girl. a
Transverse ultrasound image of
the liver demonstrates a large
mixed-echogenicity collection
within the liver parenchyma
(calipers). b Longitudinal
ultrasound image shows the
umbilical venous catheter tip
(long arrow) within the liver
parenchyma, which has
perforated the umbilico-portal
confluence (Rex segment; short
arrow). The ductus venosus is
narrowed at its origin and not
always perfectly aligned with the
umbilical vein, which can lead to
malposition of an umbilical
venous catheter within the left
branch of the portal vein or liver
parenchyma. ¢ Longitudinal
ultrasound image shows the
position of the umbilical venous
catheter after it was pulled back.
The tip is now seen within the
umbilico-portal confluence (long
white arrow). It does not enter the
ductus venosus (short white
arrow). The traumatic tract (black
arrows) caused by the catheter
can still be seen in the liver
parenchyma

low flow state, hypercoagulability, hypoxia, sepsis, gestation-
al diabetes and congenital malformation. Most thrombi re-
solve spontaneously and therefore do not cause portal hyper-
tension. However, portal vein thrombosis is a major cause of
portal hypertension in childhood [27, 31, 32]. Prolonged
catheterisation and transfusion through the umbilical ve-
nous catheter increases the risk of portal vein thrombosis
[30]. The highest rate of portal vein thrombosis is seen with
catheter placement in the portal vein, with the main site of
thrombosis at the umbilico-portal confluence (Rex seg-
ment). If the umbilical venous catheter is placed outside
the portal vein, no particular catheter position is significant-
ly associated with increased risk of portal vein thrombosis
[30]. On ultrasound, a thrombus within the left portal vein
only might be seen; extensive thrombosis of the main and
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intrahepatic portions of the portal vein is seen in severe
cases (Fig. 4).

Hepatic extravasation

A correctly placed umbilical venous catheter traverses the um-
bilical vein past the left branch of the portal vein (umbilico-
portal confluence, or Rex segment) into the ductus venosus [2].
There is a higher risk of hepatic injury and abdominal extrav-
asation if an umbilical catheter is used in a low-lying position,
especially if it is used to infuse hypertonic solutions or vasoac-
tive drugs (Fig. 4) [5]. Another risk for extravasation is
prolonged use of the catheter. Sequin et al. [33] reported the
mean duration of umbilical venous catheter use in neonates was
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Fig.6 Hypoplastic aortic arch in a 6-day-old boy. a Coronal image from a
cardiac computed tomography (CT) scan (with injection of contrast agent
performed via an umbilical venous catheter) shows contrast agent pooling
within the liver parenchyma (arrow). b Transverse image from an
ultrasound performed the next day demonstrates the umbilical venous
catheter tip (arrow), low lying within the umbilical vein as it enters the
liver. The catheter tip did not perforate the vessel wall. During scanning

4.4 days, with longer use of up to 5.5 days in neonates with low
birth weight. In a series by Coley et al. [34] the mean umbilical
venous catheter use before extravasation was 8.9 days. Hepatic
injuries from extravasation have a high morbidity and mortality
[35-39]. These complications are usually found along the
course of the umbilical vein and ductus venosus, but subcap-
sular collections have also been reported [35]. It is thought that
collections found along the course the umbilical venous cath-
eter are related to direct trauma, whereas subcapsular collec-
tions could be related to preferential flow of the infusate into
the periphery of the liver parenchyma (Figs. 4, 5, 6, and 7)
[37]. Lim-Dunham et al. [35] described a change in the sono-
graphic appearances of the liver collections over time. Initially

infused liquid was seen to flow preferentially into the liver parenchyma
and not through the ductus venosus toward the inferior vena cava. ¢
During scanning, small bubbles are seen in the peripheral liver
parenchyma (arrows) close to the diaphragm, but no collection. This
explains the contrast pooling seen on the CT. The line was removed
and we no longer use umbilical catheters for contrast injection

they are well-defined with a hyperechoic rim and a hypoechoic
centre with cystic areas (Figs. 4 and 7) [35]. Levkoff and
Macpherson [36] thought this appearance might be caused
by separation of parenteral nutrition infusate into a layer of
fat peripherally and central, more liquid material. With pro-
gression, the collections become more echogenic, presumably
from initial absorption of the liquid components. With further
healing a calcified rim develops (Fig. 7). Complex ascites
might be seen after disruption of the liver capsule and spilling
of the collection into the peritoneum. Treatment is usually
supportive, with removal of the umbilical venous catheter,
but in case of large and complex liver collections drainage
should be considered [40].

Fig. 7 Parenteral nutrition extravasation in a 25-week-gestation
premature boy. a Transverse ultrasound image at 12 days old shows a
large collection within the liver parenchyma (arrows). b Transverse
colour Doppler image of the right lobe of the liver shows that the right

hepatic vein is compressed/occluded (arrow). ¢ Ultrasound follow-up at
4 weeks of age shows a large area of calcification (arrows) within the liver
at the site of the previous collection as a sign of resolution
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