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REVIEW

Radiological assessment of the position of
lines and tubes in children: a pictorial review
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ABSTRACT

This pictorial review addresses the correct positioning of medical devices used in pediatrics, such as
arterial and venous umbilical catheters, central venous catheters, pulmonary arterial catheters (Swan-
Ganz), nasogastric, orogastric, and nasoduodenal tubes, endotracheal tubes, tracheostomy tubes,
pleural drainage tubes, and cardiac pacemakers. It focuses on the importance of identifying the proper
placement of these devices to prevent complications and improve clinical care. The correct positions and
complications associated with malpositions are described, emphasizing the use of radiographs for the
evaluation and monitoring of these devices in pediatric patients.

Keywords: Medical Devices; Radiology; Catheter; Stents; Digital Radiography; X-rays; Multidetecto
Computed Tomography; Pediatrics (Source: MeSH)

Evaluacion radiologica de la posicion de
sondas y catéteres en pediatria: una revision
pictorica

RESUMEN

Esta revision pictérica tiene objetivo generar una guia visual mediante imagenes médicas para evaluar la
correcta posicion de dispositivos médicos utilizados en pediatria, como catéteres umbilicales arterial y
venoso, catéter venoso central, catéter pulmonar arterial (Swan-Ganz), sondas nasogéstricas, orogastricas
y nasoduodenales, tubos endotraqueales, tubos de traqueostomia, tubos de drenaje pleural y marcapasos
cardiacos. Se enfoca en la importancia de identificar la ubicacién adecuada de estos dispositivos para
prevenir complicaciones y mejorar la atencién clinica. Se describen las posiciones correctas y las
complicaciones asociadas con las malposiciones, con énfasis en el uso de radiografias para la evaluacion
y seguimiento de estos dispositivos en pacientes pediatricos.

Palabras clave: Dispositivos Médicos; Radiologia; Catéteres; Stents; Radiografia Digital; Rayos X;
Tomografia Computarizada Multidetector; Pediatria (Fuente: DeCS)

INTRODUCTION

The insertion and management of vascular lines and the placement of enteral and tracheal tubes
are invasive procedures that demand skill and precision. Improper placement of these devices
can result in clinically significant complications. Peripheral line catheterization is common
in hospitals, with approximately 70% of hospitalized patients using some intravenous device
(1). Specifically in pediatrics, a study in a Neonatal Intensive Care Unit (NICU) revealed that
up to 48% of patients had a peripherally inserted central venous catheter (2). It is relevant
to mention that these central venous catheters are often placed in urgent situations, and a
control radiograph is frequently not performed immediately after insertion. This may result in
malpositions undetected by clinicians (3,4,5). The literature on complications due to catheter
malposition in pediatrics is limited and focuses mainly on puncture site problems. Of the
complications related to peripherally inserted central venous catheters, approximately 40%
are due to infections (14.4%) and occlusions (13.4%) (6).
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It is important to correctly identify the position of these
devices to avoid complications. This pictorial review aims
to provide a visual guide to assess the correct positioning of
medical devices used in pediatrics. This guide is intended for
radiologists, residents, and attending physicians who require
this information.

UMBILICAL ARTERIAL CATHETER

This device is commonly used in Neonatal Intensive Care
Units (NICU) to monitor blood pressure and administer
medications and fluids. Its route is through the umbilical artery,
internal iliac artery, common iliac artery, and finally, the aorta.
On radiographs, an arterial umbilical catheter is considered
well positioned if its distal end is between vertebral levels D6
and D9 for a high position (7) or between L3 and L5 for a
low position (8) (Figure 1A). Clinically, the high position is
preferred because it is associated with fewer complications (9),
such as vascular compromise (10), including gluteoperoneal
necrosis associated with sciatic nerve palsy due to thrombosis
of the inferior gluteal artery (11). A malposition is identified
when the distal end is not located at these levels, which can
lead to complications such as the location of the distal end
in the aortic arch, brachiocephalic artery, subclavian artery,
celiac trunk, superior mesenteric artery, renal artery, or
contralateral common iliac artery (11,12).

UMBILICAL VENOUS CATHETER

This catheter is used in the NICU for medication and fluids
infusion, blood collection for analysis, and central venous
pressure monitoring (13). Its route follows the umbilical vein,
the umbilical recess, crosses the left portal vein, reaches the
ductus venosus, and ends in the inferior vena cava. According
to the radiograph, the catheter should be positioned correctly
when the distal end is located at the junction between the
inferior vena cava and the right atrium (inferior cavoatrial
junction) or in the lower portion of the right atrium (8)
(Figure 1B). Malpositions may include high locations in the
superior vena cava, internal jugular vein, pulmonary artery,
and the left atrium through a patent foramen ovale (14).
Sometimes, the catheter may form a loop in the umbilical
recess and return into the umbilical vein or follow the path
of a portal branch (Figure 1C). If the catheter remains in the
system, it may cause portal thrombosis with late symptoms
(13,14).

Since radiographs are the product of image superimposition,
frontal and lateral (or tangential) incidence can be requested
to better evaluate these catheters. The umbilical arterial
catheter travels caudally until it reaches the internal iliac
artery and ascends through the abdominal aorta. In contrast,
the umbilical venous catheter enters through the umbilical
region reaching the hepatic silhouette, without traveling
caudally, and finally locating itself in the topography of the
inferior vena cava (8,11).

CENTRAL VENOUS CATHETER

Central venous catheters, Port catheters, and peripherally
inserted central venous catheters (PICC) are used in
pediatrics. The proper positioning of a central venous
catheter depends on its entry route. If introduced through
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the upper extremities, its distal end should be placed in the
superior vena cava or superior cavoatrial junction (Figure
2A). If introduced through the lower extremities, it should be
in the inferior vena cava (15). An important point to consider
in radiographs is that the superior cavoatrial junction is at the
level of the tracheobronchial angle and the carina (16) (Figure
2B). Malpositions of the distal end may include locations in
the right atrium (Figure 2C) and in non-central veins such
as the brachiocephalic, subclavian, axillary, or saphenous
veins, which may cause endocardial lesions, pleural effusion,
pneumothorax, phlebitis, thrombosis and infections (8,11).

PULMONARY ARTERIAL CATHETER (SWAN-GANZ)

This catheter, which includes an inflatable balloon, is mainly
used for hemodynamic monitoring in critical situations. It
crosses the internal jugular vein, superior vena cava, right
atrium, and right ventricle and reaches the pulmonary artery.
According to radiography, the optimal distal end position is
in the right or left pulmonary artery and may extend to the
proximal portion of a lobar branch. A key aspect is that the
catheter tip should never go beyond the pulmonary hilum
(8,16) (Figure 2D); otherwise, it is considered malposition.
For prolonged periods, misplacement in a distal arterial
segment can cause pulmonary infarction, especially if
the balloon remains inflated. It is crucial to watch for new
radiopacities on control radiographs (8). Other complications
include damage to the tricuspid valve by intracardiac loops
(16), pulmonary artery pseudoaneurysm, and rupture.

NASOGASTRIC, OROGASTRIC, AND NASODUODENAL
TUBES

These are tubes used for drainage and administration
of medications or nutrition. The correct position of the
nasogastric and orogastric tubes evaluated by radiography
includes the tube going down the midline of the thorax with
the distal end located 10 cm below the gastroesophageal
junction (17). Note that the lateral holes of the probe should
be located below the diaphragm (8) (Figure 3A). Additionally,
nasoduodenal probes present a metallic tip that ideally should
be located distal to the pylorus projected on the topography
of the duodenum (Figure 3B). Among the complications of
malposition are intravascular penetration, perforation of
hollow viscera, atelectasis due to bronchial location, and,
more rarely, intracranial penetration in post-operative
patients with choanal atresia or maxillofacial trauma (17).

ENDOTRACHEAL TUBE

It is used in children with acute respiratory distress or in
Anesthesiology. The correct position to evaluate in X-rays is
characterized by the distal end in the midpoint between the
clavicular heads and the carina (8) (Figures 3C and 3D). It
must be considered that the endotracheal tube can move (+/-
2 cm) with the flexion and extension of the neck (18, 19).

TRACHEOSTOMY TUBE

They are commonly used for patients with prolonged
respiratory compromise. Unlike the endotracheal tube,
this one does not move with neck flexion or extension. In
radiographs, the correct position is determined by the flexible
part of the tube, which must be located in the air column of
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the trachea (8) (Figure 3E). For some authors, radiographic
evaluation after tracheostomy tube placement is unnecessary
since it does not offer additional information to what the
clinical evaluation provides, and this examination should
only be requested at the treating physician's discretion in case
of suspected complications (20). A recent study mentions
significant differences between the distance of the distal end
of the tube above the carina shown by radiography versus
direct tracheoscopy, the latter being more recommendable
since radiographic measurements tend to be overestimated
(21).

PLEURAL DRAINAGE TUBE

They are placed in the anterosuperior thorax region for
pneumothorax drainage and in the posterobasal region
for pleural effusion drainage. Like the feeding tubes, they
have lateral holes which, together with the distal end of the
tube, should be located medial to the pleural space on chest
radiographs; however, according to the literature, radiography
is a less reliable method of study compared to computed
tomography for the evaluation of thoracic drainage (8, 22)
(Figure 4A, 4B, 4C and 4D).

PACEMAKER

Two types of cardiac pacemakers are used in pediatrics:
temporary and permanent. Temporary pacemakers have
two removable epicardial leads with typical dermal knots
visible on radiographs. Permanent pacemakers have leads
that can be placed transvenously with endocardial fixation
or epicardially during open surgery. The distal lead is easily
assessed by chest radiography. It must be located in the right
atrium, right ventricle, or coronary sinus (Figure 4E) and has
a typical corkscrew appearance recognizable by radiography
(8, 14).

Conclusion

It is essential to highlight the importance of this paper,
as it underscores the critical role of the radiologist in the
interpretation of radiographs of patients with various medical
devices. These include a wide range of vascular catheters,
drainage, tracheal and enteral tubes, ventricular assist devices,
and implantable electronic devices of greater complexity
(Figure 5). This publication is of great value to clinical
and surgical specialists who need a practical and efficient
reference for imaging evaluation in urgent or emergency
medical situations. In addition, this guide is encouraged to
promote research on the incidence of complications due
to the malposition of these catheters and probes, which is
crucial for developing appropriate corrective strategies in the
institutional setting.
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Figure 1. A. Recumbent abdominal x-ray of a 3-month-old male patient with left diaphragmatic hernia.
An optimally positioned umbilical arterial catheter with a distal end at the level of D9 is
observed. B. Abdominal X-ray in a recumbent position of a premature newborn with necrotizing
enterocolitis and with an umbilical venous catheter correctly positioned at the level of the inferior
cavoatrial junction. C. Anteroposterior chest-abdomen x-ray: A female infant, 1-month-old, with
cardiomegaly and D10 vertebra with butterfly morphology, presents with a poorly positioned
umbilical venous catheter with a distal tip projecting into the right branch of the portal vein, and a
poorly positioned umbilical arterial catheter with a distal end at the level of D4-D5.

hte 01.01.2016 [08:17:46]

Figure2. A.Anteroposterior chestx-ray: 6-year-old girl with a history of acute lymphoblastic leukemia undergoing
chemotherapy with suspected neutropenic colitis. The Port catheter is correctly located at the level of
the superior vena cava (white arrow). B. Anteroposterior chest x-ray of a 10-month-old patient with
a grade II burn and a right central venous catheter correctly located at the upper cavoatrial junction.
C. Anteroposterior chest x-ray: 10-day-old male newborn with left pleural effusion and atelectasis
of the right upper lobe who presents with a poorly placed right central venous catheter with a distal
tip projecting into the right atrium. D. 5-year-old patient post-operation for aortic stenosis with the
presence of a Swan Gans catheter with a distal tip located at the level of the left branch of the pulmonary
artery.
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Figure 3. A. Anteroposterior chest x-ray of a 21-month-old patient hospitalized for pneumonia and wearing a
correctly positioned nasogastric tube with a distal end in the gastric chamber. B. Abdominal x-ray in
the supine position of a 20-month-old patient hospitalized for a burn and carrying a nasoduodenal
tube correctly located in the typical topography of the duodenum and its characteristic metallic-dense
distal tip. C. Anteroposterior chest x-ray of a 5-week-old patient with duodenal stenosis carrying a
correctly located endotracheal tube with a distal end between the clavicular heads and the carina. D.
Anteroposterior chest x-ray: 5-year-old boy with a diagnosis of Acute Lymphoblastic Leukemia and
carrying an endotracheal tube poorly located above the clavicular heads. E. Anteroposterior chest
x-ray of a 4-year-old patient with a history of burns with a tracheostomy tube correctly positioned at
the level of the tracheal air column.

Figure 4. 16-year-old adolescent with acute lymphoblastic leukemia with hydropneumothorax. A. An
anteroposterior chest radiograph shows a pleural drainage tube with a distal end in the upper third
of the left hemithorax; lateral holes of the tube are located medial to the pleural space. B. Computed
tomography of the chest in the axial reconstruction of the mediastinal window shows a pleural drainage
tube with a malpositioned distal tip projected into the left paravertebral region. C. Decubitus abdominal
radiograph of a 3-year-old patient with double outlet right ventricle and carrier of temporary pacemaker
with the classic appearance of epicardial pacing leads placed by open surgery (due to the presence of
sternotomy surgical clips) projected into the right atrium.
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Figure 5. Summary of the correct position of medical devices. A. Umbilical arterial catheter with a correct high
position at the D6 to D10 level and a correct low position at the L3 to L5 level (the red line shows the
path). B. The umbilical venous catheter is in an optimal position at the inferior cavoatrial junction
(the light blue line shows the path). C. Central venous catheter, Porth catheter, and peripherally
inserted central venous catheter (PICC) have a correct position at the level of the upper cavoatrial
junction (the yellow tracing shows the path of a Porth catheter). D. Swan-Ganz catheter has a distal
end in a normal position projected at the left or right pulmonary artery level or proximal to any lobar
artery (the pink tracing shows the catheter path projected at the level of the left pulmonary artery).
E. Pleural drainage tube with distal end and lateral holes inside the pleura (the orange tracing shows
the path). F. The endotracheal tube was correctly positioned with a distal end between the carina
and clavicular heads (purple tracing shows the contours of the tube). G. The orogastric tube must
be located in the gastric chamber (the blue line shows the probe's path). H. The nasoduodenal tube,
which has a metallic end, must be projected into the duodenum (the green line shows the probe's
path).
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