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Paediatric interventional radiology is an evolving speciality which is able to offer numerous minimally invasive
treatments for gastrointestinal tract pathologies. Here we describe interventions performed by paediatric in-
terventional radiologists on the alimentary tract from the mouth to the rectum. The interventions include
sclerotherapy, stricture management by dilation, stenting and adjunctive therapies such as Mitomycin C ad-
ministration and enteral access for feeding, motility assessment and administration of enemas.

1. Introduction

Minimally invasive surgery is becoming the gold standard for the
treatment of many diseases in children. In parallel, the recent, fast
development of paediatric interventional radiology (IR) offers the op-
portunity of minimise treatment for children who would normally un-
dergo more extensive surgery. Paediatric IR procedures are performed
throughout the body on a range of pathologies. Interventions on the
gastrointestinal (GI) tract are often performed in children with complex
multi-pathology conditions. To optimize patient preparation and long-
itudinal patient care, before undertaking interventions, specialists from
relevant fields should to be consulted, either in joint clinics or in multi-
disciplinary meetings [1-3]. Additionally, the approach to patient care
in Paediatric IR should to be family-centred, as the family is integral to
the paediatric patient's well-being and recovery [1].

We describe interventions performed by paediatric IR on the ali-
mentary tract from the oropharynx to the rectum. The interventions
include sclerotherapy, stricture management by dilation, stenting and
adjunctive therapies such as Mitomycin C administration and enteral
access for feeding, motility assessment and administration of enemas.
Hepatobiliary interventions and endovascular treatment of gastro-in-
testinal haemorrhage are not discussed.

2. Salivary gland intervention

Drooling in neurologically impaired children is often due to im-
paired swallowing. This can be treated by ultrasound-guided (US-
guided) injection of Botulinum Toxin A (BTX-A) into both sub-
mandibular glands (and in some institutions into both parotid glands
also) usually under general anaesthesia. This is an off-label use. The
glands are identified with US, and then injected with a fine needle.
Dosage and frequency of injections are not established and a range of
doses are reported [4-8]. The amount of toxin injected depends on the
preparation. We use Dysport (Ipsen Biopharm, Wrexham, UK), and in-
ject 3 U/kg, up to a maximum of 150 U, into each submandibular gland.
Treatment has been reported effective in 68% of patients in a recent
large series [6]. Children with severe neurological dysfunction, as
measured by the Gross Motor Function Classification System score,
have been found to respond to BTX-A injections as effectively as those
with less severe neurological dysfunction. From this, it appears that the
degree of response to treatment is not associated with the severity of
neurological disability [7]. Treatment effect is most favourable between
1 and 6 months [4]. Children form antibodies to Botox more readily
than adults, and this can affect efficacy [9]. Patients who undergo re-
peated injections do not have improved outcomes beyond that of the
first procedure [6]. Repeat injection because of symptom recurrence
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Fig. 1. Oesophageal dilation and stent insertion in a five-year-old with a history of repaired oesophageal atresia, gastroesophageal reflux and previous Nissen
fundoplication. (a) Fluoroscopic image early in during inflation of a 14 mm X 60 mm balloon, showing a distal oesophageal stricture as a “waist” on the balloon
(arrow), which reduces (arrow) as the balloon inflates (b). (c,d) Fluoroscopic imaging following deployment of a self-expanding 18 mm X 80 mm oesophageal stent
(Niti-S™ Esophageal Stent, TaeWoong Medical Gyeonggi-do, South Korea) in the mid-distal oesophagus.
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results in symptom improvement; however, repeat injection because of
failure is associated with a poor prognosis, frequently resulting in
treatment failure [4]. In such cases, consideration can be given to in-
jection of Botulinum Toxin B. Adverse effects are rare. In a series of 144
procedures, three complications occurred (< 2%). [6]. The most sig-
nificant reported adverse effects are over-drying of salivary secretions,
dysphagia, requiring nasogastric feeding, and pneumonia.

3. Sclerotherapy in the mouth and oropharynx

Low flow vascular malformations are congenital vascular anoma-
lies. They often affect the head and neck region and can be effectively
treated by sclerotherapy. Venous malformations are a type of low flow
vascular malformation involving veins. Venous malformations affecting
the tongue, buccal and pharyngeal mucosa respond particularly well to
sclerotherapy. Surgery for such lesions is often difficult when there is
diffuse involvement of critical structures, and may be dangerous due to
the risk of severe haemorrhage [10]. For intra-oral venous malforma-
tions, our sclerotherapy agent of choice is now Bleomycin as it causes
minimal post-procedural swelling and risk of ulceration [11], when
compared to Sodium Tetradecyl Sulphate (STS) or Ethanol. However,
sclerotherapy agent choice remains an area of contention [12]. In a
retrospective review on the use of 3% STS foam injection sclerotherapy
to treat 12 children with venous malformations of the oral and phar-
yngeal region, the overall response rate was 83%. Complete resolution
was achieved in 4 cases (33%), with a significant reduction in size in a
further 6 cases (50%). There was an average of 3 treatments per patient,
with 4 patients requiring only one treatment. Only one patient suffered
minor bleeding following transcutaneous injection in this cohort [10].

To perform sclerotherapy, multiple needles are initially used to
access the lesion usually under US-guidance either trans-orally or per-
cutaneously. Under DSA, contrast injection is then performed through
each needle to confirm their intra-lesion positions, as well as to assess
the distribution of any subsequent sclerosant injection, venous outflow
and reflux into arteries supplying the area. Following this, the scler-
osant of choice is injected.

When performing sclerotherapy in the oropharynx, we routinely
administer Dexamethasone and prophylactic antibiotics, to reduce
swelling and minimise infection. The potential impact of post-proce-
dural swelling on breathing and feeding must be considered prior to
treatment. Sclerotherapy has also been shown to be effective for the
treatment of lymphatic malformations in the oral cavity [13,14].

In addition to treating low flow vascular malformations, scler-
otherapy can be successfully performed for plunging ranulas. Ranulas
are acquired, minor, benign salivary gland retention cysts that occur at
the floor of mouth. They elevate the mucosa, and often have a 'bluish'
tinge. Surgery has traditionally been the treatment for ranulas; how-
ever, sclerotherapy has been recently advocated as a less invasive and
extremely effective alternative. This has been performed successfully by
injection of various agents, including OK-432 and ethanol, under US-
guidance [15].

4. Management of oesophageal strictures
4.1. Oesophageal dilation

The most common paediatric IR procedure in the oesophagus is the
dilation of oesophageal strictures. Oesophageal strictures in children
may occur as a result of congenital anomalies, complications secondary
to either caustic injury, gastro-oesophageal reflux or surgical correction
of oesophageal atresia, or in patients with epidermolysis bullosa.
Following oesophageal atresia repairs, 18-30% of oesophageal ana-
stomoses develop strictures [16]. Those strictures usually respond well
to multiple dilations, however in case of failure of multiple dilations
alternative treatment such as steroids injections, mitomycin applica-
tions or stents leads to poor outcome [17]. In children with
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epidermolysis bullosa, a heterogeneous group of inherited congenital
disorders characterised by blistering and scarring of skin and mucosa
after minor trauma, GI involvement can represent a serious, difficult to
manage, complication. Mouth blistering, fusion of the tongue to the
floor of the mouth, oesophageal webs, strictures, and scarring can all
occur, and they can cause severe dysphagia [18]. Oesophageal stric-
tures occur most often (74%) in the upper third of the oesophagus [18].
Caustic injury to the oesophagus, which occurs when a strong alkali is
ingested, is an injury to the mucosal surface that occurs within seconds
and can result in severe and extensive stricture formation which can
become evident only following weeks after the initial injury [19].

Oesophageal dilations are performed under general anaesthesia
with endotracheal intubation. The oesophagus is initially visualised via
fluoroscopy, with a water-soluble contrast medium injected through a
curved-tip angiographic catheter. A flexible guidewire is then used to
cross the oesophageal stricture, and an angioplasty balloon catheter is
inserted into the oesophagus over the guidewire and placed across the
stricture. Balloon inflation is performed under fluoroscopy to confirm
successful abolishment of the “waist” (Fig. 1). Balloon size selection
takes into account the size of the patient, size of the ‘normal’ non-
strictured oesophagus and degree of stricture. Following balloon infla-
tion, a repeat contrast injection into the oesophagus is performed to
check whether perforation has occurred. Balloon dilation allows for the
application of uniform axial forces for radial stricture dilation. This
avoids the abrupt shearing forces that are inevitable with endoscopic
bougienage [20], thereby decreasing the risk of oesophageal perfora-
tion. Following recovery from anaesthesia, there is gradual introduction
of oral intake. Numerous dilations are often required to achieve a
lasting benefit. There remains a role for combined endoscopic and IR
dilations when further diagnostic investigations such as oesophageal
biopsies are required. A systematic review of balloon dilation of ana-
stomotic strictures secondary to surgical repair of oesophageal atresia
including five studies and 139 children found that approximately three
dilations were required per child [16]. In another single centre study,
103 consecutive patients underwent 378 oesophageal dilations, with
clinical success in 90% of patients. 43% of successful cases were
achieved with just one dilation [21]. The most important adverse event
is oesophageal perforation. This occurs following oesophageal dilation
of anastomotic strictures in 1.0-1.8% of cases [16,21].

4.2. Dilation in achalasia

Balloon dilation of the lower oesophageal sphincter can also be used
safely and effectively to manage children with achalasia. However,
since balloon dilation achieves short-term symptomatic improvement,
there is a high requirement for subsequent interventions compared to
Heller’s myotomy. In a study of 48 children, 85% of balloon dilation
cases vs 46.4% of Heller’s myotomy required subsequent interventions
[22]. A history of previous balloon dilation has been suggested to ne-
gatively affect the success of a future Heller’s myotomy. Some authors
thus recommend that balloon dilation be used as a second-line inter-
vention in symptomatic patients following Heller’s myotomy, to further
widen the already divided oesophageal musculature, as well as to dis-
tract any fibrotic tissue or adhesions which may have formed post-
surgery [22]. Balloon dilation can also be useful in cases where gastric
fundoplication wraps which are symptomatic due to being too tight.

4.3. Mitomycin-C application

When oesophageal strictures are recalcitrant to repeated dilation,
consideration can be given to application of mitomycin-C or stent pla-
cement. Mitomycin-C is an alkylating agent that inhibits DNA and
protein synthesis. It inhibits fibroblast proliferation and collagen
synthesis and is thought to prevent stricture recurrence by interfering
with normal wound healing processes [23]. The evidence for Mito-
mycin-C is mixed; there are a number of studies which report its use at
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0.1-1 mg/ml as an adjunct to dilation of benign oesophageal strictures.
This resulted in improved outcomes in terms of resolution of symptoms
and reduced number of dilations, without an increase in morbidity
[24]. In contrast, there is at least one study which found no benefit in
the resolution of the stricture when adding mitomycin-C treatment,
compared with repeated oesophageal dilations alone [25]. Moreover, it
has been recently shown that only 6 of 11 patients (55%) achieved a
resolution of their strictures following a median number of 3 + 2.5
dilations with Mitomycin C application per patient (range, 1-9). Five
patients (45%) did not respond to Mitomycin C therapy, of which two
needed esophageal redo-surgery [17]. Care must be taken to deliver
mitomycin C to only the stricture mucosa, because mitomycin C in-
terferes with collagen synthesis and may have local and/or systemic
toxicities associated with inadvertent application to normal mucosa
[23,26]. There are a number of mechanisms described for delivery
whilst minimising non-target tissue contact. A large bore (12F-16F)
vascular sheath placed into the oesophagus via existing gastrostomy
with mitomycin-C-soaked pledgets delivered through the sheath [26]
can be used. More recently a technique using a microporous poly-
tetrafluoroethylene (PTFE) balloon (Clear-Way; Atrium Medical Cor-
poration, Hudson, NH) has been described [23]. However, this device is
no longer available.

4.4. Oesophageal stenting

Oesophageal stents are regularly used in adults for the palliative
treatment of malignant dysphagia. Self-expanding metal stents, self-
expanding plastic stents, and biodegradable stents are available (Fig. 1).
Their use in children is not well-established, and an ideal stenting
strategy has yet to be determined. In a systematic review of balloon
dilation of anastomotic strictures secondary to the surgical repair of
oesophageal atresia, two of the 139 patients received a stent [16]. In
another large series of 103 patients receiving balloon dilation, stents
were inserted in three patients [21]. Use of covered oesophageal stents
as also been reported for the successful management of caustic stric-
tures [27] and iatrogenic oesophageal perforation [28]. Stent place-
ment in strictures unresponsive to serial dilation have been successful.
Reported rates of stricture resolution following stenting ranges from 26
to 86% [29]. Oesophageal stents apply continuous radial pressure over
a sustained period, thereby conferring luminal patency. This allows oral
feeding, as well as simultaneously stretching of the stricture. The con-
sequent remodelling of scar tissue also reduces risk of recurrent stric-
ture formation [29]. Oesophageal stents should be placed only after
discussion with a multidisciplinary team. Ideally the stent should ex-
tend beyond the stricture by 1-2 cm at both ends, should not cross the
gastro-oesophageal junction, and should not be too close to the upper
oesophageal sphincter [30]. However, this is not always possible in a
paediatric population. The ideal duration of stenting is not established,
although 4-6 weeks is a typical time-scale [29,30]. Although stent
migration may be the most frequent complication, occurring in 5-29%
of children [30], perforation haemorrhage and airway compression are
also possible complications [29]. Patients may also not tolerate stents
due to vomiting or discomfort which may necessitate early removal of
the stent. In the future this problem may be addressed by development
of 3D printed polymer stents which will have the ability to adapt to
patients variability, and at the same time serve as a drug delivery sys-
tems [31].

5. Bowel dilation

In addition to oesophageal dilation, over-the-wire image-guided
balloon dilation can be used for strictures elsewhere in the gastro-in-
testinal tract. In patients who have had a gastric pull-up, the pylorus
may cause a functional obstruction. In such cases, dilation of the py-
lorus can help. Balloon dilation has also been used successfully in cases
of caustic injury of the pylorus (Fig. 2) [32]. Successful dilation of the
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pylorus has also been used to avoid re-operation following post-surgical
failure of pyloromyotomy secondary to recurrent pyloric stenosis [33].
Balloon dilation of congenital duodenal stenosis during the neonatal
period, other small bowel strictures and colonic and rectal strictures
secondary to necrotising enterocolitis, or previous surgery have all been
reported to be safely performed [34,35]. In one series, 10 of 11 children
younger than 2 years of age who underwent balloon dilation of small
and large intestinal stenosis avoided surgery [35]. Balloon dilation is
advantageous because, unlike stricture resection, it preserves bowel
length [35]. Small and large bowel dilation is best performed over a
stiff wire; this preserves access across the stricture and provides the
necessary support to pass a balloon along what is often a tortuous ap-
proach.

6. Enteral access for nutrition

Enteral access procedures range from simple nasojejunal tube pla-
cements for temporary nutritional support, to gastrostomy formation
and gastrojejunal (GJ) tube placements for long term nutritional sup-
port. Naso-jejunal tube placement will not discussed further here. The
main indications for placement of a gastrostomy tube or a gastro-jejunal
tube in a child are: gastric feeding, small bowel feeding, decompression
of the GI tract, and diversion of intestinal contents to aid healing of
intestinal fistulas [36,37].

6.1. Gastrostomy insertion and removal

A gastrostomy tube traverses the abdominal wall to reach the sto-
mach. Traditionally gastrostomy tubes have been sited laparoscopically
or endoscopically but placement by IR is increasing. Reported technical
success rates for image-guided percutaneous gastrostomy range from
94.7 to 100% [36]. Superiority of radiologic gastrostomy over surgical
and endoscopic approaches is established in adults. A large study of
5752 patients and meta-analysis of 5680 additional cases found radi-
ologic gastrostomy insertion to be associated with a higher success rate
than the endoscopic approach. There is also less morbidity than either
the endoscopic or the surgical approach in adults [38]. In children,
although retrospective studies have suggested that complications are
more frequent following radiologically placed gastrostomy [39], a
double-blind randomized clinical trial of percutaneous endoscopic
gastrostomy versus radiologically inserted gastrostomy in 214 children
found no significant difference in the number or severity of complica-
tions between percutaneous endoscopic and radiologically placed gas-
trostomies [40]. One of the advantages of insertion by IR is that the
imaging allows the stomach to be accessed at an angle and position
more favourable for subsequent conversion to GJ tube than the other
methods. Additionally, the technique can be applied in children where
there is no anatomical connection between the oral cavity and the
stomach. There are two approaches to radiological placement of gas-
trostomies in children: the retrograde (push) and the antegrade (pull)
approach (Fig. 3).

6.1.1. Small children

Some endoscopists and surgeons consider the lower limit of body
weight for gastrostomy insertion to be 10kg [41]. However, gastros-
tomies can be inserted safely into smaller children. The endoscopic
antegrade technique has recently been reported to be safe and feasible
in infants < 5kg recently [42,43]. Similar use of image-guided gastro-
stomy in low weight children has been investigated by Aziz et al. in a
small cohort of 14 neonates with oesophageal atresia. The mean patient
weight was 2.5kg. The image-guided retrograde gastrostomy place-
ment was found to be safe with no major complications encountered
[44]. In our experience, antegrade gastrostomy insertion in infants less
than 5kg is technically feasible and safe, with comparable technical
success and complication rates to radiological or endoscopic gastro-
stomy insertion in larger children [45].
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Fig. 2. Pyloric dilation in a two-year-old child who had suffered caustic injury to the pylorus. (a) Delayed image from an upper gastrointestinal series showing a
dilated stomach with retained contrast consistent with gastric outlet obstruction. (b) Flouroscopic image showing balloon dilation of the pylorus. (c) Concurrent
endoscopy shows balloon inflated across the pylorus, with pale scar tissue is seen at the pylorus (arrow).

6.1.2. Technique

Patients should receive prophylactic antibiotics prior to the proce-
dure. To reduce the risk of trans-colonic passage of the needle and
subsequently the gastrostomy, the transverse colon can be opacified,
either by oral barium taken the evening prior to the procedure, or by
performing a contrast enema at the time of gastrostomy insertion.
However, radiological gastrostomy tube insertion without barium has
recently been shown to significantly reduce patient radiation dose [46].
The stomach is inflated through a nasogastric tube. To identify the
stomach, it can be helpful to observe the initial inflating of the stomach
under US and fluoroscopy guidance. If escape of air in the duodenum is
seen, intravenous glucagon (0.1-1 mg) can be administered to constrict
the pylorus and prevent further loss of air [36]. If glucagon is given,
blood glucose level should be monitored after tube insertion. An in-
sertion site is chosen at least two finger breadths below costal margin.
US is used to choose the optimal access site to the stomach. A tube
position too close to ribs can lead to pain, tube kinking and tube mal-
function in the future. A transmuscular approach through the rectus
abdominis should be avoided as it increases discomfort and carries risk
of injury of the superior epigastric artery. If there is uncertainty re-
garding the anatomy, a 27 G needle with a contrast syringe can be
advanced into the stomach, and then slowly retracted during contrast
injection to evaluate the planned puncture tract. For a retrograde ap-
proach a gastropexy should be performed. There are different systems
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available for gastropexy. An elegant option is to preload a 18 G one-part
access needle with a pediatric retention suture. This needle is advanced,
and the stomach is accessed pointing towards the pylorus and in-
tragastric position of the needle confirmed with a small amount of
contrast. A 0.035-inch guidewire is inserted through the needle de-
ploying the retention suture at the same time. The wire should be ob-
served carefully under fluoroscopy to prevent coiling of the wire in the
intraperitoneal cavity between the stomach and the skin. The access is
then dilated, and a gastrostomy tube is subsequently inserted and se-
cured in place. Gentle tension on the retention suture during this whole
process keeps the stomach close to the skin and prevents air leaking into
the peritoneal cavity. The retention suture is secured in place on the
skin and dressing applied. The gastrostomy and the nasogastric tube are
open to drainage and venting at the end of the procedure.

For the antegrade technique a gooseneck or trefoil snare is inserted
through the mouth and into the stomach (Fig. 3). The needle puncture
site for accessing the stomach percutaneously is chosen in the same way
as described above. A guide wire is then inserted through the needle
and captured with the snare and pulled up through the mouth. The
snare is passed over the wire in a retrograde fashion, a pull type gas-
trostomy tube is attached to the snare, and this tube is pulled into the
stomach through the abdominal wall until it is met with resistance. At
that point, the retention disc is up against the gastric wall. A friction
lock is slid over the tube close to the skin to help pexy the stomach to
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Fig. 3. Antegrade gastrostomy insertion in a ten-year-old boy prior to radio-
therapy for an medulloblastoma. Series of frontal (a, c, ) and lateral (b, d, f)
projection intra-procedural fluoroscopic images. (a,b) A trefoil snare has been
inserted into the stomach (arrow) and the colon is well opacified by barium
(curved arrow). (c) The stomach has been inflated with air using the in-situ
nasogastric tube and a puncture site has been selected (d) Lateral projection
showing needle puncture into the stomach (arrow) and into the snare. (e)
‘Through and through’ wire access has been obtained by snaring a wire. After
pulling a 9 French gastrostomy (Freka-PEG-Gastric-Set-ENFit, Fresenius Kabi,
Bad Homburg vor der Hohe, Germany) antegrade, a final lateral projection
image (f) shows the gastrostomy flange holding the decompressed stomach
against the anterior abdominal wall (arrow).

the anterior abdominal wall.

The combination of US and fluoroscopy is the most frequently used
imaging modality used to guide gastrostomy insertion. Use of reduced-
dose C-arm CT to assist gastrostomy placement has also been reported
in cases with challenging anatomy is challenging (for example super-
imposition of the transverse colon or situs inversus) [47]. A purely US-
guided gastrostomy insertion technique has been reported in twelve
patients with one complication [48]. Reported advantages include
better visualization of other upper abdominal organs and radiation
avoidance [48]. To aid visualisation by US, this technique involves
gastric distension with warmed saline rather than air, which may in-
crease aspiration risk [48].

6.1.3. Antegrade vs retrograde gastrostomy

An advantage of the retrograde approach is that it can be performed
under local anaesthesia or light sedation. It can also be used to place a
gastrostomy when access to the stomach is not possible via the oeso-
phagus (such as in patients with long gap oesophageal atresia), in which
case a small needle is used to puncture the stomach under US-guidance
and the needle is used to inflate the stomach allowing for subsequent
puncture with a larger gauge needle, placement of the gastropexy su-
tures and the gastrostomy tube. Another advantage is that with the
retrograde approach, the gastrostomy tract is not exposed to oral flora
[36]. The advantage of the antegrade approach is the that the disc re-
tained devices are inherently more secure than the retrograde placed
pigtail or balloon retained devices, and gastropexy sutures are not
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required.

6.1.4. Complications

Major complications of IR gastrostomy placement are reported to be
between 0 and 5% [36]. Peritonitis following percutaneous gastrostomy
in children has been reported to occur in up to 3% of cases [36,49]. This
can usually be managed medically with a good outcome. However,
patients who develop peritonitis generally have a delay in starting feeds
and have a hospital stay that is an average of 5 days longer than those
without [49]. Other infective complications include subcutaneous ab-
scess (2%) and septicaemia (1%) [36]. Bowel transgression and extra-
luminal tube placement are each reported to occur in 0.2% of cases
[36]. GI bleeding and death are extremely rare [36,50]. If there is any
discomfort of the child after tube insertion and signs of a peritonitis, the
tube should be checked under fluoroscopy. A “buried bumper” is a rare
complication of antegrade disc-retained gastrostomy. The internal disc
becomes buried into the wall of the stomach which occurs in 1% of
gastrostomies [51]. In one study, removal of gastrostomies with buried
bumpers was attempted by IR in nine children. This was successful in
only one case, demonstrating that endoscopy or laparoscopic surgery
may be required [51].

6.2. Gastrostomy removal and exchange

In addition to insertion of gastrostomy tubes, IR can provide on-
going care for gastrostomy tubes by performing tube exchanges and
gastrostomy removal. Removal of disc retained gastrostomy tubes is
performed using a non-endoscopic fluoroscopically guided technique,
either by pushing over a wire with a long dilator, or by pulling over a
wire with an angioplasty balloon [52]. Some disc retained devices can
be pulled antegrade through the tract in the abdominal wall. Balloon-
retained devices are generally easy to replace, but caution should be
exercised. If any difficulty is encountered, contrast injection to check
device position is suggested, as misplaced tubes can result in peritoneal
spill of feed with fatal consequences [53].

6.3. Gastrojejunal tube insertion and maintenance

When children cannot tolerate gastric feeds, such as those with se-
vere gastro-oesophageal reflux or foregut dysmotility, there is a need to
deliver feed to the small bowel. This can be performed either by a
surgically created jejunostomy, or more commonly, using a GJ tube.
There are multiple gastro-jejunal devices available, such as combina-
tion tubes with gastric and jejunal access ports which allow venting of
the stomach, drug delivery to the stomach and feed delivery to the
small bowel. There are also jejunal tubes designed to pass through
existing gastrostomy tubes to provide access to the stomach and small
bowel. Lastly, there are tubes which provide only access to the small
bowel for feed and medication delivery [54]. The choice of device will
depend on the requirements of the child, parents, requesting clinician
and institutional preference.

Gastro-jejunal tubes can be placed de novo by IR, in much the same
way as a gastrostomy insertion. An existing gastrostomy can also be
converted to gastro-jejunal access. De novo antegrade low-profile GJ
tube placement has been recently reported in a series of 34 children
from 2 months — 11.8 years to be technically feasible and safe [55]. The
exact steps required to place a gastro-jejunal tube depend on the type of
device; in general, a wire and catheter are usually passed through a
gastrostomy tract and manipulated through the pylorus and duodenum
to just beyond the duodenal-jejunal flexure. The catheter is then re-
moved and the device is advanced over the wire. Any wire and catheter
combination can be used. We routinely use a combination of an 0.035-
inch angled tip hydrophilic wire (Roadrunner® UniGlide® Hydrophilic
Wire, Cook Medical LLC, Bloomington, IN) with a 5-French 45cm
biliary manipulation catheter (BMC). Sometimes an 0.035-inch floppy
tipped coiled stainless-steel stiff guidewire (Amplatz Extra-Stiff Wire
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Guide, Cook Medical LLC, Bloomington, IN) will help provide a more
stable wire for tube exchange over a wire. When performing the pro-
cedure de novo, passing a wire and catheter through the pylorus may be
difficult if the patient is under general anaesthesia, or if an agent to
inhibit gastric emptying has been administered to facilitate initial
gastric puncture. In addition to the initial placement of GJ tubes, tube
replacement is a frequent necessity.

Complications encountered with GJ tubes include breakage, jejunal
limb dislodgement and device migration. Intestinal perforation and
intussusception have also been reported in relation to GJ tubes [56].
Mechanical complications of jejunal tubes, such as tube blockage and
tube migration, are regular occurrences [54]. Tube migration can result
in the tip flipping into the stomach - this can present with vomiting,
aspiration or feeding intolerance. Changing the tube is often required to
resolve these problems; in fact, regular changes of the jejunal tube can
help prevent these complications [54]. In many centres, the most
common method for tube change is fluoroscopy-guided change over a
guidewire by a radiologist. This usually needs no sedation. The main
limitation is the ionizing radiation burden on the paediatric patient. As
a result, one must optimise imaging while minimising this radiation
burden. Good technique to minimise radiation exposure would include
appropriate collimation and exposure parameter optimisation [36].
Other methods have further limitations, for instance, using a guidewire
without imaging is often unsuccessful. Gastroduodenoscopic placement
requires special equipment and requires sedation or anaesthesia [54].
Studies report replacement of GJ tubes replacement due to complica-
tions can occur as frequently as 1.7-3.6 times per year [56-58].

The occurrence of mechanical complications in tubes (blockage or
tube coiling) has been associated with increased radiation exposure
during exchange [59]. This strengthens the role of routine changes to
prevent mechanical complications. Tube length has also been asso-
ciated with increased mechanical complications [59].

Changing a tube may be extremely straightforward if a routine
procedure by exchange of the device over a guidewire. Blocked or
migrated tubes may be more challenging to replace. The preferred tip
position may have been lost or may be impossible to obtain by ad-
vancing a guidewire through the existing device. As a result, the
guidewire may need to be manipulated through the pylorus. Positioning
the patient in a right-side-down lateral position may help facilitate
gastric emptying and passage of guidewire into the duodenum.
Providing patients and carers with a patient-specific plan to manage
tube dysfunction has been shown to decrease the need for “out of
hours” emergency procedures [60].

7. Enteral access for motility assessment

Children with suspected intestinal dysmotility chronic intestinal
pseudo-obstruction undergo numerous investigations including antro-
duodenal manometry (ADM) and colonic manometry (CM). These
manometry assessments are performed using specially designed cathe-
ters which are often placed by IR as alternative to endoscopic place-
ment.

ADM is used in the diagnosis and classification of pseudo-obstruc-
tion, as well as the evaluation of patients with severe nausea and re-
tching, inability to tolerate enteral feedings. It can also be used to
distinguish between rumination and vomiting, and to determine gastric
and small bowel responsiveness to medications [61]. ADM requires the
placement of a special manometry catheter beyond the ligament of
Treitz using either transnasal or through gastrostomy or jejunostomy
stomas. There should be at least one recording port in the gastric an-
trum and three in small bowel for a successful study [61]. Placement of
the ADM catheter by IR requires manipulation of a wire and catheter to
the proximal jejunum, followed by the advancement of the ADM ca-
theter over the wire. Navigation can be difficult due to a capacious
stomach, or a dilated and tortuous duodenum (Fig. 4). The use of a long
large (7-10-French) sheath passed trans-nasally to the gastric antrum
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can help prevent redundant loops forming in the stomach during ca-
theter and wire advancement through the small bowel (Fig. 4). In a
patient with a GJ feeding tube in place, the tube can simply be ex-
changed over wire for the ADM catheter. When placing an ADM ca-
theter through a gastrostomy stoma, a small Foley catheter can be
placed in the gastrostomy stoma alongside the ADM catheter. This al-
lows for gastric venting, gastric drainage, medication administration
and feed administration [61].

The CM catheter is used to assess colonic function in children. It
helps to differentiate between functional constipation and intrinsic
colonic dysmotility, helps plan surgical interventions such as placement
of an appendicostomy or a cecostomy for the administration on of
antegrade colonic enemas (ACE), or creation of a diverting ileostomy
[62,63]. It has been shown to be helpful in predicting the outcome after
caecostomy [64]. CM catheters are often placed under general anaes-
thesia during colonoscopy [62]. CM catheters can also be placed in IR
using a retrograde approach through the anus or a antegrade approach
through a caecostomy. As in the foregut, passage of the wire and ca-
theter through dilated and tortuous colon can be difficult. Placement by
IR avoids colonoscopy. There is no significant difference between co-
lonoscopic and IR placement in the rate of successful placement of the
CM catheter tip beyond the hepatic flexure [63]. In some circum-
stances, placement by IR may be safer than colonoscopic placement. For
instance, colons that have been diverted are often inflamed. When co-
lonoscopies are performed on such colons, there is a higher risk of
bleeding and perforation [63]. Additionally, in children with a stoma,
the ostomy may not accommodate the colonoscope, thus making IR
placement favourable [63]. The disadvantage of IR placement is the
lack of visual mucosal assessment.

8. Caecostomy formation

Faecal incontinence is an incapacitating condition, with significant
psychosocial implications, for children and their families. The causes
are numerous and include chronic constipation, spina bifida, im-
perforate anus, Klippel-Feil deformity, cerebral palsy, Hirschsprung
disease and the sequela of previous surgery and trauma [65]. Histori-
cally, the most commonly used treatment strategy was the use of large
volume enemas in an attempt to empty the colon but this is challenging
and results in poor compliance. Antegrade colonic irrigation through a
caecostomy tube is now considered the mainstay of management for
this cohort of children.

Formation of a caecostomy involves bringing the caecum, the most
proximal part of the large bowel, up to the abdominal wall and creating
a stoma, or opening, so that the caecum can be irrigated, drained or
decompressed. In the paediatric setting, the most common indication
for creating a caecostomy is for the management of chronic constipa-
tion in which colonic lavage is necessary for children with overflow
faecal incontinence. Once the stoma is created an appropriate agent can
be injected through the caecostomy to encourage passage of faeces per
rectum. In addition, a caecostomy can also be used to allow irrigation of
the colon in an unprepared, obstructed colon prior to resection of an
obstructing lesion, or to allow decompression of an obstructed colon, or
for temporary protection of a downstream colonic or rectal anasto-
mosis.

Traditionally the caecostomy has been created through an invasive
surgical procedure but percutaneous caecostomy formation can now be
performed by the Interventional Radiologist as a minimally invasive
alternative.

In most circumstances, the paediatric patient would already have
had contrast imaging of their colon, but if this has not been obtained
and if the history or imaging performed before the procedure indicates
variant or complex anatomy, a barium enema should be performed as
part of the work up to delineate the position of the caecum [65].

Children undertake a pre-operative regimen of bowel preparation in
an effort to evacuate the caecal contents. This typically consists of pre-
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Fig. 4. (a) Intra-procedural image during ADM
catheter insertion showing guide wire buckling
in the stomach (arrow) as an attempt to ad-
vance the leading curve of the wire in the ca-
pacious duodenum. (b) A similar image from a
procedure in another patient showing use of a
7 French sheath to prevent the wire buckling in
very capacious stomach (arrow). The ADM
catheter position with the tip at the duodeno-
jejunal flexure shown in (c).

admission for oral laxatives and a liquid diet for 48 h prior to the
procedure. Immediately prior to the procedure, an abdominal radio-
graph can be performed to ensure adequate preparation of the large
bowel and, if unsatisfactory, further oral laxatives can be given.

The procedure itself can be performed with local anaesthesia, con-
scious sedation or, more commonly in this age group, with general
anaesthesia depending on what the individual child can tolerate. An
intravenous dose of glucagon is administered to reduce bowel peri-
stalsis, together with an intravenous dose of broad-spectrum antibiotics.
Various regimens have been described. Some centres use a single dose
of IV Cefoxitin (30 mg/kg) or triple antibiotics if the insertion is com-
plicated has been suggested [66]. Other centres, in view of likely in-
evitable faecal contamination, continue antibiotics for 48 h [67].

The procedure is performed on a C-arm fluoroscopic table. Single-
plane fluoroscopy is usually adequate to visualise the relevant anatomy,
but in cases of difficult percutaneous access, such as redundant bowel
loops of overlapping bowel or poor bowel preparation, C-arm computed
tomography can be used to acquire real-time 3D images. For the latter,
there are dose-reduction techniques which can be employed to limit the
radiation dose to the patient whilst preserving image quality [47]. A
focused US is performed to delineate the abdominal viscera and mark
structures to be avoided such as the liver, gallbladder and urinary
bladder.

A large bore Foley catheter is placed per rectum, the balloon is then
inflated and the colon is insufflated with air under fluoroscopic gui-
dance. After administering local anaesthetic to the skin and abdominal
wall, while using a combination of US and fluoroscopic guidance, the
air-filled caecum is punctured using an 18 G trocar needle pre-loaded
with retention sutures. Injection of radio opaque contrast can be used to
confirm correct endoluminal position. Each retention suture can then
be deployed from the needle using an 0.035-inch guidewire to push the
sutures out through the access needle. The needle can then be removed
leaving the two retention sutures, anchored with an artery forceps, and
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the 0.035-inch guidewire in place. The tract is then dilated over the
guidewire, with the confidence that the retention sutures are anchoring
the caecum to the anterior abdominal wall, and an appropriately sized
(e.g. 8.5 French) pigtail drain can be placed over the guidewire and the
guidewire removed [67].

The retention sutures can be tied over a dental roll and cut at ap-
proximately day 14, by which time the tract has matured to some de-
gree. The pigtail drain can also be secured externally with a non-ab-
sorbable suture to prevent accidental dislodgement. The drain can be
attached to a drainage bag to allow the caecum to decompress and
minimise the risk of faecal contents leaking around the caeceostomy
tube. Post-operative analgesia is administered as required.

After approximately six to eight weeks, further maturation of the
stoma tract would have occurred, and the pigtail drain can be ex-
changed for a Chait button (Chait Percutaneous Cecostomy Catheter,
Cook Medical LLC, Bloomington, IN) over a guidewire [67]. A Chait
button consists of an external access device and an internal coiled tube
which sits in the lumen of the caecum. The external access device,
which can be hidden discretely under the child’s clothing, can be easily
accessed to attach an extension tube connected to an irrigation bag.
After appropriate education, the patient and their family can perform
colonic irrigation at home, by administering an enema through the
Chait button.

Potential long-term complications include granulation tissue
forming around the stoma and accidental dislodgement of the cae-
costomy tube. In cases of lost access, image guided re-establishment of
access can be effectively performed without general anaesthesia, which
can obviate the need for surgical re-establishment of the stoma tract
[68].

Percutaneous placement of a caecostomy tube under image gui-
dance by an Interventional Radiologist can be performed with a high
success and low complication rates and patients have been shown to
experience a significant decrease in the frequency of faecal
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incontinence [65-67]. There have also been cases where colonic irri-
gation performed through a percutaneous caecostomy has conferred
functional improvement in large bowel motility to the extent that some
children no longer require colonic irrigation [65].

9. Biopsy

US-guided biopsy is a widely-utilised procedure in diagnosing le-
sions occupying the abdominal and retroperitoneal space. It has high
diagnostic accuracy, a low complication rate and a very low mortality
rate [69]. For masses involving the bowel, percutaneous image-guided
bowel mass biopsy has traditionally been avoided in favour of endo-
scopic or laparoscopic biopsy. The limitation of endoscopy is that the
section of bowel between the duodenal-jejunal flexure and the terminal
ilium is not easily accessible. Furthermore, masses which do not involve
the mucosa may not be amenable to endoscopic biopsy. Performing the
biopsy via the surgical approach is more invasive. An US-guided ap-
proach is an alternative method for obtaining samples of bowel wall
lesions. Percutaneous bowel biopsy has been described in adults and
demonstrated to be both safe and effective [69,70]. In our experience,
masses stemming from the bowel wall and mesentery, which occur in
conditions such as Burkitt’s lymphoma, have been easily and safely
biopsied under US-guidance using percutaneous and transrectal ap-
proaches. Even when mucosa had been included in the histopathology
sample, there has been no subsequent clinically significant symptomatic
peritoneal spillage of bowel contents.

10. Drainage

Abscesses in the peritoneal space often occur secondary to gastro-
intestinal pathology or after bowel surgery. Fluid collections associated
with bowel inflammation or infection often need to be surgically or
percutaneously drained. Clinical investigations and imaging studies can
give hints as to whether a fluid collection is infected [71,72]. There is
no absolute contraindication for fluid aspiration or drain placement.
The vast majority of such procedures are performed by US, and
fluoroscopy can be helpful during wire placement and catheter place-
ment. Access is percutaneous or transrectal, and is dependent upon the
collection’s location. Drain size is chosen based upon the quality of fluid
during aspiration: for clear serous fluid collections, a 6 or 8.5 French
drain is adequate. If the collection contains thicker fluid, a minimum of
10Fr drain should be placed.

11. Conclusion

We have described the successful application of various modalities
of interventional procedures in the paediatric alimentary tract. The
mainstay in children includes facilitating enteral feeding via gastro-
stomy and gastrojejunal tube insertion and dilation of alimentary
strictures via balloon to alleviate symptoms while preserving bowel
length. The review presented suggests that Interventional Radiology
procedures on the alimentary tract in children can be considered a safe
and effective alternative to more invasive treatment options. To be
safely delivered to infants and small children, it requires careful case
selection, MDT discussions and a dedicated paediatric IR team.
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