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Abstract
Endoscopic balloon dilatation (EBD) and surgical inter
vention are two most common and effective treat

ments for gastric outlet obstruction. Correction of 
gastric outlet obstruction without the need for surgery 
is an issue that has been tried to be resolved in these 
decades; this management has developed with EBD, 
advanced treatments like local steroid injection, electro
cauterization, and stent have been added recently. 
The most common causes of pediatric gastric outlet 
obstruction are idiopathic hypertrophic pyloric stenosis, 
peptic ulcer disease followed by the ingestion of caustic 
substances, stenosis secondary to surgical anastomo
sis; antral web, duplication cyst, ectopic pancreas, and 
other rare conditions. A complete clinical, radiological 
and endoscopic evaluation of the patient is required to 
make the diagnosis, with complimentary histopathologic 
studies. EBD are used in exceptional cases, some with 
advantages over surgical intervention depending on 
each patient in particular and on the characteristics and 
etiology of the gastric outlet obstruction. Local steroid 
injection and electrocauterization can augment the effect 
of EBD. The future of endoscopic treatment seems to be 
aimed at the use of endoscopic electrocauterization and 
balloon dilatations.
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Core tip: Correction of gastric outlet obstruction without 
the need for surgery is an issue that has been tried to be 
resolved in these decades; this management has evolved 
with the development of pneumatic dilators and, more 
recently, local steroid injection and electrocauterization 
have been added. Endoscopic balloon dilatation (EBD) 
are used in exceptional cases, some with advantages 
over surgical intervention depending on each patient in 
particular and on the characteristics and etiology of the 
gastric outlet obstruction. Local steroid injection and 
electrocauterization can augment the effect of EBD.
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INTRODUCTION
In the last few decades, upper gastrointestinal endos­
copy is a technique widely employed for diagnostic 
and therapeutic purposes for evaluation of esophageal, 
gastric or duodenal diseases. Upper gastrointestinal 
endoscopy has become the common complementary 
test for investigation of gastric diseases due to its 
accessibility and safety assures extensive clinical utili­
zation in patients with gastric or duodenal diseases. 
Recent technological advances in endoscopic imaging 
and tissue analysis obtained from the stomach aid to 
identify the characterization of diseases such as inflam­
mation, infection and neoplasia. Recent technological 
advances have increased the capability of endoscopy 
in treating gastrointestinal diseases, including those 
affecting the stomach. 

Diseases affecting the stomach have been described 
and eventually treated by endoscopy in routine clinical 
practice. Using endoscopy to elucidate gastric outlet 
obstruction (GOO) in children has been still a field of 
intensive and challenging research. This review provides 
an update on the role of endoscopy in the management 
of GOO, highlights the latest advances in the endoscopic 
management of GOO, and focuses on the efficacy of 
endoscopic balloon dilatation (EBD) in the pediatric 
population. We also point out recent evidence regarding 
the utility of magnifying endoscopy in the management 
of GOO.

Data search  
The searches were limited to articles published in 
English as well as clinical articles or case studies to 
identify objective articles related to GOO from January 
1975 to June 2016. All articles considered eligible were 
evaluated, and finally selected on the basis of research 
and case series. The articles of gastric volvulus were 
searched, but this entity is excluded from this review, 
due to gastric volvulus is specific complex disease entity 
with varied causes (congenital, idiopathic, or acquired), 
and the gold standard treatment of pediatric gastric 
volvulus remains surgical intervention.

ETIOLOGY
GOO is an obstruction in the antrum, pylorus or bulbar 
duodenum. Unlike adult patients, most of the pediatric 
patients with GOO have benign disease. Peptic ulcer 
disease and corrosive ingestion are the leading causes 
of benign outlet obstruction in adults[1]; while idiopathic 
hypertrophic pyloric stenosis (IHPS) and peptic ulcer 

disease (PUD) remains the two most common causes of 
GOO in children[2-4]. Table 1 shows the etiology of GOO 
in children. IHPS are the most common cause of GOO in 
children. The typical presentation is increasing vomiting 
that becomes projectile between 2 and 8 wk in age. 
Gastric retention after prolonged obstruction contributes 
to gastric atony, while most cases are caused by 
antral, pyloric or duodenal ulceration. Scarring and 
tissue remodeling may cause GOO in chronic PUD. A 
significant decline of the incidence of PUD due to the 
discovery of Helicobacter pylori (H. pylori) and proton 
pump inhibitors (PPI)[5,6]. H. pylori infection participated 
a less significant role in children with GOO, compared to 
adults[3].

Caustic ingestion remains a major social and medi­
cal issue in children, especially for infants and young 
children. Case series of corrosive injury related GOO 
have still been reported in these two decades[7-9]. GOO is 
a significant complication of corrosive ingestion[8]. Caustic 
ingestion (alkali or acid) can cause GOO as a result of 
antral/pyloric scarring. Other rare causes are gastric 
antral web[10], gastric duplication[11], ectopic pancreas[12], 
gastric volvulus[3], gastric polyps[3], idiopathic GOO[13], 
foveolar cell hyperplasia[14], and bezoars[15,16]. Antral web, 
known as antral mucosal diaphragm or prepyloric web, 
is a rare etiology in pediatric GOO. Histologically the web 
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  Idiopathic hypertrophic pyloric stenosis
  Peptic ulcer disease
  Caustic injury
  Congenital causes
     Gastric autral web
     Duplication cyst
     Ectopic pancreas
     Aunular panaeas
     Gastric volvulus
  Inflammatory causes
     Cholecystitis
     Pancreatitis
     Eosinophilic gastritis 
     Crohn’s disease
     Tuberculosis
  NSAID induced stricture
  Iatrogenic (secondary to surgery)
     Post-anastomosis stricture
     Post-pylorotomy
     Post-esophagectomy
     Post-vagotomy
  Polyps/tumors
     Hyperplastic polyp
     Inflammatory polyp
     Adenomyoma
     Inflammatory myofibroblastoma
     Lymphoma
  Other causes
     Bezoars (lactobezoar, trichobezoar)
     Cytomegalovirus infection
     Late onset primary gastric outlet obstruction
     Idiopathic gastric outlet obstruction
     Idiopathic or acquired gastric volvulus
     Foveolar cell hyperplasia 

Table 1  Etiology of gastric outlet obstruction in children

NSAID: Nonsteroidal Anti-inflammatory Drug.



is composed of normal, non-inflammed mucosal and 
submucosal gastric mural layers. Gastric duplication cyst 
are the least common of the alimentary duplications, 
they usually presented before 1 year of age with 
symptoms of obstruction, pain, bleeding or ulceration[11]. 
Heterotopic pancreas is generally an asymptomatic 
lesion and is a rare cause of GOO. Gastric volvulus is 
characterized by a rotation of the stomach of more 
than 180° along its short or long axis causing variable 
extents of GOO. Acute gastric volvulus may create a 
closed-loop obstruction leading to incarceration and 
strangulation. In general, emergency surgery remains 
the standard treatment for acute gastric volvulus. 
Foveolar cell hyperplasia is a rare disease entity, des­
cribed as a possible cause of for long-lasting GOO in 
patients with IHPS, it requires the excision to resolve 
the obstruction. Gastric polyps are often hyperplastic 
and asymptomatic. Gastric polyps are usually diagnosed 
at endoscopy incidentally. Lactobezoar is a condensed 
mass of undigested milk concretions to be found within 
the gastrointestinal tract[14]. Lactobezoar is often found 
in infants, it can precipitate GOO, resulting in medical 
or surgical conditions. The trichobezoar is another rare 
cause of obstruction of the gastrointestinal tract, and it is 
usually presented as GOO[15].

Inflammatory causes like Crohn’s disease and tuber­
culosis have been reported in adult patients with pyoric 
obstruction[17,18], these two disease entities are relatively 
rarely reported in pediatric patients. Isolated gastro­
duodenal Crohn’s disease is rare, occurring in fewer than 
5% of patients. A continuity that involves the antrum, 
pylorus, and proximal duodenum have been reported in 
about 60% of patients[17]. In tuberculosis, involvement 
of stomach or duodenum occurs in 0.3% to 2.3% of 
patients, and 61% of patients with gastroduodenal 
tuberculosis present as GOO[18]. Gastric polyps or neo­
plasms are rare in children but should always be con­
sidered as an etiology of GOO in children, especially in 
older patients[19]. 

EVALUATION 
Clinical manifestations
The usual presentations were nausea, vomiting, epigas­
tric pain, early satiety, abdominal distention, abdominal 
mass, visible peristalsis, weight loss and electrolyte 
imbalances. Epigastric pain, nausea and vomiting, 
abdominal distention, early satiety and weight loss are 
the most common presenting symptoms of GOO[20]. 
The onset of symptoms varies based on the etiology, 
symptoms usually occur rapidly with gastric volvulus, 
corrosive injury, food impaction (bezoar), prolapse of 
a large gastric polyp[3,8,15]. Other causes are inclined to 
follow a more slothful course. Malignant cause usually 
has a shorter duration of symptoms compared with 
benign causes. Patients with benign causes commonly 
presented with early satiety (53%) and bloating (50%) 
whereas in the patients with malignant causes presented 
more commonly with vomiting, pain, and weight loss[20].

Persistent succussion splash (a “splash” reflective of 
retained gastric material) detected by auscultation of 
for more than four after meals, suggesting GOO with a 
sensitivity of 50%[21].

Investigations
GOO patients with repeated vomiting may have electro­
lyte imbalances with hypokalemia or a hypochloremic 
metabolic alkalosis. Anemia, elevated inflammatory 
markers (C-reactive protein, erythrocyte sedimentation 
rate), and abnormal biochemical tests in hepatobiliary 
function, pancreatic function, or renal function may 
reflect the underlying disease. Elevation of serum 
gastrin concentration as a result of distention-induced 
gastrin release may occur in GOO patients and this 
condition can be confused with Zollinger-Ellison 
syndrome.

Plain radiographs may demonstrate an enlarged 
stomach. Small bowel may not be visualized because 
of air paucity. Calcified gall stone and/or pancreatic 
calcification may be revealed. Diagnosis was easy clini­
cally and confirmed by barium studies and/or upper 
gastrointestinal endoscopy. Contrast studies with barium 
or water soluble contrast aid in providing diagnostic 
clues to the underlying diseases. Failure of contrast 
passing into the small bowel is highly suggestive of 
complete GOO. Barium studies are helpful in delineating 
the site of obstruction as well its extent. Adequate 
gastric decompression should be initiated before 
performing barium or water soluble contrast to reduce 
the risk of aspiration. Computed tomography (CT) scan 
may disclose additional anatomical details, specially the 
wall thickness in the stomach, pylorus and duodenum, 
biliary lesions, pancreatic abnormalities or lesions, and 
enlarged lymph nodes not visualized on regular imaging 
studies[21]. 

Endoscopy is often required to ascertain the diagnosis 
of GOO and identify a specific etiology in company with 
a therapeutic assistance. Patients should fast for at least 
four hours before the endoscopic procedure. Nasogastric 
tube suction is recommended before endoscopic pro­
cedure to reduce the risk of aspiration. Endoscopic 
biopsy provides histological diagnosis in specific diseases 
and aid in confirming or excluding malignancy. 

MANAGEMENT
All patients with symptoms of persistent GOO need 
hospitalization. Intravenous volume resuscitation with 
normal saline; replacement of electrolytes; and measure­
ments of electrolytes and arterial pH are the principles 
of fluid and electrolyte resuscitation for GOO[21]. Hypo­
kalemia and metabolic alkalosis should be looked for 
and treated.

Gastric decompression by nasogastric tube should be 
done at admission, this procedure is useful in relieving 
pain and discomfort of distention in patients who have 
edema and spasm due to active ulceration. Nasogastric 
decompensation also helps to clear the stomach for 
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with antrectomy or pyloroplasty was performed in PUD 
patients with GOO who were refractory to medical 
therapy[4].

Many evidences prove that EBD is an effective 
alternative in the management of GOO[17,23-39]. The EBD 
management combined endoscopic placement of guide­
wire with fluoroscopically-guided balloon dilation to treat 
GOO. A study of EBD of upper digestive tract stricture 
in 23 adult patients had gastric or pyloric strictures 
were evaluated. Percent of 92 were successfully dilated, 
with a complication rate of 3%[23]. EBD has become the 
first-line therapy in most of the patients with benign 
causes of GOO[24]. Subsequently, a number of reports 
appeared highlighting the safety and efficacy of the 
procedure[24,25,27-36]. 

Compared to adult patients, endoscopic manage­
ment in pediatric patients is limited by their anatomical 
limitation with difficulty in passing endoscopy through 
pharyngeal inlet and difficulty to perform EBD because 
of smaller size of pylorus and duodenal bulb, especially 
in neonates or infants. Besides, a relatively higher risk 
of complications was noted in pediatric population. In 
pediatric patients, the technique of EBD treatment in 
esophageal stricture is relatively more mature than 
EBD treatment in pyloric stricture. We reviewed the 
endoscopic management both in adult and pediatric 
patients with GOO, and further point to recent evidence 
regarding the utility of magnifying endoscopic treatment 
in the management of pediatric diseases related GOO.

PUD
Fibrotic scarring in PUD may cause irreversible GOO 
which requires intervention. Traditionally, surgery has 
been the standard mode of treatment for PUD-related 
GOO. In adult series of patients with PUD-related 
GOO, 80%-90% underwent surgery[40], about 60% 
received surgery in the first hospitalization and 20% 
in the subsequent hospitalizations[41]. Recently, many 
case series studies indicate that balloon dilatation is an 
effective alternative to surgery in adult patients with 
PUD-related GOO[28-35]. A major surgery and associated 
morbidity can be obviated with the development of 
TTS EBD. EBD has emerged as an effective alternative 
to surgery in selected groups of patients. EBD has 
been shown to be effective in ulcer related GOO. The 
performance of EBD is preferred with balloon catheters 
of incremental diameter gradually to achieve the end-
point of 15 mm. Fluoroscopic study is not routinely used 
by most endoscopists although fluoroscopic evaluation 
it is recommended for EBD. Previous experiences 
indicated that the requirement of EBD varied from once 
a week to once in three weeks in PUD-related GOO. 
EBD procedure related complications are uncommon, 
massive bleeding is rare, perforation occurs more 
frequent with balloon sizes larger than 15 mm. A Review 
of cumulative experience in 30 patients who underwent 
EBD for peptic ulcer-induced GOO and had follow-up of 
a mean of 15 mo (range 4-28 mo), 6-18-mm (median 
15-mm) balloons were inflated a median of 2 times 

endoscopic procedures and reduce gastric capacity 
which is essential for endoscopic examination and 
further surgery or endoscopic treatment. Administration 
of antacid (H2-receptor antagonists or proton pump 
inhibitors) is usually required. 

ENDOSCOPIC INTERVENTION
A definite treatment is required if the GOO is persistent, 
secondary to fibrotic scarring, or an irreversible con­
dition. In place of traditional surgical intervention or 
rigid esophagoscopy, therapeutic fibreoptic endoscopy 
is concluded to be an effective and safe treatment 
modality in pediatric patients[22]. Endoscopic treatment 
offered depended on the cause of GOO. Unless the 
etiology of GOO is evident from the antecedent history, 
such as PUD, caustic ingestion, or prior surgery, one 
must exclude rare diseases like Crohn disease, tuber­
culosis or malignancy by endoscopy and biopsy. 

EBD 
The through-the-scope (TTS) balloon catheter with 
variable diameter balloons are available from 6 mm 
to 20 mm which are inflated with a hydrostatic device 
attached to a pressure gauge. A radio-opaque wire can 
guide the stricture segment and augment the efficacy of 
the EBD in difficult strictures. A single and short stricture 
provides the best result with EBD; hence patients 
should be evaluated with proper imaging studies (barium 
studies/CT scan) before EBD procedure.

Although the devices and techniques used in the EBD 
procedure for pediatric patients are basically identical 
to those procedures in adult patients, several anatomic 
limitations must be addressed. Endoscopic procedure 
is difficult in newborns due to remarkable anatomic 
limitations. The length and diameter of esophagus is 8-10 
cm, and around 5 mm in neonates, causing compression 
of trachea during endoscopic intervention. TTS balloon 
dilations are possibly performed in toddlers and children, 
but this technique is limited in neonates or small infants 
as there are no balloon catheters that fit through a 
2-mm channel. Balloon dilatation can be performed in 
neonates or infants who cannot tolerate a standard-
size endoscopy by using biliary dilation balloons in 
size of 4-10 mm and length of 2-8 cm. These balloons 
can be applied endoscopically with 0.035-inch guide-
wires. Balloon sizes are usually increased by 2 mm for 
subsequent EBD sessions. The balloon catheter upon 
removal may reveal blood clots or bloods if an effective 
dilatation had been reached.

Experiences of EBD in recent decades
Most reports regarding EBD management of GOO 
were found in adult population, the technique of EBD 
in GOO is less performed in pediatric population. A 
series of case studies observed that surgical treatment 
can give definitive therapy in PUD related GOO without 
H. pylori infection[2]. Until the advent of EBD, surgery 
was the only treatment for these patients. Vagotomy 
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obstruction. For adult patients with caustic-induced GOO, 
surgery had been the only option available as well[47]. 
The standard treatment of pediatric caustic-induced 
GOO is surgery, gastrojejunostomy provides good 
long-term results with minimal morbidity particularly 
in patients without severe gastric injury[9]. An early 
surgical intervention has decreased the morbidity and 
mortality[7]. 

Adult experiences specify more difficulty of using 
EBD to dilate caustic-induced GOO than PUD-related 
GOO, besides; those patients with caustic-induced GOO 
have more recurrences and requiring more sessions 
of EBD. The mean number of sessions (range, 2-13) 
for caustic GOO is significantly more than the number 
of sessions for peptic GOO which required only 1-3 
sessions[32]. 

Successful results of a caustic stricture by EBD 
management offers guidelines for the use of this pro­
cedure[37,48]. Kochhar et al[37] reviewed 41 patients with 
EBD management, 39 (95.1%) underwent successful 
responses after repeated dilations with a mean (SD) of 
5.8 (2.6) sessions (range, 2-13) to reach the end point 
of 15 mm. The mean (SD) size of the initial dilatation 
was 8.2 (0.6) mm (range, 8-10). Finally, 2 patients 
received surgery including one with perforation and 
the other with intractable pain every time he received 
EBD. Other complications included minor self-limiting 
pain (n = 8) or bleeding (n = 7). The authors concluded 
that EBD is a safe, effective, and long-term alternative 
to surgery for caustic GOO[37]. Another adult report (n 
= 31) of caustic GOO found all patients successfully 
respond to repeated dilations to reach the end point of 
15 mm with a range of 3-18 (median, 9) sessions of 
dilations during a mean period of 7 wk (range, 1.5-16) 
of follow-up[49].

There are only few reports of EBD management 
in pediatric cases with caustic injury related GOO. 
A pediatric study enrolled 8 cases caustic ingestion 
indicated that caustic injury related GOO could be 
successfully treated through EBD in suitable patients, 
surgery can be avoided[50].

A pediatric case series of 6 children (mean age 
was 2.9 years, range 1.5-3 years) with caustic injury 
related GOO (2 ingested acid corrosives, 4 ingested 
alkali corrosives). Balloon dilatation of the pylorus was 
performed in 1 patient successfully, the others received 
pyloroplasty (3 patients), and Billroth I procedures (2 
patients). The authors recommended early definitive 
surgical intervention in cases with severe pyolric 
stricture[51].

Gastric antral web
Treatment of antral web usually consisted of incision of 
the web and construction of a patulous gastric outlet 
by surgery, and most patients remained asymptomatic 
after operation[10]. Endoscopic treatment had been 
used to treat antral web, endoscopic diathermy and 
EBD successfully resolved the pyloric web[10,21,51]. Lu 

(range 1-4 times) for a median of 60 s (range 30-180), 
20 (67%) patients had one treatment and 10 (33%) 
had multiple treatments, 24 (80%) patients achieved 
sustained symptom relief. The authors concluded that 
EBD is safe and effective for most patients with ulcer-
induced GOO[16].

In view of the confounding factors of H. pylori eradi­
cation, chronic usage of Nonsteroidal Anti-inflammatory 
Drug (NSAID), use of PPI in patients with PUD-related 
GOO, immediate response is prominent, but with 
variable long-term results. EBD must be combined 
with eradication of H. pylori. Studies specify that the 
eradication of H. pylori contributed to a good long-
term response in 70%-80% of patients during a follow-
up period of 9-98 mo[29,32,34,37]. In an adult series, 25 
patients with proven GOO secondary to PUD were 
managed with EBD using TTS balloons, 80 % of 
patients remained asymptomatic (follow-up: median 9 
mo, range 2-24 mo)[39].

Literatures regarding to the use of EBD in pediatric 
GOO patients are limited in recent decades. Chan 
et al[42] reported 3 children (ages 2, 4, and 8 years) 
suffering from peptic pyloric stenosis with EBD followed 
by H2-receptor antagonist therapy. There were no 
complications due to the procedures, and no recur­
rences of symptoms over a follow-up of 5-30 mo (mean, 
17 mo). The authors suggest that EBD is an option for 
the initial nonoperative treatment of pediatric peptic 
pyloric stenosis.

IHPS
IHPS is typically treated with surgical pyloromyotomy. If 
the child is well-hydrated with normal electrolytes, and if 
surgeons with expertise in the procedure are available, 
surgery usually takes place on the day of diagnosis. 
EBD had been used to treat IHPS in recent decades. 
EBD was considered as a safe procedure for treating 
IHPS infants and was recommend to be as an initial 
approach before pyloroplasty in such presentations[43-45]. 
Recurrent pyloric stenosis is rare in IHPS patients 
after balloon dilatation[43]. However, because balloon 
dilatation does not consistently destroy the muscular 
ring[46], EBD is preferably reserved for patients in whom 
with a significant risk for general anesthesia or in whom 
with difficulty for surgical intervention.

Caustic injury
GOO is one of the most common gastric complications 
of caustic agent ingestion that may require surgical 
treatment[7-9]. Sodium hydroxide and potassium hydro­
xide, and hydrochloric acid were the common ingested 
caustic agents for GOO[7]. 

The severity of mucosal injury at the antrum and 
pylorus decided the variety of surgical treatment. 
Moderate mucosal injury (superficial ulcerations with 
intact mucosa) may induce partial pyloric obstruction; 
severe mucosal injury (deep ulcerations, hemorrhagic 
erosions, eschar formation) may cause complete pyloric 
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Inflammatory conditions
A definite treatment for the antecedent disease is crucial 
and may avert the need for EBD or surgery in inflam­
matory diseases (eosinophilic gastritis, Crohn’s disease, 
etc.) or infectious disease like tuberculosis related 
GOO, Crohn’s disease or tuberculosis related GOO 
may respond to balloon dilatation, however, multiple 
recurrences usually occurs if the underlying disease is 
not effectively treated. Gastroduodenal Crohn’s disease 
and tuberculosis had been successfully treated with EBD 
procedure[31,63]. 

Complications of EBD
In general, EBD is relatively a safe procedure with 
infrequent complications. Perforation and bleeding 
are rarely reported for balloon dilatation smaller than 
15 mm. Two of 30 patients (6.7%) dilated to 18 mm 
suffered perforation[6]. Both recovered uneventfully 
after surgery. A large case series of 23 patients with 
PUD related stenosis encountered only one perforation 
with EBD management[35]. Another large series of 54 
cases by Lau et al[28] reported 4 perforations with EBD 
management, 2 of 16 patients who underwent EBD 
with a 16-mm diameter balloon encountered perforation 
while 2 of 3 patient with 20-mm diameter balloon had 
perforation. It therefore appears that EBD management 
with balloon diameter greater than 15 mm is more 
prone to be complicated with perforation.

Pain during EBD is not uncommon, but is often self-
limited. A recent study observed that 19.5% of patients 
with caustic GOO had self-limiting pain during EBD[37]. 
The complications with EBD procedure observed in a 
case series (n = 31) with caustic GOO included self-
limiting pain (n = 10), bleeding at the time of the 
procedure (n = 9), and one perforation (3.2%) who 
required surgery[41]. Kochhar et al[37] reviewed 41 
corrosive injury patients with GOO could be successfully 
taken for EBD, and self-limiting pain (n = 8) or bleeding 
(n = 7), perforation (n =1) were noted among these 
patients. 

Outcome of EBD intervention
A good result can be anticipated in the majority of 
patients with PUD- and corrosive-related GOO after 
EBD intervention[32]. EBD for benign GOO in adults is 
a generally accepted method of treatment. Previous 
literatures advocate that more than 75% of patients 
with PUD-related GOO respond to EBD and the long-
term use of proton pump inhibitor is needed to obviate 
recurrences after H. pylori eradication. The results of 
EBD for PUD-related GOO is variable because not all 
studies consider the confounding factors, such as H. 
pylori infection, use of NSAIDs, practice and compliance 
of proton pump inhibitor. Immediate relief of obstruction 
with EBD has been commonly found in the majority of 
patients, but achieved varied long-term response from 
16%[36] to 100%[32]. The eradication of H. pylori have 
reported a good long-term response in 70%-80% of 
patients over a period of 9-98 mo[6,29,30,35,39]. 

et al[52] successfully treated antral web with EBD in 
an young infant, the EBD was attempted sequentially 
using different sized water-inflated balloons (8, 10 
and 12 mm). The stenosis was dilated with balloons 
incrementally to 12 mm diameter. 

Post-operative GOO 
EBD resolved the in nearly 70% of GOO patients with 
postvagotomy gastric outlet stenosis[30]. Lanuti et al[53] 
evaluated the role of pyloromyotomy and management 
with endoscopic pyloric dilatation in the patients with 
Post-esophagectomy GOO, the results showed that 
post-operative GOO could be effectively managed with 
endoscopic pyloric dilatation, the authors concluded 
that routine pyloromyotomy for the prevention of post-
esophagectomy GOO may be unwarranted. Swanson et 
al[54] affirmed that EBD could obviate the requirement of 
pyloroplasty at esophagectomy. 

The application of EBD as treatment of post-operative 
GOO was described in an 11-year-old boy with surgical 
injury to the vagus and two infants after insufficient 
pyloromyotomy, EBD achieved successful results and 
was considered a good alternative to surgery in these 
conditions[55].

EBD has successfully dilated the anastomotic 
strictures following gastric bypass surgery or vertical 
band gastroplasty in the patients with morbid obesity[56].

Late-onset primary GOO
Late-onset primary GOO in childhood is a rare condition. 
A series of 8 pediatric cases received succeeded in 
treating late-onset primary GOO by using EBD, there 
is no recurrence for one year[57]. Another experience 
successfully used EBD to treat 5 pediatric cases with 
late-onset pyloric stenosis, 3 cases need repeated 
EBD[58].

NSAID related GOO
NSAIDs are among the most frequently prescribed 
medications. Although NSAID related GOO is a rare 
condition, chronic NSAID consumption could cause 
GOO[58-60]. Duodenal web-like strictures associated with 
long-term NSAID use has been described[61].

The literature about the role of EBD management in 
NSAID-induced GOO is still scarce. A case series (n = 
10) with endoscopic management for NSAID-induced 
pyloroduodenal obstruction found that duodenum was 
the most common site of involvement (50%), followed 
by both pylorus and duodenum (40%) and pylorus 
(10%). The strictures in a majority of patients were 
web-like, 90% of cases were successfully treated with 
repeated EBD. Among these successful cases, a 15-mm 
balloon diameter was achieved after a mean (SD) of 2 
(1.6) sessions, and a mean (SD) of 5.3 (2.7) sessions 
was required to during a mean period of 4.5 mo (range, 
2-15). There were no complications or mortality. The 
literature in relation to EBD management of pediatric 
NSAID related GOO is scant, EBD was used to treat 
NSAID related GOO successfully in a child[62]. 
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suitable patients, surgery can be avoided in patients 
with successful pyloric balloon dilatation[50]. There are 
two long-term studies on EBD management for children 
with benign pyloric stenosis, response rates were varied 
between 16% and 80%[6,36].

Advanced techniques augmenting EBD 
A number of practitioners have used supplementary 
techniques to augment the efficacy of EBD. EBD could 
be augmented with local (intralesional) steroid injections 
and endoscopic incision with electrocauterization. 

Intralesional steroid injections
Intralesional steroid injections augmented the effect 
of balloon dilation had been reported in patients with 
caustic GOO[65,66], the GOO responded with 1-2 sessions 
of steroid injections. Intralesional steroid injections 
have been illustrated to inhibit stricture formation by 
impeding the synthesis of collagen, chronic scarring, 
and fibrosis[66]. Ketchum et al[67] specify that steroid 
(Triamcinolone) offers cross linking of collagen leading to 
scar contracture; the contracture will not occur if stretch 
of scar occurs with steroid injection. Steroids may 
diminish scar formation by reduction of fibrotic healing 
that appears after balloon dilation[68]. Efficacy of steroids 
augmenting EBD in GOO has been also demonstrated 
in the other two studies by Kochhar et al[69] and Lee 
et al[70] Successfully cases treated with steroids and 
balloon dilations included three patients with caustic 
GOO, one peptic, and another post-pyloroplasty. 

Endoscopic incision
EBD with additional endoscopic incision achieved 
successful results in caustic-induced GOO. Boron et al[71] 
successfully used electrocauterization endoscopically 
to incise the stenotic segment with standard sphin­
cterotomy in a patient with refractory pyloric stenosis. 
Hagiwara et al[72] also successfully resolved the stenosis 
by using combined EBD with electrosurgical incisions 
in the patients with refractory post-operative pyloric 
stenosis. I have also successfully used this technique 
in a young infant with refractory pyloric stenosis secon­
dary to surgical excision of gastric antral web, a 
satisfactory result after 2 sessions of combined endo­
scopic electrocauterization and balloon dilatation was 
achieved[73].

END POINT OF EBD
No consensus has been reached on the issue of end 
point of EBD for GOO, especially in pediatric cases. Most 
experts[27,29,32-73] have used 15 mm balloons as the end 
point for GOO while some of them have only dilated 
to 10-12 mm[30,35]. Balloons of 16, 18 and 20 mm are 
uncommonly used[28,30,35]. The size of balloon catheters 
for adult GOO was recommended to be used with step-
wise manner, from 10-12mm to 12-15 mm[31,72] The 
EBD should be more cautiously performed on pediatric 
patients than on adult ones if with peptic, caustic or 

Lam et al[38] compared the response rates of EBD 
between 14 patients with positive H. pylori infection 
and 11 H. pylori-negative, EBD management was 
responsive in 78.6% of H. pylori-positive, while only 
45.4% in H. pylori negative patients. Eradication of 
H. pylori combined with EBD had a lower rate of ulcer 
complications such as bleeding or obstruction compared 
to H. pylori negative group (21% vs 55%) over a 
follow-up of 24 mo. A case series (n = 11) indicated 
that eradication of H. pylori with 1-3 sessions of EBD 
successfully resolved obstruction in all of the patients[32]. 
A study by Cherian et al[34] indicated comparable results 
in long-term follow-up of their Peptic-GOO patients with 
EBD and drug therapy.

Patients with young age, continuous use of NSAIDs, 
or long-lasting symptoms requiring repeated EBD 
had unfavorable outcomes with the need for multiple 
dilations or surgery for GOO[40]. DiSario et al[6] observed 
that a long-length stricture was associated with poor 
outcome for GOO. The majority of studies did not 
describe the duration of proton pump inhibitors making 
comparisons incomparable between studies. 

Need of more than 2 sessions of dilations is a risk 
factor for EBD failure and requirement for surgery. 
Rapid recurrence of symptoms is found in patients with 
malignant GOO. As many benign GOO patients had 
underlying PUD, eradication of H. pylori at the time of 
balloon dilation will guarantee higher long-term success­
ful rates[25].

An adult study of 45 patients with pyloric stenos did 
a follow-up of mean 32 mo (range, 4-126) indicated 
that immediate response rate of the EBD treatment was 
observed in 43 cases (95.6%), and clinical remission 
was observed in 38 cases (84.4%)[64]. Over a period of 
30 mo, no recurrence was noted in 55.8% of patients 
with clinical remission, relapse was observed in 39.5% 
of patients over a mean period of 22.9 mo. Three 
patients (6.7%) had complications (one bleeding and 
2 perforations). Thirteen patients (29%) underwent 
surgery. H. pylori was positive in 97.7% of the patients, 
and 78.4% of them had successful eradication of 
H. pylori. This study further found that unsuccessful 
eradication of H. pylori and smoking were two risk 
factors for the recurrence of pyloric stenosis[64]. 

EBD can make surgery unnecessary for postopera­
tive GOO and later for peptic, corrosive and postvago­
tomy gastric outlet stenosis in nearly 70% of patients 
with benign GOO[30]. Kochhar et al[37] performed EBD 
in 31 patients with caustic-induced gastric injury, 30 
(96.8%) did not have recurrence of stenosis over a 
mean follow-up of 21 mo (range, 3-72).

There is less experience of evaluating outcome of 
EBD for GOO in children. A pediatric case series (n = 
14) evaluated the effect of endoscopic balloon dilatation 
and surgical treatment in children’s pyloric stricture, 
surgical correction is still the most common treatment 
in the majority of cases of pyloric stenosis[50]. In this 
series, the authors stated that benign GOO can be 
effectively and successfully treated through EBD in 
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Topazian et al[78] firstly reported endoscopic treatment 
of GOO with endoluminal self-expanding metallic stents 
in 1992. In recent two decades, experiences of the use 
of endoscopic stents have gradually increased. Several 
studies have reported that patients who are having 
high risk for long-term GOO should undergo endoscopic 
stents, given its safety, minimal invasiveness, and cost-
effectiveness[79,80].

Endoscopic mucosal resection for gastric polyps
Although most pediatric gastric polyps are considered 
benign lesions, removal of symptomatic polyps are 
necessary for symptom relief, histological diagnosis, 
and avoidance of malignant potential. A standard-size 
polypectomy snare can be accessed through a 2.8-mm 
channel endoscopically to do polypectomy in the 
majority of children. Pontone et al[81] did the endoscopic 
mucosal resection in the patients with multiple large 
antral hyperplastic polyps causing GOO with the use 
of a submucosal cushion under the lesion allowing a 
steady positioning of the polyp in the gastric lumen 
without further infiltration. The authors concluded that 
endoscopic mucosal resection provides tissue for his­
topathology to diagnose the nature of the polyp and 
achieves symptomatic resolution.

Endoscopic fragmentation for bezoars
Surgery is the treatment of choice for tricobezoar. 
However, endoscopic treatments have been described, 
such as endoscopic fragmentation, extracorporeal 
lithotripsy and laparoscopic extraction[16].

SURGERY
Benign GOO may, however, still require operative 
intervention when non-operative treatment fails[82]. 
Peptic ulcer-induced GOO can be treated safely with 
EBD. About 65% of patients have sustained symptom 
relief, but many require more than one dilation session. 
Outcomes may be improved with effective ulcer therapy 
with acid reduction and eradication of H. pylori[82]. 
Compared to endoscopic access, surgical approach 
is more associated with morbidity and mortality, 
surgery is considered to be reserved for failure of 
endoscopic treatment[83]. Surgeries for peptic GOO 
include antrectomy with vagotomy, pyloroplasty with 
vagotomy, gastrojejunostomy with truncal vagotomy, 
and pyloroplasty. In peptic GOO gastrojejunostomy can 
be combined with truncal vagotomy and antrectomy, 
gastrojejunostomy (Billroth II reconstruction) was 
considered in peptic GOO with altered anatomy. Laparo­
scopic gastrojejunostomy become a favorable modality 
of surgery in peptic GOO for its shorter hospitalization 
due to quick postoperative recovery compared with 
conventional laparotomy surgery[84].

FUTURE DIRECTIONS
With further development of technologies in therapeutic 

post-operative causes induced GOO. I usually dilate 
with step-wise manner of catheter balloons inflated with 
the use of a pressure gauge system for 60-120 s in 
pediatric patients. Balloon catheter sizes were increased 
by 2 mm for subsequent EBD sessions, from 6-8 mm 
to 10-12 mm in infants and toddlers, from 8-10 mm to 
10-12 mm in younger children, and from 10-12 mm to 
12-15 mm subsequently in older children.

OTHER INTERVENTIONS
Gastric peroral endoscopic pyloromyotomy
Gastric peroral endoscopic pyloromyotomy (G-POEM) 
is performed with similar techniques to esophageal 
per-oral endoscopic myotomy. Replacing traditional 
laparotomy and laparoscopic approaches, G-POEM 
provides a natural orifice procedure to incise and divide 
the pyloric sphincter.

Surgical pyloromyotomy has shown to be effective 
in reducing pyloric stenosis or gastroparesis symptoms, 
but it requires advanced skills for laparoscopic suturing 
and carries a risk of leakage and potential further 
narrowing of gastric outlet. Therefore, G-POEM as a less 
invasive treatment, is used to deal with gastroparesis 
recently. 

Although laparoscopic pyloromyotomy is still consi­
dered as a simple, and safe treatment for pediatric 
IHPS, G-POEM technique is similarly simple, safe, but 
less invasiveness, and this procedure can be performed 
at outpatient department[74]. A case series of 10 IHPS 
infants (7 boys, 3 girls; aged 3-7 wk) underwent endos­
copic pyloromyotomy with an electrosurgical needle knife 
to incise the pylorus from antral to duodenal side, most 
(90%) of the patients were done at outpatient depart­
ment. All patients did not encounter any complications 
and tolerated regular feedings as they recovered from 
sedation. All of them were discharged on the same day 
of endoscopic procedure and doing well during follow-up 
(range, 6 mo-2 years)[74].

A growing body of evidence suggests that G-POEM 
may be a salvage therapy improves gastric emptying in 
patients with different types of refractory gastroparesis. 
Those patients with refractory gastroparesis may 
respond to endoscopic pyloromyotomy. An adult case 
series of G-POEM using selective circular myotomy 
for patients with refractory gastroparesis symptoms 
due to varied cause (post-infectious, post-surgical, or 
idiopathic) were successfully performed without any 
complications. All cases experienced obvious success 
after G-POEM[75,76].

Endoscopic stent  
Endoscopic stent was usually used to manage malignant 
GOO. As gastric or duodenal malignancy is very rare in 
children, there is no pediatric literature about the use 
of endoscopic stent for malignant GOO. Palliation of the 
obstructive symptoms is the primary aim of treatment 
in the cancer related GOO. Self-expandable metal stents 
have emerged as a promising treatment option[77]. 
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endoscopy, EBD could become the worldwide treatment 
of choice for pediatric GOO. The future of endoscopic 
treatment seems to be aimed at the combined use of 
endoscopic electrocauterization with balloon dilatations 
in intractable pyloric stricture, and G-POEM appears 
to be technically feasible and effective in IHPS or gas­
troparesis patients.

CONCLUSION
Correction of GOO without the need for surgery is 
an issue that has been tried to be resolved in these 
decades. With the development of therapeutic endos­
copy in pediatric patients, the therapeutic endoscopy 
becomes an integral part of the management of pedia­
tric patients with GOO. 

In recent decades, the endoscopic management of 
GOO has developed with EBD and additional advanced 
devices and techniques like local steroid injection, 
electrocauterization, G-POEM, and stent have been 
added to augment the efficacy of EBD. 

With improvements in techniques and devices, thera­
peutic results of EBD have been achieved in pediatric 
patients with peptic pyloric stricture, IHPS, caustic injury 
related pyloric stricture, congenital antral web, post-
operative GOO, and NSAID related GOO despite the 
inherent technical difficulties of this procedure in children. 
Local steroid injection and electrocauterization can 
augment the effect of EBD. Gastric peroral endoscopic 
pyloromyotomy (G-POEM) appears to be technically 
feasible in IHPS patients. Clinical applications of G-POEM 
in pediatric patients with gastroparesis can be considered 
after confirmation of its efficacy and safety in additional 
pediatric studies.
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