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Management of ingested foreign bodies in children:  
a narrative review with an emphasis on surgery
Ayoung Kang1,2, Soo-Hong Kim1,2,3,*

1Division of Pediatric Surgery, Department of Surgery, Pusan National University Children’s Hospital, Yangsan, Korea
2Department of Surgery, Pusan National University School of Medicine, Busan, Korea
3Research Institute for Convergence of Biomedical Science and Technology, Pusan National University Yangsan Hospital, Yangsan, Korea

This review summarizes the epidemiology, diagnosis, and management of pediatric foreign body (FB) ingestion, with particular emphasis 
on circumstances that may require surgical involvement. Initial evaluation includes history taking, assessment of symptoms, and radio-
graphic imaging to determine the type and location of the ingested object. Plain radiography remains the primary diagnostic modality 
for detecting radiopaque objects and localizing them within the gastrointestinal tract; however, additional imaging may be needed for 
radiolucent objects or when complications are suspected. Management depends on the anatomical location and characteristics of the FB. 
Esophageal FBs generally require urgent endoscopic removal, especially when button batteries, magnets, or sharp objects are involved. 
After an object has passed into the stomach, many cases can be managed conservatively; however, high-risk objects, including button 
batteries, multiple magnets, and long or sharp items, may require early removal. FBs beyond the pylorus usually pass spontaneously but 
require monitoring for complications. Surgical intervention may be necessary when endoscopic removal is not feasible or when compli-
cations such as obstruction, perforation, or fistula formation occur. This review outlines location- and object-specific management strat-
egies and identifies situations in which early surgical involvement may improve outcomes in children with FB ingestion.
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Review Article

INTRODUCTION

Foreign body (FB) ingestion is a common clinical problem 

in children. Mouthing and tasting environmental objects are 

normal developmental behaviors in early childhood, but they 

also increase the risk of accidental ingestion [1]. Most ingest-

ed FBs pass spontaneously through the gastrointestinal (GI) 

tract without complications. However, impaction can cause 

mucosal injury, bleeding, obstruction, or perforation and may 

necessitate endoscopic or surgical intervention. The risk of 

complications and the choice of treatment depend on FB size, 

type, and location; the interval since ingestion; and the pres-

ence of symptoms.

This review summarizes the epidemiology of pediatric FB 

ingestion and outlines management strategies according to 

anatomical location and object characteristics, with particular 

emphasis on surgical indications. Widely adopted internation-

al guidelines and key studies are discussed in relation to sur-

gical practice. This manuscript was prepared as a narrative re-

view focused on the practical management of pediatric GI FB 

ingestion, particularly in situations requiring pediatric surgical 

consultation or intervention. Relevant publications from 2005 
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to 2025 were identified through PubMed, KoreaMed, and Goo-

gle Scholar using combinations of the terms “foreign body,” 

“foreign body ingestion,” “children,” “pediatric,” “gastrointesti-

nal,” “magnet,” “button battery,” and “surgery.” Publications in 

English and Korean were reviewed, and the reference lists of 

selected articles were screened to identify additional relevant 

studies. Priority was given to international clinical guidelines, 

review articles, multicenter studies, pediatric surgical case 

series, and representative Korean studies. The final selection 

was based on clinical relevance to practical management and 

pediatric surgical decision-making.

Written informed consent for publication of the photo-

graphs and radiographic images was obtained from the patient 

or the patient’s legal guardian.

GENERAL CHARACTERISTICS OF INGESTED 
FOREIGN BODIES IN CHILDREN

FB ingestion is common in children, particularly during early 

childhood. The peak incidence is reported between 6 months 

and 3 years of age, when children explore their environment 

by mouthing and tasting objects [1-3]. According to data from 

the American Association of Poison Control Centers, 94,051 FB 

ingestions were recorded in 2019 across all age groups, includ-

ing 67,186 cases in children younger than 5 years [3]. National 

safety surveillance data from Korea also indicate a high burden 

of FB ingestion and aspiration among young children. In a re-

cent 5-year analysis by the Korea Consumer Agency, the annu-

al number of FB ingestion and aspiration incidents increased 

each year except in 2021. Among these cases, 5,411 (55.4%) oc-

curred in children aged 1 to 3 years and 2,634 (26.8%) occurred 

in those aged 4 to 6 years [4].

The risk of FB ingestion is influenced by environmental and 

host factors. Lack of supervision, inadequate childproofing, 

developmental exploration, and behavioral or developmental 

disorders have been identified as important risk factors [5]. 

Pediatric cases are usually accidental, whereas FB ingestion 

in older children (>5 years) or adults is more often associated 

with suicidal intent, psychiatric illness, intellectual disability, 

or secondary gain [3,5].

Most pediatric FB ingestions occur unintentionally in the 

home during routine daily activities [2,3,6]. The types and sizes 

of ingested objects vary widely and are influenced by regional, 

cultural, and socioeconomic factors [2,6]. Common objects 

include coins, toy parts, button batteries, magnets, safety pins, 

fishbones, and other small household items, such as screws or 

jewelry [2,3,6,7]. In some Asian and Mediterranean countries 

with high fish consumption, fishbones are particularly com-

mon ingested FBs [2,8]. In a Korean tertiary-center cohort of 

273 pediatric FB ingestions, coins were the most common ob-

jects, followed by button batteries and sharp items; only 3.3% 

of cases required surgery [9].

The clinical course of ingested FBs is benign in most cases. 

Approximately 80% to 90% of FBs that reach the GI tract pass 

spontaneously without complications, 10% to 20% require 

endoscopic removal, and about 1% require surgery because of 

obstruction, perforation, or other complications [2,3,7]. Cer-

tain anatomical sites are more prone to FB impaction because 

of physiological narrowing or angulation, including the up-

per esophageal sphincter, aortic arch level, lower esophageal 

sphincter, pylorus, duodenal sweep, ileocecal valve, Meckel 

diverticulum, and anus [2,7]. Recognition of these common 

impaction sites helps clinicians predict the likely location of an 

FB, select appropriate imaging studies, and determine wheth-

er endoscopic or surgical intervention is required.

INITIAL APPROACH FOR DIAGNOSIS 
OF FOREIGN BODY INGESTION

Guidelines from the European Society for Paediatric Gastro-

enterology, Hepatology and Nutrition (ESPGHAN) and the 

European Society of Gastrointestinal Endoscopy recommend 

prompt emergency department evaluation for all children with 

suspected FB ingestion [10]. During the initial assessment, the 

physician should obtain a detailed history from the child, care-

givers, or witnesses. Essential information includes the type of 

FB, the estimated number of objects, and the time of ingestion. 

In many cases, especially in children younger than 5 years, a 

history of possible ingestion may be the only specific finding. 

If respiratory distress, wheezing, or cyanosis is present, airway 

aspiration should be suspected rather than passage into the GI 

tract, and urgent airway evaluation is required [2,3].

Even when the FB is presumed to have entered the GI tract, 

associated symptoms should be assessed carefully. Fever, ir-

ritability, vomiting, abdominal pain, or poor oral intake may 

influence the need for urgent endoscopy or surgical consulta-

tion [3,7]. Underlying conditions should also be reviewed, par-

ticularly congenital or acquired GI diseases and any history of 

abdominal or esophageal surgery that could affect FB passage.

Regardless of the suspected FB type, plain radiography is 

generally recommended as the initial imaging study. Current 

international guidelines recommend biplane radiographs of 
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the neck, chest, and abdomen to evaluate the esophagus and 

GI tract [7,10]. Plain radiographs help determine the shape, 

size, and location of radiopaque objects, such as coins, metal-

lic fragments, and button batteries. They may also show indi-

rect evidence of radiolucent FBs, including bowel gas patterns 

suggestive of ileus and free intraperitoneal air suggestive of 

perforation [2,3].

If a radiolucent FB is suspected but cannot be identified on 

plain radiographs, computed tomography (CT) can help detect 

the object and identify complications, including perforation, 

abscess, or obstruction [2,3]. Magnetic resonance imaging is 

not useful for localizing ingested metallic FBs and is contrain-

dicated when button battery or magnet ingestion is suspected 

because of safety concerns. Ultrasound and handheld metal 

detectors have been investigated as adjunctive tools, but cur-

rent evidence is insufficient to support their routine use [2,6]. 

Contrast esophagography or fluoroscopic studies may be con-

sidered when FB ingestion is strongly suspected but not con-

firmed, or when stricture is a consideration [7,10]. However, 

these examinations are often unavailable as emergency proce-

dures in many institutions. Importantly, additional diagnostic 

tests should not delay necessary therapeutic interventions. 

When a high-risk FB is identified or serious complications are 

suspected, endoscopic or surgical removal should not be post-

poned solely to obtain further imaging [3,7,10].

INITIAL MANAGEMENT ACCORDING 
TO FOREIGN BODY LOCATION

The anatomical location of an ingested FB remains a key deter-

minant of urgency and therapeutic approach. In general, ob-

jects lodged in the esophagus require prompt intervention be-

cause of the risks of obstruction, mucosal injury, perforation, 

and aspiration. In contrast, many objects that have passed into 

the stomach or beyond can be managed expectantly, depend-

ing on object type, symptoms, and interval progression.

Esophagus
Esophageal FBs warrant urgent assessment because prolonged 

impaction increases the risk of local injury and airway com-

promise. Food bolus impaction is another common indication 

for urgent pediatric endoscopy, particularly in children with 

underlying esophageal disorders such as stricture or eosino-

philic esophagitis. Symptomatic children with drooling, dys-

phagia, chest discomfort, vomiting, or respiratory symptoms 

require prompt removal [2,7]. Even in asymptomatic patients, 

removal within 24 hours is generally recommended for most 

retained esophageal objects [6,7]. Certain high-risk objects, 

particularly button batteries, sharp objects, and multiple mag-

nets, require emergent intervention.

Stomach
After an FB has reached the stomach, many blunt and small 

objects pass spontaneously. Management depends primarily 

on object type, size, and symptoms [2,7]. Coins and other low-

risk blunt objects may be observed in asymptomatic children, 

whereas button batteries, magnets, long or large objects, and 

sharp objects often require early endoscopic retrieval [2,3,7]. 

Persistent gastric retention or the development of symptoms 

should prompt reassessment.

Small bowel and beyond
Most FBs that progress beyond the pylorus pass spontaneous-

ly without complications [2,3]. Observation with caregiver 

education and selective follow-up imaging is appropriate in 

asymptomatic children when progression is expected. Howev-

er, abdominal pain, vomiting, fever, GI bleeding, signs of ob-

struction or peritonitis, or failure to progress on serial imaging 

should prompt urgent reevaluation and surgical consultation 

[3,7]. A practical summary of management strategies accord-

ing to anatomical location is presented in Table 1.

APPROACH ACCORDING TO THE TYPE 
AND SHAPE OF FOREIGN BODY

Magnets
Among ingested FBs, magnets are particularly important from 

a surgical perspective because they carry a high risk of seri-

ous complications. Although safety regulations for magnetic 

toys have improved in some regions, small, powerful magnets 

remain widely available in products such as imported toys, 

therapeutic “magnet patches,” and magnetic jewelry. Many of 

these products contain exposed neodymium rare-earth mag-

nets that are small enough to be swallowed but can generate 

very strong attractive forces. They are also often sold without 

adequate warning labels or child-safety precautions [2,6,9].

A survey of members of the North American Society for 

Pediatric Gastroenterology, Hepatology and Nutrition (NASP-

GHAN) reported 424 pediatric cases of magnet ingestion over 

a 10-year period, with a marked increase in the most recent 

year [7]. In preliminary data, 52% of patients were managed 

with endoscopic intervention alone, 20% required both en-



doscopy and surgery, 8% required surgery alone, and only 15% 

were managed with observation. Among patients who under-

went surgery, 41% required repair of perforations or fistulas 

and 22% required bowel resection [7].

Several Korean series have highlighted the severity of mag-

net-related injuries. In a single-center cohort of 273 pediatric 

GI FB ingestions, magnets accounted for only 4.8% of objects, 

but 46.2% of magnet cases developed gastric, small-bowel, or 

colonic perforation or deep ulceration. Most of these children 

required emergency surgery [9]. Reviews of domestic surgi-

cally treated cases have reported multiple small-bowel perfo-

rations, jejuno-jejunal or jejuno-ileal fistulas, and combined 

gastroduodenal or gastrocolic injuries caused by chains of 

small rare-earth magnets [11-14]. Similar findings have been 

observed in contemporary multicenter and national series 

from Asia and Europe, in which approximately 20% to 40% of 

children with multiple-magnet ingestion ultimately required 

surgical intervention and a substantial subset required bowel 

resection or temporary stoma formation for perforation, fistu-

la, or peritonitis [15-17].

Ingestion of two or more magnets, or a magnet together with 

a metallic object, can be dangerous regardless of object size. 

Magnets located in different intestinal segments can attract 

across adjacent bowel loops and compress the intervening 

bowel wall, resulting in pressure necrosis, perforation, obstruc-

tion, fistula formation, and bleeding (Figs. 1, 2) [2,3,6]. Deaths 

associated with magnet ingestion have also been reported, un-

derscoring the importance of prevention and early recognition 

[14,16].

Clinically, many children with magnet ingestion present 

with nonspecific symptoms, including abdominal pain, vom-

iting, and irritability, and the exact time of ingestion is often 

unknown. Plain radiographs are essential for identifying the 

number and location of ingested magnets. However, dis-

tinguishing a single magnet from multiple closely attached 

magnets can be difficult [2,7]. Ultrasound may help identify 

clustered magnets or fistulous tracts in selected cases [11,14], 

whereas CT may be limited by metallic artifacts [2,3].

Current international recommendations suggest that mul-

tiple magnets, or a magnet combined with another metallic 

object, should be removed endoscopically as soon as possible 

when located in the esophagus or stomach, even in asymp-

Table 1. Location-based practical summary of recommended management strategies for pediatric foreign body ingestion

Location
Emergent removal 

(within 2 hr)
Urgent removal 
(within 24 hr)

Observation acceptable
When to involve pediatric 

surgery

Esophagus • Button battery (<2 hr)
• Sharp or pointed object
• �Airway compromise/

secretion intolerance

• �Blunt object (e.g., coin) if 
asymptomatic

• Rare • �Failed endoscopic removal
• Evidence of perforation
• �Suspected vascular injury• Magnets

Stomach - • �Symptomatic button 
battery

• �Small blunt object (e.g., 
coin) if asymptomatic

• �Asymptomatic single 
magnet with close follow-
up

• �Failed endoscopic removal
• �Signs of obstruction or 

peritonitis• �≥20 mm battery in 
children <5 yr (if retained 
24–48 hr)

• Multiple magnets

• Sharp or pointed object

• Long or large object

Small bowel 
(distal to 
pylorus)

- • �High-risk object with 
symptoms

• Most blunt objects
• �Asymptomatic single 

magnet with serial 
radiographs

• �Lack of progression on serial 
imaging (e.g., 24–48 hr for 
magnets)

• �Persistent non-progression 
over several days (sharp 
objects)

• �Small bowel obstruction or 
peritoneal signs

Colon - - • Most objects • �Rare, symptomatic cases only

Recommendations summarize widely adopted principles from North American Society for Pediatric Gastroenterology, Hepatology and 
Nutrition (NASPGHAN) (2015) [7] and European Society for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) (2017) 
[10] guidelines. Observation requires reliable caregivers and appropriate clinical and radiographic follow-up. Additional imaging should 
not delay necessary therapeutic intervention.
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Fig. 1. Plain radiographs of a 16-year-old boy who swallowed multiple magnets. (A) On the day of admission, magnets were located in 
two different areas. (B) Two days later, the magnets had become attached. Because no interval movement was observed on subsequent 
radiographs, emergency surgery was performed.

Fig. 2. Intraoperative findings in a 16-year-old boy with multiple-magnet ingestion. (A) After mini-laparotomy, the adherent jejunum and 
ileum were exteriorized. Magnets were found in the ileum (black arrow), with ulceration also visible (white arrow). (B) The magnets were 
removed through the ulcer-induced perforation.

tomatic children [7,10]. A single magnet in the stomach may be 

observed with close clinical and radiographic follow-up if the 

child is asymptomatic. Lack of progression or the development 

of symptoms should prompt removal. When multiple magnets 

have passed into the small bowel, the threshold for surgical 

consultation should be low because endoscopic access is lim-

ited and the risk of perforation or fistula is substantial. Serial 

radiographs should be used to monitor progression. Lack of 

movement over 24 to 48 hours or the development of severe 

abdominal pain, vomiting, fever, or peritoneal signs should 

prompt urgent operative management [3,6,7,16].

Magnet ingestion therefore requires a more aggressive ap-

proach than most other FB ingestions, including early endo-

scopic removal from the upper GI tract and prompt surgical 

consultation when magnets have progressed distally or com-

plications are suspected. Recent reviews and practice guide-

AA BB

AA BB
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lines consistently emphasize early surgical involvement for 

suspected multiple-magnet ingestion, even when endoscopic 

removal is initially attempted [3,18].

Button batteries
Button batteries are increasingly used in household electron-

ic devices, and pediatric ingestion remains associated with 

substantial morbidity, particularly in children younger than 5 

years and after ingestion of larger lithium cells [6,19,20].

When impacted in the esophagus, button batteries can rap-

idly cause severe injury through local electrical current gen-

eration and alkaline tissue damage, resulting in liquefaction 

necrosis, perforation, fistula formation, and life-threatening 

hemorrhage within hours [2,6,7]. Plain radiographs are im-

portant for differentiating button batteries from coins. Charac-

teristic findings include the double-ring or halo sign on frontal 

views and the step-off sign on lateral views (Fig. 3).

Esophageal button batteries require emergent endoscopic 

removal, ideally within 2 hours of diagnosis [7,10,19]. Although 

earlier NASPGHAN and ESPGHAN guidelines remain import-

ant foundations, more recent expert consensus places greater 

emphasis on immediate removal, selected pre-endoscopic 

mitigation strategies such as honey or sucralfate in appropriate 

cases, and post-removal surveillance for delayed vascular or 

fistulous complications [6,19,20]. Evidence supporting these 

adjunctive measures is based mainly on experimental studies 

and expert consensus rather than randomized clinical trials, 

and these measures should not delay urgent endoscopic inter-

vention. Honey should not be administered to infants younger 

than 12 months because of the risk of infant botulism [6,18,19]. 

After removal, careful mucosal assessment is required. Addi-

tional imaging, such as CT angiography, may be considered 

when deep ulceration or vascular injury is suspected [19,20].

For gastric button batteries in asymptomatic children, 

management should be individualized. Observation may be 

appropriate when the battery is small and progressing distally, 

whereas endoscopic removal should be considered for larger 

batteries, children younger than 5 years, prolonged gastric re-

tention, or the development of symptoms [7,10,19]. Batteries 

that have passed beyond the stomach may be followed clin-

ically, but obstruction, perforation, GI bleeding, or failure to 

progress should prompt urgent surgical consultation.

Long or large objects
In children, long or large FBs are less common than coins, 

food boluses, button batteries, or magnets, but they pose dis-

tinct management challenges because they are less likely to 

pass spontaneously and can cause obstruction or perforation. 

Typical examples include toothbrushes, chopsticks, skewers, 

hairpins, and certain toys or tools [2,3,18].

Although definitions vary slightly across studies and guide-

lines, several practical size thresholds are commonly used 

Fig. 3. Comparison of plain radiographs in children with coin and button battery ingestion. (A) Coin in the esophagus. (B) Button battery 
in the esophagus showing the “double-ring sign,” which differentiates it from a coin.

AA BB
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because they reflect the likelihood of passage through physi-

ological narrowings of the GI tract. In children younger than 

5 years, objects wider than approximately 2.0 to 2.5 cm are 

less likely to pass the pylorus, whereas objects longer than 5 

to 6 cm may fail to negotiate the duodenal sweep or ileocecal 

valve. In children aged 5 years or older, slightly larger objects 

may pass spontaneously, but objects longer than 6 to 10 cm or 

wider than 2.5 cm remain concerning for retention [2,3,7].

Accordingly, international guidelines generally recommend 

endoscopic retrieval rather than expectant management for 

long or large FBs identified in the stomach or proximal duo-

denum, particularly in smaller children [7,10]. Retrospective 

series confirm that most such objects require endoscopic 

removal, although only a small proportion ultimately require 

surgery [18,21].

If a long or large FB has already entered the small bowel, but 

the child is asymptomatic and radiographs show steady distal 

movement, careful observation with serial imaging may be ap-

propriate. However, if serial radiographs show no progression, 

or if vomiting, abdominal pain, or signs of obstruction develop, 

early surgical consultation is indicated. Persistent impaction in 

the small bowel or ileocecal region despite expectant manage-

ment may ultimately require operative removal, often through 

limited enterotomy or segmental resection, depending on 

bowel viability.

Superabsorbent polymers (water beads)
Superabsorbent polymer balls, also known as water beads, are 

used for hydroponic plant cultivation, decorative purposes, 

fragrance products, and sensory play. In their dry state, wa-

ter beads are small (often 2–3 mm in diameter) and visually 

resemble candy, making them attractive to young children. 

When exposed to water, they can expand to more than 30 to 

60 times their original volume and become much larger and 

slippery [6,7,22]. Experimental data and recent reviews suggest 

that some products may expand to more than 100 to 150 times 

their dry size, particularly in low-osmolar solutions [3,6].

Because of their marked swelling capacity, ingested water 

beads may fail to pass spontaneously and can cause small 

bowel obstruction. Diagnosis is challenging because water 

beads are usually radiolucent and may not be visible on plain 

radiographs; even on CT, they can be difficult to distinguish 

from surrounding bowel contents in some cases [6,18,22]. 

Children often present with nonspecific symptoms, including 

vomiting, abdominal distension, and reduced oral intake, and 

the ingestion history may not be apparent. In some reports, 

water bead obstruction has been associated with electrolyte 

disturbances or neurological symptoms, such as acute hypo-

natremia with seizure, further complicating the clinical picture. 

The mechanism is uncertain and may involve severe electrolyte 

disturbance secondary to obstruction or possible direct acryl-

amide-related neurotoxicity in selected products [22,23].

When small bowel obstruction caused by water beads is sus-

pected, surgical exploration is frequently required. At laparot-

omy or laparoscopy, the beads may be found impacted in the 

distal small bowel or ileocecal region. Management options 

include enterotomy with bead removal or manual fragmen-

tation and milking of the beads toward the colon to facilitate 

passage. The choice depends on the degree of obstruction, 

bowel viability, and the surgeon’s judgment [3,22]. Although 

some asymptomatic children who ingest very small beads can 

be managed conservatively, those with established obstruc-

tion almost always require operative intervention [3,18].

Given the diagnostic difficulty and potential for severe ob-

struction or death, prevention through caregiver education 

and regulation of high-risk products is essential. Recent regu-

latory efforts in North America and Europe have proposed lim-

iting the expansion capacity and size of water beads marketed 

for children and, in some jurisdictions, restricting or banning 

their sale altogether [6,18].

Pointed or sharp objects
The types of sharp or pointed FBs ingested by children vary 

over time and by region. In earlier decades in Western coun-

tries, safety pins used for cloth diapers were common sharp 

FBs, but their frequency has declined with the widespread 

adoption of disposable diapers [7]. Common examples include 

needles, pins, nails, screws, fishbones, and fragments of glass 

or plastic [2,3,6]. In Asian and Mediterranean regions where 

fish consumption is high, fishbones are particularly frequent 

sharp FBs [2,8,21]. Many sharp objects are radiopaque and 

readily visible on plain radiographs; however, some plastic or 

wooden objects may be radiolucent and require additional 

imaging for detection.

Sharp objects pose a higher risk of mucosal injury, bleeding, 

and perforation than blunt objects. Historically, management 

has been influenced by Jackson’s axiom that advancing points 

puncture whereas trailing points do not. Sharp objects with the 

pointed end leading are more likely to cause perforation [5,24]. 

Clinical studies and case series have documented complica-

tions such as esophageal or gastric perforation, small bowel 

obstruction, intra-abdominal abscess, and fistula formation af-
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ter sharp-object ingestion [3,19,25]. In Korean pediatric series, 

fishbones and glass fragments were associated with a relatively 

high rate of endoscopic removal, whereas neglected sharp 

objects occasionally led to mediastinitis or intra-abdominal 

sepsis [8,9].

Guidelines recommend urgent endoscopic removal of sharp 

objects lodged in the esophagus or stomach, even in asymp-

tomatic patients, because of the high risk of perforation and 

migration [7,10,19]. In the esophagus, sharp objects are usually 

removed emergently to prevent catastrophic complications. 

In the stomach and proximal duodenum, prompt endoscopic 

retrieval is also advised when feasible, particularly if the object 

is long or has multiple sharp edges [3,6,7].

Once a sharp object has passed beyond the ligament of Tre-

itz, management remains a topic of debate. Some guidelines 

suggest that small, smooth, sharp objects may be observed 

with serial radiographs if the child is asymptomatic and the 

object is progressing distally [7,19]. However, signs of obstruc-

tion, localized peritonitis, or lack of progression on imaging 

should prompt early surgical consultation. Surgical options 

range from limited enterotomy for object removal to segmen-

tal bowel resection in cases of perforation, necrosis, or abscess 

formation [3,25].

Overall, sharp-object ingestion in children requires a lower 

threshold for endoscopic and surgical intervention than many 

other FB ingestions. Management should be individualized 

according to object characteristics, location, and the child’s 

clinical status.

Coins
Coin ingestion is one of the most common causes of FB in-

gestion in children, particularly in countries where coins are 

widely used [2,7,21,26]. Large cohort studies and national 

surveillance data consistently show that coins account for a 

substantial proportion of pediatric FB ingestions presenting to 

emergency departments and endoscopy units, often among 

children younger than 5 years [9,21]. More than 80% of ingest-

ed coins in children pass spontaneously without significant 

complications, especially when the coin has already reached 

the stomach and the child is asymptomatic [2,3,18]. However, 

certain coin sizes and age groups are associated with a higher 

risk of esophageal impaction or failure to pass.

In children younger than 5 years, coins with a diameter 

≥23 mm are more likely to become lodged in the esophagus 

or fail to progress, which can lead to esophageal ulceration 

or stricture if removal is delayed [2,7,19]. Current guidelines 

recommend urgent endoscopic removal of esophageal coins, 

particularly in symptomatic children, and removal within 24 

hours even in asymptomatic cases [7,10]. Gastric coins in as-

ymptomatic children may be observed with serial radiographs, 

and elective removal can be considered if the coin remains in 

the stomach or if symptoms develop [3,18].

In Korea, coins of four main denominations are in circula-

tion, with approximate diameters of 18.0 mm (new 10-won), 

21.6 mm (50-won), 24.0 mm (100-won), and 26.5 mm (500-

won) [27]. From a practical standpoint, coins ≥23 mm in diam-

eter, including old 10-won coins, 100-won coins, and 500-won 

coins, are unlikely to pass the esophagus spontaneously in 

children younger than 5 years. Therefore, endoscopic removal 

is generally recommended in this age group when such coins 

are impacted rather than relying on spontaneous passage [9]. 

Clinicians should also remain vigilant for radiographic misin-

terpretation of button batteries as coins and should carefully 

evaluate distinguishing signs before selecting a management 

strategy [3,19]. For ease of clinical application, a risk-oriented 

summary based on object characteristics is provided in Table 2.

SURGICAL MANAGEMENT FOR 
PEDIATRIC FOREIGN BODY INGESTION

Absolute indications for surgery in pediatric FB ingestion 

have not been clearly defined, and management decisions 

are often individualized according to FB type and location, 

clinical symptoms, and available endoscopic expertise. As 

summarized in Tables 1 and 2, surgical consultation should 

be considered when spontaneous passage is unlikely or has 

failed, when endoscopic removal is unsuccessful or infeasible 

because the FB is beyond the reach of the endoscope, or when 

evidence of bowel perforation or obstruction makes nonoper-

ative management inappropriate [2,3,7]. Emergency operation 

is generally reserved for children with generalized peritonitis, 

complete mechanical obstruction, hemodynamic instability, 

or radiological and clinical evidence of bowel perforation or 

necrosis. In other situations, close inpatient observation with 

serial examinations and imaging may allow urgent but none-

mergent operative planning. In centers where pediatric en-

doscopy is not readily available, early involvement of pediatric 

surgeons or transfer to an appropriate referral center should 

be considered.

No surgical procedure is specific to FB ingestion, and stan-

dard GI surgical principles are generally applied. In most cas-

es, two basic approaches are used. The first is gastrotomy or 
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enterotomy at the site of impaction, FB removal, and primary 

closure of the enterotomy. The second is segmental resection 

of the affected bowel segment followed by primary anasto-

mosis. The choice between these approaches depends on the 

location of the FB, the presence and extent of perforation or 

ischemia, and the patient’s overall condition. Minimally in-

vasive approaches, including laparoscopy or laparoscopy-as-

sisted extracorporeal bowel repair through a small incision, 

are feasible in selected stable patients and may reduce wound 

burden, postoperative pain, and recovery time while allow-

ing complete abdominal exploration. Open surgery remains 

appropriate in patients with diffuse peritonitis, marked bowel 

distension, hemodynamic instability, or anticipated complex 

reconstruction.

In cases of multiple-magnet ingestion, magnets may adhere 

across adjacent bowel loops and form entero-enteric fistulas, 

leading to perforation, obstruction, or necrosis [2,6,12,13]. In 

some situations, the magnets can be removed through the fis-

tula tract itself without creating an additional enterotomy, after 

which the fistula can then be repaired, or the affected bowel 

segment can be resected, depending on bowel viability. Sharp 

objects may require localized repair or limited bowel resection 

when perforation is identified. Button batteries located beyond 

endoscopic reach may require operative removal when pro-

gression fails or when delayed perforation or fistula formation 

is suspected. Large bezoars or impacted intraluminal FBs may 

occasionally require gastrotomy or enterotomy when endo-

scopic treatment is unsuccessful. Anecdotal techniques, such 

as transappendiceal extraction of a small FB impacted near the 

ileocecal valve, have also been described in selected cases [12], 

but these are not established standard approaches and should 

be individualized according to intraoperative findings.

When perforation or obstruction has been present for a pro-

longed period, the affected bowel may be edematous or isch-

emic, and multiple perforations may be present. In such cases, 

segmental resection may be preferable to primary repair. The 

decision to perform primary anastomosis or temporary stoma 

formation should follow the same principles used in other 

emergency GI operations, taking into account hemodynamic 

stability, the degree of contamination, and the quality of the 

bowel ends.

Perioperative management generally follows standard pro-

tocols for emergency abdominal surgery in children, including 

appropriate fluid resuscitation, broad-spectrum antibiotics, 

Table 2. Object-based risk-oriented practical summary for surgical decision-making in pediatric foreign body ingestion

Object type Key pathophysiologic risk Core timing principle When to involve pediatric surgery

Button battery • ��Rapid alkaline necrosis, fistula 
formation, vascular erosion

• Esophagus → remove within 2 hr
• �Stomach → remove if symptomatic 

or ≥20 mm in children <5 yr

• �Deep ulceration or necrosis after 
removal

• �Suspected tracheoesophageal or 
aorto-esophageal fistula

• Distal battery with symptoms

Multiple magnets • �Pressure necrosis, entero-
enteric fistula, perforation

• �Early removal if reachable in upper 
gastrointestinal tract

• �Beyond stomach with no 
progression on serial imaging 
(24–48 hr)

• �Abdominal pain, fever, obstruction

Single magnet • �Usually benign unless 
combined with metallic object

• �Observation with serial radiographs 
if asymptomatic

• Combined with metallic object

• �Development of symptoms or lack 
of progression

Sharp or pointed object • Increased risk of perforation • Remove within 24 hr if reachable • No progression on serial imaging

• Clinical signs of perforation

Long or large object • Pyloric or ileocecal impaction • Remove if located in stomach • Failure to progress

• Obstruction or peritonitis

Coins (blunt object) • Usually benign • �Remove from esophagus within 24 
hr

• Rare, symptomatic cases

• Observe in stomach

Superabsorbent polymers 
(water beads)

• �Expansion → small bowel 
obstruction

• �Remove if reachable in upper 
gastrointestinal tract

• Small bowel obstruction

• �Radiolucent obstruction requiring 
exploration

Serial radiographic monitoring is recommended when observation is chosen. Surgical management is indicated for failed endoscopic 
retrieval, perforation, obstruction, fistula formation, or clinical deterioration.
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and careful monitoring for signs of anastomotic failure or on-

going sepsis. Reported postoperative complications include 

wound infection, ileus, intra-abdominal abscess, anastomotic 

leak after bowel resection, and the need for reoperation in 

selected cases, particularly after delayed diagnosis or severe 

bowel injury [16,21]. At the end of the procedure, surgeons 

should verify that the number and type of removed FBs cor-

respond to those identified on imaging and in the clinical 

history. Whenever possible, retrieved objects should be doc-

umented with photographs or operative notes to facilitate 

communication with caregivers and consulting services. This 

documentation may also be useful for medicolegal and pre-

ventive purposes. A practical framework for pediatric surgical 

involvement is summarized in Fig. 4.

CONCLUSION

Management of pediatric FB ingestion should be tailored to 

the object’s location and type and to the child’s clinical con-

dition. Most ingested FBs pass spontaneously without com-

plications. However, esophageal button batteries, multiple 

magnets, long or large objects, and other high-risk FBs require 

prompt, decisive intervention. FBs that remain in the GI tract 

for more than approximately 1 week should be followed with 

radiography to confirm progression or removal.

Although most cases resolve without serious consequences, 

FB ingestion can occasionally result in severe, life-threatening 

complications. Continued public education, careful supervi-

sion of young children, and improved regulation and design 

of high-risk consumer products remain important preventive 

measures. Timely recognition of children who require pediatric 

surgical consultation is essential to prevent major morbidity.
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Fig. 4. Practical surgical decision-making algorithm for pediatric 
gastrointestinal FB ingestion. MIS, minimally invasive surgery; FB, 
foreign body. a)Emergency indications: peritonitis, perforation, 
complete obstruction, hemodynamic instability, or suspected bowel 
necrosis. b)Consider in stable patients with localized pathology and 
limited contamination.
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Clinical, anatomical, and pathological features of enteric 
duplication cysts in children: a 40-year single-center 
retrospective study
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Purpose: Enteric duplication cysts (EDCs) are rare congenital anomalies of the gastrointestinal tract. This study aimed to delineate 
the clinical, anatomical, and pathological spectrum of EDCs based on a 40-year single-center experience.
Methods: A retrospective review was conducted of 45 pediatric patients who underwent surgical treatment for EDCs at a single in-
stitution between 1985 and 2023. Clinical records, imaging studies, and pathological reports were analyzed.
Results: The study included 28 males and 17 females, with a median age at surgery of 4.7 months. Most patients (75.6%) underwent 
surgery before 2 years of age. The ileum was the most common location (57.8%), followed by the jejunum (11.1%) and ileocecal valve 
(11.1%). Vomiting (46.7%) was the most common presenting symptom. Emergency surgery was required in 28.9% of cases because 
of complications such as volvulus or intussusception. Preoperative imaging using ultrasonography (US) and/or computed tomography 
resulted in a correct diagnosis in 34 of 45 patients (75.6%), with EDCs correctly identified in 30 patients (66.7%), frequently based on 
the characteristic “double wall sign” observed on US. Histopathological examination identified heterotopic gastric mucosa in 61.4% 
of evaluable cases. Postoperative outcomes were generally favorable, with a median hospital stay of 7.5 days.
Conclusion: EDCs are rare congenital anomalies that are primarily diagnosed during early childhood. The ileum is the most frequent 
site of involvement, and clinical presentation is often related to acute complications. Prompt and complete surgical excision remains 
the definitive treatment and leads to favorable short-term postoperative outcomes, with no recurrence observed during the available 
follow-up period.
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INTRODUCTION

Enteric duplication cysts (EDCs), also referred to as alimentary 

tract duplications, are rare congenital anomalies of the gastro-

intestinal (GI) tract. These lesions can occur anywhere from 

the tongue to the anus but are most commonly located in the 

small intestine [1,2]. The reported incidence of EDCs ranges 

from 1 in 4,500 to 1 in 18,000 live births, making them an im-

portant, although uncommon, condition in pediatric surgery 

[3,4]. The term “alimentary tract duplication” was formally 

established by Ladd [5] in 1937 to unify a variety of previously 

described malformations.
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Pathologically, enteric duplications must satisfy three es-

sential criteria proposed by Gross et al. [6] in the 1950s: the 

presence of a well-developed smooth muscle coat, an epithe-

lial lining representing a portion of GI mucosa, and a close an-

atomical association with the adjacent alimentary tract, often 

with a shared blood supply. EDCs most commonly present as 

noncommunicating spherical cystic lesions, although tubular 

forms that communicate with the adjacent bowel lumen have 

also been described [2].

EDCs predominantly affect infants and young children, with 

approximately 80% of cases diagnosed before 2 years of age 

[7]. Clinical presentation is highly variable and nonspecific 

and depends largely on lesion size, anatomical location, and 

the presence of ectopic tissue within the cyst [1]. Common 

manifestations include vomiting, abdominal distension, and 

a palpable abdominal mass, typically reflecting mass effect or 

partial bowel obstruction. However, many patients present 

acutely with surgical emergencies such as intestinal obstruc-

tion, intussusception, or volvulus [4,8].

Because of the rarity of EDCs, most published literature 

consists of case reports or small case series. Large, long-term 

single-center studies provide valuable information regarding 

the natural history, evolving diagnostic approaches, and con-

temporary surgical management of these lesions, including 

minimally invasive techniques [9].

In this study, we retrospectively analyzed 45 pediatric pa-

tients with EDCs treated at a single institution over a 40-year 

period. Through this large institutional experience, we sought 

to characterize the clinical, anatomical, and pathological spec-

trum of EDCs and provide comprehensive data to support the 

optimal management of this rare and challenging congenital 

anomaly.

METHODS

Ethics statement
This study was approved by the Institutional Review Board of 

Keimyung University Dongsan Hospital, and the requirement 

for informed consent was waived because of the retrospective 

study design (No. 2025-12-078).

Study design and patient population
This retrospective study reviewed pediatric patients diagnosed 

with EDCs who underwent surgical treatment between June 

1985 and June 2023. Surgically treated enteric duplications 

arising along the GI tract were included in the analysis. Anal 

canal duplications were excluded because they are considered 

distinct perineal duplication anomalies rather than true ali-

mentary tract duplications. A total of 45 patients met the inclu-

sion criteria and were included in the study.

Data collection
Clinical records were reviewed for demographic characteristics, 

age at presentation and surgery, presenting symptoms, and 

prenatal detection history. Diagnostic evaluation included plain 

abdominal radiography, ultrasonography (US), and computed 

tomography (CT), and the corresponding preoperative radiolog-

ical impressions were recorded. Operative notes were reviewed 

to identify intraoperative findings, including lesion location, le-

sion size, and operative time. Postoperative outcomes and com-

plications were also assessed. Emergency surgery was defined 

as surgery performed for acute complications, including bowel 

obstruction, volvulus, intussusception, or perforation.

Imaging evaluation
Imaging studies were reviewed to evaluate the diagnostic 

work-up. US and CT were used selectively according to the 

clinical presentation; some patients underwent only US, oth-

ers underwent only CT, and some received both examinations. 

Imaging findings and preoperative radiological impressions 

were compared with the intraoperative diagnosis.

Pathological analysis
All resected specimens were examined by experienced pathol-

ogists. The epithelial lining of each duplication cyst was evalu-

ated, including the presence of heterotopic mucosa and other 

epithelial variants described in the pathology reports.

Outcomes
The primary outcomes were clinical presentation, anatomical 

distribution, operative indications, surgical management, and 

pathological characteristics of enteric duplications. Secondary 

outcomes included postoperative complications and short-

term postoperative results. Long-term follow-up data were 

unavailable for most patients.

RESULTS

Demographics and clinical presentation
A total of 45 children underwent surgical treatment for EDCs, 

including 28 males and 17 females. The median age at surgery 

was 4.7 months (range, 2 days–127.2 months), and 34 patients 
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(75.6%) underwent surgery before 2 years of age (Table 1). Pre-

natal US identified duplication cysts in eight patients. Seven of 

these eight prenatally detected cases were treated after 2000. 

Of these, four underwent elective surgery before 1 year of age 

according to institutional protocols for complication preven-

tion. Surgery was delayed until 1 year of age in one patient at 

the parents’ request. Two patients were diagnosed incidentally 

during evaluations for enteritis, and subsequent history-taking 

revealed a previously reported prenatal diagnosis that had not 

been followed up. The remaining patient became symptom-

atic before the planned elective intervention. The surgical ap-

proach, including minimally invasive surgery, was determined 

primarily by surgeon preference. With advances in surgical 

techniques, laparoscopic approaches became more common 

after 2009 and were used in the majority of recent cases. The 

most common presenting symptom was vomiting (46.7%), fol-

lowed by abdominal pain (26.7%) and abdominal distension; 

GI bleeding was rare.

Imaging evaluation
US was performed in 34 patients (75.6%), whereas CT was ob-

tained in 15 patients; some patients underwent both studies. 

The most consistent finding was a cystic mass showing the 

double wall sign, which consists of an echogenic inner lining 

and a peripheral hypoechoic muscular rim (Fig. 1). Among the 

34 patients who underwent US, 28 (82.4%) were correctly iden-

tified as having a duplication cyst on US alone. Of the 11 pa-

tients who did not undergo US, two were correctly diagnosed 

preoperatively based on CT findings. Overall, preoperative 

imaging with US and/or CT contributed to the correct surgi-

cal diagnosis in 34 of 45 patients (75.6%): EDCs were directly 

identified in 30 patients (66.7%), and intussusception with 

a visible lead point was diagnosed in four patients, in whom 

EDC was subsequently confirmed intraoperatively as the lead 

point. These imaging modalities yielded variable preoperative 

impressions, often suggesting obstructive or cystic abdominal 

lesions rather than definitively identifying duplication cysts. 

Nevertheless, imaging findings were useful for surgical plan-

ning.

Table 1. Demographic and clinical characteristics of patients with 
enteric duplication cysts (n=45)

Characteristic Value

Sex

  Male 28 (62.2)

  Female 17 (37.8)

Age at surgery

  Median (range) (mo) 4.7 (0.1–127.2)

  <1 yr 27 (60.0)

  1–2 yr 7 (15.6)

  >2 yr 11 (24.4)

Anatomic location

  Ileum 26 (57.8)

  Jejunum 5 (11.1)

  Ileocecal valve 5 (11.1)

  Stomach 3 (6.7)

  Colon/cecum 3 (6.7)

  Duodenum 2 (4.4)

  Appendix 1 (2.2)

Pathological feature

  Morphology (cystic/tubular) 43/2

  Luminal communication 
(noncommunicating/
communicating)

41/4

  Size, maximum dimension (cm) 3.5 (1.2–7.5)

  Presence of ectopic gastric mucosa 27/44 (61.4)

Clinical presentation

  Emergency surgery 13 (28.9)

  Elective surgery 32 (71.1)

Values are presented as number (%) or median (range).

Fig. 1. Abdominal ultrasonography showing a well-defined cystic 
lesion. The image demonstrates the characteristic double wall 
sign, or muscular rim sign, indicated by the asterisk. This sign 
consists of an inner hyperechoic layer representing the mucosa 
and submucosa and an outer hypoechoic layer representing the 
smooth muscle propria. This characteristic finding is valuable for 
the preoperative diagnosis of enteric duplication cysts.
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Fig. 2. Intraoperative and macroscopic findings of the duplication cyst. (A) An ileocecal duplication cyst, indicated by the star, is located 
on the mesenteric side of the ileocecal valve. (B) Surgical view after enucleation of the cyst. (C) Cross-sectional view of the resected 
specimen showing the internal structure of the cyst.
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Anatomical distribution and morphology
The ileum was the most common site of duplication, identified 

in 26 cases (57.8%). Jejunal and ileocecal duplications were 

each identified in five cases (11.1%). Less frequent locations 

included the stomach, colon, duodenum, and appendix. Most 

lesions showed cystic morphology (43 cases), whereas tubular 

duplications were identified in two cases. Communication 

with the adjacent bowel was identified in four cases. These 

communicating duplications were managed by segmental 

bowel resection that included the shared bowel segment.

Operative management
The most frequently performed procedures were small-bow-

el segmental resection with primary anastomosis (18 cases, 

some requiring adjunct procedures) and ileocecal or ileo-as-

cending colon resection (15 cases). Bowel-preserving proce-

dures were performed in 12 cases, including enucleation or 

cyst excision in nine cases and wedge resection in three cases 

(Fig. 2). Emergency surgery was required in 13 patients (28.9%) 

because of acute complications, including volvulus in three 

patients, intussusception in three, bowel obstruction in five, 

and perforation in two. Among the perforation cases, a jejunal 

tubular duplication measuring 5.8 cm in maximum dimension 

perforated in a 6-day-old neonate, and a 2.5-cm colonic dupli-

cation perforated in a 40-month-old child.

Pathological findings
Histopathological examination was performed in 44 of 45 

resected specimens; the epithelial subtype could not be deter-

mined in one case because archived slides were unavailable. 

Among the 44 evaluable cases, heterotopic gastric mucosa was 

identified in 27 cases (61.4%) (Fig. 3), intestinal-type epitheli-

um in nine cases (20.5%), and respiratory-type epithelium in 

three cases (6.8%). Five lesions (11.4%) lacked an identifiable 

epithelial lining. Despite the high prevalence of gastric muco-

sa, only one patient presented with GI bleeding.

Postoperative outcomes
Postoperative complications included wound infection in two 

patients. The median postoperative hospital stay was 7.5 days 

(range, 2–23 days). No recurrence of duplication cysts was 

identified during the available follow-up period, although fol-



low-up duration was limited in many patients.

DISCUSSION

This 40-year single-center experience provides valuable long-

term data on the characteristics and management of EDCs 

in children. Consistent with international literature, EDCs in 

our cohort were predominantly diagnosed during infancy, 

with 75.6% of cases presenting before 2 years of age, empha-

sizing their congenital origin and potential for early symp-

toms [1,3,4,10]. The male predominance in this cohort (male-

to-female ratio, 1.6:1) is also consistent with the slight male 

predominance reported in general series of alimentary tract 

duplications.

Our findings confirm that the ileum (57.8%) is the most 

frequent site of EDCs, followed by the jejunum (11.1%) and 

ileocecal valve (11.1%). This predilection for the distal small 

bowel suggests a specific, although unconfirmed, vulnerability 

during midgut development [2,11]. The most common pre-

senting symptoms, including vomiting (46.7%) and abdom-

inal pain (26.7%), illustrate the mechanical effects of these 

space-occupying lesions.

A key finding of this series was the high rate of complica-

tions requiring emergency surgery, which occurred in 28.9% 

of patients with EDCs. Bowel obstruction was the most com-

mon indication for emergency surgery (5 cases), followed by 

volvulus and intussusception (3 cases each) and perforation 

(2 cases). These findings underscore the need for a high index 

of clinical suspicion for EDCs in infants presenting with acute 

abdominal symptoms, because duplication cysts can serve 

as pathological lead points for intussusception or precipitate 

bowel volvulus [8]. The need for prompt surgical intervention 

in these emergency settings further highlights the importance 

of preoperative diagnosis.

The frequent use of US in this cohort (75.6%) reflects its non-

invasive nature and effectiveness in identifying the character-

istic double wall sign of cystic lesions in the pediatric abdomen 

[1,2,4]. Among the 34 patients who underwent US, 28 (82.4%) 

were correctly identified as having a duplication cyst, under-

scoring the high diagnostic accuracy of this modality when the 

double wall sign is recognized. The increasing rate of prenatal 

US diagnosis in recent decades, as suggested by our series in 

which 7 of 8 prenatally detected cases underwent surgery after 

2000, mirrors global trends and facilitates planned delivery 

and timely postnatal management.

Pathologically, the strong predominance of cystic morphol-

ogy in this series is consistent with previous reports. The pres-

ence of heterotopic gastric mucosa in 27 of 44 evaluable EDCs 

(61.4%) is clinically relevant. Ectopic gastric mucosa can cause 

peptic ulceration and potentially life-threatening hemorrhage 

or perforation because of acid secretion [12]. Notably, only one 

patient with gastric mucosa presented with GI bleeding in our 

series, suggesting that the clinical manifestations of ectopic 

mucosa may not always correlate directly with its presence or 

that acid production was insufficient in other cases. The low 

incidence of bleeding despite the frequent presence of gastric 

mucosa may reflect limited acid secretion, small mucosal vol-

ume, or early surgical removal before ulceration developed. 

Nonetheless, the potential for malignant transformation, al-

though extremely rare, supports complete excision [10].

The surgical approach, including ileo-ascending colon re-

section and small-bowel resection, was determined by the 

lesion location and degree of involvement of the adjacent 

bowel. For most cystic duplications, complete excision with 

segmental bowel resection remains the standard of care be-

cause it fully removes the shared wall and any ectopic mucosa. 

However, when the cyst is well defined and easily separable 

from the bowel wall, bowel-preserving procedures such as 

enucleation or wedge resection are viable alternatives [9], as 

demonstrated in 12 cases (26.7%) in our series. Overall, post-

operative outcomes were favorable, with low morbidity. These 
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Fig. 3. Histopathological findings of the duplication cyst (H&E 
stain, ×100). Microscopic examination shows a cyst wall lined 
with gastric mucosa, characterized by foveolar epithelium 
and underlying gastric glands. Adjacent to the mucosa, a well-
developed, distinct layer of smooth muscle, the muscularis 
propria, is observed, confirming the diagnosis of a true alimentary 
tract duplication cyst. Prominent vascular congestion and focal 
inflammatory cell infiltration are noted within the lamina propria.



results demonstrate that, despite the complexity of these con-

genital anomalies, excellent outcomes can be achieved over a 

long period at a specialized pediatric surgical center.

This study has several limitations. Its retrospective, single-cen-

ter design may have introduced selection bias. In addition, the 

40-year study period spans substantial changes in diagnostic 

modalities and surgical techniques, which may have influenced 

management strategies and limited direct comparisons across 

eras. Information on prenatal detection was based partly on 

retrospective parental reports, limiting precise evaluation of its 

influence on surgical timing. However, the relatively large num-

ber of patients accrued over this extended period is a significant 

strength and provides valuable data on a rare condition.

In conclusion, this 40-year retrospective analysis of EDCs 

in children confirms that EDCs are rare congenital anomalies 

that primarily present within the first 2 years of life. The ileum 

is the most common site, and clinical presentation is often 

related to complications such as bowel obstruction, volvulus, 

and intussusception, which require emergency surgical in-

tervention in a substantial proportion of patients. Cystic mor-

phology predominates, and the presence of heterotopic gastric 

mucosa requires careful pathological evaluation. US is the key 

diagnostic modality. Prompt and complete surgical excision 

remains the definitive treatment and is associated with favor-

able short-term postoperative outcomes, with no recurrence 

observed during the available follow-up period in this special-

ized setting. This extensive single-center experience provides 

substantial evidence supporting proactive management strat-

egies to prevent life-threatening complications associated with 

EDCs.
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Purpose: This study investigated the clinical characteristics, anatomical distribution, operative management, and postoperative out-
comes of pediatric patients who underwent surgery for intestinal duplication and were registered through a nationwide multicenter sur-
vey conducted by the Korean Association of Pediatric Surgeons (KAPS).
Methods: KAPS conducted a nationwide multicenter retrospective survey across 18 institutions between 2020 and 2024 and collected 
data from 144 patients.
Results: Female patients accounted for 55.6% of surgically treated cases, corresponding to a male to female ratio of 1:1.25. Vomiting 
and abdominal pain were the most common presenting symptoms. Prenatal diagnosis was achieved in 43.7% of cases. The ileum was the 
most common site of intestinal duplication (41.0%). Cystic duplications predominated (82.6%), and communication with the native bow-
el was documented in 19.4% of cases. Elective surgery was performed in 83.3% of patients, with laparoscopic-assisted surgery being the 
most commonly used approach (52.8%). The most frequently performed surgical procedures were excision (49.3%) and bowel resection 
with anastomosis (47.2%). Recurrence occurred in three patients (2.1%), and mortality was reported in one patient (0.7%).
Conclusion: This study represents the largest multicenter dataset on intestinal duplication in South Korea and provides comprehensive 
information regarding its clinical characteristics and surgical outcomes. These findings may serve as a useful reference for understanding 
the clinical spectrum and operative management of pediatric intestinal duplication in South Korea and may support the development of 
future standardized prospective studies.
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INTRODUCTION

Intestinal duplications are rare congenital anomalies that can 

occur anywhere along the alimentary tract, most commonly in 

the small intestine [1-3]. They occur in approximately 1 in 4,500 

live births and are most frequently diagnosed in neonates 

and children [4-6]. The clinical presentation of intestinal du-

plication varies according to morphological type, anatomical 

location, and patient age group. Presentations range from in-

cidental prenatal detection to dysphagia, abdominal pain, ab-

dominal mass, intussusception, inflammation, bleeding, and 

even peritonitis secondary to perforation. Because of the rarity 

of this condition and its nonspecific clinical manifestations, 

achieving an accurate preoperative diagnosis is often challeng-

ing. Definitive treatment generally requires complete surgical 

excision, as residual lesions after partial excision may predis-

pose patients to recurrence, and even clinically silent dupli-

cations may subsequently result in complications [6]. Despite 

numerous single-center reports, nationwide multicenter data 

regarding surgically treated pediatric cases remain limited. 

Therefore, we report the findings of a nationwide multicenter 

Korean survey coordinated by the Korean Association of Pedi-

atric Surgeons (KAPS), detailing demographic characteristics, 

prenatal diagnosis, clinical manifestations, associated anom-

alies, preoperative diagnostic methods, anatomical location 

and type of intestinal duplication, presence of communication 

and ectopic tissue, operative management, and postoperative 

outcomes in patients with intestinal duplication, with partic-

ular emphasis on how lesion characteristics inform surgical 

decision-making.

METHODS

We retrospectively reviewed the medical records of pediatric 

patients who underwent surgery for intestinal duplication at 

18 KAPS institutions between January 2020 and December 

2024. The KAPS committee developed a case registration form 

to collect data regarding patient sex, birth weight, gestational 

age, prenatal diagnosis, clinical manifestations, associated 

anomalies, preoperative diagnostic methods, anatomical lo-

cation and type of intestinal duplication, presence of commu-

nication and ectopic tissue, operative management, and post-

operative outcomes. The form was distributed by email to 18 

pediatric surgical centers and completed by authorized KAPS 

members at the participating centers, yielding data from 144 

patients. Patients were eligible if they were <18 years of age and 

underwent surgical treatment for intestinal duplication during 

the specified 5-year study period. Cases with insufficient data 

were excluded. Because the survey included cases reported by 

18 participating KAPS-affiliated pediatric surgical centers, the 

dataset represents a multicenter surgical registry rather than a 

population-based national incidence database.

Ethics statement
The study protocol was approved by the Institutional Review 

Board of Kyungpook National University Hospital (No. 2025-

06-005). Informed consent was waived due to the use of 

deidentified data and the retrospective nature of the study.

RESULTS

Registered case numbers
A total of 144 patients with intestinal duplication were regis-

tered in this nationwide survey. The annual case distribution 

was as follows: 39 cases in 2020, 28 in 2021, 25 in 2022, 27 in 

2023, and 25 in 2024. The regional distribution was as follows: 

114 cases (79.1%) from the Seoul/Gyeonggi region, 16 cases 

(11.1%) from the Busan/Ulsan/Gyeongnam region, six cases 

(4.2%) from Daegu, six cases (4.2%) from the Jeolla region, and 

two cases (1.4%) from the Chungcheong region. This distribu-

tion suggests a concentration of registered cases in the Seoul/

Gyeonggi region, likely reflecting referral patterns and the geo-

graphic distribution of participating tertiary centers.

Patient demographics and perinatal characteristics
The cohort included 64 male patients (44.4%) and 80 female 

patients (55.6%), yielding a male to female ratio of approxi-

mately 1:1.25 and demonstrating a predominance of female 

patients in this surgical series. A total of 115 patients (79.9%) 

were born at a gestational age of ≥37 weeks, and 113 patients 

(78.5%) had a birth weight of ≥2,500 g. The median age at 

surgery was 8.5 months (range, 1 day–17 years). Prenatal diag-

nosis was confirmed in 63 patients (43.7%). Among the subset 

of patients for whom this information was available, the mean 

gestational age at prenatal diagnosis was 25.6 weeks. Maternal 

polyhydramnios was absent in 105 patients (72.9%). No family 

history of intestinal duplication was reported among any of the 

144 patients (Table 1).

Clinical manifestations
Clinical manifestations at diagnosis included vomiting in 

39 patients (27.1%), making it the most common presenting 
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symptom, followed by abdominal pain in 35 patients (24.3%) 

and abdominal mass in 16 patients (11.1%). Abdominal dis-

tention was observed in 11 patients (7.6%), hematochezia in 

10 patients (6.9%), abnormal anal appearance or discharge 

in eight patients (5.6%), and fever in seven patients (4.9%). 

However, 80 patients (55.6%) were asymptomatic at the time of 

diagnosis (Table 2).

Associated anomalies
Cardiovascular anomalies were the most frequently observed 

associated anomalies, occurring in 10 patients, followed by 

craniofacial and musculoskeletal anomalies in seven patients. 

Other associated anomalies included gastrointestinal anoma-

lies in four patients, central nervous system anomalies in four, 

genitourinary anomalies in four, and chromosomal abnormal-

ities in three.

Preoperative diagnostic methods
Multiple diagnostic modalities were used in some patients. 

The most frequently performed preoperative imaging studies 

were abdominal radiography in 122 patients (84.7%) and ab-

dominal ultrasonography in 120 patients (83.3%). Other diag-

nostic modalities included abdominal computed tomography 

(CT) in 57 patients (39.6%), abdominal magnetic resonance 

imaging (MRI) in 21 (14.6%), upper gastrointestinal series or 

small bowel series in 13 (9.0%), colon studies in 13 (9.0%), 

Meckel scans in seven (4.9%), colonoscopy in five (3.5%), and 

endoscopy in three (2.1%). These findings indicate that con-

ventional radiography and ultrasonography were strongly pre-

ferred for initial evaluation in clinical practice.

Location and type of intestinal duplication
The ileum was the most common site of intestinal duplication, 

occurring in 59 cases (41.0%). Other locations included the 

cecum in 19 cases (13.2%), stomach in 18 cases (12.5%), anus 

in 17 cases (11.8%), jejunum in 13 cases (9.0%), esophagus in 

six cases (4.1%), duodenum in five cases (3.5%), rectum in five 

cases (3.5%), and colon in two cases (1.4%) (Fig. 1). Multiple 

duplications were identified in two patients: one patient had 

two duplications in the ileum, and one had duplications in 

both the jejunum and ileum. For anatomical classification, the 

patient with two ileal duplications was counted as one ileal 

case, and the patient with one jejunal and one ileal duplication 

was also counted as one ileal case. Most intestinal duplications 

were cystic, accounting for 119 cases (82.6%), whereas tubular 

duplications were identified in 20 cases (13.9%). In five cases 

(3.5%), the type was unknown. This distribution indicates that 

cystic duplications predominated across nearly all locations 

except the anus, where tubular duplications were more fre-

quent (Table 3).

Presence of communication with native bowel and ectopic 
tissue according to anatomical location
Communication between the duplication and the adjacent 

native intestinal lumen was identified in 28 patients (19.4%), 

whereas 107 patients (74.3%) had no communication. Com-

Table 1. Patient demographics and perinatal characteristics

Characteristic No. (%)

Sex

  Male 64 (44.4)

  Female 80 (55.6)

Gestational age (wk)

  <37 15 (10.4)

  ≥37 115 (79.9)

  Not available 14 (9.7)

Birth weight (g)

  <2,500 12 (8.3)

  ≥2,500 113 (78.5)

  Not available 19 (13.2)

Prenatal diagnosis

  Yes 63 (43.7)

  No 76 (52.8)

  Not available 5 (3.5)

Polyhydramnios

  Yes 1 (0.7)

  No 105 (72.9)

  Not available 38 (26.4)

Table 2. Clinical manifestations

Clinical manifestation No. (%)

Absence of symptoms 80 (55.6)

Vomiting 39 (27.1)

Abdominal pain 35 (24.3)

Abdominal mass 16 (11.1)

Abdominal distension 11 (7.6)

Hematochezia 10 (6.9)

Abnormal anal appearance or discharge 8 (5.6)

Fever 7 (4.9)

Melena 4 (2.8)

Constipation 2 (1.4)

Dysphagia 2 (1.4)

Multiple clinical manifestations could be recorded for each 
patient; therefore, percentages do not sum to 100%.
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munication status was unknown in nine cases (6.3%). Table 4 

summarizes communication between the intestinal duplica-

tion and the adjacent bowel according to anatomical location. 

These findings indicate that most intestinal duplications did 

not communicate with the native intestinal tract, although 

communication was relatively more frequent in duodenal and 

rectal duplications.

Ectopic tissue was identified in 21 of 144 patients (14.6%), 

whereas 123 patients (85.4%) had no ectopic tissue. Table 4 

also shows the distribution of ectopic tissue in intestinal du-

plications according to anatomical location. These findings 

suggest that ectopic gastric or pancreatic tissue was most 

frequently identified in duplications located in the ileum and 

duodenum.

Change in the size of intestinal duplication
Among the patients, 112 had data allowing comparison of 

intestinal duplication size between initial diagnosis and sur-

gery. Of these, 67 cases (59.8%) increased in size, 31 (27.7%) 

Fig. 1. Distribution of intestinal duplication according to anatomical 
location.

Table 3. Location and type of intestinal duplication

Location
Cystic 
type 

Tubular 
type 

Unknown 
type

Esophagus 6 (100) 0 (0) 0 (0)

Stomach 18 (100) 0 (0) 0 (0)

Duodenum 4 (80.0) 1 (20.0) 0 (0)

Jejunum 10 (76.9) 3 (23.1) 0 (0)

Ileum 57 (96.6) 1 (1.7) 1 (1.7)

Cecum 17 (89.5) 0 (0) 2 (10.5)

Colon 1 (50.0) 1 (50.0) 0 (0)

Rectum 4 (80.0) 1 (20.0) 0 (0)

Anus 2 (11.8) 13 (76.4) 2 (11.8)

Total 119 (82.6) 20 (13.9) 5 (3.5)

Values are presented as number (%).

decreased in size, and 14 (12.5%) showed no change.

Operative treatment of intestinal duplication
Among the 144 patients with intestinal duplication, elective 

surgery was performed in 120 (83.3%), whereas emergency 

surgery was required in 24 (16.7%). A breakdown by anatom-

ical location is shown in Table 5. These findings indicate that 

most patients underwent planned elective surgery, although 

emergency intervention was more frequently required for du-

plications located in the jejunum, ileum, and cecum than for 

those in other locations.

The most commonly used surgical approach was laparo-

scopic-assisted surgery, performed in 76 patients (52.8%), 

followed by open surgery in 40 patients (27.8%), pure lapa-

roscopic surgery in 26 patients (18.0%), and thoracoscopic 

surgery in two patients (1.4%). Table 6 summarizes operative 

modalities for intestinal duplication according to anatomical 

location. These findings highlight the increasing preference for 

minimally invasive techniques, particularly laparoscopic-as-

sisted surgery, in the treatment of intestinal duplication, espe-

cially in the small intestine. However, open surgery remained 

predominant for anorectal or anal lesions.

The most commonly used operative methods were exci-

sion in 71 cases (49.3%) and bowel resection with anastomo-

sis in 68 cases (47.2%). Less common procedures included 

partial excision in two cases (1.4%) and other methods in 

three cases (2.1%). A breakdown by anatomical location is 

shown in Table 7. These findings suggest that excision and 

bowel resection with anastomosis were the two main surgi-

cal strategies and were selected according to lesion location, 

communication with the native bowel, and involvement of 

surrounding structures.

6 (4.1%)

5 (3.5%)

1 (0.7%)

13 (9.0%)

59 (41.0%)
19 (13.2%)

5 (3.5%)

17 (11.8%)

1 (0.7%)

18 (12.5%)



Postoperative complications, recurrence, and mortality
Postoperative complications occurred in both the early and 

late postoperative periods. Early complications occurred in six 

patients and included wound infection in five cases (duodenal 

duplication, one; jejunal duplication, one; ileal duplication, 

three) and anastomotic leakage in one case involving duo-

denal duplication. A late postoperative complication was ob-

served in one patient with duodenal duplication, who devel-

oped intestinal obstruction. Recurrence was observed in three 

of 144 patients (2.1%): one with esophageal duplication, one 

with duodenal duplication, and one with rectal duplication. 

One notable case involved a female patient who underwent 

reoperation for remnant rectal duplication cysts over several 

years after initial involvement of both the colon and rectum. 

One death occurred (0.7%), involving a patient with duodenal 

duplication. The cause of death was pulmonary hypertension 

during the healing phase after anastomotic leakage.

DISCUSSION

Intestinal duplication is a rare congenital anomaly charac-

terized by a well-formed cystic or tubular structure that is at-

tached to, or shares a common wall with, the alimentary tract; 

is lined by gastrointestinal mucosa; and has a well-developed 

smooth muscle layer [3,4,7].

The exact pathogenetic mechanism underlying intestinal 

duplication remains unclear. Several mechanisms have been 

proposed, including the split notochord theory, abnormal 

recanalization of the transiently solid gastrointestinal tract 

during embryogenesis, abortive twinning, persistence of em-

bryological diverticula, and intrauterine vascular accidents. 

These hypotheses reflect the complex, multifactorial nature of 

this congenital anomaly [8].

Although intestinal duplication has traditionally been re-

ported more frequently in male patients, Sujka et al. [9] ob-

served a female predominance, with 62.0% of cases occurring 

in female patients. Similarly, intestinal duplication was more 

common in female patients in our series, accounting for 55.6% 

of cases.

The clinical manifestations of intestinal duplication vary 

widely depending on patient age, anatomical location, dupli-

cation cyst size, and presence of ectopic mucosa [4]. In our na-

tionwide survey, vomiting (27.1%) and abdominal pain (24.3%) 

were the most common symptoms, whereas a substantial 

proportion of patients (55.6%) were incidentally diagnosed 

without symptoms. These findings are consistent with those of 

Table 4. Presence of communication with native bowel and ectopic tissue according to anatomical location

Location
Communication Ectopic tissue

+ − Unknown + −

Esophagus 1 (16.7) 5 (83.3) 0 (0) 0 (0) 6 (100)

Stomach 4 (22.2) 14 (77.8) 0 (0) 1 (5.6)a) 17 (94.4)

Duodenum 3 (60.0) 2 (40.0) 0 (0) 2 (40.0)b) 3 (60.0)

Jejunum 1 (7.7) 10 (76.9) 2 (15.4) 2 (15.4)c) 11 (84.6)

Ileum 8 (13.6) 46 (77.9) 5 (8.5) 14 (23.7)d) 45 (76.3)

Cecum 7 (36.8) 11 (57.9) 1 (5.3) 2 (10.5)e) 17 (89.5)

Colon 1 (50.0) 1 (50.0) 0 (0) 0 (0) 2 (100)

Rectum 3 (60.0) 1 (20.0) 1 (20.0) 0 (0) 5 (100)

Anus 0 (0) 17 (100) 0 (0) 0 (0) 17 (100)

Total 28 (19.4) 107 (74.3) 9 (6.3) 21 (14.6) 123 (85.4)

Values are presented as number (%).
a)Pancreatic tissue; b)one case of gastric tissue, one case of gastric and pancreatic tissue; c)two cases of gastric tissue; d)13 cases of gastric 
tissue, one case of pancreatic tissue; e)two cases of gastric tissue.

Table 5. Elective versus emergency surgery according to location

Location Elective Emergency

Esophagus 6 (100) 0 (0)

Stomach 17 (94.4) 1 (5.6)

Duodenum 5 (100) 0 (0)

Jejunum 9 (69.2) 4 (30.8)

Ileum 47 (79.7) 12 (20.3)

Cecum 12 (63.2) 7 (36.8)

Colon 2 (100) 0 (0)

Rectum 5 (100) 0 (0)

Anus 17 (100) 0 (0)

Total 120 (83.3) 24 (16.7)

Values are presented as number (%).
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previous studies [4,10].

In our nationwide survey, the ileum was the most common 

location of intestinal duplication (41.0%), followed by the 

cecum (13.2%), stomach (12.5%), anus (11.8%), and jejunum 

(9.0%). This distribution was comparable to that reported in 

previous studies [1,3]. In our series, 82.6% of intestinal dupli-

cations were cystic, consistent with previous reports [4,9].

Most cases in our cohort (74.3%) showed no communication 

with the adjacent bowel, consistent with previously published 

data [4]. However, intestinal duplications involving the duo-

denum and rectum demonstrated relatively high rates of com-

munication with the native bowel (60.0% in each location), 

which may substantially influence surgical decision-making 

and treatment strategy.

Compared with the study by Guerin et al. [7], which report-

ed ectopic tissue in 41.0% of cases, our series demonstrated a 

lower prevalence of ectopic tissue (14.6%). Complete mucosal 

excision is particularly important in intestinal duplications 

with ectopic tissue, as retained mucosa may contribute to 

complications such as bleeding, ulceration, and recurrence.

With the increasing use of prenatal ultrasonography, the 

number of intestinal duplications diagnosed before birth has 

steadily increased. In our nationwide survey, 43.7% of patients 

were diagnosed at a mean gestational age of 25.6 weeks among 

those with available data, comparable to rates reported in pre-

vious studies [2,5]. This relatively high prenatal detection rate 

underscores the value of prenatal ultrasonography for prompt-

ing postnatal surveillance and timely consultation.

In our nationwide survey, plain abdominal radiography and 

ultrasonography were the most widely used preoperative stud-

ies, reflecting their accessibility and diagnostic utility. Abdom-

inal ultrasonography typically reveals a cystic lesion adjacent 

to the intestine with a characteristic double-wall or muscular 

rim sign, reflecting an inner hyperechoic mucosal layer and 

an outer hypoechoic smooth muscle layer [1]. Cross-sectional 

imaging, including CT and MRI, as well as contrast studies, 

can assess lesion location, vascularity, and communication, 

thereby facilitating surgical planning. On abdominal CT, intes-

Table 6. Surgical approach

Location Thoracoscopy Laparoscopy Laparoscopic-assisted Open

Esophagus 2 (33.3) 4 (66.7) 0 (0) 0 (0)

Stomach 0 (0) 16 (88.8) 1 (5.6) 1 (5.6)

Duodenum 0 (0) 2 (40.0) 1 (20.0) 2 (40.0)

Jejunum 0 (0) 0 (0) 10 (76.9) 3 (23.1)

Ileum 0 (0) 0 (0) 50 (84.7) 9 (15.3)

Cecum 0 (0) 1 (5.3) 12 (63.1) 6 (31.6)

Colon 0 (0) 1 (50.0) 1 (50.0) 0 (0)

Rectum 0 (0) 2 (40.0) 1 (20.0) 2 (40.0)

Anus 0 (0) 0 (0) 0 (0) 17 (100)

Total 2 (1.4) 26 (18.0) 76 (52.8) 40 (27.8)

Values are presented as number (%).

Table 7. Operative methods according to location

Location BRA Excision Partial excision Others

Esophagus 0 (0) 5 (83.3) 0 (0) 1 (16.7)

Stomach 3 (16.7) 14 (77.8) 1 (5.5) 0 (0)

Duodenum 1 (20.0) 4 (80.0) 0 (0) 0 (0)

Jejunum 10 (76.9) 3 (23.1) 0 (0) 0 (0)

Ileum 38 (64.4) 20 (33.9) 1 (1.7) 0 (0)

Cecum 14 (73.7) 4 (21.0) 0 (0) 1 (5.3)

Colon 2 (100) 0 (0) 0 (0) 0 (0)

Rectum 0 (0) 5 (100) 0 (0) 0 (0)

Anus 0 (0) 16 (94.1) 0 (0) 1 (5.9)

Total 68 (47.2) 71 (49.3) 2 (1.4) 3 (2.1)

Values are presented as number (%).
BRA, bowel resection with anastomosis.
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tinal duplication usually appears as a well-defined, low-atten-

uation, unilocular cystic mass that is most commonly round 

or spherical and often lacks apparent communication with 

the native bowel. In some cases, however, the duplication may 

appear as a tubular structure continuous with the intestinal 

lumen.

Complete surgical excision remains the mainstay of treat-

ment for intestinal duplication [11-13]. Partial excision is asso-

ciated with an increased risk of recurrence, and even asymp-

tomatic lesions may lead to future complications [14]. In this 

survey, all three cases of recurrence were observed following 

cyst excision. These recurrences occurred not only after par-

tial excision but also after complete excision, indicating that 

meticulous follow-up is warranted regardless of the extent of 

excision. According to Ma et al. [15], malignant transforma-

tion in intestinal duplication is rare but carries an unfavorable 

prognosis, supporting the need for definitive surgical treat-

ment. Therefore, careful selection of the surgical strategy is 

essential, and the optimal approach should be determined ac-

cording to the size and location of the cyst and its anatomical 

relationship with the adjacent intestine. The most commonly 

used surgical techniques in our series were simple excision 

(49.3%) and bowel resection with anastomosis (47.2%). Bowel 

resection with anastomosis was used more frequently for jeju-

noileal and cecal lesions, in which shared walls or vascularity 

often preclude safe enucleation. Conversely, simple excision 

or enucleation is particularly favored in locations where bowel 

resection with anastomosis should be avoided, such as the 

esophagus, stomach, and duodenum [16]. Selective mucosal 

excision has been described as an effective treatment strategy 

in rare cases of extensive tubular intestinal duplication [1]. 

Recently, minimally invasive laparoscopic surgery has been 

increasingly adopted for intestinal duplication [9,11,14,16]. In 

our series, laparoscopic and laparoscopic-assisted procedures 

were frequently used, particularly for small intestinal lesions; 

however, because complications were not analyzed according 

to operative approach, comparative safety cannot be inferred. 

With advances in imaging modalities, an increasing number 

of intestinal duplications are being detected during prenatal 

evaluation, leading to ongoing debate regarding the optimal 

timing of surgical intervention [17-20]. Laje et al. [18] sug-

gested that early surgical treatment after birth is warranted 

because intestinal duplication can cause substantial compli-

cations. In a systematic review by Fahy and Pierro [19], almost 

half of prenatally diagnosed patients developed symptoms 

early in life and required surgical intervention, whereas close 

observation with delayed prophylactic resection during infan-

cy was recommended for asymptomatic patients. Similarly, 

Wang et al. [20] reported that intestinal obstruction is the most 

common complication of intestinal duplication and occurs 

predominantly during the neonatal period. They concluded 

that symptomatic patients require early intervention, whereas 

asymptomatic patients can be managed with close observation 

and delayed resection. Early surgical resection can be con-

sidered for duplications with a diameter greater than 3 cm or 

those of the intraluminal type. Therefore, the timing of surgery 

should be individualized according to the size and location of 

the duplication cyst and its potential for complications.

This nationwide multicenter survey of 144 children treated 

for intestinal duplication across 18 KAPS institutions rep-

resents the largest Korean dataset to date and provides several 

practice-relevant insights. Nevertheless, this study has import-

ant limitations. Its retrospective design may have introduced 

selection and information bias. Substantial heterogeneity in 

anatomical location, clinical presentation, and disease extent, 

combined with the multicenter nature of the data, likely influ-

enced surgical decision-making and perioperative manage-

ment. Variations in institutional experience and operative pref-

erences limit direct comparisons among surgical approaches 

and reflect differences in local practice patterns across institu-

tions. However, these nationwide data provide an important 

foundation for identifying consensus-based strategies and 

may facilitate the future development of a standardized KAPS 

clinical pathway for the management of intestinal duplication. 

Future research should focus on prospective multicenter stud-

ies with standardized data collection and treatment protocols. 

Stratification according to anatomical location and clinical 

characteristics will help define optimal surgical strategies and 

long-term outcomes in patients with intestinal duplication.
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Perioperative outcomes of laparoscopic-assisted 
diverticulectomy versus small bowel resection for Meckel 
diverticulum in South Korea: a retrospective cohort study
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Purpose: This study aimed to compare perioperative outcomes between laparoscopic-assisted diverticulectomy and laparoscopic-assist-
ed small bowel resection for Meckel diverticulum.
Methods: This single-center retrospective comparative cohort study included 39 patients who underwent laparoscopic-assisted surgery 
for Meckel diverticulum at Samsung Medical Center, Korea, between June 2010 and December 2023. Patients were classified into the 
laparoscopic-assisted diverticulectomy group or the laparoscopic-assisted small bowel resection group. Baseline characteristics, preoper-
ative presentation, operative time, time to first oral feeding, postoperative hospital stay, complications, reoperation, and follow-up out-
comes were compared between groups.
Results: Of the 39 patients, 19 underwent laparoscopic-assisted diverticulectomy and 20 underwent laparoscopic-assisted small bowel 
resection. Baseline characteristics and preoperative presentation did not differ significantly between groups. Operative time was signifi-
cantly shorter in the diverticulectomy group than in the small bowel resection group (median, 55.0 vs. 76.0 minutes; P=0.002). Time to 
first oral feeding did not differ significantly between groups (median, 2 days [2–2 days] vs. 2 days [1–3 days]; P=0.397). Postoperative 
hospital stays also did not differ significantly between groups (median, 4 days [3–4 days] vs. 4 days [4–5 days]; P=0.118), although hospi-
talization tended to be longer in the laparoscopic-assisted small bowel resection group. No statistically significant difference in compli-
cation rates was observed between groups; however, the number of events was low, limiting definitive comparison.
Conclusion: Laparoscopic-assisted diverticulectomy was associated with shorter operative time and a tendency toward shorter postop-
erative hospital stay than small bowel resection, without an observed increase in early complications. It may be a reasonable option for 
carefully selected patients with uncomplicated Meckel diverticulum.
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INTRODUCTION

Background
Meckel diverticulum arises from incomplete closure of the 

omphalomesenteric duct during early development. It is 

among the most common congenital intestinal anomalies, af-

fecting 0.3% to 2.7% of the population [1,2]. The duct provides 

nutrition until placental formation and normally separates 



Albujays et al.  Laparoscopic management of Meckel diverticulum

28 https://doi.org/10.13029/aps.2026.00038

from the intestine by the seventh week of gestation. Failure 

of complete separation may result in cysts, fistulas, or fibrous 

bands that can cause obstruction. In the absence of addition-

al attachments, Meckel diverticulum may form. Classically, 

Meckel diverticulum has been described by the “rule of twos”: 

it affects approximately 2% of the population, measures ap-

proximately 5 cm (2 inches) in length, is located approximately 

60 cm (2 feet) from the ileocecal valve in the ileum, is twice as 

common in males, and may contain two types of ectopic tis-

sue, gastric or pancreatic. Ectopic gastric or pancreatic tissue 

can secrete acid and pepsin, leading to ulceration of the adja-

cent ileal mucosa and gastrointestinal bleeding. This bleeding 

is usually painless and may be brisk or massive, causing stool 

to appear bright red, brick red, or black. Intestinal obstruction 

is another common complication. It can occur through several 

mechanisms, including volvulus around a fibrous band, intus-

susception, Littre hernia, entrapment of the small bowel be-

neath the diverticular blood supply, stricture from chronic di-

verticulitis, or Meckel diverticulum lithiasis [3]. Surgeons treat 

Meckel diverticulum with either diverticulectomy or small 

bowel resection with anastomosis, depending on the divertic-

ulum anatomy, base width, complications such as ischemia or 

perforation, and the presence of ectopic gastric tissue [3,4].

Traditionally, symptomatic Meckel diverticulum has been 

managed with excision through laparotomy, using either seg-

mental small bowel resection or wedge resection with anas-

tomosis. Minimally invasive techniques now enable laparo-

scopic-assisted excision, and the use of laparoscopic stapling 

devices for intracorporeal diverticulectomy is increasingly 

common [5]. The choice between diverticulectomy and small 

bowel resection is particularly relevant for diverticula with a 

wide base or those complicated by bleeding or inflammation, 

because ectopic tissue can extend into the adjacent ileum 

[6]. However, direct comparisons of perioperative outcomes 

between laparoscopic-assisted diverticulectomy (LA-D) and 

laparoscopic-assisted small bowel resection (LA-SBR) remain 

limited.

Objectives
Therefore, this study aimed to evaluate perioperative charac-

teristics and postoperative outcomes according to the type of 

laparoscopic-assisted procedure performed for Meckel diver-

ticulum.

METHODS

Ethics statement
This retrospective study was approved by the Institutional 

Review Board at Samsung Medical Center (No. 2026-01-058). 

Informed consent was waived due to the use of deidentified 

data and the retrospective nature of the study.

Study design
This was a single-center retrospective comparative cohort 

study. We included 39 patients with Meckel diverticulum who 

underwent surgery at Samsung Medical Center from June 2010 

to December 2023.

Surgical procedures
The surgical procedure was selected intraoperatively on the 

basis of diverticular morphology and disease severity includ-

ing diverticular base width, suspected extension of ectopic 

tissue, degree of inflammation, and bowel viability.

LA-D was preferred for narrow-based diverticula without 

evidence of inflammation, ischemia, or suspected extension 

of ectopic mucosa into the adjacent ileum. LA-SBR was select-

ed for broad-based diverticula, suspected ectopic mucosal 

involvement of the adjacent ileum, or complicated pathology 

such as inflammation, perforation, or ischemia.

All procedures were performed using a laparoscopic-assist-

ed approach. The diverticulum or involved bowel segment 

was exteriorized through the umbilical incision before extra-

corporeal resection. For diverticulectomy, the diverticulum 

was resected extracorporeally with a linear stapler, and the 

staple line was oriented transversely to reduce the risk of lu-

minal narrowing. For small bowel resection, segmental bowel 

resection followed by primary anastomosis was performed 

extracorporeally.

Participants
The study included patients who required either LA-D or LA-

SBR with anastomosis, regardless of symptom status or the 

presence of complications such as bleeding, obstruction, or 

inflammation.

Variables
The exposure variable was the type of surgical procedure: 

LA-D or LA-SBR. The primary outcomes were operative time 

and postoperative hospital stay. Secondary outcomes were 

time to first oral feeding, postoperative complications, reoper-
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ation, and late complications during follow-up.

Data sources/measurement
Data were extracted from electronic medical records, operative 

notes, anesthesia records, pathology reports, and outpatient 

follow-up records. Operative time was defined as the interval 

from skin incision to wound closure. Time to first oral feeding 

was defined as the number of postoperative days until oral 

intake was initiated. Postoperative hospital stay was defined 

as the number of days from operation to discharge. Compli-

cations were identified from inpatient records and follow-up 

visits.

Bias
Because the surgical procedure was selected intraoperative-

ly according to diverticular morphology, suspected ectopic 

mucosal extension, inflammation, and bowel viability, con-

founding by indication was possible. To reduce selection bias, 

all eligible consecutive patients during the study period were 

included, and baseline clinical characteristics were compared 

between groups. However, residual confounding from un-

measured anatomical or disease-severity factors could not be 

excluded.

Study size
No a priori sample size calculation was performed because 

Meckel diverticulum requiring surgery is uncommon, and this 

was a retrospective study including all eligible patients treated 

during the study period. Therefore, the analyses should be in-

terpreted as exploratory, particularly for infrequent outcomes 

such as complications and reoperation.

Statistical analysis
Statistical analyses were conducted using IBM SPSS ver. 25.0 

(IBM Corp.). Continuous variables were summarized as medi-

an (interquartile range [IQR]), and categorical variables were 

summarized as number (%). Between-group comparisons for 

continuous outcomes were performed using the Mann-Whit-

ney U test, and effect sizes were additionally reported as 

Hodges-Lehmann estimates of location shift with 95% confi-

dence intervals (CIs) where applicable. Categorical variables 

were compared using Fisher exact test or the chi-square test, 

as appropriate. Operative time analyses were conducted as 

complete-case analyses because operative time data were 

missing in cases with concomitant procedures; the number of 

available observations is reported for each group. A two-sided 

P-value <0.05 was considered statistically significant.

RESULTS

Baseline characteristics and perioperative outcomes are sum-

marized in Table 1 and Fig. 1. A total of 39 patients underwent 

Table 1. Baseline characteristics and clinical outcomes

Characteristic Total (n=39) LA-D (n=19) LA-SBR (n=20) P-value

Male sex 33 (84.6) 17 (89.5) 16 (80.0) 0.661

Age at operation (yr) 7.8 (2.5–12.7) 10.0 (3.1–13.7) 5.8 (2.6–10.9) 0.550

Weight at surgery (kg) 28.3 (12.5–48.7) 42.0 (12.5–55.1) 22.1 (13.0–38.1) 0.351

Preoperative symptoms

  Bleeding 20 (51.3) 10 (52.6) 10 (50.0) 0.869

  Obstruction 10 (25.6) 3 (15.8) 7 (35.0) 0.273

  Severe inflammation (abscess) 3 (7.7) 1 (5.3) 2 (10.0) 0.999

  Asymptomatic 6 (15.4) 5 (26.3) 1 (5.0) 0.091

Operative time (min)a) 68.0 (55.5–83.5) 55.0 (44.5–69.0) 76.0 (66.0–99.5) 0.002

Time to first oral feeding (day) 2 (1.5–3.0) 2 (2.0–2.0) 2 (1.0–3.0) 0.397

Postoperative hospital stays (day) 4 (3.0–5.0) 4 (3.0–4.0) 4 (4.0–5.0) 0.118

Complication 3 (7.7) 1 (5.3) 2 (10.0) 0.999

  Ileus (conservative management) 2 (5.1) 1 (5.3) 1 (5.0) 0.999

  Reoperation (adhesive ileus) 1 (2.6) 0 (0) 1 (5.0) 0.999

Follow-up (mo) 1.0 (0.5–7.8) 0.6 (0.5–5.0) 1.3 (0.5–10.5) 0.985

Values are presented as number (%) or median (interquartile range).
LA-D, laparoscopic-assisted diverticulectomy; LA-SBR, laparoscopic-assisted small bowel resection.
a)Operative time was available for 31 patients (LA-D, n=15; LA-SBR, n=16).



Fig. 1. Comparison of selected perioperative outcomes between LA-D and LA-SBR. (A) Operative time in minutes (P=0.002); (B) age 
at operation; (C) time to first oral feeding; and (D) postoperative hospital stay. LA-D, laparoscopic-assisted diverticulectomy; LA-SBR, 
laparoscopic-assisted small bowel resection; ns, not significant. **P<0.01.

laparoscopic-assisted surgery for Meckel diverticulum, includ-

ing 19 patients in the LA-D group and 20 in the LA-SBR group.

Baseline demographic characteristics were comparable 

between the two groups. The proportion of male patients 

was 89.5% in the LA-D group and 80.0% in the LA-SBR group 

(P=0.661). The median age at surgery was 10.0 years (IQR, 

3.1–13.7 years) in the LA-D group and 5.8 years (IQR, 2.6–10.9 

years) in the LA-SBR group (P=0.550). Median body weight 

at surgery was 42.0 kg (IQR, 12.5–55.1 kg) and 22.1 kg (IQR, 

13.0–38.1 kg), respectively (P=0.351).

Preoperative clinical presentations were similar between 

groups. Gastrointestinal bleeding was the most common pre-

sentation (52.6% vs. 50.0%, P=0.869), followed by intestinal ob-

struction (15.8% vs. 35.0%, P=0.273). Severe intra-abdominal 

inflammation, including abscess formation, was observed in 

a small number of patients (5.3% vs. 10.0%, P=0.999). Six pa-

tients (15.4%) were asymptomatic at diagnosis, with a higher 

proportion in the LA-D group than in the LA-SBR group (26.3% 

vs. 5.0%, P=0.091).

Operative outcomes showed a significantly shorter operative 

time in the LA-D group (n=15) than in the LA-SBR group (n=16) 

(median, 55.0 minutes vs. 76.0 minutes; P=0.002). Operative 

time data were available for 31 patients because data from 

eight cases were excluded (four in each group) owing to miss-

ing or nonseparable operative duration records, particularly 

in patients who underwent combined procedures with other 

surgical departments. The estimated difference in operative 

time between groups, assessed using the Hodges-Lehmann 

method, was 22.0 minutes (95% CI, 9.0–34.5 minutes) in the 

LA-SBR group.

Postoperative recovery outcomes were largely compara-

ble. Time to first oral feeding did not differ significantly be-

tween groups (median, 2 days [2–2 days] vs. 2 days [1–3 days]; 

P=0.397). Postoperative hospital stay also did not differ signifi-

cantly between the LA-D and LA-SBR groups (median, 4 days 

[3–4 days] vs. 4 days [4–5 days]; P=0.118), although the LA-SBR 
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group showed a tendency toward longer hospitalization, with 

a Hodges-Lehmann location shift of 1.0 day (95% CI, 0–1.0 

day).

Postoperative complications were infrequent in both groups 

(1 vs. 2 events), and no statistically significant difference was 

observed between groups (5.3% vs. 10.0%, P=0.999). Howev-

er, because the number of events was very small, meaningful 

comparison between groups was limited. Two patients devel-

oped postoperative ileus requiring conservative management, 

and one patient in the LA-SBR group underwent reoperation 

for adhesive ileus.

Body weight was not significantly associated with operative 

time (Spearman ρ=0.21, P=0.24) or postoperative complica-

tions (P=0.550). Although body weight was numerically higher 

in the LA-D group than in the LA-SBR group, this difference 

was not statistically significant (P=0.351).

The median follow-up duration was 1.0 month (IQR, 0.5–7.8 

months), with follow-up conducted through outpatient clinic 

visits. No late complications, including bowel stenosis or resid-

ual symptoms related to ectopic tissue, were observed during 

the follow-up period.

DISCUSSION

Key results
In this study, LA-D was associated with significantly shorter 

operative time and a tendency toward shorter postoperative 

hospital stay compared with LA-SBR, while early postoperative 

bowel recovery and complication rates were comparable be-

tween the two approaches.

Interpretation/comparison with previous studies
These findings are consistent with previous studies suggest-

ing that diverticulectomy is associated with more favorable 

perioperative outcomes than segmental bowel resection [5,7].

These results are clinically relevant because they support a 

less extensive surgical strategy for appropriately selected pa-

tients with Meckel diverticulum. In the absence of high-risk 

features, diverticulectomy preserves the native bowel, avoids 

anastomosis, and reduces operative complexity, which may 

translate into faster recovery and shorter hospitalization. Pre-

vious literature has emphasized the advantages of minimally 

invasive approaches in reducing surgical trauma and improv-

ing postoperative recovery [1,4,8].

The longer operative time and hospital stay observed in the 

LA-SBR group are likely attributable to the additional technical 

steps required for mesenteric division and bowel anastomosis. 

Segmental resection inherently involves more extensive tis-

sue handling and reconstruction, which has been associated 

with increased postoperative morbidity in prior studies [7,9]. 

In contrast, diverticulectomy minimizes disruption of bowel 

continuity and may therefore contribute to improved periop-

erative outcomes.

Importantly, time to first oral feeding did not differ signifi-

cantly between the two groups. This finding is consistent with 

reports that early bowel recovery may be similar after mini-

mally invasive procedures [1,5].

A key consideration in interpreting these results is the po-

tential for selection bias. The choice of surgical procedure was 

determined intraoperatively based on diverticular morpholo-

gy and disease severity. Patients undergoing LA-SBR may have 

had more complex disease, such as broad-based diverticula 

or associated inflammation. Previous studies have also high-

lighted that diverticular characteristics, including base width 

and the presence of ectopic mucosa, play an important role in 

determining the appropriate surgical approach [6,10].

Although body weight showed a trend toward association 

with surgical approach selection, it was not significantly as-

sociated with operative time or postoperative complications, 

suggesting that body weight alone may not be a determining 

factor in surgical outcomes.

Clinical implication
These results support intraoperative selection of the procedure 

according to diverticular anatomy and disease severity. LA-D 

may be considered the initial surgical approach in cases with a 

narrow-based diverticulum without evidence of inflammation, 

ischemia, or suspected ectopic mucosal extension. Conversely, 

small bowel resection should be reserved for cases with high-

risk features, including a broad base, involvement of the adja-

cent ileum, or complicated pathology such as perforation or 

severe inflammation. This approach is supported by previous 

reports emphasizing individualized surgical decision-making 

based on intraoperative findings [3,11-13].

The absence of late complications, including bowel stenosis 

or residual symptoms related to ectopic tissue, further sup-

ports the safety of diverticulectomy in appropriately selected 

patients, although the short follow-up limits assessment of 

delayed adverse outcomes. Nevertheless, because incomplete 

resection of ectopic mucosa remains a concern, particularly in 

broad-based diverticula, careful intraoperative assessment is 

needed to reduce this risk [6,10].
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Limitations
This study has several limitations. Its retrospective design in-

troduces inherent risks of selection bias and unmeasured con-

founding. The relatively small sample size limits the feasibility 

of robust multivariable analysis or propensity score matching. 

Additionally, operative time data were missing in a subset of 

patients, and the follow-up duration may not be sufficient to 

capture all late complications. Nevertheless, this study pro-

vides useful comparative data reflecting real-world clinical 

practice in the era of minimally invasive surgery.

Generalizability
The findings of this study are most applicable to patients with 

Meckel diverticulum treated at tertiary centers with experience 

in laparoscopic-assisted pediatric or adolescent surgery. Be-

cause this was a single-center retrospective study with a small 

sample size, the results should be generalized cautiously to 

other institutions, adult populations, open surgical approach-

es, purely intracorporeal laparoscopic procedures, or patients 

with severely complicated disease.

Suggestions for further studies
Future multicenter prospective registry studies are needed to 

validate these findings in larger and more diverse patient pop-

ulations. Such studies should collect standardized intraopera-

tive variables, including diverticular base width, diverticulum 

length, presence and location of ectopic mucosa, degree of 

inflammation, bowel viability, and the specific reason for se-

lecting diverticulectomy or small bowel resection. Larger data-

sets would allow multivariable adjustment or propensity-score 

methods to reduce confounding by indication and provide 

more precise estimates of postoperative complications, reop-

eration, and long-term outcomes.

Conclusions
In this single-center retrospective cohort study, LA-D was asso-

ciated with shorter operative time and a trend toward shorter 

postoperative hospital stay than LA-SBR, with no observed 

difference in time to first oral feeding or early postoperative 

complications. Because the surgical procedure was selected 

according to intraoperative findings and follow-up was limited, 

these findings support LA-D as a reasonable option for careful-

ly selected patients with narrow-based, uncomplicated Meckel 

diverticulum, while small bowel resection remains appropriate 

for broad-based diverticula, suspected ectopic mucosal exten-

sion, ischemia, perforation, or severe inflammation.
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Natural orientation-based parallel anastomosis in 
laparoscopic duodenoduodenostomy: association 
with atresia location and perioperative outcomes in a 
retrospective cohort study
Min-Jung Bang1, Sung Joon Kim2, Wontae Kim3, Sungjoo Park2, Sanghoon Lee2,*, Jeong-Meen Seo2
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Purpose: At our institution, congenital duodenal atresia is repaired laparoscopically using duodenoduodenostomy with a parallel anasto-
mosis. During our use of this technique, we noted that after mobilization, the distal duodenal segment naturally rested in either a cranial 
or caudal orientation relative to the proximal segment and that this resting orientation appeared to vary with the anatomical level of 
atresia. This study primarily evaluated the association between atresia location and the natural orientation of the distal duodenal seg-
ment. It secondarily compared perioperative outcomes between the cranial and caudal orientation groups. 
Methods: This retrospective cohort study was conducted at Samsung Medical Center (Seoul, South Korea) and included neonates who 
underwent laparoscopic duodenoduodenostomy with parallel anastomosis for congenital duodenal atresia from January 2008 to June 
2021. After patients with annular pancreas or duodenal web were excluded, 22 neonates were analyzed and categorized into the cranial 
(n=16) or caudal (n=6) orientation group according to intraoperative findings. Perioperative outcomes were compared, and the relation-
ship between atresia location and distal segment orientation was analyzed. 
Results: Operative time, postoperative ventilator support, time to feeding initiation, time to full feeding, and length of hospitalization 
did not differ significantly between groups. No patient required conversion to open surgery, developed an anastomotic stricture, or died 
during hospitalization. One patient in the cranial group developed an anastomotic leak, which was treated by laparoscopic reanasto-
mosis. First-portion duodenal atresia was significantly more frequent in the caudal group than in the cranial group (83.3% vs. 25.0%, 
P=0.023). 
Conclusion: Laparoscopic duodenoduodenostomy with parallel anastomosis was feasible in both cranial and caudal orientations, with 
no conversions to open surgery. The natural orientation of the distal duodenal segment was significantly associated with the anatomical 
location of atresia, supporting an anatomical basis for orientation-guided parallel anastomosis.
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INTRODUCTION

Duodenal atresia is a congenital intestinal obstruction that oc-

curs in approximately 1 in 5,000–10,000 live births and is often 

accompanied by trisomy 21, congenital heart defects, or other 

gastrointestinal malformations [1,2]. Duodenoduodenostomy 

is the definitive operative treatment, and current long-term 

survival rates exceed 90% [3,4]. Even with these favorable sur-

vival outcomes, technical aspects of reconstruction remain 

clinically relevant because they can contribute to postoper-

ative complications such as anastomotic leak, stricture, and 

delayed enteral feeding [4,5].

Over the past two decades, laparoscopic duodenoduodenos-

tomy has become an accepted minimally invasive approach 

in specialized pediatric surgical centers, where it can reduce 

surgical trauma, improve operative visualization, and support 

faster recovery [6-9]. The diamond-shaped anastomosis intro-

duced by Kimura et al. [10] remains the most widely used con-

figuration [11-13]. Our institution uses a parallel anastomosis 

technique in which the proximal and distal duodenal seg-

ments are approximated according to their natural alignment 

rather than rotated into a predetermined configuration [14]. As 

our experience with this approach increased, we observed that 

the distal duodenal segment rested in one of two reproducible 

orientations—cranial or caudal—relative to the proximal seg-

ment and that this orientation appeared to correspond to the 

anatomical location of the atresia [15,16].

Although laparoscopic repair of duodenal atresia has been 

increasingly reported, few studies have examined how the lev-

el of atresia relates to the intraoperative alignment of the duo-

denal segments or to the selected anastomotic configuration 

[8,17,18]. The primary aim of this study was therefore to char-

acterize the association between duodenal atresia location and 

the natural orientation of the distal duodenal segment during 

laparoscopic parallel anastomosis. The secondary aim was 

to compare perioperative outcomes between the cranial and 

caudal orientation groups as an assessment of the feasibility of 

this anatomy-guided approach.

METHODS

Ethics statement
This single-center retrospective cohort study was approved 

by the Institutional Review Board of Samsung Medical Center 

(No. 2024-12-137). The requirement for informed consent was 

waived because the study used a retrospective design.

Study design and patient selection
We reviewed all neonates who underwent laparoscopic duo-

denoduodenostomy for congenital duodenal atresia between 

January 2008 and June 2021. Among 29 initially identified 

patients, seven were excluded after intraoperative findings 

showed annular pancreas or duodenal web. Patients with 

duodenal atresia accompanied by annular pancreas were 

excluded because an encircling pancreatic ring may inde-

pendently change the spatial relationship between the prox-

imal and distal duodenal segments, thereby confounding as-

sessment of their natural orientation. Patients with duodenal 

web were excluded because this obstruction differs mecha-

nistically from true atresia. The final study cohort comprised 

22 neonates (Fig. 1).

Data sources and measurement
The operative technique followed our previously published 

protocol [14]. Two experienced pediatric surgeons performed 

all procedures. A four-trocar configuration was used, consist-

ing of a 5-mm transumbilical camera port, two 3-mm working 

ports placed on either side of the umbilicus, and a 3-mm epi-

gastric assistant port. After the duodenal C-loop had been mo-

bilized, the distal duodenal segment was allowed to settle into 

its natural perpendicular relationship to the proximal segment 

without forced rotation. A transverse incision was made in the 

proximal duodenum, and a longitudinal incision was made 

in the distal duodenum to create parallel openings. The anas-

tomosis was constructed posterior wall first with interrupted 

5-0 glyconate monofilament absorbable sutures (Monosyn, B. 

Braun). An orogastric tube was routinely placed for gastric de-

compression in all patients.

Fig. 1. Flowchart of patient selection.

29 Neonates underwent
laparoscopic duodenoduodenostomy
Between January 2008–June 2021

22 Neonates included in the study

7 Excluded:
annular pancreas or duodenal web
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Variables
The distal segment was classified as having a cranial orien-

tation when it was directed toward the head and as having a 

caudal orientation when it was directed toward the feet, based 

on its resting position after mobilization (Fig. 2). Orientation 

was determined after Kocherization and mobilization of the 

duodenal C-loop and before stay sutures were placed. The 

classification relied on the unforced resting position of the dis-

tal segment relative to the proximal segment, with no traction 

applied. This orientation was documented in the operative 

notes at the time of surgery and later confirmed by review of 

the operative video recordings. In every case, the orientation 

could be classified clearly, and no intermediate or borderline 

orientation was encountered.

Atresia location was assigned according to intraoperative 

anatomical landmarks. First-portion atresia was defined as ob-

struction proximal to the expected ampullary region and was 

identified by the absence of bile staining in the proximal duo-

denal lumen together with the relationship between the atretic 

segment and the pancreatic head. Postampullary atresia was 

defined as obstruction at or distal to the expected ampullary 

level and was typically recognized by bile-stained fluid in the 

proximal segment.

Data collection
The collected variables included demographic characteristics, 

associated anomalies, atresia location, operative time, dura-

tion of postoperative ventilator support, time to feeding initi-

ation, time to full feeding, length of hospitalization, and com-

plications. Enteral feeding was started after nasogastric output 

had decreased to less than 5 mL/kg/day and radiographic 

passage of intestinal gas had been confirmed.

Statistical analysis
A formal sample-size calculation was not performed because 

the retrospective cohort included all eligible patients treated 

during the study period. No data were missing for the primary 

variables included in the analysis.

Continuous variables were summarized as median (range) 

and compared with the Mann-Whitney U test. Categorical 

variables were compared with the Fisher exact test. Statistical 

significance was defined as P<0.05. All analyses were per-

formed using IBM SPSS ver. 25 (IBM Corp.).

RESULTS

In total, 22 neonates underwent laparoscopic duodenodu-

odenostomy with parallel anastomosis; 16 were assigned to 

the cranial orientation group and six to the caudal orientation 

group. No procedure required conversion to open surgery. The 

cohort included 11 male neonates (50.0%). Median gestational 

age was 37+1 weeks (range, 35+3 to 38+6 weeks), and median 

Fig. 2. Schematic illustration of parallel anastomosis according to the natural orientation of the distal duodenal segment during 
laparoscopic duodenoduodenostomy. (A) Cranial orientation of the distal duodenal segment. (B) Caudal orientation of the distal 
duodenal segment. Dotted lines indicate the planned enterotomy sites in the proximal and distal duodenal segments.
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birth weight was 2,575 g. The median age at surgery was 2.5 

days, and median body weight at operation was 2,400 g. As-

sociated anomalies were identified in seven patients (31.8%) 

and included Down syndrome (n=5), congenital heart defects 

(n=4), esophageal atresia (n=1), and limb anomalies (n=1). 

Gastrointestinal malrotation was found in one patient (4.5%) 

and was reported separately because it represented a distinct 

surgical finding that could influence intraoperative anatomy.

Table 1 summarizes the baseline characteristics according 

to orientation group. Gestational age, birth weight, and the 

presence of associated anomalies were not significantly differ-

ent between groups. Male sex was more frequent in the caudal 

group than in the cranial group (83.3% vs. 37.5%), but this dif-

ference did not reach statistical significance (P=0.149).

Atresia location was significantly associated with the natural 

orientation of the distal duodenal segment. First-portion duo-

denal atresia occurred more often in the caudal group than in 

the cranial group (83.3% vs. 25.0%, P=0.023).

Table 2 presents perioperative outcomes. Body weight at 

operation (2,335 g vs. 2,695 g, P=0.073) and age at operation 

(3 days vs. 2 days, P=0.474) were not significantly different be-

tween groups. Median operative time was numerically shorter 

in the caudal group than in the cranial group (109 minutes 

[range, 95–147 minutes] vs. 134.5 minutes [range, 95–248 

minutes]), but this difference was not statistically significant 

(P=0.186).

Short-term postoperative outcomes were similar between 

the cranial and caudal orientation groups. Duration of post-

operative ventilator support (1 day [range, 0–13 days] vs. 1 

day [range, 0–5 days], P=0.920), length of hospital stay (13.0 

days [range, 9–107 days] vs. 12.5 days [range, 10–39 days], 

P=0.677), time to feeding initiation (5 days [range, 3–30] vs. 5 

days [range, 3–9], P=0.755), and time to full feeding (10.0 days 

[range, 6–45 days] vs. 9.5 days [range, 7–15 days], P=0.679) did 

not differ significantly. Median follow-up duration also did not 

differ significantly between groups (6.6 months vs. 7.3 months, 

P=0.900).

Postoperative complications were recorded in one patient 

(6.3%) in the cranial group and in no patients in the caudal 

group (P>0.999). The affected patient developed an anasto-

motic leak that was successfully treated with laparoscopic re-

anastomosis. No anastomotic strictures were observed, and no 

Table 1. Patients’ demographic and baseline characteristics between the cranial and caudal orientation groups

Characteristic Overall (n=22) Cranial group (n=16) Caudal group (n=6) P-value

Male sex 11 (50.0) 6 (37.5) 5 (83.3) 0.149

Gestational age (wk+day) 37+1 (35+3 to 38+6) 37+1 (35+3 to 38+6) 37+6 (36+5 to 38+4) 0.079

Birth weight (g) 2,575 (1,470–3,200) 2,466 (1,470–3,200) 2,840 (2,180–3,040) 0.101

Associated anomalies 7 (31.8) 5 (31.3) 2 (33.3) >0.999

Gastrointestinal malrotation 1 (4.5) 1 (6.3) 0 (0) >0.999

First-portion duodenal atresia 9 (40.9) 4 (25.0) 5 (83.3) 0.023*

Values are presented as number (%) or median (range).
*Statistically significant (P<0.05).

Table 2. Perioperative characteristics and outcomes between the cranial and caudal orientation groups

Characteristic Overall (n=22) Cranial group (n=16) Caudal group (n=6) P-value

Body weight at operation (g) 2,400 (1,410–3,100) 2,335 (1,410–3,100) 2,695 (2,180–2,880) 0.073

Age at operation (day) 2.5 (1–16) 3.0 (1–16) 2.0 (1–12) 0.474

Operative time (min) 134.0 (95–248) 134.5 (95–248) 109.0 (95–147) 0.186

Postoperative ventilator day 1 (0–13) 1 (0–13) 1 (0–5) 0.920

Postoperative hospital day 13.0 (9‒107) 13.0 (9‒107) 12.5 (10‒39) 0.677

Time to initiation of feeding (day) 5 (3‒30) 5 (3‒30) 5 (3‒9) 0.755

Time to full feeding (day) 10.0 (6‒45) 10.0 (6‒45) 9.5 (7‒15) 0.679

Follow-up (mo) 6.7 (0.8–71.7) 6.6 (0.8–71.7) 7.3 (0.9–59.0) 0.900

Postoperative complication 1 (4.5) 1 (6.3)a) 0 (0) >0.999

Mortality during hospitalization 0 (0) 0 (0) 0 (0) NA

Values are presented as median (range) or number (%).
NA, not applicable.
a)Anastomotic leak.



in-hospital deaths occurred in either group.

DISCUSSION

In this retrospective cohort, perioperative outcomes after lap-

aroscopic duodenoduodenostomy with parallel anastomosis 

showed no statistically significant differences between the 

cranial and caudal orientation groups. During the available 

follow-up period, no anastomotic strictures were identified, 

no in-hospital deaths occurred, and the single anastomotic 

leak was successfully treated by laparoscopic reanastomosis. 

The main statistically significant finding was the association 

between atresia location and distal segment orientation: 

first-portion atresia was predominantly associated with caudal 

orientation, whereas postampullary atresia was associated 

with cranial orientation (P=0.023). This association is the 

principal observation of this study and suggests that the nat-

ural alignment encountered during parallel anastomosis may 

reflect, at least in part, the anatomical level of obstruction. Be-

cause the cohort was small and had limited statistical power, 

the lack of significant between-group differences in periopera-

tive outcomes should not be interpreted as evidence of equiv-

alence.

The anatomical configuration of the duodenum provides a 

plausible explanation for this pattern. When atresia involves 

the first portion of the duodenum, the short proximal segment 

and its proximity to the pylorus may restrict cranial mobiliza-

tion, allowing the distal segment to rest in a caudal position 

after mobilization. When atresia is postampullary, the longer 

proximal duodenal segment may permit the distal segment to 

be mobilized more readily in a cranial direction. Aligning the 

anastomosis with this natural orientation may reduce the need 

for forced rotation or excessive traction and may facilitate ten-

sion-free reconstruction [14]. This anatomical rationale differ-

entiates parallel anastomosis from techniques that depend on 

a predefined anastomotic configuration.

A wide, tension-free anastomosis is a central technical prin-

ciple in surgery for duodenal atresia [4,10,19]. Kimura et al. [10] 

introduced the diamond-shaped anastomosis to increase the 

anastomotic lumen, and favorable long-term outcomes have 

been reported with this configuration [3,20]. Parallel anasto-

mosis is designed to create a comparably wide opening while 

maintaining the natural orientation of the proximal and distal 

segments [14]. Several series have supported the feasibility and 

safety of laparoscopic duodenoduodenostomy [6,7,11,21], and 

systematic reviews have reported outcomes comparable to 

those of open repair [8,22]. The present findings extend these 

reports by showing that orientation-based parallel anastomo-

sis could be completed in both natural orientations without 

conversion to open surgery; however, the small sample size 

and limited follow-up prevent firm conclusions about com-

parative safety or long-term outcomes.

Previous studies have mainly compared laparoscopic with 

open repair [9,17,22] or assessed outcomes according to anas-

tomotic configuration [12,23]. In contrast, anastomotic orien-

tation itself has rarely been examined as a separate anatom-

ical variable. Jhala et al. [18] evaluated whether anastomotic 

technique affected outcomes, but their analysis did not stratify 

patients by distal segment orientation or atresia location. The 

present study therefore focused on the natural orientation 

of the distal duodenal segment as observed intraoperatively 

during a single standardized procedure.

A distinctive feature of this study is that group assignment 

was determined by an intraoperative anatomical finding—

the natural orientation of the distal duodenal segment—

rather than by differences in operative technique. Because 

the same standardized procedure was used in both groups, 

technique-related variability was reduced, allowing periop-

erative outcomes to be described across two anatomical con-

figurations encountered during the same operative approach. 

The groups nevertheless differed significantly in atresia 

location, which also formed the basis of the observed associ-

ation. Accordingly, the outcome comparison should not be 

interpreted as isolating the effect of orientation alone, because 

unmeasured confounding related to atresia location cannot be 

excluded. Awareness of the relationship between atresia loca-

tion and natural orientation may help surgeons anticipate the 

intraoperative configuration and select enterotomy sites and 

suture placement along the most natural, tension-free axis. 

Whether preserving this natural orientation directly improves 

anastomotic tension, surgical ergonomics, or postoperative 

function remains a hypothesis that should be examined in 

prospective studies. To our knowledge, this is the first study to 

systematically describe this relationship during laparoscopic 

parallel duodenoduodenostomy.

This study has several limitations. First, its retrospective 

design creates the possibility of selection and information 

bias. Second, the cohort was small, especially the caudal ori-

entation group, which limited statistical power and generaliz-

ability. More detailed subclassification of atresia location (e.g., 

D1, D2, D3) was not feasible because the number of patients 

was limited and precise anatomical localization is difficult in 
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neonatal duodenal atresia. Third, the study was conducted at 

a single center using a standardized institutional technique, so 

the findings may not be directly applicable to centers that use 

different operative strategies. Fourth, because no comparison 

group underwent diamond-shaped anastomosis, the relative 

advantages of parallel anastomosis could not be determined. 

Finally, follow-up was relatively short, which limited assess-

ment of long-term anastomotic and functional outcomes. In 

particular, the minimum follow-up of 0.8 months in some pa-

tients was insufficient for evaluation of late complications such 

as anastomotic stricture or functional dysmotility; therefore, 

the reported complication rates should be interpreted in light 

of this limitation.

In conclusion, during laparoscopic orientation-based paral-

lel anastomosis, the natural orientation of the distal duodenal 

segment was significantly associated with the anatomical loca-

tion of duodenal atresia. The operation was completed in both 

cranial and caudal orientations, with no conversion to open 

surgery. Short-term perioperative outcomes did not differ 

significantly between the orientation groups, but these results 

should be interpreted cautiously because of the small sample 

size, limited follow-up, and lack of a conventional anastomosis 

control group. Larger studies with longer follow-up are needed 

to validate this anatomical association and determine its clini-

cal relevance.
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Benign cystic mesothelioma (BCM) is a rare intra-abdominal tumor and is particularly uncommon in pediatric patients. Its nonspecific 
clinical and radiological features often make preoperative diagnosis challenging. We report the case of a 4-year-old girl who presented 
with acute abdominal pain and vomiting. Computed tomography revealed a large, multiloculated cystic mass occupying the lower abdo-
men, which was initially suspected to be a lymphatic malformation. During laparoscopic exploration, a hemorrhagic, multiloculated cystic 
mass with hemoperitoneum was identified and completely resected with preservation of the right ovary. Histopathological examination 
confirmed BCM, showing predominant clusters of epithelioid cells interspersed with cyst-like spaces on hematoxylin and eosin staining. 
The patient recovered uneventfully and had no recurrence during 30 months of follow-up. This case describes an unusual presentation of 
BCM as an acute abdomen complicated by hemoperitoneum in a child and emphasizes the importance of surgical exploration and histo-
pathological evaluation in establishing the diagnosis.
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Case Report

INTRODUCTION

Among intra-abdominal cystic lesions, benign cystic meso-

thelioma (BCM) of the peritoneum is a rare tumor that arises 

from the peritoneal mesothelium lining the serous cavity. Its 

clinical symptoms are nonspecific, and definitive diagnosis 

requires histological confirmation. Although BCM is classified 

as benign, it may show locally aggressive behavior and carry a 

high local recurrence rate. To date, no evidence-based treat-

ment strategy has been established for BCM. Here, we report a 

rare case of intra-abdominal BCM in a 4-year-old girl and em-

phasize the importance of considering BCM in the differential 

diagnosis of cystic abdominal lesions in children.

CASE REPORT

Ethics statement
Written informed consent for publication of this case report 

and the accompanying images was obtained from the patient’s 

parent. This case report was prepared in accordance with the 

principles of the Declaration of Helsinki and the CARE guide-

lines.

Patient information
A 4-year-old girl presented to the emergency department with 

abdominal pain, abdominal distension, and vomiting that had 

persisted for 5 days. She had initially been treated for entero-
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colitis at a local clinic. Although the vomiting had subsided 2 

days before presentation, her oral intake remained poor.

Clinical and diagnostic findings
The patient appeared lethargic and was crying because of per-

sistent periumbilical pain. Physical examination revealed a soft 

but distended abdomen, with a firm mass palpable in the right 

abdomen. She was hemodynamically stable. Initial laboratory 

evaluation was unremarkable except for an elevated erythro-

cyte sedimentation rate of 58 mm/hr. Contrast-enhanced com-

puted tomography (CT) demonstrated a large, multiloculated 

cystic mass measuring approximately 10×12 cm, occupying 

nearly the entire lower abdomen and pelvic cavity (Fig. 1). The 

mass showed no enhancement after intravenous contrast ad-

ministration and had no communication with the abdominal 

viscera. Based on these findings, an intra-abdominal lymphat-

ic malformation originating from the omentum or peritoneum 

was suspected.

Therapeutic intervention
Emergency surgery was performed because of persistent ab-

dominal pain, progressive distension, and suspected intra-ab-

dominal bleeding. Laparoscopic exploration was performed 

using two 5-mm trocars placed at the umbilicus and left lower 

quadrant and one 3-mm trocar placed in the suprapubic area. 

Intraoperatively, bloody ascites was identified, along with a 

hemorrhagic cystic mass measuring approximately 15×15 

cm and showing no communication with adjacent viscera. 

Extracorporeal aspiration of the mass was attempted but was 

ineffective because of internal septations and organized blood 

clot. After intracorporeal decompression and shrinkage of the 

tumor, the mass was found to be attached to the right ovary. 

Careful dissection enabled complete resection with ovarian 

preservation, and the specimen was retrieved using an endo-

scopic bag (Fig. 2). The left ovary was intact, and no bowel or 

omental abnormalities were observed.

Follow-up and outcomes
The patient resumed oral intake on the first postoperative day 

and was discharged on postoperative day 4 without complica-

tions. The pathological diagnosis was benign multicystic me-

sothelioma of the peritoneum (Fig. 3). Immunohistochemical-

ly, the epithelioid cells were positive for WT1 (Wilms tumor 1), 

supporting mesothelial origin. Calretinin showed focal weak 

positivity in the outer lining mesothelial cells but was negative 

in the mural nodules. D2-40 (podoplanin) and CD31 (cluster 

of differentiation 31) were negative. Overall, the immuno-

profile supported the diagnosis of BCM. The patient had an 

uneventful postoperative course and underwent surveillance 

ultrasonography every 6 months. At 30 months postoperative-

ly, she had no functional deficits and showed no evidence of 

recurrence.

DISCUSSION

In pediatric patients with intra-abdominal cystic lesions, the 

most common initial differential diagnoses include lymphatic 

malformation, omental or mesenteric cyst, mature cystic ter-

atoma, peritoneal inclusion cyst, and bowel duplication cyst. 

Preoperatively and intraoperatively, our initial impression was 

that the lesion represented a lymphatic malformation because 

it appeared as a multiseptated cystic mass attached to the ova-

ry without communication with other intra-abdominal struc-

tures. However, subsequent histopathological examination 

confirmed the diagnosis of BCM.

BCM is a rare disease that arises from mesothelial cells lin-

ing the body’s serous cavities. It predominantly affects women, 

with approximately 80% of cases occurring in women around 

37 years of age [1,2]. Fewer than 200 cases have been reported 

in the literature [3]. BCM is especially rare in pediatric patients, 
Fig. 1. Abdominal computed tomography scan showing a large, 
multiseptated hypodense mass in the lower abdomen.
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with only a few cases reported [4]. Pediatric mesothelioma also 

appears to differ from adult mesothelioma, with fewer male 

patients, a predominance of peritoneal primary tumors, and 

less aggressive behavior, particularly in patients with perito-

neal primary disease [5]. Most patients remain asymptomatic 

until the lesion becomes large enough to compress surround-

ing structures. Initial symptoms include vague abdominal 

discomfort, tenderness, a palpable mass, and abdominal 

distension. Because the tumor often involves the pelvic peri-

toneum, it may affect structures such as the rectum, bladder, 

or uterus, leading to symptoms such as such as urinary distur-

bances, bowel obstruction, or dyspareunia in adult patients. 

Ultrasonography usually reveals multiloculated, anechoic 

cystic structures. CT shows a low-attenuation, thin-walled, 

multicystic mass and is useful for defining the lesion’s extent 

and location. Magnetic resonance imaging is considered the 

most informative imaging modality; cystic areas appear hyper-

intense on T2-weighted images, and contrast enhancement is 

often seen in the septa after gadolinium administration.

Diseases that should be considered in the differential diag-

nosis of BCM include cystic lymphatic malformation, perito-

neal inclusion cyst, malignant mesothelioma, and peritoneal 

serous tumors. Cystic lymphatic malformation is common in 

children and is characterized by thin-walled, multilocular cys-

tic masses, often arising in the mesentery. Pathologically, these 

lesions show cysts lined by endothelial cells, with positivity for 

D2-40 and CD31 and negativity for mesothelial markers. Imag-

ing findings may be similar to those of BCM, but chylous fluid 

and endothelial lining can help distinguish cystic lymphatic 

malformation [6]. Peritoneal inclusion cysts typically occur in 

adolescent females with a history of prior abdominal surgery 

or inflammation [7]. Malignant lesions in the differential diag-

Fig. 2. Intraoperative laparoscopic findings. (A) Large multicystic mass containing hemorrhagic contents. (B) Hemorrhagic ascites. (C) 
Mass attached to the right ovary. (D) Complete excision of the mass with ovarian preservation.
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nosis include malignant mesothelioma and peritoneal serous 

tumors. Malignant mesothelioma is rare in children and pres-

ents with diffuse peritoneal thickening, ascites, and a mass. 

Pathological findings include invasive growth, cytological 

atypia, and increased mitotic activity; immunohistochemistry 

may show loss of BRCA1-associated protein 1 or methylthio-

adenosine phosphorylase [8].

Histologically, BCM is composed of a monolayer of squa-

mous or cuboidal epithelial cells. Diagnosis is supported by 

positive immunohistochemical staining for mesothelial mark-

ers, such as calretinin, WT1, cytokeratin 5/6, AE1/AE3, D2-40, 

human mesothelial cell 1, mesothelin, and thrombomodulin 

[9,10]. However, expression of these markers may vary de-

pending on the morphological and proliferative state of the 

lesion. In the present case, immunohistochemistry demon-

strated heterogeneous staining patterns. Although the mural 

nodules were negative for calretinin, the attenuated mesothe-

lial cells lining the outer surface showed focal weak positivity. 

This finding suggested mesothelial origin despite the absence 

of diffuse calretinin expression. Previous studies have reported 

that the sensitivity of calretinin in mesothelial lesions is not 

absolute, ranging from approximately 90% to 95%, and may be 

reduced in certain histological contexts, including reactive or 

proliferative changes [11]. Therefore, despite the lack of diffuse 

calretinin expression, the lesion was considered to be of meso-

thelial origin and was diagnosed as BCM.

Although BCM is classified as benign, it has a high propensi-

ty for local recurrence, and malignant transformation has been 

suspected in rare cases [12,13]. Given this high recurrence rate, 

complete surgical resection remains the mainstay of treat-

ment. Long-term surveillance is essential, even in pediatric 

patients, because of the potential for recurrence. For patients 

with recurrence, some authors have suggested cytoreductive 

surgery (CRS) combined with hyperthermic intraperitoneal 

chemotherapy (HIPEC) as a therapeutic option [5]. Malekza-

deh et al. [14] reported various complications in pediatric 

patients with peritoneal mesothelioma who underwent CRS 

and HIPEC with cisplatin, including pancreatitis, acute tubular 
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Fig. 3. Histopathological and immunohistochemical findings of the tumor. (A) H&E staining (×100) shows predominant clusters of 
epithelioid cells interspersed with cyst-like spaces. (B–D) Immunohistochemically (×100), the epithelioid cells show positive reactivity 
for WT1 (circle) (B), whereas calretinin shows focal weak positivity in the outer lining mesothelial cells (arrows) (C) but is negative in the 
mural nodules. (D) The cells are also negative for CD31; positive staining is observed only in the adjacent vascular endothelium.
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necrosis, hyperbilirubinemia, bilateral pleural effusions, pneu-

mothorax, and two cases each of anemia and coagulopathy. 

Although data on CRS and HIPEC for benign mesothelioma 

remain limited, several studies have documented their use in 

patients with malignant mesothelioma, with recurrence rates 

ranging from 42% to 57% [5,14-17]. The efficacy of CRS and 

HIPEC in pediatric BCM appears to be limited. Given the high 

risk of recurrence associated with BCM, close postoperative 

surveillance is recommended.

This case demonstrates an unusual and potentially mislead-

ing presentation of benign multicystic peritoneal mesothelio-

ma as an acute abdomen complicated by hemorrhage. Despite 

its generally indolent nature, this entity should be included in 

the differential diagnosis of pediatric intra-abdominal cystic 

masses. Because imaging alone is often insufficient for defini-

tive diagnosis, a cautious and well-planned surgical approach 

is warranted, with histopathological examination serving as 

the diagnostic standard. Given the potential for recurrence, 

careful long-term follow-up is recommended.
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INTRODUCTION, METHODS, RESULTS, and DISCUSSION 

sections.

INTRODUCTION: Briefly describe the purpose(s) of the inves-

tigation, including relevant background information.

METHODS: Describe the research plan, materials or subjects, 

and methods used. Explain in detail how the disease was con-

firmed and how subjectivity in observations was controlled. 

When experimental methodology is the main issue of the pa-

per, describe the process in detail so as to recreate the experi-

ment as precisely as possible. When quoting specific materials, 

equipment, or proprietary drugs, the name of the manufac-

turer must be given in parentheses. Generic names should be 

used instead of commercial names.

Institutional Review Board (IRB) approval, when applica-

ble, must be stated. Describe the study design (prospective or 

retrospective, inclusion and exclusion criteria, duration of the 

study) and the study population (demographics, length of fol-

low-up). Explanations of the experimental methods should be 

concise, yet enable replication by a qualified investigator.
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the text, tables, and illustrations and repetitive presentation of 

the same data in different forms should be avoided. Any data 

mentioned in the Methods must be presented in the Results 
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DISCUSSION: Results should be interpreted for readers. 
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repeat the contents of the Results. Explain the meaning of the 

observations with its limitations. The answer to the purpose of 

the research should be connected to the results.
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Tables
• �Tables should be numbered sequentially with Arabic nu-

merals in the order in which they are mentioned in the text.

• �Tables should be understandable and self-explanatory, 

without references to the text.

• �If an abbreviation is used in a table, it should be defined in 
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a footnote below the table.

• �Additional information for any clarification should be des-

ignated for citation using alphabetical superscripts a), b), c) 

or asterisks (*) for statistical significance. The explanation 

for superscript citation should follow these examples: a)

Not tested. *P<0.05, **P<0.01, ***P<0.001.

• �Statistical measures, such as the standard deviation (SD) or 

standard error of the mean (SE), should be identified.

• �If a table has been previously published, it should be ac-

companied by the written consent of the copyright holder, 

and the footnote must acknowledge the original source.

Figures
• �General requirements: Figures must be cited in the text 

and numbered consecutively using Arabic numerals in the 

order of their citation (e.g., Fig. 1, Fig. 2A). Figures should 

not be embedded within the text. Each figure must be sub-

mitted as an individual file. Figure legends should begin 

on the next page after the last table. Each figure must have 

its own legend. Abbreviations and any additional clari-

fications should be described within each figure legend. 

Footnotes below figures should follow the order of abbrevi-

ations first, followed by symbols. Symbols must be marked 

with lowercase alphabet letters (a), b), c), etc.) in the order 

of usage, or with asterisks (*) to indicate statistical signifi-

cance.

• �File formats and resolution: Figures must be submitted in 

EPS, TIFF, or PDF format, with minimum resolutions of 

1,200 dpi for line drawings, 600 dpi for grey-scale works 

(e.g., gel or blot images), and 300 dpi for color or half-tone 

artwork.

• �Figure legends: Each figure must have a separate legend 

that describes the staining techniques used, includes the 

magnification for photomicrographs without inset scales, 

and provides sufficient detail to allow interpretation with-

out reference to the main text.

• �Ethical considerations: Any writing or marks that could 

identify a patient must be removed.

• �Permissions: If any tables or figures are taken or modi-

fied from other papers, authors must obtain permission 

through the Copyright Clearance Center (https://www.

copyright.com/) or from the individual publisher. For 

figures or tables from open-access journals under the Cre-

ative Commons License, authors must verify the source 

precisely in the accompanying footnote.

[Example]

- �Reprinted (Modified) from Tanaka et al. [48], with permis-

sion of Elsevier.

- �Reprinted (Modified) from Weiss et al. [2], according to the 

Creative Commons License.

Appendix/Supplementary materials

Video clips related to surgery and advanced surgical tech-

nique can be submitted for placement on the Journal website. 

The video should be 3 to 5 minutes in duration. The available 

video for-mats are Windows Media Player (.WMV), MPEG 

(.MPG, .MPEG), Audio Video Interleave (.AVI), and Quicktime 

(.MOV). The video must also be in the NTSC format.

5. Review Articles
These are organized as follows: title page, unstructured ab-

stract less than 300 words, main text, references, tables, figure 

legends, and figures. The main text consists of the INTRODUC-

TION, MAIN BODY, and CONCLUSION sections. The number 

of references should be limited to 80. Otherwise, it keeps the 

style and format of original articles.

6. Systematic Reviews and Meta-Analyses
Systematic reviews and meta-analyses should be organized in 

the following order: title page, structured abstract (Purpose, 

Methods, Results, and Conclusion; limited to 300 words), main 

text, references, tables, figure legends, and figures. Except for 

these specific requirements, they must follow the general style 

and format of original articles. All submissions in this category 

must comply with the PRISMA guidelines (http://www.pris-

ma-statement.org).

7. Case Reports
These should be organized in the following order: title page, 

unstructured abstract less than 250 words, main text, references, 

tables, figure legends, and figures. The main text consists of the 

INTRODUCTION, CASE REPORT, and DISCUSSION sections. 

The total word count should not exceed 3,000 words. A maxi-

mum of 20 references and total 6 figures or tables are allowed. 

Otherwise, it follows the style and format of original articles. 

It should be described according to CARE statement (https://

www.equator-network.org/reporting-guidelines/care/).

8. Editorials
Editorials are invited by the editors and should be commen-

taries on articles recently published in the journal. Editorial 



https://aps-journal.org

topics could include active areas of research, fresh insights, 

and debates in the field of pediatric surgery. Editorials should 

not exceed 1,000 words, excluding references, tables, and fig-

ures. A maximum of 10 references and total 4 figures or tables 

are allowed.

9. Correspondences
It is organized as follows: title page, main text, and references. 

The word count should not exceed 1,000. A maximum of 5 ref-

erences and total 4 figures or tables are allowed.

MANUSCRIPT PROCESSING AFTER ACCEP-
TANCE

1. Final Version
After the paper has been accepted for publication, the authors 

should submit the final version of the manuscript. The names 

and affiliations of the authors should be double-checked, and 

if the originally submitted image files were of poor resolution, 

higher-resolution image files should be submitted at this time. 

Symbols (e.g., circles, triangles, squares), letters (e.g., words, 

abbreviations), and numbers should be large enough to be leg-

ible on reduction to the journal’s column widths. All symbols 

must be defined in the figure caption. If references, tables, or 

figures are moved, added, or deleted during the revision pro-

cess, renumber them to reflect such changes so that all tables, 

references, and figures are cited in numeric order.

2. Manuscript Corrections
Before publication, the manuscript editor will correct the 

manuscript such that it meets the standard publication format. 

The authors must respond within two days when the manu-

script editor contacts the corresponding author for revisions. If 

the response is delayed, the manuscript’s publication may be 

postponed to the next issue.

3. Proof
The authors will receive the final version of the manuscript as 

a PDF file. Upon receipt, the authors must notify the editorial 

office (or printing office) of any errors found in the file within 

two days. Any errors found after this time are the responsibility 

of the authors and will have to be corrected as an erratum.

4. Post-Publication Corrections
To correct errors in published articles, the corresponding 

author should contact APS’s editorial office with a detailed 

description of the proposed correction. Corrections that pro-

foundly affect the interpretation or conclusions of the article 

will be reviewed by the editors. Corrections will be published 

as author correction or publisher correction in a later issue of 

the journal.

Minor errors will be corrected directly in the online version 

of the article. An indication of the correction, along with the 

date it was made, will be added to the article information in 

both the HTML and PDF versions. A separate correction note 
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