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Editorial on the Research Topic Application of minimally invasive techniques in gastrointestinal diseases in children



Introduction

Over the past two decades, the progressive integration of minimally invasive surgery (MIS) in the management of pediatric gastrointestinal (GI) diseases has represented one of the most significant advancements in pediatric surgical practice (1). MIS transcends being merely a surgical technique and is now a surgical philosophy fundamentally embedded in all facets of pediatric GI disease management (2).

This special issue of Frontiers in Pediatrics aimed to explore the value of minimally invasive techniques in treating pediatric GI conditions. The sixteen studies included in this issue evaluate the feasibility, safety, and efficacy of MIS across a broad spectrum of pediatric GI disorders, not only prevalent emergency conditions such as appendicitis and intestinal obstruction, but also complex hepatobiliary and neonatal pathologies, thereby providing a comprehensive snapshot of current practice and underscoring the critical importance of technical refinement, institutional experience, and individualized decision-making.

Biliary atresia and choledochal cysts are relatively common pediatric GI disorders that require advanced surgical expertise (3). The Kasai procedure remains the standard treatment for biliary atresia, requiring precise exposure and meticulous resection of the fibrous portal plate adjacent to the liver hilum (4). Traditionally, the open Kasai approach has been predominant. However, owing to the extensive incisions associated with open surgery and the enhanced visualization afforded by MIS, some pediatric surgeons with substantial MIS experience have begun to perform laparoscopic or robotic Kasai procedures (5). Regarding surgical outcomes, open Kasai has certain advantages, particularly in terms of the time required for fibrous portal plate resection. Conversely, MIS has been shown to significantly reduce the time to initiation of oral feeding and the overall length of hospital stay (Jiang et al.). With increasing surgical experience, patients with biliary atresia undergoing MIS have achieved satisfactory jaundice clearance and native liver survival rates comparable to those treated with open surgery. The application of MIS in the management of choledochal cysts is more widespread. Notably, MIS appears to be applicable across all pediatric age groups for the treatment of choledochal cysts. To achieve the best cosmetic effect, scarless techniques such as single-port laparoscopy are anticipated to gain popularity in the future (Yan et al.). A critical challenge in managing choledochal cysts lies in achieving early diagnosis and timely MIS intervention before the onset of severe complications (6). Collectively, these findings support the early adoption of MIS in selected hepatobiliary cases, provided that surgical teams have overcome the associated learning curves (7).

Appendicitis and intestinal obstruction represent the most common acute abdominal conditions encountered in pediatric populations. MIS has replaced open surgery as the preferred surgical approach for treating various types of appendicitis, and studies have indicated that transumbilical laparoscopic appendectomy can significantly reduce hospital length of stay compared to the traditional three-port laparoscopic surgery (8, 9). In pediatric patients with appendicitis complicated by special comorbidities such as acute leukemia or immunosuppression, a multidisciplinary approach remains advisable: patients with uncomplicated appendicitis may be managed conservatively, while patients with perforated or fecalith-impacted appendicitis warrant prompt intervention via MIS (Liu et al.). For pediatric intestinal obstruction, laparoscopic surgery can also be attempted as the first-line treatment option when the patient's vital signs are stable, facilitating both diagnostic exploration and, when feasible, immediate therapeutic intervention (10). These robust pieces of evidence support MIS as the primary first-line modality for most acute abdominal conditions in children, while emphasizing the necessity for tailored approaches in complex or high-risk cohorts.

Endoscopic techniques, along with laparoscopic and robotic technologies, constitute integral components of MIS and are pivotal in the diagnosis and management of pediatric GI disorders. A narrative review by Zhang et al., featured in this issue, has provided a comprehensive overview of the use of endoscopic techniques in pediatric GI disorders, covering gastroscopy, colonoscopy, and advanced diagnostic and therapeutic modalities, including endoscopic retrograde cholangiopancreatography (ERCP), endoscopic ultrasound (EUS), and peroral endoscopic myotomy (POEM). The study by Qin et al. further corroborates the finding that, despite the technical complexity of ERCP, the procedure achieves a 90.5% success rate in treating pediatric pancreatobiliary disorders. Moreover, endoscopic techniques are considered optimal for managing intraluminal lesions of hollow viscera, including colonic polyps and refractory gastroesophageal reflux disease (11), Povilavičius et al.). Although an increasing number of studies have reported the use of endoscopic techniques to treat conditions like gallstones and appendicitis, the long-term outcomes of these approaches remain uncertain and warrant further longitudinal investigation (12, 13).

Ultrasound-guided interventional puncture is an additional minimally invasive modality used to treat certain rare pediatric GI diseases; however, its use is highly individualized and requires thorough preoperative assessment (6, 14). This research topic confirms that MIS techniques—including laparoscopy, robotic surgery, endoscopy, and interventional procedures—have become indispensable in pediatric GI surgical practice. Nevertheless, their optimal implementation requires rigorous evaluation, ongoing technical advancement, and adherence to a patient-centered, individualized care paradigm. The evidence presented herein is anticipated to inform clinical decision-making, stimulate further research, and ultimately enhance long-term outcomes for children with GI diseases worldwide.
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Gastroesophageal reflux disease (GERD) is common in infants and young children, and thediagnosis and characterization of the disease continues to evolve in recent times. The typicalsymptoms thought to be related to GERD in young children are often nonspecific andubiquitous, underscoring the need for diagnostic testing in patients who have severe symptomsor complications related to GERD. Combined multichannel intraluminal impedance and pHtesting (MII-pH) is a diagnostic tool that can be used to study the frequency andseverity of gastroesophageal reflux. Compared to other diagnostic devices, MII-pH hasthe advantage of detecting both acidic and alkaline reflux events, as well as allows the study of thetemporal association of symptoms with GER events. Using the diagnostic parameters definedand symptom association data obtained, MII-pH can then be used to classify patients as havingGERD (with either predominantly acid or alkaline reflux), non-erosive reflux disease or NERD (when noevidence of esophagitis is noted on endoscopy), hypersensitive esophagus (positive symptom association only) and functional heartburn (normal study). The application of this disease classification to GERD in young children is relatively new and needs further validation. Even so, classifying GERD into these phenotypes using MII-pH allows for more precise and individualized therapeutic decisions. Emerging research has also suggested MII-pH testing can be used to predict changes in mucosal integrity and study the motility of the esophagus in children. Although the use of MII-pH in children with a large range of disease processes is becoming more widespread, there are important limitations to note in the interpretation of results of MII-pH in young children, due to the relative lack of normative data obtained from truly healthy children.

KEYWORDS
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1 Background

Gastroesophageal reflux (GER), defined as “the passage of gastric contents into the esophagus with or without regurgitation and vomiting” is a common physiological occurrence in infants and young children due to decreased lower esophageal tone, small stomach capacity, delayed gastric emptying and supine positioning. It is considered pathological only when associated with troublesome symptoms that affect daily function and/or with complications (1). However, applying these diagnostic criteria for GER in this population is challenging due to the nonspecific, ubiquitous nature of reflux symptoms. Differentiating true gastroesophageal reflux disease (GERD) from physiological GER remains difficult due to considerable variation in the definitions and outcome measures used in the literature (2).

The use of symptomatology alone to diagnose and treat GERD is likely to lead to overdiagnosis and over treatment in young children. The American Academy of Pediatrics (AAP) advises against the routine use of anti-reflux medication for GER symptoms alone (3). Utilizing accessible, safe, and cost-effective means for diagnosing GERD, particularly in high-risk infants and young children, would facilitate the delivery of targeted therapy when clinically indicated. In 2018, the North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition (NASPGHAN) and the European Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) issued updated guidelines on GERD management. Although there is no universal gold standard for GERD diagnosis in infants and young children, a step wise approach with screening for alarm symptoms, then dietary modifications, followed by a brief trial of acid suppression and referral to gastroenterology specialists as a “third line” for testing was recommended. Despite its advantages, it was concluded that there is currently insufficient evidence to support the use of combined multichannel intraluminal impedance and pH testing (MII-pH) as a standalone diagnostic tool for the diagnosis of GERD in infants and children (1). The working group suggested considering the use of MII-pH to correlate (a) persistent troublesome symptoms with acid and alkaline reflux events, (b) clarify the role of acid and alkaline reflux in the etiology of esophagitis, (c) determine the efficacy of acid suppression therapy, and (d) differentiate non-erosive reflux disease, hypersensitive esophagus and functional heartburn in patient with normal endoscopy (1). This review aims to summarize findings from existing literature involving cohorts of young children with and without GER symptoms, who have undergone MII-pH studies. Additionally, we also report expert consensus guidelines on the use of MII-pH for GER evaluation in this population, including how to interpret and apply the MII-pH results in different GER phenotypes. This review also addresses the clinical relevance of novel MII-pH indices and their potential application. Lastly, we highlight the current limitations in applying the results of MII-pH in young children, emphasizing the gaps in the literature and the need for further studies to demonstrate improved clinical outcomes with the use of MII-pH in this demographic.



2 Combined multichannel intraluminal impedance and pH testing (MII-pH): equipment and technique

Impedance, defined as voltage divided by current, is inversely proportional to the ionic concentration of a medium. It is measured in ohms. The use of impedance measurements to study GER was first described in 1991 (4), followed by guidance on pediatric application (5–8). The technique involves the use of an appropriately sized nasogastric catheter, typically equipped with six or seven impedance sensing electrodes or rings along its length. There are usually 6 impedance channels, one channel being the segment between two adjacent electrodes. As esophageal contents move along the length of the catheter, the impedance electrodes sense the change in electrical impedance, thereby determining the nature (gas vs. liquid) and location (upper vs. lower esophagus) of the refluxate. Additionally, one distal electrode also carries a pH sensor made of antimony, ion-sensitive field-effect transistor (ISFET), or glass. Catheters may also incorporate a feeding tube or a simplified manometric device. The diameter of the probe is typically 2.13 mm (6.4 Fr) and both single use and multiuse catheters are available, with either internal (preferred) or external (skin) reference electrodes. Ambulatory device set ups are also available. Catheter size selection is based on the patient's height or age, as outlined in Table 1 (7, 8).



TABLE 1 Catheter type for patient height and age.



	Catheter type
	Patient height
	Patient age





	Infant catheter
	<75 cm
	Birth – 2 years



	Pediatric catheter
	75–150 cm
	2–10 years



	Adult catheter
	>150 cm
	>10 years







Prior to each use, pH calibration is performed using liquids with two standard pH checks (typically pH 4 and 7), as recommended by the manufacturer. Each impedance electrode should also be tested to confirm conductivity and integrity. If a lubricant is used for insertion, care should be taken to avoid gel being placed on the antimony electrode, as this could interfere with accurate measurements. Placement depth in infants can be estimated using the Strobel formula [0.252 × height (cm) + 5] (9), although this formula may overestimate the depth of insertion in children older than one year of age. Two novel approaches – the Great Ormond Street Hospital (GOSH Table) and the KidZ Health Castle formula (KHC-F) – have been recently introduced to better aid in determining MII-pH catheter length, yielding reliable results (10–12). Placement of the end of the catheter is generally guided by the position of the pH sensor. For catheters used in infants and children, the pH sensor is located in the middle of the most distal impedance channel, 0.75–1 cm above the most distal impedance probe. Optimum placement of the pH sensor for infants and newborns is generally lower, at the second vertebral body above the diaphragm, to avoid discomfort associated with proximal pharyngeal extension of the catheter as well as artifacts in the tracing. For older children however, the tip may be positioned higher, at 3 vertebral bodies above the diaphragm throughout the respiratory cycle, to avoid proximity to the gastro-esophageal junction (6, 8, 13). Figure 1 illustrates the impedance channels and pH sensor on the catheter and appropriate placement in children with interpretation of impedance changes. MII-pH monitoring usually lasts for 18–24 h. To capture the desired information, the study should be carried out at baseline conditions, as factors such as diet, feeding tubes, physical exertion and body position may affect the occurrence of reflux. The catheter is placed following a short, age appropriate, period of fasting (typically 2–3 h), and the study is then commenced.


[image: Diagram of esophageal impedance and pH monitoring equipment placement in the upper image, showing labeled impedance channels, sensors, and a pH sensor location; lower image is a line graph displaying impedance over time with segments labeled A for normal impedance, B for liquid reflux, C for air reflux, and D for esophagitis, demonstrating characteristic impedance changes for each condition.]
FIGURE 1
MII-pH catheter placement in children and impedance interpretation.


Baseline impedance generally ranges from 2,000 to 4,000 ohms (8). However, a study in asymptomatic preterm infants demonstrated that basal impedance is lower in very young infants, with a median value of 1,750 ohms [IQR: 1,500–2,050] (14). By convention, during the MII-pH study, a successive drop in impedance by more than 50% from baseline observed in at least two distal electrodes in retrograde direction from the stomach is recorded as a liquid reflux event. It is important to note that certain pathological conditions such as esophagitis or motility disorders may be associated with lower baseline impedance in the esophagus, which can make it more difficult to detect a 50% further drop in impedance. Consequently, this may result in lower rates of reflux detection when using MII-pH in these conditions (6, 15, 16). Baseline impedance values below 900 ohms have been shown to have a 100% positive predictive value for severe esophagitis in children (17). Additionally, lower esophageal baseline impedance levels have been observed in other GER-associated comorbidities such as bronchopulmonary dysplasia of prematurity (18). Impedance testing can also differentiate between air, which produces a rise in impedance, typically above 3,000 ohms, and liquid which produces a drop in impedance. These changes are often represented in color-coded plot.

The pH sensing electrode allows for the detection of acidic (pH < 4 for at least 5 s), weakly acidic (pH 4–7) and alkaline (pH > 7) reflux. Acid reflux (AGER) is identified by changes in both impedance and pH, whereas non-acidic GER (NAGER) is detected solely by change in impedance. “pH only” events (POEs) characterized by a drop in pH without a corresponding change in impedance, may reflect acid exposure in the esophagus unrelated to reflux, such as that caused by feeding, swallowing, or delayed clearance of prior refluxate. POEs are reported to occur frequently in infants and may also represent short column or low volume acidic reflux (7, 14).

Observation of the patient and time marking the occurrence of GER symptoms using the event button on the device or writing it in a diary can facilitate temporal correlation of symptoms with reflux events. Similarly, time marking the start and end of enteral feeds can also help exclude feeding periods from data analysis. Commercially available impedance devices provide software that graphically displays study results, illustrating the timing, height, duration, and pH of reflux events. Additionally, the software can compute indices commonly used to quantify symptom association, as described below. The accuracy of symptom reporting is heavily dependent on the consistency and reliability of the person recording symptom events, which has been shown to be variable (19, 20). The diagnostic yield of symptom indices may be enhanced using video monitoring during MII-pH studies (21).



3 Diagnostic parameters in MII-pH

Table 2 illustrates the diagnostic parameters reported in MII-pH studies with values reported in different cohorts of symptomatic and non-symptomatic young children. Abnormal cut-off points in infants and young children are somewhat arbitrary and difficult to validate in large studies, due to the challenges with carrying out this long and expensive study in asymptomatic children. There is wide variation in the reported results of these diagnostic parameters, with significant overlap in values between symptomatic and asymptomatic children. Hence, it is preferable to use multiple parameters, including the symptom association indices described below, to define disease phenotypes and make management decisions.



TABLE 2 Diagnostic parameters in MII-pH.



	Diagnostic parameter
	Definition
	Subjects: ValuesMedian (95th centile) or (IQR) unless specified
	Age, number of subjectsMedian (IQR) or (range) or mean ± SD
	Ref





	Total number of reflux events (also referred to as retrograde bolus movements or RBM)
	Number of acid and non-acid reflux events during study period (calculated for 24 h)
	Asymptomatic preterm neonates: 71 (100.7)
	12 days (IQR 9–17.5 days), n = 21
	(14)



	*Symptomatic children with “normal” MII-pH studyNewborns: 72.24 (136.08)Infants: 65.76 (117.12)Children: 50.16 (105.6)
	18 days (3–30 days), n = 4664 mo (32–328 mo), n = 835 yr (1–16 years), n = 66
	(26)



	Symptomatic preterm infants: 44 (103)Symptomatic term infants: 52 (107)
	71 days (IQR 44–114 days), n = 11944 days (IQR 28–71 days), n = 62
	(24)



	Infants without GERD: 54 (93)Children without GERD:21 (71)
	4.8 mo (range 3 wks–11.9 mo), n = 467.2 years (range 1.3–17 years), n = 71
	(28)



	Infants with chronic cough: 110 (84–140.3)Children with chronic cough: 110.5 (72–146)
	5 mo (3–7 mo), n = 16836 mo (17–64.5 mo), n = 258
	(30)



	Symptomatic infants: Mean 43 (1–136)Symptomatic children: Mean 41.9 (0–238)
	<1 years, n = 83>1 years, n = 282
	(29)



	Control children: 31 (69)Children with GERD: 51 (98)
	7.8 years ± 6.8, n = 106.2 years ± 3.8, n = 10
	(27)



	Symptomatic childrenGroup 1: 64 (range 11–185)Group 2: 34 (range 2–169)Group 3: 27 (range 0–213)
	0–12 mo (n = 116)1–2 years (n = 53)2–5 years (n = 114)
	(19)



	Number of acid reflux events or AGER
	Number of acid reflux (pH < 4)
	Symptomatic preterm infants: 14 (39)Symptomatic term infants: 17 (40)
	71 days (IQR 44–114 days), n = 11944 days (IQR 28–71 days), n = 62
	(24)



	Control children: 24.5 (58)Children with GERD: 47 (83)
	7.8 years ± 6.8, n = 106.2 years ± 3.8, n = 10
	(27)



	Infants without GERD: 20 (48)Children without GERD: 14 (55)
	4.8 mo (range 3 wks–11.9 mo), n = 467.2 years (range 1.3–17 years), n = 71
	(28)



	Percentage of acid reflux events
	Percent of events with pH < 4 in study period
	Asymptomatic preterm neonates: 25.4% (52.3)
	12 days (IQR 9–17.5 days), n = 21
	(14)



	Infants with chronic cough: 19.9 (8.1–37.6)Children with chronic cough: 44.3(20.7–63.2)
	5 mo (3–7 mo), n = 16836 mo (17–64.5 mo), n = 258
	(30)



	Number of weakly acidic (pH 4–7) or alkaline (pH >7)reflux events or NAGER
	Number of events with pH > 4
	Symptomatic preterm infants: 24 (74)Symptomatic term infants: 25 (77)
	71 days (IQR 44–114), n = 11944 days (IQR 28–71), n = 62
	(24)



	Control children: 8.5 (13)Children with GERD: 7 (15)
	7.8 years ± 6.8, n = 106.2 years ± 3.8, n = 10
	(27)



	Infants without GERD: 32 (67)Children without GERD: 6 (34)
	4.8 mo (range 3 wks–11.9 mo), n = 467.2 years (range 1.3–17 years), n = 71
	(28)



	Reflux Index/(also referred to total acid exposure index)
	Percentage of time with esophageal pH < 4.0
	Asymptomatic preterm neonates: 5.59 (20.17)
	12 days (IQR 9–17.5 days), n = 21
	(14)



	Symptomatic preterm infants: 3 (15.87)Symptomatic term infants: 1.95 (8.88)
	71 days (IQR 44–114 days), n = 11944 days (IQR 28–71 days), n = 62
	(24)



	Control children: 2.6 ± 1.9Children with GERD: 11.3 ± 4.3
	7.8 years ± 6.8, n = 106.2 years ± 3.8, n = 10
	(27)



	Symptomatic children: 0.72 (IQR 0.04–3.41)
	10.9 mo ± 7.2 mo, n = 20
	(51)



	Symptomatic infants: Mean 4.2 (0.0–62.2)Symptomatic children: Mean 4.1 (0.0–68.2)
	<1 years, n = 83>1 years, n = 282
	(29)



	Number of episodes with reflux lasting >5 min
	
	Symptomatic children: 0 (0–1)
	10.9 mo ± 7.2 mo, n = 20
	(51)



	Infants with chronic cough: 1 (0–4)Children with chronic cough: 3 (0–16)
	5 mo (3–7 mo), n = 16836 mo (17–64.5 mo), n = 258
	(30)



	Duration of longest episode
	Maximum reflux time (minutes)
	Infants with chronic cough: 6.55 (2.8–19.5)Children with chronic cough: 13.45 (4.0–59.8)
	5 mo (3–7 mo), n = 16836 mo (17–64.5 mo), n = 258
	(30)



	Acid reflux clearance time
	Time for acid clearance (seconds)
	Symptomatic infants: 171.6 (0–5,561)Symptomatic children: 172.6 (0–12,079)
	<1 years, n = 83>1 years, n = 282
	(29)



	Bolus clearance time or Bolus contact time
	The time bolus stays in the distal esophagus (sec)
	Symptomatic children with “normal” MII-pH studyNewborns: 21.72 (33.43)Infants: 17.87 (39.47)Children: 16.00 (26.87)
	18 days (3–30 days), n = 4664 mo (32–328 mo), n = 835 yr (1–16 yr), n = 66
	(26)



	Infants without GERD: 13 (20)Children without GERD: 15 (32)
	4.8 mo (range 3 wks–11.9 mo), n = 467.2 yr (range 1.3–17 yr), n = 71
	(28)



	Symptomatic infants: Median 12.0 (5–22)Symptomatic children: Median 17.4 (0–322)
	<1 yr, n = 83>1 yr, n = 282
	(29)



	Symptomatic childrenGroup 1: 14 (range 7–61)Group 2: 15 (range 8–41)Group 3: 17 (range 0–71)
	0–12 mo (n = 116)1–2 yr (n = 53)2–5 yr (n = 114)
	(19)



	Bolus exposure index (BEI) %
	The total percentage of time the bolus stays in the esophagus
	Asymptomatic Neonates 0.73 (1.2)
	12 days (IQR 9–17.5 days), n = 21
	(14)



	Symptomatic children with “normal” MII-pH studyNewborns: 2.03 (4.42)Infants: 1.50 (3.69)Children: 1.25 (2.73)
	18 days (3–30 days), n = 4664 mo (32–328 mo), n = 835 yr (1–16 yr), n = 66
	(26)



	Control children: 0.89 ± 0.7Children with GERD: 1.83 ± 0.77
	7.8 yr ± 6.8, n = 106.2 yr ± 3.8, n = 10
	(27)



	% time AGER (excludes non reflux related acid)
	The total percentage of time acid reflux is exposed in the esophagus
	Asymptomatic Neonates: 1.66 (6.3)
	12 days (IQR 9–17.5 days), n = 21
	(14)



	Control children: 0.7 ± 0.56Children with GERD: 1.63 ± 0.62
	7.8 yr ± 6.8, n = 106.2 yr ± 3.8, n = 10
	(27)



	Infants without GERD: 0.6 (1.4)Children without GERD: 0.4 (1.3)
	4.8 mo (range 3 wks–11.9 mo), n = 467.2 yr (range 1.3–17 yr), n = 71
	(28)



	% time NAGER
	The total percentage of time nonacid reflux is exposed in the esophagus
	Control children: 0.14 ± 0.11Children with GERD: 0.2 ± 0.37
	7.8 yr ± 6.8, n = 106.2 yr ± 3.8, n = 10
	(27)



	Infants without GERD: 0.7 (2.5)Children without GERD: 0.1 (1)
	4.8 mo (range 3 wks–11.9 mo), n = 467.2 yr (range 1.3–17 yr), n = 71
	(28)



	PSPW Index % (Post-reflux swallow-induced peristaltic wave Index)
	Number of PSPW events divided by the total number of reflux episodes
	*GERD: 23.25 ± 23.87NERD: 42.6 (29.6–45.8)*Reflux hypersensitivity: 47.7 ± 25.03*Functional heartburn: 58.3 ± 41.34
	2 mo to 17 yr, n = 479
	(33, 38)



	MNBI (ohms)(Mean nocturnal baseline impedance)
	Mean of impedance values taken at 10-minute reflux free intervals during the night
	*Gastroesophageal reflux disease: 1,253.7 ± 535.98Non erosive reflux disease: 1315 (1018–2,832)*Reflux hypersensitivity: 1,794.5 ± 676.24*Functional heartburn: 2,292.5 ± 552.63
	2 mo to 17 yr, n = 479
	(33, 38)




	AGER, acid GER; NAGER, non-acidic GER; sec, seconds; mo, months; yr, years. All studies were a minimum of 18–20 h. Results are calculated for 24 h wherever applicable, to allow comparison.


	*Computed values.







The reflux index (RI) and the number of reflux episodes (also known as retrograde bolus movements or RBM) per 24 h are the most frequently used parameters. The number of GER episodes can be reported as the total number of GER episodes, and the number and percentage of AGER and NAGER episodes. RI is defined as the percentage of time with esophageal pH < 4.0 in 24 h. RI often includes reflux and non-reflux related acid exposure. The threshold for abnormal RI in infants (<1 year) and children (>1 year) was recently recommended to be >10% and >5% respectively by some experts (1, 19), while in the past, others have recommended >12% and >6%, respectively (22). Previously, in 2009, both NASPGHAN and ESPGHAN had recommended that an RI threshold of <3%, 3%–7% and >7% be used as normal, indeterminate and abnormal, respectively (23). When compared to term infants and older healthy children, the RI was shown to be higher in both symptomatic and asymptomatic preterm infants (95th centile 15%–20% vs. ≤10% respectively) (14, 24, 25). The range of RI reported in children is wide, as shown in Table 2. Severe cohorts of children with GER symptoms are seen to have low/normal RI, which would suggest that measurement of esophageal acid exposure alone is not adequate to understand the pathogenesis of GER symptoms. It is also possible that in some patients, these purported GER symptoms may not be related to reflux at all.

Frequent reflux is also considered pathological if there are more than 100 GER events in 24 h in children less than one year of age and greater than 70 in those older than one year (6, 19). These thresholds have been validated in studies using MII-pH in symptomatic and asymptomatic infants <1 year, where it has shown that the 95th centile of number of reflux episodes is ∼100 episodes or higher per 24 h (14, 24, 26), whereas older children without GER symptoms have 70 events/24 h in the 95th centile (27, 28). Symptomatic older children with GER were commonly found to have >100 episodes in 24 h (29, 30).

From Table 2, approximately 25%–40% of reflux episodes are reported to be acidic in infants and young children, with the proportion of acid reflux episodes increasing with age. Prolonged reflux events greater than five minutes seem to be infrequent, although some outliers with prolonged reflux times are noted in some patients, possibly related to an associated esophageal motility disorder in those subjects.

Several authors also report time (in seconds or minutes) to clear acid reflux and/or bolus of refluxate and then calculate a clearance or exposure index as a percentage of exposure time to total study time. Some terms used to describe these are acid reflux clearance time, bolus clearance time or bolus contact time, and the percentage is expressed as the bolus exposure index (14, 19, 27, 29). As shown in Table 2, there is an inconsistent association between age and bolus clearance time, but this may be in part related to variable diets in different studies (solid vs. liquid). While faster bolus clearance in the younger age groups has been described (19, 28, 29), a recent study has shown the opposite relationship (26). In young infants and children, higher reflux and a higher bolus exposure index at initial diagnosis correlated with longer duration of symptoms (31). A recent small study showed a strong correlation between frequent and prolonged acid reflux exposure (duration of longest acid reflux ≥17 min, and occurrence of acid reflux for more than five minutes) detected by MII-pH with endoscopic evidence of significant esophagitis in children (32).

The mean nocturnal baseline impedance (MNBI) and post-reflux swallow-induced peristaltic wave (PSPW) index have recently been described in children with GER from two months to 17 years. The MNBI (the mean of impedance values taken at 10-min reflux free intervals during the night) is believed to reflect mucosal integrity and reflux burden, with a lower MNBI correlating with higher incidence of reflux esophagitis. The PSPW index (the number of PSPW events divided by the total number of reflux episodes) measures the ability of the esophagus to effectively clear refluxate following a GER episode and was shown to be inversely related to acid exposure time. These novel parameters may enhance the ability to differentiate various GER phenotypes in children using MII-pH (33).



4 Symptom association in MII-pH

While the reflux parameters described above are used to characterize the nature of reflux in terms of frequency, duration and pH, another important diagnostic consideration is the association of GER events with symptoms. The temporal association of symptoms with GER episodes can be determined with MII-pH testing by time marking the occurrence of symptoms during the study. Several authors have reported symptoms occurring both before and after reflux events, hence establishing association rather than causation. Variation exists in the time interval used to define positive association between symptom occurrence and GER episodes. Reported acceptable intervals range from 30 to 120 s (6, 19, 20) and may be as long as up to five minutes (24, 34–36). Additionally, some studies also suggest using different time intervals for different GER symptoms (6, 37). The three symptom indices - symptom index (SI), symptom sensitivity index (SSI) and symptom association probability (SAP) are then calculated as shown in Table 3. The symptom indices are measures of probability of the association of symptoms and GER episodes and are therefore influenced by the frequency of symptoms and GER events. Several authors have reported temporal symptom association data in cohorts of young children using MII-pH. Table 4 summarizes some of these recent studies. Symptoms studied include both gastrointestinal and non-gastrointestinal symptoms. As shown, variable proportions of symptomatic children in each cohort had positive symptom association, defined as SI > 50%, SSI > 10% and/or SAP > 95%.



TABLE 3 Indices used to quantify symptom association.



	Index
	Definition
	Abnormal value
	False positives





	Symptom index (SI)
	Percentage of symptoms temporally related to a GER episode
	>50%
	If high number of GER episodes and/or infrequent symptoms



	Symptom sensitivity index (SSI)
	Percentage of GER episodes that is temporally associated with symptoms
	>10%
	If the frequency of GER is low and/or frequent symptoms are present



	Symptom association probability (SAP)
	Statistical probability (using Fisher exact test) that symptoms and GER are unrelated. The P-value is subtracted from 100% to give the SAP
	>95%
	









TABLE 4 Symptom association using MII-pH in young children.



	Indication for study
	Sample size
	Age
	Abnormal results
	Reference





	Multiple symptoms
	Total N = 700
	Median (range)
	Frequent reflux and/or SI ≥50%
	(19)



	Pulmonary
	N = 329
	2 years (1 month–16 years)
	N 133 (40%)



	Gastrointestinal
	N = 325
	6.5 years (1 month–16 years)
	N 114 (35%)



	Neurologic
	N = 46
	0.5 years (3 weeks–15 years)
	N 23 (50%)



	Multiple symptoms
	Total N = 181
	Median (IQR): 60 days (34–108 days)
	Positive SI and/or SAPOverall N 113 (62%)
	(24)



	Irritability
	N = 65
	
	N 21 (32%)



	Bradycardia
	N = 59
	
	N 10 (17%)



	Arching
	N = 57
	
	N 18 (31%)



	Cardiorespiratory events (Desaturation/bradycardia)
	N = 47
	Median (IQR): 36 days (24–66)
	Positive SAPN 5 (10.6%)
	(52)



	Chronic cough
	N = 426
	Median (IQR): 12 months (6–39.5 months)
	SAP >95%N 59 (13.8%)
	(30)







Not all children with positive symptom association have pathological reflux (frequent reflux or high RI). Using both the diagnostic parameters described above in Table 2 with positive or negative symptom association, GERD may be described in terms of various disease phenotypes, as shown in Figure 2. This classification is taken from the most recent pediatric GER consensus guideline that suggests that MII-pH can be used to categorize patients into non-erosive reflux disease (NERD, abnormal MII-pH with normal endoscopy), acid GER (high RI ± frequent reflux), nonacid GER (frequent reflux + normal RI), hypersensitive esophagus or reflux hypersensitivity (infrequent reflux + normal RI but positive symptom association) and functional heartburn (normal MII-pH but ongoing symptoms) (1). A large multicenter study in children between 5 and 17 years of age showed that functional heartburn was the most common variant of GER (38%), followed by non-erosive reflux disease (NERD-26%) and acid reflux hypersensitivity (20%). The study also showed that these older children with NERD were more likely to show resolution of symptoms with acid suppression, compared to the other phenotypes (38). Although widely used in adults and older children, this disease classification is yet to be validated in younger children less than five years of age.


[image: Flowchart outlining the diagnostic pathway for GERD symptoms unresponsive to initial management, beginning with consideration of MII-pH, then branching by abnormal reflux or symptom association, leading to diagnoses including GERD with esophagitis, NERD, hypersensitive esophagus, or functional heartburn.]
FIGURE 2
GERD phenotype classification flowchart.




5 Utility of MII-pH


	i.To define GER phenotypes as described above and guide therapy decisions (1, 17, 38–40).

	ii.To study the temporal association of symptoms with GER events.

	iii.To determine success of acid suppression therapy, once initiated, by repeating the MII-pH study once optimized on medication.

	iv.To identify nonacid reflux and high reflux episodes, especially in patients with persistent, non-gastrointestinal or post prandial symptoms.

	v.To study esophageal motility by analysis of the MII-pH waveforms and bolus transit time.

	vi.To predict the presence of esophagitis using baseline impedance in the distal-most impedance channel.



The ability of MII-pH testing to evaluate for the above clinic-pathologic entities makes it particularly advantageous over other testing techniques used for diagnosis of GERD. The primary disadvantage of MII-pH compared to barium contrast studies, ultrasound and manometric studies is the lack of definitive information on variations in anatomy and esophageal motility leading to GERD. Of note, a review of symptomatic children referred for evaluation of GERD found that MII-pH detected GER in a higher proportion of patients (62% of infants and 42% of older children) compared to pH testing alone (32%), barium studies (25%), esophagogastroduodenoscopy (45%) and pepsin assay (48%) (41).

MII-pH may allow for individualized treatment in GERD with targeted use of acid suppression for children with frequent acidic reflux and reflux hypersensitivity, and neuromodulator therapy for children with functional heartburn (1). Recent studies have demonstrated the use of MII-pH to guide management decisions in symptomatic children, such as changes in medication as above, changes in diet, or referrals for anti-reflux surgery (29, 42). MII-pH can also be used to study the effect of non-pharmacological interventions to treat reflux, including left lateral positioning and thickeners (43, 44). However, unlike in adult studies, MII-pH results in children have not been shown to affect clinical outcomes such as quality of life, hospitalization rates, rates of fundoplication surgery and surgical outcomes (29, 45–47). It is often suggested that success of acid suppression therapy (AST) can be determined by follow up MII-pH studies following medication initiation. However, reflux characteristics were found to be similar in cohorts of children on and off AST, thus endorsing the need for thoughtful use of acid suppression medication for a limited duration in young children (29, 42, 48). The combined use of MII-pH with other diagnostic modalities such as video fluoroscopy, high resolution manometry and scintigraphy may be possible, to aid in the evaluation of complex dysphagia (6). Special considerations to be made when using MII-pH in patients with underlying co-morbid disease states like congenital anomalies of the esophagus, children with neurological impairment and various lung disease states have been recently described (8).



6 Limitations and future directions of MII-pH in young children

MII-pH is not yet widely used in children due to the lack of access to the device and the requisite training to carry out the test and to interpret results. The study, most often completed in an inpatient setting for young children, can be time-consuming and costly. Studies have shown variable degrees of interobserver agreement in the interpretation of results, with the suggestion that standardizing interpretation techniques and/or utilizing automatic analysis may improve the accuracy of the results (6, 49, 50). The current device set up may be modified to include standardized video recording technology to improve symptom yield during the study. Artificial intelligence systems may also be used to create better software algorithms to interpret patient studies faster and with greater ease and accuracy. Additionally, generative software applied to pooled patient data may be used to characterize impedance patterns in different disease processes and gain a better understanding of GERD.

The thresholds used for diagnostic parameters and symptom indices to classify GERD in MII-pH studies are difficult to validate due to a lack of data on age-specific normative values in truly healthy cohorts of young children. Further research is warranted to study symptom association using MII-pH to define the optimum time window for different symptoms in young children, and to establish causality of symptoms by testing for improvement in symptom indices after treatment. More studies are also needed to further define the association of esophageal impedance and esophageal motility and inflammation in young children, both in health and disease.

MII-pH may have additional applications in cohorts of patients with high morbidity associated with GERD, in whom treatment decisions can be challenging – such as young infants with bronchopulmonary dysplasia and other chronic lung disease states, neurologically impaired children who are at risk for aspiration, infants with complex dysphagia and those with congenital malformations of the esophagus such as tracheoesophageal fistula, especially post-surgical repair. Larger prospective studies are needed to study the impact of clinical decision-making using the results of MII-pH studies on meaningful patient outcomes in these young children such as improvement in symptom burden, improvement in lung disease and better feeding and growth patterns.

In conclusion, MII-pH is a promising tool that can be used to characterize GER in young children, study GERD symptom association and provide targeted therapies. More widespread use of MII-pH in this population will help improve our understanding of reflux in health and disease in this vulnerable population.
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Objective: Biliary atresia (BA) is a progressive fibro-obliterative disease of the extrahepatic bile ducts. Laparoscopic Kasai portoenterostomy (LKPE) has emerged as a minimally invasive alternative to the open approach. We aimed to evaluate the feasibility, perioperative outcomes, and early prognostic factors of LKPE in a single center.



Methods: We conducted a retrospective single-center study. Feasibility, operative metrics (including the learning curve), incidence of cholangitis, native liver survival, and clinical outcomes were assessed using standard statistical methods.



Results: Among the 33 patients (14 females, 19 males), the age at surgery was <60 days (12 patients), 60–89 days (13 patients), and >90 days (8 patients). The median operative time was 240 min, showing a declining trend with increasing experience. One conversion (1/33) to open surgery was required due to inadequate hilar visualization. Postoperative cholangitis occurred in 51.5% of cases and was associated with an increased risk of native liver failure (HR = 3.6, p = 0.051). The native liver survival rate at study completion was 54.5%, with 5 patients (15.2%) requiring liver transplantation. The overall mortality rate was 30.3%, primarily due to sepsis and cholangitis-related complications.



Conclusions: LKPE is a feasible and effective surgical option for biliary atresia. Despite its advantages, including enhanced hilar visualization and faster recovery, the high incidence of postoperative cholangitis remains a major challenge that adversely affects native liver survival. Optimizing perioperative management, implementing prophylactic strategies against cholangitis, and expanding pediatric liver transplantation programs in resource-limited settings are essential to improving outcomes. Further prospective studies with long-term follow-up are needed to refine surgical techniques and optimize patient management.
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Highlights

This study presents the first experience with laparoscopic Kasai portoenterostomy (LKPE) for biliary atresia (BA) in Central Asia. Conducted at a single center in Uzbekistan, where pediatric liver transplantation is not yet available, the study demonstrates that LKPE is a feasible and effective surgical option. It outlines key technical adaptations, evaluates the learning curve, and highlights postoperative cholangitis as a major prognostic factor for native liver survival. The findings emphasize the critical role of LKPE as the only life-saving intervention currently accessible to infants with BA in resource-limited settings.



Introduction

Biliary atresia (BA) is a progressive, fibro-obliterative disease of the extrahepatic bile ducts, leading to obstructive cholestasis, fibrosis, and ultimately, liver failure if left untreated. It is the most common cause of neonatal cholestasis and a leading indication for pediatric liver transplantation worldwide (1). The gold-standard surgical intervention for BA is the Kasai portoenterostomy (KPE), which aims to restore bile flow by creating a direct anastomosis between the porta hepatis and a Roux-en-Y jejunal limb (2). Successful KPE can significantly delay or, in some cases, even prevent the need for liver transplantation (3). However, its outcomes are highly dependent on early diagnosis, surgical expertise, and postoperative management.

Traditionally, open KPE has been the standard approach. However, over the past two decades, there has been growing interest in the laparoscopic Kasai portoenterostomy (LKPE) as a minimally invasive alternative (4–7). LKPE offers several advantages, including reduced postoperative pain, shorter hospital stays, improved cosmesis, and enhanced visualization of biliary structures through magnified laparoscopy (7). Despite these benefits, its adoption has been limited by concerns about its technical complexity, prolonged operative time, and a perceived learning curve that may affect early outcomes (7–9).

One of the main challenges after KPE, open or laparoscopic, is postoperative cholangitis, a major cause of disease progression and loss of native liver (10). Cholangitis, often triggered by ascending bacterial infections, contributes to ongoing hepatic fibrosis, leading to cirrhosis and the eventual need for liver transplantation (11). Understanding the impact of cholangitis and optimizing strategies for its prevention and management are critical for improving long-term outcomes in BA patients.

The Kasai procedure is recognized as a bridge to liver transplantation in children with biliary atresia, as it helps stabilize the child's condition and allows for necessary weight gain, which directly influences liver transplantation outcomes (12). In Uzbekistan, the estimated annual demand for surgical intervention for biliary atresia, including Kasai portoenterostomy or liver transplantation, is approximately 60–80 patients, corresponding to 1.6–2.1 cases per 100 000 population. The system enabling early diagnosis is underdeveloped, and there is no unified national screening protocol. As a result, many children are referred too late for Kasai portoenterostomy, which lowers the chances of keeping their native liver. Uzbekistan is a developing country in Central Asia, where a liver transplantation program for infants is not yet established. A liver transplantation program for adults was recently initiated in the country (13). In December 2024, our center successfully transplanted the first liver in an adolescent child (14). However, there is currently no expertise in the country to perform liver transplantation for infants with biliary atresia. At present, our center is actively training specialists to launch a liver transplantation program for infants with biliary atresia. Nevertheless, children with biliary atresia in Uzbekistan face a dire prognosis. Many families lack the financial means to seek liver transplantation abroad. The Kasai procedure remains the only lifeline for these children, offering them a chance for survival.

This study presents a single-center analysis of 33 initial cases of LKPE in Uzbekistan, evaluating its feasibility, surgical outcomes, learning curve, incidence of cholangitis, and native liver survival rates. We also assess the learning curve associated with LKPE and discuss key factors influencing its success, including technical refinements, perioperative care protocols, and the role of adjunctive therapies, such as steroids and antibiotics. To the best of our knowledge, this is the first systematic evaluation of laparoscopic Kasai portoenterostomy in Uzbekistan, a country without an established pediatric liver transplantation program. Our findings provide a crucial perspective on the feasibility of LKPE as the only available surgical option for BA in resource-limited settings. By sharing our experience, we aim to contribute to the ongoing discussion about the potential of LKPE as a viable surgical option for BA and identify areas for further improvement in its clinical application.



Methods


Study design and setting

This study employed a retrospective design to analyze outcomes in 33 consecutive cases of biliary atresia treated with LKPE at our center from July 2022 to January 2025. Open Kasai procedures were not conducted at our center by our team. Historically, approximately ten open Kasai procedures had been performed at our center by a different surgical team; however, no systematic database existed for these cases. Furthermore, some procedures had been carried out without clear indications, such as in patients with Alagille syndrome, and these were excluded to ensure diagnostic accuracy and consistency of the dataset.

Patient data, including demographic details, clinical presentation, surgical interventions, and follow-up outcomes, were collected from electronic medical records and analyzed. Inclusion criteria consisted of patients diagnosed with biliary atresia based on clinical, biochemical, and radiological findings consistent with the Japanese Association for Biliary Atresia guidelines (3). Exclusion criteria included patients who underwent open Kasai portoenterostomy or had incomplete medical records.

The study was approved by the Institutional Review Board of the National Children's Medical Center, Tashkent, Uzbekistan (IRB statement #717-66-2025). The patients provided written consent allowing the use of medical data for scientific research while ensuring the anonymity of the patients.



Statistical analysis

Statistical analysis was performed using SPSS version 26, Jamovi software, version 2.3.28.0, and G*Power version 3.1.9.6. The normality of the distribution of quantitative variables was assessed using the Shapiro–Wilk test. For descriptive statistics, continuous variables are presented as medians with ranges, while categorical variables are presented as absolute values and percentages. Group comparisons for quantitative data were conducted using analysis of variance (ANOVA) for normally distributed variables. Categorical variables were compared using Pearson's chi-square test. Native liver survival and overall survival were evaluated using the Kaplan–Meier method, with differences between groups analyzed using the log-rank test. A multivariable logistic regression model was constructed to identify independent predictors of native liver survival. Additionally, Cox regression was used to assess the impact of cholangitis on native liver survival, allowing for the consideration of censored data and the estimation of the probability of native liver preservation over time. Linear regression was applied to analyze the learning curve patterns, enabling the evaluation of the reduction in operative time with increasing surgical experience. post hoc power analysis was performed for the logistic regression model to assess the adequacy of sample size and detectability of the association between postoperative cholangitis and native liver survival. The learning curve was assessed using a CUSUM (Cumulative Sum Control Chart) based on operative time. “Success” was defined as an operative time equal to or shorter than the mean operative time, while “failure” was defined as an operative time exceeding the mean. The CUSUM curve was plotted sequentially to visualize performance trends over time. A risk-adjusted CUSUM analysis was also conducted, incorporating patient-specific risk factors (Age, Sex, BA type, Bilirubin, GGT) to adjust expected performance benchmarks. A critical significance level of p < 0.05 was applied for all tests.




Results


Baseline characteristics

Since 2022, a total of 33 patients underwent the laparoscopic Kasai procedure, comprising 14 females (42.4%) and 19 males (57.6%). The age distribution at the time of surgery was as follows: less than 60 days (12 patients, 36.4%), between 60 and 89 days (13 patients, 39.4%), and greater than 90 days (8 patients, 24.2%). Clinical features commonly observed among the patients included prolonged jaundice, acholic stool defined as saturation less than 44 on the Japanese stool card, elevated levels of conjugated bilirubin, and a non-contractile gallbladder identified on abdominal ultrasound. Some patients underwent MRCP at their place of residence; however, these data were not used as criteria for diagnosing biliary atresia. All perioperative characteristics of patients are represented in Table 1.



TABLE 1 Patient characteristics and outcomes.



	Patient characteristics
	Age under 60 days
	Age 60–89 days
	Age more than 90 days
	Total
	p, value





	Patients, n
	12
	13
	8
	33
	



	Age, days, median (range)
	54.5 (27–58)
	70 (60–89)
	99 (90–148)
	69 (27–148)
	<0.001



	Sex
	0.105



	 Male
	8
	9
	2
	19
	



	 Female
	4
	4
	6
	14
	



	BA type, n
	0.246



	 Type I
	
	
	1
	1
	



	 Type IIa
	
	1
	
	1
	



	 Type IIb
	
	1
	1
	2
	



	 Type III
	12
	11
	6
	29
	



	T. bil at submision,
	183 (99–314)
	162 (121–298)
	158 (95–376)
	175 (95–376)
	0.878



	GGT at submission
	335 (59–1,560)
	504 (109–1,007)
	743 (166–1,602)
	504 (59–1,602)
	0.413



	Operation time, min
	222.5 (120–570)
	230 (115–425)
	262.5 (180–360)
	240 (115–570)
	0.785



	Conversion to open, n (%)
	0
	1
	0
	1 (3%)
	0.478



	LOS
	11 (5–19)
	15.5 (8–20)
	15 (9–20)
	14 (5–20)
	0.584



	Cholangitis after LAPKPE, n (%)
	5
	8
	4
	17 (51.5%)
	0.631



	LT after LAPKPE, m (%)
	2
	1
	2
	5 (15.2%)
	0.577



	Native liver survival
	7
	8
	3
	18 (54.5%)
	0.557



	Mortality, %
	25
	23
	50
	30.3
	0.5



	Follow up NLS, month, average (range)
	6.7 (2–30)
	7.8 (0–20)
	7.5 (2–14)
	7.3 (1–30)
	0.894



	Follow up, month, average (range)
	6.7 (1–30)
	6 (0–20)
	7.5 (2–14)
	9 (1–30)
	0.849



	Cause of death
	0.224



	 GIT bleeding
	
	
	1
	1
	



	 Aspiration
	
	
	1
	1
	



	 Sepsis
	2
	1
	1
	4
	



	 Acute renal failure
	
	
	1
	1
	



	 MODS
	1
	
	
	1
	



	 Unknown
	
	2
	
	2
	




	n, number; BA, biliary atresia; T.bil, total bilirubin; GGT, gamma-glutamyl transferase; min, minutes; LOS, length of stay; LT, liver transplantation; NLS, native liver survival; GI, gastro-intestinal; MODS, multiple organ dysfunction syndrome.









Surgical technique

The patient is positioned on the operating table in a head-up (reverse Trendelenburg) position. The procedure begins with the transumbilical placement of a 3 mm port and the introduction of a 30-degree, 3 mm camera. The intra-abdominal PCO2 pressure is set to 10–12 mmHg with an insufflation flow rate of 6 liters per minute. A thorough examination of the liver is performed. Subsequently, a 3 mm port is placed in the right abdominal quadrant for liver traction. A percutaneous cannula is then inserted, followed by cholangiography. If the diagnosis of BA is confirmed, prior to proceeding with the main surgical steps, the 3 mm umbilical port is replaced with a 10 mm port along with a camera change to enhance visualization. Additionally, a 5 mm port with a 3 mm instrument adapter is placed on the left side. Initially, a 3 mm right-sided port was used; however, we later adopted a 5 mm port to facilitate needle insertion and removal, which contributed to a reduction in operative time. Port placement is illustrated in Figure 1.


[image: Laparoscopic surgery setup showing three trocars inserted into the abdominal area of a patient draped with sterile covering, with attached tubing and surgical instruments ready for minimally invasive procedure.]
FIGURE 1
Port placement for laparoscopic Kasai portoenterostomy. The camera port (10 mm) is inserted through the umbilicus. Additional working ports (5 mm) are positioned in the right and left upper quadrants. Pneumoperitoneum is established through the umbilical port. This setup provides optimal visualization and ergonomic instrument manipulation during laparoscopic Kasai portoenterostomy.


The next step involves the excision of atretic biliary structures and dissection of the hepatic hilum. The procedure begins with a laparoscopic cholecystectomy using a 3 mm bipolar instrument, with electrocautery applied until the cystic artery is visualized. At this stage, further dissection is performed using a blunt technique without energy application. The rudimentary hepatic ducts are subsequently mobilized. The hepatic arteries are identified at the level of the cystic artery and serve as the inferior boundary of the hepatic hilum. In all cases, the fibrotic bands meticulously dissected and completely excised. Traction was applied to the fibrotic plate to expose its base, and the bands were dissected using a combination of sharp and blunt techniques with scissors, without the use of energy devices. If oozing occurred, a gauze swab was applied with gentle pressure for 5–7 min until hemostasis was achieved. In addition, transient elevation of pneumoperitoneum to 12–14 mmHg was used to facilitate hemostasis and improve visualization. This approach allowed for adequate dissection of the fibrotic bands while minimizing the risk of bleeding. The hepatic hilum is then packed with gauze, and then the creation of a Roux-en-Y loop via the transumbilical approach is performed.

The instrument initially used for traction of segment IVb is subsequently utilized for retracting the transverse colon and identifying Treitz's ligament. The small intestine is measured 15–20 cm distally and secured using a 5-mm intestinal grasper, with the instrument tip oriented distally for reference. Intraperitoneal marking is not utilized as we do not find it necessary. The umbilical port is then removed, and an umbilical fascial incision is made. The Roux loop is mobilized to a length of 50–60 cm, with the distal end left free to allow for further mobilization while the proximal end remains fixed. The Roux limb is then brought up, and an end-to-side anastomosis is constructed. The intestine is returned to the abdominal cavity, and the umbilical defect is closed. Next, the Roux limb is transmesenterically positioned posterior to the transverse colon. A portoenterostomy is performed using separate 5/0 PDS sutures. Prophylactic drains are not routinely placed.

Representative operative steps are shown in Supplementary Video.



Postoperative management

All patients were closely monitored in the neonatal intensive care unit (NICU) for the first 48 h postoperatively. Planned extubation was performed within six hours after surgery. Enteral feeding was initiated on postoperative day two, and steroid therapy with prednisolone at 4 mg/kg for the first three days, followed by a dose reduction of 1 mg every three days until reaching a final dosage of 0.5 mg/kg, was commenced on postoperative day three to reduce inflammation and support bile flow. Hormonal therapy was administered for a minimum of 15 days postoperatively.

Adjunctive therapy included the administration of antibiotics (meropenem), ursodeoxycholic acid, and fat-soluble vitamin supplements (Vitamins A, D, E, and K), along with oral calcium, in accordance with institutional protocol. The discharge criteria initially included the absence of surgical and infectious complications and the completion of the initial phase of steroid therapy. Subsequently, the criteria were expanded to include patient stabilization, with steroid therapy continued at the patient's place of residence.

Patients underwent regular clinical follow-up with serial liver function tests to monitor outcomes and detect any complications. Outpatient follow-up visits were scheduled one month after discharge and subsequently every three months.

In the studied cohort, 33 infants with biliary atresia were included and categorized into three groups based on age at the time of the LKPE procedure: under 60 days (n = 12), 60–89 days (n = 13), and 90 days or older (n = 8). The grouping was performed based on previously published studies demonstrating differences in prognosis depending on the timing of surgery. post hoc analysis showed that with the observed effect size (OR = 3.6), the sample size of 33 patients, and the given model parameters, the study had a statistical power of 64%. This means the ability to detect a true effect was moderate, and some non-significant results could be due to the limited number of patients rather than the absence of a real effect. The median age in these groups was 54.5 (27–58), 70 (60–89), and 99 (90–148) days, respectively (p < 0.001). The sex distribution did not differ statistically among the groups (p = 0.105). The most common type of biliary atresia was type III, diagnosed in 87.9% of patients, with no differences between groups (p = 0.246). Total bilirubin levels at admission were comparable across groups (p = 0.878), as were GGT levels (p = 0.413). All perioperative data are presented in Table 1.

Analysis of the duration of the procedure showed that the median operative time in the group of infants under 60 days was 222.5 min (120–570), in the 60–89 days group was 230min (115–425), and in the group older than 90 days was 262.5min (180–360). However, the differences did not reach statistical significance (p = 0.785, Figure 2). Blood loss during the surgeries was minimal. In one case, a conversion from laparoscopic surgery to open surgery was performed (p = 0.478). The reason for the conversion was poor visualization of the hepatic hilum structures due to minor bleeding. The patient underwent an open Kasai procedure without intraoperative surgical complications.
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FIGURE 2
Comparison of operative time between groups. The analysis of variance did not reveal a statistically significant difference in operative time.


Logistic regression analysis of the operative time revealed a reduction in procedure time with accumulating experience (R = 0.810, R2 = 0.656). However, the standard error of the model (59.2min) suggests the presence of additional factors influencing the duration of the procedure (Figure 3). CUSUM analysis demonstrated an initial increase in operative time, indicating the learning phase, with a peak observed around cases 16–17 (Figure 4). The curve was best modeled as a second-order polynomial with the equation: CUSUM (in minutes) = −0.0290 × (case number)2 + 0.7595 × (case number) + 0.3267 (R2 = 0.959). Risk-adjusted CUSUM analysis was additionally performed to account for patient-specific factors. The RA-CUSUM curve demonstrated an initial rise, peaking at approximately the 13th to 15th case, followed by a steady decline toward the end of the series (Figure 5). This pattern confirmed the existence of a distinct learning phase, after which operative performance stabilized and improved, even when adjusted for case complexity. Notably, the peak of the RA-CUSUM curve appeared earlier than in the standard CUSUM, suggesting that proficiency may have been achieved sooner than previously indicated. Following this, a stabilization and subsequent decline in operative time were noted, reflecting process optimization and accumulated surgical experience, ultimately leading to a reduction in operative duration.


[image: Scatter plot illustrating operation time versus case number with a downward-sloping trend line. Shaded confidence interval surrounds the line, suggesting operation time generally decreases as case number increases.]
FIGURE 3
Learning curve analysis. Linear regression analysis of the learning curve demonstrated a reduction in operative time with increasing surgical expertise. 



[image: Line graph illustrating the cumulative sum of operative room time in minutes against case number, showing a learning phase, a marked peak performance point near case seventeen, and a subsequent competency phase as values decline.]
FIGURE 4
Learning curve analysis. The CUSUM chart illustrates the learning curve for laparoscopic Kasai procedures based on operative time. The upward trend during the initial 16 cases represents the learning phase, peaking at case 17 (annotated as the peak performance point), after which a plateau and subsequent decline indicate the transition to the competency phase. CUSUM was calculated as the cumulative deviation of each case's operative time from the overall mean. Success was defined as operative time ≤ mean operative time (240 min); failure was defined as operative time > 240 min.



[image: Line graph displaying cumulative sum (CUSUM) of operating room time in minutes against case number one to thirty-three, showing an initial upward trend until around case fourteen, followed by a steady decline after case twenty.]
FIGURE 5
Learning curve analysis. RA-CUSUM learning curve for laparoscopic Kasai portoenterostomy based on operative time. The curve demonstrates an initial upward trend, peaking around the 13th–15th case, followed by a sustained decline, indicating improved performance and stabilization of the procedure. The RA-CUSUM accounts for individual patient risk factors derived from logistic regression modeling (including age, BA type, total bilirubin, and other covariates), offering a more precise depiction of the learning process.


As for the early postoperative period, no significant postoperative complications were observed in the patients. In one case, the patient developed severe hyperbilirubinemia (>600 µmol/L), which resolved spontaneously by the fifth postoperative day. Stool discoloration occurred in 97% of the patients after surgery. The only patient who did not experience stool discoloration after the surgery was the patient who underwent conversion. This was the second patient in our series, treated before we implemented standardized postoperative protocols for cholangitis prevention (including corticosteroids and prophylactic antibiotics). During surgery, we had to convert to an open approach because of dense adhesions and unclear hilar anatomy, which likely limited the complete removal of the fibrotic plate. In the early postoperative period, the patient developed cholangitis, which we believe led to the absence of stool color change, indicating persistent biliary obstruction. This patient passed away at home five months after the operation.

The median length of hospitalization was 14 (5–20) days and did not differ between the groups (p = 0.584). The incidence of cholangitis after surgery was 51.5% (n = 17), with no statistical difference between the groups (p = 0.631). Cholangitis developed at various time points after the surgery. A Cox regression analysis was conducted to evaluate the impact of cholangitis on native liver survival. Cholangitis was found to increase the probability of native liver loss by 3.6 times (p = 0.051). Multivariable logistic regression identified postoperative cholangitis as the only independent predictor of native liver failure (OR = 0.035; 95% CI: 0.003–0.441; p = 0.010). Other variables, including age, BA type, total bilirubin, and GGT, were not statistically significant (Table 2).



TABLE 2 Multivariable logistic regression analysis of risk factors for native liver survival.



	Variable
	OR
	95% CI
	p-value





	BA type
	0.191
	0.009–3.939
	0.283



	Age (per day increase)
	0.956
	0.896–1.021
	0.182



	Total bilirubin (per μmol/L)
	0.973
	0.946–1.001
	0.056



	GGT (per unit increase)
	0.999
	0.997–1.002
	0.633



	Cholangitis after surgery
	0.035
	0.003–0.441
	0.010



	Conversion to open
	∼0.000
	0.000—NA
	1.000a




	aThe estimate for “Conversion to open” is unstable due to sparse data (n = 1 event).


	OR, odds ratio; CI, confidence interval.







The native 1-year liver survival rate at the time of the study's conclusion was 54.5%, with no differences between the groups (p = 0.557). In the group under 60 days, native liver preservation was observed in 7 patients (58.3%), in the second group in 8 patients (61.5%), and in the third group in 3 patients (37.5%). Liver transplantation after the Kasai procedure was required in 5 patients (15.2%), and the transplantation rate did not depend on the age at the time of the initial surgical intervention (p = 0.577).

During the follow-up period, 10 of 33 patients died, corresponding to an overall mortality rate of 30.3% in the study cohort, with no differences between the groups (p = 0.5). In the group under 60 days, the mortality rate was 3 patients (25%), in the 60–89 days group it was 3 patients (23%), and in the group over 90 days, it was 4 patients (50%). Analysis of the causes of death in the overall cohort revealed that the most common causes were sepsis (4 cases, one of which was sepsis after liver transplantation), gastrointestinal bleeding (1 case), and aspiration (1 case). In the 60–89 days group, one patient developed acute renal failure, and another developed multiple organ failure. The cause of death in two patients could not be determined.

Kaplan–Meier survival analysis (Figures 6, 7) confirmed the absence of differences between the groups for both overall survival (p = 0.923, log-rank = 0.161) and native liver survival (p = 0.681, log-rank = 0.768).
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FIGURE 6
(А) Overall survival probability in the cohort. (B) Kaplan–Meier survival showed no significant differences between the groups in terms of survival probability.
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FIGURE 7
(А) Native liver survival probability. (B) Kaplan–Meier survival analysis confirmed the absence of significant differences between the groups in the aspect of native liver survival.


Persistent jaundice was observed in two patients, who are currently being monitored on an outpatient basis and are awaiting liver transplantation. The remaining surviving patients achieved complete bile drainage with normalized liver function tests and no symptoms of jaundice.




Discussion

LKPE has emerged as a minimally invasive alternative to the conventional open KPE for the management of BA (4). Our single-center study analyzed 33 cases of LKPE, providing insights into its feasibility, outcomes, and challenges. The findings suggest that while LKPE is technically demanding, it is a viable approach with favorable short-term outcomes, though certain challenges, particularly postoperative cholangitis, continue to impact native liver survival.

Our cohort consisted of 33 patients, which reflects the rarity of biliary atresia and the limited number of cases managed at our center during the study period. Although the sample size aligns with other single-center reports, post hoc power analysis demonstrated that the study was underpowered to detect subtle but potentially meaningful differences in outcomes, particularly across age subgroups. This limitation emphasizes the need for larger, multicenter trials to confirm the observed trends and strengthen the evidence base for laparoscopic Kasai portoenterostomy.

Our study demonstrated that LKPE is a feasible procedure, with only one case requiring conversion to open surgery due to inadequate hilar visualization. Our CUSUM analysis indicated that the learning curve plateaued after approximately 16–17 cases, suggesting a relatively rapid attainment of technical proficiency. The incorporation of RA-CUSUM analysis provided a more nuanced understanding of the surgical learning curve by adjusting for individual patient risk factors. While the traditional CUSUM curve demonstrated the expected learning pattern, the RA-CUSUM revealed that the peak of operative time deviation occurred earlier (around cases 13–15), indicating that skill acquisition may have been reached sooner than suggested by the unadjusted analysis. Moreover, the steady decline after the peak in the RA-CUSUM curve highlights sustained improvement in operative performance, even in more complex cases. This threshold is shorter than reported in previous studies: Ji et al. (8) suggested that stabilization required up to 30 cases, while Shirota et al. (5) noted plateauing at around 50 cases. We believe that several factors contributed to this difference. First, the procedure in our center was consistently performed by a single surgeon, ensuring continuity of technical refinement and minimizing inter-operator variability. Second, modifications to the surgical technique, including optimized trocar placement and the use of a 10 mm high-definition laparoscope, enhanced visualization and maneuverability, which likely contributed to improved operative efficiency. These adaptations may have facilitated a steeper initial learning curve, although differences in patient characteristics and institutional settings should also be considered when interpreting these results. The increased duration of surgery in the initial cases can be attributed to the technical complexity of hilar dissection and the construction of the Roux-en-Y anastomosis under laparoscopy. However, as experience accumulates, operative times become more comparable to those of open KPE (15–17).

We believe that several factors contributed to the reduction in operative time. Initially, we used a 5 mm camera but later transitioned to a 10 mm optic, which significantly improved visualization and enhanced the surgeon's comfort. Additionally, in the early phase of our experience, liver fixation was achieved via suspension of the round ligament; however, this approach did not provide adequate visualization of the hepatic hilum due to the overhanging segment IVb. Consequently, we transitioned to using a 3 mm instrument inserted percutaneously lateral to the hepatic projection, parallel to the hilum. This technique requires an additional assistant but significantly improves visualization of the hepatic hilum and reduces operative time.

In the present study, we observed an NLS rate of 54.5% and a patient survival rate of 84.8% following LKPE, with a median operative time of 240 min and a 3% conversion rate. This aligns with previously reported NLS rates following both LKPE and open KPE (7, 18). For instance, Shirota et al. (5) reported a 61% 1-year NLS among 53 patients with an operative time of ∼350 min and a ∼5% conversion rate, while Ji et al. (8) documented a 74% 1-year NLS with 100% patient survival across 100 cases, albeit with a higher conversion rate of 11%. Similarly, Li et al. (10) reported a 68% 1-year NLS and 96% patient survival in 49 patients. Other earlier studies, such as Wang et al. (19) and Chan et al. (20) reported 1-year NLS rates of 56% and 50%, respectively. However, despite the advantages of laparoscopic magnification, our study did not demonstrate a clear superiority of LKPE over open KPE in terms of survival outcomes compared with the literature (4, 6). One possible reason is the continued high incidence of cholangitis (51.5%), which remains a major determinant of postoperative morbidity. In our series, the cholangitis rate (51.5%) aligns with the broad range reported in the literature (12% to 66%), reflecting the persistent challenge of postoperative cholangitis despite technical refinements (21–27).

Table 3 summarizes the comparative outcomes of laparoscopic Kasai portoenterostomy reported in previous studies alongside our results (4, 5, 9, 28–44). Notably, while our median operative time (240 min) was shorter than that reported by Shirota et al. (5) (∼350 min) and Ji et al. (8) (274 min), it remains comparable to early reports by Wang et al. (16) (208 min) and Ure et al. (22) (166 min). We attribute our operative efficiency to technical modifications, as discussed earlier.



TABLE 3 Comparative outcomes of laparoscopic Kasai portoenterostomy.



	First author
	No of cases
	Type of BA
	Mean age at LapPE (days)
	Mean operative time (mins)
	Conversion rate Lap → Open (%)
	Incidence of complications
	SNL at 6 months old (%)
	SNL ≥ 1 year old (%)





	Current study
	33
	I: 1; IIa: 1; IIb: 2; III: 29
	69 (median)
	240 (median)
	3
	Cholangitis 17/33 (51.5%)
	78
	54.5



	Sherota et al. (5)
	53
	NA
	55
	341
	5
	Cholangitis (43.%)
	NA
	61



	Li et al. (9)
	80
	III
	NA
	NA
	NA
	Cholangitis 24/80 (30%)
	NA
	66.2



	Nakamura et al. (28)
	12
	III
	NL: 59.6
	NA
	NA
	NA
	95.2
	79.6



	Nakamura et al. (29)
	36
	MBD+
	NNL: 81
	63.8
	52.7
	NA
	86.7
	76.7



	Nakamura et al. (30)
	17
	II: 1; MBD−; III: 16
	66.7; 66.7; 65.5
	NA
	NA
	NA
	NA
	76.5



	Sun et al. (4)
	48
	NA
	61.5
	169.5
	8.3
	Persistent bleeding 4/48 (8.3%); Cholangitis 28/48 (59.09%)
	81.82
	78.12



	Murase et al. (19)
	12
	NA
	53
	307.0
	0.0
	Cholangitis 1/12 (8.3%)
	91.7
	NA



	Yamataka et al. (34)
	15
	NA
	NA
	NA
	0.0
	Cholangitis 7/15 (46.7%)
	93.3
	80.0



	Wada et al. (24)
	12
	II: 1; III: 11
	65.8
	546.0
	0.0
	Cholangitis 6/12 (50%)
	NA
	83.3



	Chan et al. (23)
	16
	III
	65.6
	NA
	NA
	Cholangitis 7/16 (43.7%); Variceal bleeding 1/16 (6.2%); Volvulus 1/16 (6.2%)
	NA
	50.0



	Wang et al. (31)
	25
	II: 1; III: 24
	72
	208.0
	0.0
	Cholangitis 7/25 (28%)
	NA
	84.0



	Yamataka et al. (20)
	8
	III
	67.8
	NA
	0.0
	Cholangitis 4/8 (50%)
	87.5
	75.0



	Diao et al. (32)
	4
	I, II
	24.4
	126.0
	0.0
	0%
	100.0
	NA



	Chan et al. (33)
	16
	III
	65.6
	NA
	NA
	Cholangitis 7/16 (43.7%); Variceal bleeding 1/16 (6.2%); Volvulus 1/16 (6.2%)
	100.0
	50.0



	Oetzmann von Sochaczewski et al. (34)
	8
	NA
	NA
	NA
	NA
	Cholangitis 5/8 (63%)
	NA
	0.0



	Yamataka et al. (11)
	8
	NA
	67.8
	NA
	0.0
	Cholangitis 4/8 (50%)
	87.5
	75.0



	Koga et al. (10)
	5
	III
	74
	546.0
	0.0
	Cholangitis 1/5 (20%)
	100.0
	80.0



	Chan et al. (35)
	16
	III
	66
	292.0
	0.0
	Cholangitis 3/16 (18.7%); Volvulus 1/16 (6.2%)
	NA
	56.2



	Ure et al. (22)
	12
	NA
	57
	NA
	0.0
	0%
	42.0
	NA



	Liem et al. (36)
	11
	II, III
	79
	245.0
	0.0
	Cholangitis 3/11 (27.2%)
	NA
	54.5



	Liu et al. (37)
	10
	I: 6; II: 4
	53
	180.0
	0.0
	0%
	NA
	NA



	Wong et al. (21)
	9
	NA
	68.6
	NA
	0.0
	Volvulus 2/9 (22%); Internal hernia 2/9 (22%)
	33.0
	22.0



	Ayuso et al. (38)
	5
	NA
	58
	220.0
	0.0
	Volvulus 1/5 (20%)
	NA
	NA



	Aspelund et al. (39)
	5
	NA
	68.6
	309.0
	0.0
	Wound infection 1/5 (20%); Cholangitis 1/5 (20%); Bile leakage 1/5 (20%)
	60.0
	NA



	Dutta et al. (40)
	7 (Lap) + 3 (Robot)
	NA
	NA
	64.4
	0.0
	Wound infection 1/7
	71.4
	57.1



	Lima et al. (41)
	1
	NA
	90
	NA
	NA
	0%
	NA
	NA



	Lopez et al. (42)
	1
	NA
	20
	220.0
	0.0
	0%
	100.0
	100.0



	Al-Qahtani et al. (43)
	2
	NA
	45
	450.0
	0.0
	0%
	NA
	NA



	Martinez-Ferro et al. (6)
	41
	NA
	61
	180.0
	2.4
	Bleeding 1/41 (2.4%); Lt. HA transection 1/41 (2.4%)
	NA
	60.0



	Martinez et al. (44)
	3
	NA
	NA
	220.0
	NA
	NA
	NA
	NA



	Lee et al. (5)
	2
	III
	98
	338.0
	0.0
	Cholangitis 1/2 (50%)
	50.0
	NA



	Esteves et al. (4)
	2
	NA
	57
	190.0
	0.0
	Cholangitis 1/2 (50%); Umbilical hernia 1/2 (50%)
	100.0
	NA







The Kaplan–Meier survival curve in our analysis estimates liver survival probability across the observation window, but further long-term follow-up is required to fully match the extended outcomes reported by other centers.

Taken together, these comparisons indicate that despite being conducted in a resource-limited setting, our center's outcomes for LKPE are largely consistent with international experiences, underscoring the procedure's technical feasibility and clinical relevance. The data also reinforce the importance of surgical experience and postoperative management in optimizing outcomes for biliary atresia.

Cholangitis remains a major postoperative concern, with an incidence of 51.5% in our cohort. This figure is within the reported range for both laparoscopic and open procedures (45). Our Cox regression analysis suggested that cholangitis increased the probability of native liver loss by 3.6 times, though statistical significance was borderline (p = 0.051). The logistic regression analysis confirmed that postoperative cholangitis significantly increased the risk of native liver failure (Table 2). This association remained robust after adjusting for age, BA type, and bilirubin levels, highlighting cholangitis as a major prognostic factor. The high incidence of cholangitis may be attributed to ascending bacterial infections, altered bile flow dynamics, and prolonged bile stasis postoperatively. Several strategies have been proposed to mitigate this risk, including routine antibiotic prophylaxis, early initiation of enteral feeding, and improved bile drainage techniques (18, 46). Of the first 10 cases of laparoscopic Kasai portoenterostomy (LKPE) performed at our center, seven patients succumbed within 6 months, primarily due to complications related to cholangitis and subsequent liver cirrhosis. This prompted us to modify our postoperative management strategy to reduce the incidence of postoperative cholangitis. To mitigate inflammation in the portal plate region and anastomosis, we introduced steroid therapy protocols immediately after surgery. Additionally, a prolonged antibiotic regimen was implemented, including trimethoprim-sulfamethoxazole (co-trimoxazole) for a minimum of 12 months postoperatively. Depending on clinical indications, the duration of co-trimoxazole therapy could be further extended. This approach led to a reduction in mortality and an improvement in native liver survival rates. Additionally, in the last several cases, we have utilized high-dose lactulose to promote improved stool passage and reduce the risk of intestinal stasis. This approach helps to lower the risk of ascending cholangitis in the early postoperative period. Future studies should focus on optimizing postoperative antibiotic regimens and exploring the role of adjunctive therapies such as ursodeoxycholic acid and probiotics in reducing the incidence of cholangitis.

The Kaplan–Meier analysis confirmed that survival rates did not significantly differ based on the age at surgery. While early surgery (<60 days) has traditionally been associated with better outcomes (47), our findings suggest that factors such as postoperative complications and the severity of the underlying disease at the time of surgery may also play crucial roles in determining long-term success.

A major challenge faced by our center is the lack of a well-established pediatric liver transplantation program. Currently, the Kasai procedure remains the only surgical option available for infants with BA, making its success critically important. In many developed countries, LKPE is seen as a bridge to liver transplantation, allowing infants to gain sufficient weight and optimize their condition before transplant (12, 48). However, in Uzbekistan, financial and logistical constraints make access to liver transplantation challenging, leading to high mortality rates in cases of failed Kasai procedures.

There are no precise statistics on the detection of biliary atresia in Uzbekistan. The primary healthcare system is underdeveloped, and as a result, patients often present either too late or pass away at their place of residence. The country lacks standardized protocols for the diagnostic evaluation of children with this condition.

Since the initiation of the LKPE program at our center, an average of five new cases of biliary atresia are referred to our facility each month. However, some of these patients present at an advanced stage when surgical intervention is no longer feasible. Others are referred abroad for liver transplantation. Currently, we are actively working to train healthcare providers in regional centers to improve the early detection of biliary atresia and ensure the timely referral of these critically ill patients to our center. Efforts are underway to develop a pediatric liver transplantation program in our country, which will be a crucial step in improving survival outcomes for infants with BA. Until then, it is imperative to refine our LKPE technique and optimize postoperative management to maximize the chances of long-term native liver survival.

This study is limited by its retrospective nature and relatively small sample size. Additionally, the follow-up period is still relatively short, and long-term survival data will be crucial to better understand the true efficacy of LKPE. Future research should include prospective multicenter studies with longer follow-ups to compare laparoscopic and open approaches in different clinical settings.

In addition to surgical refinements, future research should focus on optimizing postoperative management to reduce the incidence of ascending cholangitis, which remains a major contributor to native liver failure. Recent studies have explored extended antibiotic prophylaxis, the use of probiotics to stabilize gut microbiota, and the potential role of ursodeoxycholic acid in improving bile flow and reducing stasis (3, 46). Although these strategies show promise, high-quality randomized controlled trials are still lacking, particularly in resource-limited settings where liver transplantation is not readily available. Our findings highlight the need for a multidisciplinary approach that combines technical improvements with targeted medical therapies to optimize long-term outcomes after LKPE.



Conclusion

Our findings suggest that LKPE is a feasible and effective alternative to open Kasai portoenterostomy, with comparable native liver survival rates according to literature and a clear learning curve. However, the high incidence of postoperative cholangitis remains a significant concern. In settings like Uzbekistan, where pediatric liver transplantation is not yet fully developed, optimizing surgical techniques and postoperative care for LKPE is of paramount importance. Further studies are needed to refine strategies for reducing cholangitis-related complications and improving native liver survival rates.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Institutional Review Board of the National Children's Medical Center. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin.



Author contributions

KS: Conceptualization, Data curation, Formal analysis, Methodology, Project administration, Resources, Supervision, Visualization, Writing – original draft, Writing – review & editing. MN: Conceptualization, Data curation, Resources, Writing – original draft, Writing – review & editing. TD: Data curation, Writing – review & editing. AK: Data curation, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2025.1666539/full#supplementary-material



References


	1. Antala S, Taylor SA. Biliary atresia in children: update on disease mechanism, therapies, and patient outcomes. Clin Liver Dis. (2022) 26(3):341–54. doi: 10.1016/j.cld.2022.03.001


	2. Siddiqui AI, Ahmad T. Biliary atresia. In: StatPearls. Treasure Island, FL: StatPearls Publishing (2025). Available online at: https://www.ncbi.nlm.nih.gov/books/NBK537262/


	3. Ando H, Inomata Y, Iwanaka T, Kuroda T, Nio M, Matsui A, et al. Clinical practice guidelines for biliary atresia in Japan: a secondary publication of the abbreviated version translated into English. J Hepatobiliary Pancreat Sci. (2021) 28(1):55–61. doi: 10.1002/jhbp.816


	4. Sun X, Diao M, Wu X, Cheng W, Ye M, Li L. A prospective study comparing laparoscopic and conventional Kasai portoenterostomy in children with biliary atresia. J Pediatr Surg. (2016) 51(3):374–8. doi: 10.1016/j.jpedsurg.2015.10.045


	5. Shirota C, Hinoki A, Tainaka T, Sumida W, Kinoshita F, Yokota K, et al. Laparoscopic Kasai portoenterostomy can be a standard surgical procedure for treatment of biliary atresia. World J Gastrointest Surg. (2022) 14(1):56–63. doi: 10.4240/wjgs.v14.i1.56


	6. Son TN, Mai DV, Tung PT, Liem NT. Laparoscopic versus open Kasai procedure for biliary atresia: long-term results of a randomized clinical trial. Pediatr Surg Int. (2023) 39(1):111. doi: 10.1007/s00383-023-05391-4


	7. Hussain MH, Alizai N, Patel B. Outcomes of laparoscopic Kasai portoenterostomy for biliary atresia: a systematic review. J Pediatr Surg. (2017) 52(2):264–7. doi: 10.1016/j.jpedsurg.2016.11.022


	8. Ji Y, Yang K, Zhang X, Chen S, Xu Z. Learning curve of laparoscopic Kasai portoenterostomy for biliary atresia: report of 100 cases. BMC Surg. (2018) 18(1):107. doi: 10.1186/s12893-018-0443-y


	9. Li Z, Ye Y, Wu Z, Wang B. Learning curve analysis of laparoscopic Kasai portoenterostomy. J Laparoendosc Adv Surg Tech A. (2017) 27(9):979–82. doi: 10.1089/lap.2016.020428594581


	10. Li Y, Gan J, Wang C, Xu Z, Zhao Y, Ji Y. Comparison of laparoscopic portoenterostomy and open portoenterostomy for the treatment of biliary atresia. Surg Endosc. (2019) 33(10):3143–52. doi: 10.1007/s00464-019-06905-9


	11. Calinescu AM, Madadi-Sanjani O, Mack C, Schreiber RA, Superina R, Kelly D, et al. Cholangitis definition and treatment after Kasai hepatoportoenterostomy for biliary atresia: a delphi process and international expert panel. J Clin Med. (2022) 11(3):494. doi: 10.3390/jcm11030494


	12. Sundaram SS, Mack CL, Feldman AG, Sokol RJ. Biliary atresia: indications and timing of liver transplantation and optimization of pretransplant care. Liver Transpl. (2017) 23(1):96–109. doi: 10.1002/lt.24640


	13. Semash K, Dzhanbekov T, Akbarov M, Mirolimov M, Usmonov A, Razzokov N, et al. Implementation of a living donor liver transplantation program in the Republic of Uzbekistan: a report of the first 40 cases. Clin Transplant Res. (2024) 38(2):116–27. doi: 10.4285/ctr.24.0013


	14. Semash K, Dzhanbekov T, Nasirov M, Monakhov A, Gadzhieva P. Bortezomib as a potential treatment for recurrent autoimmune hepatitis following pediatric liver transplantation. Pediatr Transplant. (2025) 29(4):e70082. doi: 10.1111/petr.7008240304093


	15. Okur MH, Aydoğdu B, Azizoğlu M, Bilici S, Bayram S, Salik F. Laparoscopic versus open portoenterostomy for treatment of biliary atresia: a meta-analysis. Pediatr Surg Int. (2023) 39(1):148–57. doi: 10.1007/s00383-023-05436-8


	16. Wang S, Hu X, Wang J. Learning curve of laparoscopic Kasai portoenterostomy in a tertiary hospital with low caseload of biliary atresia. J Laparoendosc Adv Surg Tech A. (2022) 32(4):442–7. doi: 10.1089/lap.2021.0653


	17. Wang Y, Zhang Y, Wang H, Wang T, Xia S, Chen W, et al. Learning curve analysis of open Kasai portoenterostomy for biliary atresia. J Surg Res. (2019) 239:38–43. doi: 10.1016/j.jss.2019.01.029


	18. Liu F, Xu X, Liang Z, Tao B, Lan M, Zeng J. Early bile drainage improves native liver survival in biliary atresia without cholangitis. Front Pediatr. (2023) 11:1189792. doi: 10.3389/fped.2023.1189792


	19. Zhu J, Wu B, Cai P, Pan J, Zhu Z. Laparoscopic vs. Open portoenterostomy for biliary atresia: a meta-analysis of pediatric surgical outcomes. Front Pediatr. (2024) 12:1476195. doi: 10.3389/fped.2024.147619539717191


	20. Yamataka A. Laparoscopic Kasai portoenterostomy for biliary atresia. J Hepatobiliary Pancreat Sci. (2013) 20(5):481–6. doi: 10.1007/s00534-013-0607-123572285


	21. Cazares J, Koga H, Murakami H, Nakamura H, Lane G, Yamataka A. Laparoscopic portoenterostomy for biliary atresia: single-center experience and review of literatures. Pediatr Surg Int. (2017) 33(12):1341–54. doi: 10.1007/s00383-017-4171-729022095


	22. Ure BM, Kuebler JF, Schukfeh N, Engelmann C, Dingemann J, Petersen C. Survival with the native liver after laparoscopic versus conventional Kasai portoenterostomy in infants with biliary atresia: a prospective trial. Ann Surg. (2011) 253(4):826–30. doi: 10.1097/SLA.0b013e318211d7d821475026


	23. Chan KW, Lee KH, Wong HY, Tsui SY, Wong YS, Pang KY, et al. From laparoscopic to open Kasai portoenterostomy: the outcome after reintroduction of open Kasai portoenterostomy in infant with biliary atresia. Pediatr Surg Int. (2014) 30(6):605–8. doi: 10.1007/s00383-014-3499-524722760


	24. Wada M, Nakamura H, Koga H, Miyano G, Lane GJ, Okazaki T, et al. Experience of treating biliary atresia with three types of portoenterostomy at a single institution: extended, modified Kasai, and laparoscopic modified Kasai. Pediatr Surg Int. (2014) 30(9):863–70. doi: 10.1007/s00383-014-3551-525064224


	25. Li B, Chen BW, Xia LS. Laparoscopic Kasai procedure of treating biliary atresia with an aberrant right hepatic artery. J Laparoendosc Adv Surg Tech A. (2023) 33(9):904–8. doi: 10.1089/lap.2022.059637417990


	26. Murase N, Hinoki A, Shirota C, Tomita H, Shimojima N, Sasaki H, et al. Multicenter, retrospective, comparative study of laparoscopic and open Kasai portoenterostomy in children with biliary atresia from Japanese high-volume centers. J Hepatobiliary Pancreat Sci. (2019) 26(1):43–50. doi: 10.1002/jhbp.59430488647


	27. Hinojosa-Gonzalez DE, Bueno LC, Roblesgil-Medrano A, Salgado-Garza G, Hurtado-Arellano S, Farias JS, et al. Laparoscopic vs open portoenterostomy in biliary atresia: a systematic review and meta-analysis. Pediatr Surg Int. (2021) 37(11):1477–87. doi: 10.1007/s00383-021-04964-534269866


	28. Nakamura H, Koga H, Miyano G, Okawada M, Doi T, Yamataka A. Does the level of transection of the biliary remnant affect outcome after laparoscopic Kasai portoenterostomy for biliary atresia? J Laparoendosc Adv Surg Tech A. (2017) 27(7):744–7. doi: 10.1089/lap.2016.020228350200


	29. Nakamura H, Murase N, Koga H, Cazares J, Lane GJ, Uchida H, et al. Classification of biliary atresia in the laparoscopic era. Pediatr Surg Int. (2016) 32(12):1209–12. doi: 10.1007/s00383-016-3973-327655364


	30. Yamataka A, Lane GJ, Koga H, Cazares J, Nakamura H. Role of laparoscopy during surgery at the porta hepatis. S Afr Med J. (2014) 104(11 Pt 2):820–4. doi: 10.7196/SAMJ.8921


	31. Diao M, Li L, Cheng W. Single-incision laparoscopic hepaticojejunostomy using conventional instruments for neonates with extrahepatic biliary cystic lesions. Surg Innov. (2013) 20(3):214–8. doi: 10.1177/155335061244635522589020


	32. Oetzmann von Sochaczewski C, Petersen C, Ure BM, Osthaus A, Schubert KP, Becker T, et al. Laparoscopic versus conventional Kasai portoenterostomy does not facilitate subsequent liver transplantation in infants with biliary atresia. J Laparoendosc Adv Surg Tech A. (2012) 22(4):408–11. doi: 10.1089/lap.2012.007722577810


	33. Yamataka A, Lane GJ, Cazares J. Laparoscopic surgery for biliary atresia and choledochal cyst. Semin Pediatr Surg. (2012) 21(3):201–10. doi: 10.1053/j.sempedsurg.2012.05.01122800973


	34. Koga H, Miyano G, Takahashi T, Shimotakahara A, Kato Y, Lane GJ, et al. Laparoscopic portoenterostomy for uncorrectable biliary atresia using Kasai’s original technique. J Laparoendosc Adv Surg Tech A. (2011) 21(3):291–4. doi: 10.1089/lap.2010.016221457118


	35. Chan KW, Lee KH, Mou JW, Cheung ST, Tam YH. The outcome of laparoscopic portoenterostomy for biliary atresia in children. Pediatr Surg Int. (2011) 27(7):671–4. doi: 10.1007/s00383-011-2859-721286732


	36. Liem NT, Son TN, Quynh TA, Hoa NP. Early outcomes of laparoscopic surgery for biliary atresia. J Pediatr Surg. (2010) 45(8):1665–7. doi: 10.1016/j.jpedsurg.2010.01.01920713217


	37. Liu SL, Li L, Cheng W, Hou WY, Huang LM, Wang WY, et al. Laparoscopic hepatojejunostomy for biliary atresia. J Laparoendosc Adv Surg Tech A. (2009) 19(1):S31–5. doi: 10.1089/lap.2008.0119.supp18976123


	38. Lopez M, Kalfa N, Forgues D, Guibal MP, Galifer RB, Allal H. Early laparoscopic Kasai’s procedure in a low weight newborn. J Minim Access Surg. (2007) 3(2):66–9. doi: 10.4103/0972-9941.3327621124655


	39. Al-Qahtani AR, Almaramhi H. Minimal access surgery in neonates and infants. J Pediatr Surg. (2006) 41(5):910–3. doi: 10.1016/j.jpedsurg.2006.01.00916677881


	40. Martínez M, Questa H, Gutiérrez V. Operación de Kasai laparoscópica: detalles técnicos y resultados iniciales de una técnica promisoria. Cir Pediatr. (2004) 17(1):36–9.


	41. Lee H, Hirose S, Bratton B, Farmer D. Initial experience with complex laparoscopic biliary surgery in children: biliary atresia and choledochal cyst. J Pediatr Surg. (2004) 39(6):804–7. doi: 10.1016/j.jpedsurg.2004.02.01815185200


	42. Esteves E, Clemente Neto E, Ottaiano Neto M, Devanir Jr J, Esteves Pereira R. Laparoscopic Kasai portoenterostomy for biliary atresia. Pediatr Surg Int. (2002) 18(8):737–40. doi: 10.1007/s00383-002-0791-612598978


	43. Ayuso L, Vila-Carbó JJ, Lluna J, Hernández E, Marco A. Intervención de Kasai por vía laparoscópica: presente y futuro del tratamiento de la atresia de vías biliares. Cir Pediatr. (2008) 21(1):23–6.18444386


	44. Aspelund G, Ling SC, Ng V, Kim PC. A role for laparoscopic approach in the treatment of biliary atresia and choledochal cysts. J Pediatr Surg. (2007) 42(5):869–72. doi: 10.1016/j.jpedsurg.2006.12.05217502202


	45. Samanta A, Sarma MS. Post-Kasai portoenterostomy cholangitis: what have we learnt so far? J Clin Exp Hepatol. (2025) 15(3):102471. doi: 10.1016/j.jceh.2024.102471


	46. Lendahl U, Lui VCH, Chung PHY, Tam PKH. Biliary atresia: emerging diagnostic and therapy opportunities. EBioMedicine. (2021) 74:103689. doi: 10.1016/j.ebiom.2021.103689


	47. Yang C, Ke M, Zhou Y, Xu H, Diao M, Li L. Impact of early Kasai portoenterostomy on short-term outcomes of biliary atresia: a systematic review and meta-analysis. Front Surg. (2022) 9:924506. doi: 10.3389/fsurg.2022.924506


	48. Shirota C, Murase N, Tanaka Y, Ogura Y, Nakatochi M, Kamei H, et al. Laparoscopic Kasai portoenterostomy is advantageous over open Kasai portoenterostomy in subsequent liver transplantation. Surg Endosc. (2020) 34(8):3375–81. doi: 10.1007/s00464-019-07108-y















	
	TYPE Review

PUBLISHED 24 November 2025
DOI 10.3389/fped.2025.1691692






[image: image2]

The application of gastrointestinal endoscopy in children: a narrative review

Guo Zhang, Guiping Zhao, Peng Li* and Shutian Zhang*

Department of Gastroenterology, Beijing Friendship Hospital, Capital Medical University, Beijing, China

EDITED BY
Fei Liu, Guangzhou Medical University, China

REVIEWED BY
Brett J. Hoskins, Indiana University School of Medicine, United States
Jenifer R. Lightdale, Boston Children’s Hospital, United States

*CORRESPONDENCE
Peng Li lipeng@ccmu.edu.cn
Shutian Zhang zhangshutian@ccmu.edu.cn

RECEIVED 24 August 2025
ACCEPTED 10 November 2025
PUBLISHED 24 November 2025

CITATION Zhang G, Zhao G, Li P and Zhang S (2025) The application of gastrointestinal endoscopy in children: a narrative review.
Front. Pediatr. 13:1691692.
doi: 10.3389/fped.2025.1691692

COPYRIGHT © 2025 Zhang, Zhao, Li and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


Digestive endoscopy in children is increasingly used for the diagnosis and treatment of a broad range of diseases affecting the stomach, intestines, biliary tract, and pancreas, with the advantages of being minimally invasive and efficient. Endoscopic procedures in children differ from those in adults in terms of both indications and primary objectives. Furthermore, ensuring the safety and comfort of children during the examination necessitates additional considerations, such as the use of appropriately sized endoscopes, carefully tailored sedation protocols, and bowel preparation regimens. This article provides an overview of the diagnostic value of endoscopy in common digestive tract diseases and challenging conditions in children, and it details the clinical applications of various endoscopic therapeutic techniques. Furthermore, the review focuses on several core aspects of endoscopy in children, including age-stratified selection strategies for endoscopic instruments, safety evaluations of sedation and anesthesia protocols, indications and contraindications for various endoscopic techniques, potential procedure-related adverse events, as well as current disparities in the development of endoscopy in children across different regions. Despite substantial progress in the field, challenges remain, including the lack of specialized devices, technical complexity, and gaps in operator training and quality control. Future efforts should emphasize multicenter studies, the development of standardized operating guidelines, and the integration of artificial intelligence and novel imaging technologies to optimize the endoscopy diagnostic and therapeutic system, thereby advancing digestive endoscopy in children toward greater precision, safety, and efficiency.
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1 Introduction

Endoscopic technology has become an important tool for diagnosing and treating digestive diseases in children, combining the advantages of being minimally invasive and highly efficient (1). Technically speaking, patient safety and comfort must be considered during the procedure, and therefore certain additional conditions must be met (2). Since the application of endoscopic technology in children began in the 1970s, endoscopic techniques have continued to evolve. In recent years, complex endoscopic procedures such as endoscopic retrograde cholangiopancreatography (ERCP), endoscopic ultrasound (EUS), and peroral endoscopic myotomy (POEM) have been progressively applied to children and has demonstrated favorable safety and efficacy (3–6).

The field of endoscopy in children continues to face significant challenges, including imperfect implementation of quality standards, a paucity of specialized and standardized assessment tools, and inadequate device compatibility, despite technical advancements that offer minimally invasive options for children (7). This review aims to summarize the clinical applications of existing children's endoscopic techniques, explore future development directions, and promote the precision and individualization of children's endoscopic diagnosis and treatment (Figure 1).


[image: Flowchart illustrating the application of endoscopy in pediatric digestive diseases, detailing diagnostic and treatment procedures, technical characteristics, and challenges such as equipment dimensions, training, tolerance, and cost, with related endoscopy types visually represented.]
FIGURE 1
Current applications of gastrointestinal endoscopy in children. (created with BioRender.com).




2 Methods


2.1 Literature search strategy

A systematic literature search was performed using the PubMed database.



2.2 Search terms

The search strategy incorporated a combination of Medical Subject Headings (MeSH) and free-text terms to maximize retrieval. Key search concepts and terms include:

Core Topics: endoscopy in children, gastrointestinal endoscopy, children, endoscopic retrograde cholangiopancreatography (ERCP), endoscopic ultrasound (EUS), dimensions.

Diagnosis: diagnosis, diagnostic yield, esophagogastroduodenoscopy (EGD), colonoscopy, small-bowel endoscopy, capsule endoscopy.

Therapeutics: therapeutic endoscopy, foreign body removal, dilation, hemostasis, polypectomy.

Specific Conditions: inflammatory bowel disease (IBD), eosinophilic esophagitis (EoE), polyposis syndrome.



2.3 Inclusion criteria

Study Types: Randomized controlled trials, prospective cohort studies, large-scale retrospective studies, systematic reviews, and meta-analyses. Clinical practice guidelines from leading societies (e.g., NASPGHAN, ESPGHAN, ESGE, ASGE) were prioritized.

Population: Studies had to involve a patient population aged ≤18 years.

Publication Date: The search primarily included literature published between January 2008 and August 2025, to cover evidence and technological advances from the past 15 years.




3 Technical characteristics of endoscopy in children

The technical execution of endoscopy in children necessitates careful attention to instrument dimensions; in contrast to adults, the selection of endoscopic devices is tailored to the child's somatotype (1). In infants and young children with a body weight below 10 kg, the use of an ultra-thin gastroscope (outer diameter 5–6 mm) is recommended to minimize airway compression and mucosal injury (2); for weight between 10 and 20 kg, an 8 mm small-diameter gastroscope may be selected (8). In ERCP procedures, children weighing more than 10 kg may use standard adult duodenoscopes with an outer diameter of 11.3 mm (9); those weighing less than 10 kg should use specific duodenoscopes for children with an outer diameter of 7.5 mm (10). EUS is generally indicated only for children exceeding 15 kg; smaller children may be considered to substitute with a bronchial ultrasound probe (10). In addition, endoscopic therapy accessories (e.g., dilating balloons and hemostatic clips) should be matched to the luminal dimensions of children to prevent iatrogenic injury (3).

Endoscopy anesthesia is a critical component to ensure smooth procedures and patient safety. In recent years, multiple sedation regimens and techniques have been applied in clinical practice to optimize sedation efficacy and reduce adverse events. Studies indicate that endoscopy in children often requires deep sedation or general anesthesia, especially for younger or high-risk children and for advanced endoscopic procedures (10, 11). Common sedatives include propofol, midazolam, ketamine, and dexmedetomidine; among these, propofol is widely used due to its rapid onset and quick recovery, but its potential to cause respiratory depression should be noted (12). Dexmedetomidine, when delivered via inhalation, can significantly suppress gag and cough reflexes, reduce intraoperative anesthetic requirements, and improve endoscopist satisfaction with favorable safety (13). However, Johnson et al. found that low-dose dexmedetomidine combined with propofol did not reduce total propofol consumption and was associated with increased postoperative hypotension and prolonged recovery (14). Shafa et al. reported that ketamine combined with lidocaine did not significantly improve hemodynamics but could reduce the dose requirements of a single agent (12). Emerging agents such as remimazolam have shown rapid metabolism and good safety in adults, but pediatric data are still limited (15). Overall, sedation management for endoscopy in children should be individualized, balancing age, weight, and comorbidities to select the best plan, with emphasis on teamwork and postoperative follow-up (1).



4 Gastrointestinal endoscopy in the diagnosis of children


4.1 Esophagogastroduodenoscopy (EGD)

For children, EGD serves as a primary tool for investigating organic diseases. It is crucial for identifying the underlying causes of non-specific symptoms—such as failure to thrive, chronic abdominal pain, recurrent vomiting, and unexplained anemia—and for diagnosing specific conditions, notably gastroesophageal reflux disease (GERD) and eosinophilic esophagitis (EoE) (16, 17). Endoscopic examination allows direct visualization of esophageal mucosal lesions, including erosions, ulcers, or strictures, and can be combined with biopsies for histologic assessment, thereby enhancing diagnostic accuracy (18). For children with GERD, endoscopy can reveal varying degrees of esophagitis, and the strong correlation between pH monitoring and endoscopic findings (Boix-Ochoa score) further validates the diagnostic value of endoscopy (18). Additionally, endoscopy is particularly critical in differentiating EoE from GERD; the diagnosis of EoE can be confirmed by identifying eosinophilic infiltration in the esophageal mucosa (≥15 eosinophils per high-power field) on biopsy (19). In refractory cases, endoscopy can guide therapeutic decisions; for example, Rizvi et al. observed that IgG positivity in esophageal biopsy specimens may aid in detecting response to proton pump inhibitor (PPI) therapy or monitoring disease progression in children with EoE (20).

EGD in children differs from adult practice in several key aspects. A primary distinction lies in biopsy practices: children routinely undergo multi-site biopsies, even in the absence of macroscopic mucosal abnormalities, to avoid missing clinically subtle mucosal diseases. In contrast, biopsies in adults are typically targeted and obtained only from suspicious lesions (9, 10). Secondly, there are divergent focuses in diagnostic indications. In children, EGD is primarily employed to diagnose conditions such as failure to thrive, eosinophilic esophagitis, and inflammatory bowel disease. In adults, the procedure is more often oriented toward screening for malignancies and evaluating conditions like esophageal varices (9, 10).

Transnasal endoscopy (TNE) represents a novel, sedative-free modality for upper GI assessment, particularly advantageous for longitudinal surveillance in children with EoE, GERD, and postoperative esophageal procedures (21, 22). In cohorts of children, TNE demonstrates satisfactory tolerability, shortened procedure times, and biopsy adequacy comparable to conventional endoscopy, enabling accurate quantification of esophageal inflammatory activity (23, 24). Additional strategies, such as video goggle or VR-based unsedated TNE, may further reduce anxiety and improve diagnostic yield (25–27).



4.2 Colonoscopy

Studies have shown that the positive diagnostic yield of colonoscopy in children can exceed 70%, with inflammatory bowel disease (including ulcerative colitis and Crohn's disease) representing the most common diagnosis, accounting for over 40% (28). In addition, colonoscopy can effectively identify conditions such as polyposis and vascular malformations in children, providing important guidance for clinical management (29). For children who have undergone solid organ transplantation (SOT) or hematopoietic stem cell transplantation (HSCT), colonoscopy can reliably detect post-transplant lymphoproliferative disorders (PTLD), infectious colitis, and graft-vs. -host disease (GVHD) (30, 31).

Colon capsule endoscopy (CCE) is a wireless, ingestible mini-endoscope used for the non-invasive examination of the colon. In conditions involving children such as ulcerative colitis, CCE demonstrates high accuracy for assessing disease activity and extent, with reported sensitivity of 95% and specificity of 100%, outperforming modalities like intestinal ultrasound and fecal calprotectin (32, 33). Its advantages include the avoidance of anesthesia, excellent patient tolerance, and its utility as a complementary tool to colonoscopy, particularly for long-term monitoring in children, which can reduce the frequency and risks associated with invasive procedures. However, limitations exist, such as the inability to obtain biopsies or perform therapeutic interventions, a high dependency on adequate bowel preparation, the potential for capsule retention, and substantial cost (32, 33).

In terms of technical performance, colonoscopy in children demonstrates a high success rate, typically exceeding 90%, with relatively low complication rates (34). While adult colonoscopy is primarily utilized for colorectal cancer screening and surveillance, colonoscopy in children is chiefly indicated for diagnosing conditions such as inflammatory bowel disease (IBD) and polyposis syndromes. Consequently, a critical procedural step in children is intubation of the ileocecal valve, which allows for endoscopic examination and biopsy of the terminal ileum (9, 10, 28). This maneuver is critical for the differential diagnosis of IBD, as pathologies like Crohn's disease frequently involve the terminal ileum, making examination of the colon alone insufficient for a comprehensive assessment. Successful ileal intubation thereby enables a definitive diagnosis and accurate disease mapping. Studies confirm that high rates of both cecal and ileal intubation (exceeding 90% for each) are achievable in colonoscopy for children (35), Ileocecal intubation rate should be regarded as a key quality indicator for colonoscopy in children. To enhance safety and diagnostic accuracy, the choice of colonoscope should be tailored to the child's age and weight (8, 28). Through colonoscopy, clinicians can directly visualize mucosal abnormalities and, when combined with histopathology, establish a definitive diagnosis to guide individualized treatment (9, 29).

Adequate bowel preparation is a critical step to ensure the smooth performance of colonoscopy (36). Current commonly used bowel cleansing agents include polyethylene glycol (PEG) and sodium picosulfate magnesium citrate (SPMC); there is no significant difference in cleansing efficacy between them (37, 38). PEG requires high-dose administration and may be poorly tolerated, whereas SPMC has a smaller volume and better palatability, making it more acceptable to children (39).Moreover, the use of SPMC can reduce the need for nasogastric tube insertion, thereby alleviating discomfort for children (37). Split-dose regimens are associated with markedly improved bowel cleanliness compared with day-before dosing, and patient education along with adjunctive tools (e.g., smartphone applications) can further enhance bowel preparation quality (37, 39).



4.3 Small-bowel endoscopy and capsule endoscopy

Small-bowel endoscopy, including push enteroscopy (PE) and device-assisted enteroscopy (primarily balloon-assisted enteroscopy, BAE) are pivotal minimally invasive techniques for small bowel disorders in children (40). PE employs a push-and-pull method with 150–250 cm working-length endoscopes, targeting proximal small bowel lesions such as polyps and Crohn's disease (CD) in children ≥2 years and ≥10 kg (40). BAE enhances access via balloon-anchored pleating: single-balloon enteroscopy (SBE) uses a single overtube balloon (≥3 years, ≥13.5 kg), while double-balloon enteroscopy (DBE) employs dual balloons (≥2 years, ≥12 kg), reaching mid-to-distal segments (40). Both techniques address core indications: obscure gastrointestinal bleeding (OGIB), CD, and polyposis syndromes (e.g., Peutz-Jeghers syndrome, PJS), with BAE enabling therapeutic interventions like polypectomy and stricture dilation (41, 42). PE offers cost-effectiveness and wide availability, while BAE provides superior diagnostic yields (58.8%–78.6% for DBE) and therapeutic versatility, reducing surgical reliance (40, 41). Safety profiles are favorable, with minor complications (abdominal discomfort) predominating, though younger children (<10 years) have slightly higher risks (40, 41).

Capsule endoscopy (CE) play an important role in children for diagnosis, with particularly high sensitivity for the diagnosis and assessment of CD (33, 41), and enable detection of very early-onset inflammatory bowel disease (VEO-IBD). Studies show that 42% of VEO-IBD patients have small-bowel abnormalities detected by CE, with aphthous ulcers being predominant (43). Moreover, the newly proposed Crohn's disease activity index for CE (CE-CD) demonstrates good reliability and predictive value in children, effectively assessing inflammation and predicting clinical outcomes such as hospitalization and relapse (44). For OGIB, CE can identify etiologies including vascular malformations, ulcers, polyps, and Meckel's diverticulum (29, 45, 46). CE also show high accuracy in screening and monitoring polyposis syndromes such as PJS (41, 42, 47). Some reports indicate that CE can clearly visualize characteristic white villi changes in the small intestine, enabling precise diagnosis of intestinal lymphangiectasia (48, 49). Pan-enteric capsule endoscopy (PCE) is a non-invasive endoscopic technique that allows for the simultaneous examination of both the small bowel and colon. It holds significant value in Crohn's disease in children by providing a complete assessment of mucosal inflammation, thereby guiding treat-to-target strategies and improving rates of mucosal healing (50). Its key advantage over traditional capsule endoscopy lies in its ability to provide a comprehensive, one-stop evaluation of the entire bowel, thereby eliminating the need for repeated procedures (50).

CE use in children carries a risk of capsule retention, with reported rates ranging from 0.18% to 2%, and the risk may be higher in CD patients due to intestinal strictures (51–53). Clinically, when intestinal stricture is suspected, a patency capsule (the Agile Patency System) is recommended; this dissolvable capsule of the same size as an endoscopic capsule, equipped with an internal localization marker, can precisely identify the location of strictures and prevent retention (54). To reduce blind spots and missed lesions during CE, magnetically controlled capsule endoscopy (MCE) can achieve precise repositioning via external magnetic guidance, thereby improving safety and sensitivity (55–58). Difficulty swallowing the CE is not uncommon in children due to age, developmental stage, or psychological factors. To address this challenge, endoscopic-assisted delivery has become a well-established solution, primarily utilizing a dedicated delivery device, a transparent cap, or a retrieval basket (59). Evidence confirms that this technique ensures precise capsule placement in the descending duodenum, effectively prevents gastric retention, and significantly increases the completion rate of full small-bowel examination to over 94% (53). Regarding safety, multiple large-scale studies have reported a capsule retention rate of less than 3% with no serious adverse events, demonstrating a favorable risk-benefit profile, particularly for young or swallowing-impaired children (55, 60).




5 Gastrointestinal endoscopy in the treatment of children


5.1 Endoscopic hemostasis

Endoscopic therapy plays a key role in the management of gastrointestinal bleeding in children, with the goals of hemostasis and prevention of rebleeding. For variceal hemorrhage, endoscopic variceal ligation (EVL) is the treatment of choice, providing effective hemostasis with relatively low complication rates (61, 62). In children with esophageal varices, endoscopic sclerotherapy may be used to eradicate varices and achieve hemostasis (63). For nonvariceal bleeding, endoscopic injection of epinephrine combined with mechanical or thermal coagulation (e.g., argon plasma coagulation or metallic clips) can achieve hemostasis (61). Titanium clips are currently the preferred mechanical modality for nonvariceal gastrointestinal bleeding (61). In the very rare Dieulafoy lesions in children, endoscopic therapy is first-line and may include clipping, thermal coagulation, sclerosants, epinephrine injection, or laser therapy (64–66). The advantages of endoscopic treatment include rapid localization of the bleeding source and precise intervention, which significantly reduces the need for surgery and length of hospitalization. Treatment should be individualized according to the child's age and clinical status (61).

Compared with adult endoscopic treatment for gastrointestinal bleeding, etiologically, children predominantly present with juvenile polyps, allergic colitis, or vascular anomalies, whereas adults more commonly have diverticulitis or colorectal cancer (29, 61). Children's cases require a greater reliance on deep sedation or general anesthesia due to children's limited cooperation (67). In addition, we must consider the following special safety aspects for children: meticulous hemodynamic monitoring given children's more fragile physiology, tailored bowel preparation to avoid adverse effects, and family-centered communication to support informed consent (61, 67). Furthermore, endoscopists should prioritize minimizing tissue trauma and ensuring procedural efficiency to reduce complications, reflecting the distinct clinical needs of the population of children (67, 68).



5.2 Endoscopic polypectomy

Endoscopy is also employed for polypectomy, especially for symptomatic polyps and polyposis syndromes (69). There is currently no unified guideline for polypectomy techniques in children. For small polyps (≤5 mm), cold forceps polypectomy (CFP) or cold snare polypectomy (CSP) are commonly employed, with CSP preferred due to higher complete resection rates and lower complication risk (70, 71). For largerpolyps or pedunculated polyps, endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD) can improve safety, though the choice should be tailored to the individual child (72, 73). In children with PJS, BAE enables safe and effective small-bowel polypectomy, with high symptom relief, reduced risk of intussusception and surgical intervention (74, 75). Some studies suggest that endoscopic ischemic polypectomy (EIP) is associated with fewer complications than conventional polypectomy, making it particularly suitable for children with PJS (76).

Children and adults differ substantially in polyp characteristics, indications, and endoscopic polypectomy techniques. Polyps in children are mostly benign pedunculated juvenile polyps (highly vascularized), while adults have more sessile adenomas with malignant potential (69). Procedures for children are symptom-driven (e.g., rectal bleeding), unlike adult screening-focused practices (69). Technically, children often use cold/hot snare polypectomy, with hot snare preferred for larger polyps, whereas adults prioritize cold snare for <10 mm lesions (69, 72). Critical safety concerns of children include thinner bowel walls, increased bleeding risk from vascular polyps, limited exposure to advanced techniques, and the need to minimize tissue injury—requiring tailored approaches to avoid thermal damage and ensure complete resection without compromising safety (69, 76).



5.3 Endoscopic therapy for gastrointestinal tract stenosis

Endoscopic therapy can also be used for children with gastrointestinal strictures, especially esophageal anastomotic stricture and EoE-related stricture (77). For esophageal stricture, endoscopic balloon dilation (EBD) is the first-line treatment, with a low complication rate (e.g., perforation) but requiring multiple sessions to maintain long-term esophageal patency (78). For refractory stenosis, adjunctive local steroid injections (intralesional steroid injection, ISI) can reduce inflammation and scar formation (79). Additionally, stent implantation provides sustained dilation and is suitable for long-segment strictures or recurrent cases, though risks such as stent migration and mucosal injury should be noted (80, 81). For severe fibrotic strictures, endoscopic electrocautery incisional therapy (EIT) can incise scar tissue to improve dilation outcomes (82). For complex strictures, endoscopic magnetic compression anastomosis (MCA), a minimally invasive option, has been demonstrated as effective, offering a minimally invasive solution for complete occlusion or extreme narrowing of the esophagus by endoscopically guiding placement of magnets to progressively reconstruct the lumen (83). Overall, endoscopy can improve prognosis through multiple therapeutic approaches and reduce the need for open surgery.

Compared with adult endoscopic management of gastrointestinal strictures—often associated with neoplasia or chronic conditions—practice in children emphasizes etiologies such as EoE or congenital anomalies (77). Children-specific safety considerations include: heightened anesthesia-related risks, with potential impacts on neurodevelopment from repeated exposure; reliance on combined barium esophagrams to minimize missed strictures; and trauma prevention in smaller luminal diameters—unlike adults, where perforation is the principal concern (77, 84). Additionally, Strictures in children frequently necessitate more frequent dilations, requiring closer long-term monitoring of outcomes.



5.4 Endoscopic foreign body removal

Endoscopy demonstrates high efficiency and safety in gastrointestinal foreign body retrieval for children, with a low complication rate (85). Endoscopy enables precise localization of the foreign body and, depending on its characteristics, safe extraction using various accessories (e.g., graspers, retrieval nets). This is especially advantageous for high-risk objects such as sharp foreign bodies or batteries, where it can help prevent mucosal injury or perforation (86, 87). According to Oliva and colleagues, the urgency of endoscopy is categorized into four levels: emergency (<4 h), urgent (<24 h), early elective (<48 h), and elective (>48 h), depending on the type and location of the foreign body and the child's clinical symptoms (88). For example, button batteries in the esophagus require emergent removal within 2 h to avoid serious complications (88, 89). Although endoscopic techniques are well established, children with repeated or deliberate ingestion of foreign bodies often have underlying psychiatric disorders, necessitating multidisciplinary collaboration, including psychological interventions (90).



5.5 Application of ERCP in children

Although many noninvasive diagnostic modalities have supplanted ERCP for diagnosis in children, ERCP demonstrates relatively high safety and efficacy in the treatment of biliary and pancreatic disorders in children (91). Indications for ERCP in children mainly include choledocholithiasis, congenital biliary dilatation (CBD), postoperative complications (e.g., biliary leak, pancreaticopleural fistula), and recurrent pancreatitis, among others (92–94). Several meta-analyses indicate that the overall treatment success rate of ERCP in children ranges from approximately 74% to 95%, with stent placement being the most common therapeutic modality; other approaches include sphincterotomy, stone extraction, dilatation procedures (sphincterotomy and balloon dilation), and balloon dilatation, etc.

The postoperative adverse event rate is about 7%–8%, with postoperative pancreatitis being the most frequent complication (95, 96). Other rare complications include biliary infection, and bleeding (97, 98). Although intestinal complications are not the most common, they are critically important in ERCP for children, these primarily include intestinal strictures, adhesions, and postsurgical anatomical alterations (98, 99). Such conditions-particularly stenosis or adhesions-can prevent the passage of a standard duodenoscope to the duodenal papilla, increasing the risk of cannulation failure and intestinal perforation. To address these challenges, a comprehensive clinical approach is essential. Preoperative imaging should be used to delineate anatomical details. During the procedure, the selection of specialized equipment—such as smaller-caliber duodenoscopes—should be tailored to the child's weight and the degree of stenosis. In cases of severe stricture, balloon dilation may be considered. Crucially, these procedures should be performed in specialized centers equipped with anesthesiology support for children, onsite surgical backup, and endoscopists experienced in managing complex cases in children to maximize safety and manage potential complications effectively (10). The following summarizes recent results on ERCP in children (Table 1). It should be noted that ERCP in children require general anesthesia (10).



TABLE 1 ERCP in children with digestive disease.



	Citation
	Publication year
	Study period
	Number of patients/procedures
	Median age (range)
	Etiology
	Number of therapeutic ERCP-procedures % (n)
	Success rates % (n)
	Adverse event % (n)





	Keane et al. (101)
	2018
	1992–2014
	66/87
	14 years (3–17 years)
	Chronic or recurrent pancreatitis, pancreatic fluid collections, biliary obstruction, bile leak
	100% (87/87)
	100% (87/87)
	0% (0/87)



	Sun et al. (102)
	2018
	2014–2017
	17/17
	56.4 months (10–120 months
	Congenital biliary dilatation
	100% (17/17)
	100% (17/17)
	5.9% (1/17)



	Keil et al. (103)
	2019
	1999–2018
	626/856
	4 years and 11 months (12 days-17 years and 6 months)
	Biliary obstruction, chronic pancreatitis, pancreaticduct disruption, bile leak
	58.8% (503/856)
	96% (822/856)
	9.35% (80/856)



	Asenov et al. (92)
	2019
	1994–2014
	24/24
	15 years (6–17 years)
	Choledocholithiasis, postoperative complications, recurrent pancreatitis
	71% (17/24)
	74%
	4% (1/24)



	Zeng et al. (104)
	2019
	2008–2019
	75/112
	6 years (9 months-16 years)
	Symptomatic pancreaticobiliary maljunction
	100% (112/112)
	100% (75/75)
	16% (12/75)



	Wen et al. (105)
	2019
	2008–2017
	38/74
	10 years (2–18 years)
	Pancreas divisum
	100% (74/74)
	93.2% (69/74)
	14.9% (11/74)



	Shah et al. (106)
	2020
	2008–2018
	110/232
	13.3 years
	Common bile/pancreatic duct obstruction, pancreatic duct/ common bile duct trauma/leak, pancreas divisum
	100% (232/232)
	95% (222/232)
	6.1 (14/232)



	Mercier et al. (97)
	2021
	2008–2019
	271/740
	10.9 years (5 days-17 years)
	Choledocholithiasis, chronic pancreatitis
	90% (423/470)
	93.4% (439/470)
	24.4% (83/340)



	Åvitslandet al. (107)
	2021
	1999–2017
	158/244
	8.8 years (8 days-17.9 years)
	Biliary atresia, biliary stricture
	51.2% (125/244)
	92.2% (225/244)
	10.8% (24/222)



	Goetz et al. (108)
	2021
	NA
	126/135
	≤1 years
	Biliary atresia
	14.3% (18/126)
	100% (126/126)
	0% (0/126)



	Deng et al. (109)
	2021
	2018–2019
	66/92
	7.1 years (8 months-14 years)
	Chronic pancreatitis, pancreaticobiliary maljunction, pancreas divisum, pancreatic pseudocyst
	100% (92/92)
	100% (92/92)
	20.7% (19/92)



	Perera et al. (110)
	2022
	2015–2020
	62/98
	11.01 years (3–16 years)
	Chronic pancreatitis, biliary diseases
	100% (98/98)
	85.7% (84/98)
	9% (9/98)



	Saraiva et al. (111)
	2023
	1994–2022
	57/65
	13 years (1–17 years)
	Biliary obstruction, lithiasic acute pancreatitis, recurrent pancreatitis
	80% (52/65)
	95.4% (62/65)
	3.1%(2/65)



	Gong et al. (112)
	2023
	1983–2022
	31/15
	11.71 years (1–18 years)
	Traumatic pancreatic injury
	60% (9/15)
	NA
	66.7% (10/15)



	Li et al. (113)
	2024
	2013–2023
	76/113
	13 years (3 years and 5 months-17 years and 9 months)
	Biliary obstruction, chronic pancreatitis
	87.6% (99/113)
	100% (113/113)
	14.2% (16/113)



	Çirkin et al. (114)
	2024
	2017–2021
	50/65
	12.7 years (1–18 years)
	Choledocholithiasis, chronic pancreatitis
	NA
	92.3% (60/65)
	6.1% (4/65)



	Wang et al. (115)
	2025
	2019–2024
	58/58
	5.7 years (1.4–16.4 years)
	Common bile duct dilatation and stones
	100% (58/58)
	100% (58/58)
	19% (11/58)



	Poddar et al. (116)
	2025
	2010–2024
	222/286
	9.4 years (3 months -17 years)
	Choledochal cyst, choledocholithiasis, bile leak, chronic pancreatitis with pancreatic duct stricture
	95% (273/286)
	92% (204/222)
	16% (36/222)



	Batıbay et al. (117)
	2025
	2013–2024
	83/153
	12.9 years (3–17 years)
	Common bile duct stones, biliary hydatid cyst-related complications
	100% (153/153)
	98.8% (82/83)
	18% (15/83)




	ERCP, endoscopic retrograde cholangiopancreatography; NA, not available.







Because children are more susceptible to malignant tumors after exposure to ionizing radiation, particular attention must be paid to the risks of radiation exposure. During the procedure, radiation dose should be monitored and radioprotective shielding should be appropriately used to minimize the child's radiation exposure (100).



5.6 Application of EUS in children

Endoscopic ultrasound (EUS) can clearly delineate pancreaticobiliary structures, with diagnostic performance superior to conventional imaging for chronic pancreatitis, microlithiasis in the biliary tract, and pancreatic pseudocysts, among other conditions (118). Additionally, EUS can be used to guide fine-needle aspiration biopsy, providing histopathological diagnostic confirmation for pancreatic masses and autoimmune pancreatitis (119). In terms of treatment, EUS-guided drainage can be safely performed for children with symptomatic pancreatic pseudocysts, thereby avoiding surgical intervention (120). For children with biliary obstruction, EUS-guided biliary drainage represents an effective alternative, particularly after ERCP failure (119). In children weighing more than 25 kg, adult-endoscopic ultrasound can be safely utilized (121). In smaller children, ultrasound endoscopic probes through standard children endoscope channels may be employed (9, 122). For children weighing more than 15 kg, EUS can be performed safely under intravenous sedation (e.g., propofol) without general anesthesia (119). Infants and young children, due to smaller anatomical structures, may pose greater technical and anesthesia-related challenges (123). The following summarizes recent studies on EUS in children (Table 2). Overall, EUS demonstrates a high technical success rate (118). The complication rate is low, with most adverse events being mild pancreatitis, bleeding, and infection (100, 118).



TABLE 2 EUS in children with digestive diseases.



	Citation
	Publication year
	Study period
	Number of patients
	Median age (range)
	Etiology
	Operation
	Success rates % (n)
	Adverse event % (n)





	Olmos et al. (124)
	2019
	2019
	1
	12 years
	Liver cirrhosis and gastric variceal hemorrhage
	EUS-guided coil placement and cyanoacrylate embolization
	100% (1/1)
	0% (0/1)



	Ávila et al. (125)
	2019
	2009–2016
	54
	16 years (9–17 years)
	Recurrent acute pancreatitis, microlithiasis, pancreatic tumors
	92.6% diagnostic operation7.4% therapeutic operation (pancreatic pseudocyst drainages, endoscopic necrosectomy)
	Diagnostic EUS: 85% (46/54)Therapeutic EUS: 100% (4/4)
	0% (0/54)



	Altonbary et al. (126)
	2020
	2016–2020
	13
	15.6 years (6–18 years)
	Pancreatobiliary disorders, mediastinal lesions, perigastric lesions
	46.2% diagnostic operation53.8% EUS-FNA
	100% (13/13)
	0% (0/13)



	Walsh et al. (127)
	2020
	NA
	2
	2 years and 4 years
	Pancreatic fluid collections
	EUS guided transmural drainage (EUS-TD)
	100% (2/2)
	50% (1/2)



	Ruan et al. (128)
	2021
	2021
	1
	16 years
	Primary gastric Burkitt's lymphoma
	EUS guided fine-needle biopsy (EUS-FNB)
	100% (1/1)
	0% (0/1)



	Piester et al. (129)
	2021
	2017–2020
	98
	10.7 years (3–18 years)
	Choledocholithiasis, pancreatic fluid collections, chronic and acute recurrent pancreatitis, pancreatic mass, luminal lesions/strictures
	75.5% diagnostic operation15.3% EUS-FNA/FNB9.2% therapeutic operation
	100% (98/98)
	1% (1/98)



	Barakat et al. (130)
	2021
	2008–2018
	12
	15 years (11–18 years)
	Gastric variceal bleeding
	EUS-guided coil placement
	100% (12/12)
	0% (0/12)



	Ishii et al. (131)
	2022
	2022
	1
	7 years
	Cholangitis (choledochojejunal anastomotic stricture)
	EUS- guided hepaticogastrostomy
	100% (1/1)
	0% (0/1)



	Barakat et al. (132)
	2022
	2009–2020
	279 (306 procedures)
	15.7 years (2–18 years)
	Pancreaticobiliary region, subepithelial or regional lesion, celiac plexus block, hemostasis
	57.8% diagnostic operation17% EUS-FNA/FNB25.2% therapeutic operation
	Diagnostic EUS: 96.2% (49/52)Therapeutic EUS: 98.7% (76/77)
	0% (0/306)



	Ragab et al. (133)
	2022
	2017–2020
	29
	9 years (2.5–15 years)
	Solid pancreatic mass, pancreatic cyst, suspected chronic pancreatitis, pancreatic pseudocyst
	44.8% diagnostic operation37.9% EUS-FNA/FNB17.3% therapeutic operation
	Diagnostic EUS: 87.5% (21/24)Therapeutic EUS: 100% (5/5)
	6.9% (2/29)



	Dalal et al. (134)
	2022
	2018–2020
	85（92 procedures)
	12.1 years (5–18 years)
	Choledocholithiasis, cholelithiasis, pancreatic pseudocyst
	74.1% diagnostic operation20% EUS-FNB5.9% therapeutic operation (EUS-guided rendezvous, EUS-guided cystogastrostomy)
	100% (85/85)
	0% (85/85)



	Yabe et al. (135)
	2023
	2006–2021
	6
	12.5 months (2–45 months)
	Congenital esophageal or duodenal stenosis
	100% diagnostic operation100% therapeutic operation
	100% (6/6)
	0% (0/6)



	Schwartz et al. (136)
	2025
	2020–2023
	83
	16 years (6.9–21 years)
	Metabolic dysfunction-associated steatotic liver disease, autoimmune hepatitis and/or primary sclerosing cholangitis, elevated liver enzymes
	EUS- guided liver biopsy
	100% (83/83)
	5% (4/83)




	EUS, endoscopic ultrasound; EUS-FNA, EUS-guided fine-needle aspiration; EUS-FNB, EUS guided fine-needle biopsy; NA, not available.









5.7 POEM for the treatment of achalasia

POEM is principally used to treat children with achalasia. A meta-analysis shows technical success and clinical success rates of 97.1% and 88–94.4%, respectively, in children, with postoperative Eckardt scores significantly reduced (137). The following summarize recent results on POEM in children with achalasia (Table 3). The procedure is applicable to all types of achalasia, and remains effective even in previously treated or complex cases (e.g., sigmoid-type achalasia) (138, 139). The advantages of POEM include its minimally invasive nature, rapid postoperative recovery, and shorter hospital stay (140, 141). However, the incidence of postoperative gastroesophageal reflux (GER) is relatively high, with about 26.3% of children developing erosive esophagitis, necessitating long-term follow-up and proton pump inhibitor therapy (137). Overall, POEM provides a safe and effective treatment option for children with achalasia, but its technical complexity and postoperative reflux issues warrant careful consideration in clinical practice.



TABLE 3 POEM in children with achalasia.



	Citation
	publication year
	Study period
	Number of patients
	Median age (range)
	Type of achalasia (I, II, III)
	Success rates % (n)
	Postoperative reflux % (n)
	Adverse event % (n)





	Nabi et al. (142)
	2016
	NA
	15 (10 completed 1-year follow-up)
	14 years (9–18 years)
	4,10,1
	100% (10/10)
	20% (2/10) GERD (gastroesophageal reflux disease)
	6.7% (1/15) Mucosal injury6.7% (1/15) capnoperitoneum13.3% (2/15) subcutaneous emphysema20% (3/15) retroperitoneal air



	Mejía et al. (143)
	2019
	2018
	1
	11 years
	0,1,0
	100% (1/1)
	0% (0/1)
	0% (0/1)



	Chone ´ et al. (144)
	2019
	2012–2018
	117
	14.2 years
	36,66,8
	90.6% (106/117)
	14.5% (17/117) symptomatic GERD21% (25/117) esophagitis
	3.4% (4/117) mucosotomies1.7% (2/117) subcutaneous emphysema0.9% (1/117) esopleural fistula



	Wood et al. (145)
	2020
	2014–2019
	21
	13 years (2–17 years)
	11,10,0
	100% (21/21)
	0% (0/21)
	4.8% (1/21) Capnoperitoneum4.8% (1/21) mucosotomy9.5% (2/21) subcutaneous emphysema



	Saez et al. (146)
	2021
	2017–2019
	5
	11.2 years
	0,5,0
	100% (5/5)
	2% (1/5) erosive esophagitis
	0% (0/5)



	Nabi et al. (147)
	2022
	2013–2021
	69 (38 ≥ 4 years follow-up))
	14.7 years (4–19 years)
	11,23,1
	94.7% (36/38)
	13.8% (4/29) symptomatic GERD57.1% (8/14) erosive esophagitis
	NA



	Bi et al. (148)
	2023
	2012–2020
	48 (34 with long-term follow-up)
	16 years (7–18 years)
	7,32,3
	97% (35/36)
	17.6% (6/34) symptomatic GERD5.9% (2/34) erosive esophagitis
	6.2% (3/48) Mucosal injury4.2% (2/48) pneumoperitoneum4.2% (2/48) subcutaneous emphysema




	POEM, peroral endoscopic myotomy; GERD, gastroesophageal reflux disease; NA, not available.










6 Indications, contraindications, and adverse events of endoscopy in children

Gastrointestinal endoscopy has become an indispensable tool for diagnosing and treating digestive tract and pancreatobiliary diseases in children. Its application emphasizes the principles of being child-centered, safety-first, and purpose-driven. Gastroscopy and colonoscopy serve as the primary modalities for evaluating mucosal lesions in the upper and lower gastrointestinal tract, providing both diagnostic (e.g., for IBD and EoE) and therapeutic (e.g., polypectomy, hemostasis) functions. For the small intestine, which is beyond the reach of traditional endoscopy, capsule endoscopy offers a non-invasive screening method capable of effectively detecting abnormalities. On this basis, device-assisted enteroscopy allows for further examination and treatment of suspicious lesions. In the field of pancreatobiliary diseases, the role of ERCP has shifted entirely from diagnosis to advanced therapeutic interventions such as stone extraction, stent placement, and drainage. Meanwhile, EUS, with its superior imaging and guided puncture capabilities, plays a crucial role in tumor evaluation, cyst drainage, and other areas. Below is a summary of the diagnostic and therapeutic indications for various types of endoscopy (Table 4) (10, 101, 149).



TABLE 4 Indications for various endoscopic techniques in the diagnosis and treatment of digestive diseases in children.



	Endoscopic technique
	Primary diagnostic indications
	Primary therapeutic indications





	EGD
	

	•Unexplained anemia, weight loss, failure to thrive

	•Recurrent vomiting, dysphagia, odynophagia, chest pain

	•Upper GI bleeding (hematemesis, melena)

	•Suspicion of specific diseases (EoE, celiac disease, H. pylori, IBD)

	•Evaluation following corrosive ingestion



	

	•Foreign body retrieval

	•Hemostasis (e.g., ulcers, Dieulafoy's lesion)

	•Band ligation or sclerotherapy of esophageal varices

	•Dilation of esophageal/upper GI strictures

	•Percutaneous endoscopic gastrostomy (PEG) placement






	Colonoscopy
	

	•Lower GI bleeding (hematochezia)

	•Unexplained chronic diarrhea, iron-deficiency anemia

	•Diagnosis and assessment of Inflammatory Bowel Disease (IBD)

	•Surveillance of polyposis syndromes

	•Evaluation for graft-versus-host disease (GVHD)



	

	•Polypectomy

	•Stricture dilation

	•Hemostasis

	•Foreign body retrieval






	Small-bowel endoscopy
	

	•Obscure Gastrointestinal Bleeding (OGIB)

	•Suspected small-bowel Crohn's disease (when conventional endoscopy/imaging is inconclusive)

	•Surveillance in polyposis syndromes (e.g., Peutz-Jeghers)

	•Suspected small-bowel tumors or ulcers



	

	•Polypectomy

	•Hemostasis (e.g., Argon Plasma Coagulation, clip placement)

	•Stricture dilation

	•Retrieval of retained video capsule






	CE
	

	•Obscure Gastrointestinal Bleeding (OGIB)

	•Suspected small-bowel Crohn's disease

	•Screening for polyposis syndromes

	•Evaluation of chronic abdominal pain/diarrhea



	

	•None






	ERCP
	

	•Diagnostic role largely superseded by MRCP/EUS; reserved for select cases where non-invasive modalities are inconclusive.

	•Cholestatic liver disease in neonates/infants (e.g., biliary atresia)



	

	•Common bile duct stone extraction

	•Dilation and stenting of biliary/pancreatic strictures

	•Management of biliary or pancreatic leaks

	•Pancreatic duct drainage in chronic pancreatitis

	•Drainage of pancreatic pseudocysts (often combined with EUS)






	EUS
	

	•Evaluation of solid or cystic pancreatic lesions

	•Unexplained biliary obstruction

	•Subtyping of congenital esophageal stenosis

	•Evaluation of subepithelial lesions, lymph nodes, or tumors



	

	•EUS-guided fine-needle aspiration/biopsy (FNA/FNB)

	•Drainage of pancreatic pseudocysts

	•Celiac plexus neurolysis (for pain management)







	EGD, esophagogastroduodenoscopy; CE, capsule endoscopy; ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasound.







The safety of gastrointestinal endoscopy in children hinges on strict adherence to contraindications and a comprehensive understanding of potential adverse events (Table 5) (10, 101, 149). While diagnostic procedures such as gastroscopy, colonoscopy, and diagnostic EUS are generally safe with rare serious complications, the risk escalates significantly with the invasiveness and complexity of the intervention. High-risk procedures include therapeutic polypectomy via enteroscopy, post-ERCP pancreatitis, and EUS-guided drainage, whereas the foremost risk of capsule endoscopy is retention at an asymptomatic stricture. To maximize patient safety, all endoscopic procedures must be conducted by an experienced endoscopy in children team in a setting equipped with child-specific devices and under appropriate anesthesia and monitoring. Ultimately, rigorous pre-procedural evaluation (including imaging to exclude contraindications), refined technical skill, and diligent post-procedural observation are paramount to preventing and managing adverse events, thereby ensuring that the benefits of gastrointestinal endoscopy outweigh its risks for children.



TABLE 5 Contraindications and postprocedural adverse events of various endoscopic techniques in children.



	Endoscopic technique
	Primary contraindications
	Potential adverse events





	EGD
	

	•Absolute: To diagnose perforation (imaging is preferred), unstable airway or hemodynamics, suspected cervical spine injury.

	•Relative: Severe coagulopathy, recent myocardial infarction, large esophageal diverticulum.



	

	•Common: Sore throat, hoarseness.

	•Serious (Rare): Perforation, bleeding (especially post-intervention, e.g., variceal banding), sedation-related respiratory depression/hypotension, infection.






	Colonoscopy
	

	•Absolute: Toxic megacolon, known or suspected bowel perforation, acute diverticulitis, hemodynamic instability.

	•Relative: Recent bowel anastomosis (<7 days), uncorrected coagulopathy, poor bowel preparation.



	

	•Common: Abdominal bloating, transient hypotension.

	•Serious: Perforation (most common during polypectomy or scope advancement), bleeding (post-polypectomy), sedation-related complications, infection, splenic or mesenteric tear (very rare).






	Small-bowel endoscopy
	

	•Absolute: Hemodynamic instability, acute bowel perforation, peritonitis.

	•Relative: Extensive intestinal adhesions, inability to tolerate prolonged anesthesia/sedation, untreated complete intestinal obstruction.



	

	•Perforation (especially after therapeutic polypectomy), pancreatitis, bleeding, intra-abdominal abscess, mucosal injury. Risk is higher in younger children (<10 years).






	CE
	

	•Absolute: Known or suspected gastrointestinal obstruction, stenosis, or fistula (without prior patency assessment).

	•Relative: Dysphagia (may require endoscopic deployment), cardiac pacemakers/defibrillators, pregnancy.



	

	•Primary Adverse Event: Capsule retention (most common at sites of unknown strictures, e.g., in Crohn's disease), often asymptomatic but may require surgical or endoscopic retrieval.

	•Other: Aspiration (very rare, typically in patients with impaired swallowing).






	ERCP
	

	•Absolute: Uncorrectable coagulopathy, acute non-biliary pancreatitis without evidence of obstruction.

	•Relative: Unstable cardiopulmonary status preventing tolerance of the procedure, altered surgical anatomy (e.g., Billroth II gastrectomy, increasing difficulty and risk).



	

	•Most Common: Post-ERCP pancreatitis (PEP), particularly with pancreatic duct injection, sphincterotomy, and therapeutic procedures.

	•Other: Hemorrhage (post-sphincterotomy), perforation, cholangitis, infection, sedation-related events.






	EUS
	

	•Absolute: Esophageal stenosis preventing scope passage, known or suspected visceral perforation.

	•Relative: Hemodynamic instability, coagulopathy (especially relevant for FNA).



	

	•Diagnostic EUS: Complication rate is very low, similar to standard EGD.

	•EUS-FNA/FNB: Bleeding, infection (e.g., after cyst drainage), pancreatitis (after pancreatic puncture), perforation.

	•Therapeutic EUS (e.g., drainage): Higher complication rate, including bleeding, perforation, stent migration/occlusion, and infection (including abscess formation).







	EGD, esophagogastroduodenoscopy; CE, capsule endoscopy; ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasound; EUS-FNA, EUS-guided fine-needle aspiration; EUS-FNB, EUS-guided fine-needle biopsy.









7 Geographical inequalities in development

In the field of endoscopy in children, there remains a gap of several decades in overall capabilities between low- and middle-income countries (LMICs) and high-income nations, with development being highly uneven across regions. In Europe, under the coordinated leadership of the European Society for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) and the European Society of Gastrointestinal Endoscopy (ESGE), a high-quality diagnosis and treatment system has been systematically established. This includes a competency-based, progressive training pathway supported by simulation training, e-learning platforms, and “train-the-trainer” programs. The region has also published the first comprehensive endoscopy in children guideline covering both diagnostic and therapeutic procedures (10, 150). These efforts have significantly enhanced the standardization, safety, and professionalism of endoscopy in children in Europe, providing an important model for global practice.

Asia has made remarkable progress in gastrointestinal endoscopy of children, particularly in the application of techniques and data accumulation. However, the absence of regional guidelines, unsystematic training, lack of unified quality control, and uneven distribution of resources remain key constraints. Future progress depends on regional collaboration, standardized training, guideline development, and optimized resource allocation to improve overall standards (151).

LMICs face substantial challenges in endoscopy in children, with development severely constrained by shortages of funding, equipment, specialized personnel, and infrastructure. There is a lack of systematic quality frameworks and underdeveloped data registry systems. Despite these obstacles, progress has been achieved in some regions through international organizational support, local pioneering efforts, and technological innovation, demonstrating commendable advances under difficult conditions (152).



8 Discussion

A critical challenge in gastrointestinal endoscopy in children lies in the lack of specialized equipment tailored to children's age, size, and anatomical characteristics. Despite strong recommendations for age/weight-appropriate endoscopic tools and children-specific monitoring devices, clinical practice often relies on adult-adapted equipment, compromising procedural safety and efficacy (67). Concurrently, the paucity of children-specific clinical trial data persists–most evidence is extrapolated from adult studies, leading to “very low” quality of evidence for key practices as highlighted by GRADE assessments (67, 68). Limited volumes of children with digestive diseases, even in tertiary centers, further restrict sample sizes, hindering robust validation of procedures and quality metrics (68, 84). Additionally, substantial inter-center heterogeneity is evident globally: training programs vary widely in duration, procedural thresholds, and assessment methods; clinical practices differ markedly in documentation completeness (e.g., bowel preparation quality), technical outcomes (e.g., ileal intubation rates), and adherence to quality standards (67, 68, 84).

High-quality endoscopy in children should embody the following characteristics: it must be safe and effective; it should focus on the experience and understanding of the child and their parents; it must adhere to standardized procedures based on consensus guidelines; and it should pursue continuous quality improvement through data feedback, peer comparison, and technological updates. In 2022, the North American Society for Pediatric Gastroenterology, Hepatology and Nutrition (NASPGHAN) and ESPGHAN jointly established the international Endoscopy in children Quality Improvement Network (PEnQuIN). This initiative aims to promote continuous quality improvement in endoscopy in children services worldwide by developing and implementing children-specific quality standards and metrics. Through a multi-level implementation framework involving endoscopists, endoscopic facilities (with standardized operating procedures, electronic reporting systems, and a culture of patient safety), and endoscopic procedures (including the establishment of multicenter collaborative networks and quality control registry systems), and leveraging technologies such as electronic medical records, artificial intelligence, and video recording, the automated collection, analysis, and feedback of quality indicators can be achieved (153). The PEnQuIN initiative represents a comprehensive, sustainable, and child-centered ecosystem for enhancing the quality of endoscopy in children globally, serving as a milestone in ushering the field into an era of high-quality practice.

Nevertheless, the implementation of high-quality endoscopy in children standards and indicators in clinical practice faces multiple challenges: difficulties in translating guidelines into practice; a widespread lack of automated data systems, hindering effective data collection and integration; limited application of emerging technologies such as AI and video assessment in endoscopy in children, coupled with a shortage of validated children-specific algorithms; and resistance among some endoscopists to performance feedback and quality improvement initiatives (154).

Therefore, we call for the establishment of a national endoscopy in children quality registry and collaborative network to facilitate multi-center data sharing and benchmarking; promote the adoption of digital and intelligent tools, such as AI-assisted diagnosis and evaluation systems; enhance endoscopist training and continuous education through modern teaching methods including video assessment and simulation training; and advocate for policy and financial support to integrate endoscopy in children quality improvement into hospital accreditation and health insurance evaluation systems. Guided by the PEnQuIN standards and adapted to local contexts, we should develop tailored endoscopy in children quality guidelines, working collectively to usher in a new era of evidence-based, child-centered, data-driven, and continuously improving endoscopy in children practice.
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Objective: To explore the diagnostic challenges, individualized treatment strategies, and prognostic outcomes of acute appendicitis in children with acute leukemia and to provide practical evidence and clinical guidance for establishing a standardized multidisciplinary collaborative diagnosis and treatment protocol.



Methods: This single-center retrospective case series analyzed the clinical data of children with acute leukemia complicated by acute appendicitis admitted between December 2020 and December 2024. All children were evaluated by a multidisciplinary team (MDT). Individualized treatment plans, including either conservative management or surgical appendectomy, were formulated based on MDT assessment. Clinical data were analyzed retrospectively to summarize diagnostic and therapeutic experience.



Results: Among the 10 children in this study, appendicitis onset occurred during induction (n = 5), consolidation (n = 2), or maintenance (n = 3) chemotherapy. Seven children with uncomplicated appendicitis were successfully treated conservatively with anti-infective and hematopoietic support. The remaining three children, presenting with fecalith impaction or perforation, underwent emergency transumbilical single-site double-port laparoscopic appendectomy (TSSDPLA); pathology confirmed suppurative or gangrenous appendicitis.



Conclusion: This small case series highlights that managing acute appendicitis in leukemic children requires individualized MDT-guided strategies. Conservative treatment was effective for uncomplicated cases, while TSSDPLA provided a feasible minimally invasive option for complications. Early resumption of chemotherapy was prioritized. All patients achieved infection control and continued leukemia therapy without mortality. These findings offer a preliminary management framework, pending validation in larger studies.
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1 Background

Acute appendicitis is the most common surgical cause of abdominal pain in the pediatric emergency setting (1). However, its presentation in immunocompromised children, particularly those with acute leukemia, is often atypical due to chemotherapy-induced neutropenia and intestinal mucosal damage, which can mask the systemic inflammatory response (2–4). This leads to a significant diagnostic dilemma, as symptoms overlap with common chemotherapy side effects and severe pathology may develop with minimal abdominal signs (5). Persistent management challenges include the interpretation of atypical abdominal signs in neutropenia, controversy over perioperative platelet transfusion thresholds, and the lack of standardized timing for integrating anti-infective therapy with chemotherapy cycles (6).

Minimally invasive strategies like transumbilical single-site double-port laparoscopic appendectomy (TSSDPLA) may offer advantages in this context by potentially reducing incision-related complications and postoperative pain, which are critical considerations for immunocompromised patients needing timely chemotherapy resumption (5).

This study aimed to address these challenges by summarizing our single-center experience in managing acute appendicitis in children with acute leukemia. We evaluated a multidisciplinary team (MDT) approach, explored dynamic trends in inflammatory markers (CRP/PCT), and assessed outcomes of individualized treatment pathways, including conservative management and TSSDPLA.



2 Materials and methods


2.1 General information

This single-center retrospective case series analyzed the clinical data of children with acute leukemia complicated by acute appendicitis who were admitted to our hospital between December 2020 and December 2024.


2.1.1 Inclusion criteria

1) Age ≤ 18 years; 2) Definitive diagnosis of acute leukemia confirmed by bone marrow puncture; 3) Diagnosis of acute appendicitis based on clinical and imaging findings during a chemotherapy cycle for leukemia.



2.1.2 Exclusion criteria

1) Incomplete clinical data; 2) Onset of appendicitis while not undergoing active chemotherapy.

All consecutive children with acute leukemia and suspected appendicitis who were assessed during the study period met the inclusion criteria and were included in the analysis. The flow of patient selection and management is summarized in Figure 1.
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FIGURE 1
Flowchart of patient selection and management pathways.





2.2 Diagnostic assessment

Clinical and laboratory evaluation: A detailed history was obtained, focusing on abdominal pain (location, migration, duration), fever (axillary temperature ≥38.0 °C), vomiting, and diarrhea. Physical examination assessed abdominal signs, including tenderness at McBurney's point, rebound tenderness, and guarding. Venous blood samples were collected at presentation for complete blood count with differential (white blood cell count, absolute neutrophil count, and platelet count) and inflammatory markers. C-reactive protein (CRP) was measured by immunoturbidimetry (normal <5 mg/L), and procalcitonin (PCT) was quantified using an electrochemiluminescence immunoassay (normal <0.05 ng/mL).


2.2.1 Imaging studies

Bedside abdominal ultrasonography, performed by experienced pediatric radiologists, served as the first-line imaging modality. Sonographic diagnostic criteria for acute appendicitis included an outer appendiceal diameter >6 mm, non-compressibility, wall thickening (>2 mm), hyperemia on color Doppler, and/or the presence of periappendiceal fluid or abscess. For cases with equivocal ultrasound findings or persistent high clinical suspicion despite a negative scan, contrast-enhanced computed tomography (CT) of the abdomen and pelvis was obtained. CT criteria included appendiceal diameter >6 mm with wall enhancement, periappendiceal fat stranding, appendicolith, or extraluminal air.



2.2.2 Final diagnosis

The definitive diagnosis of acute appendicitis and its complications (e.g., localized vs. diffuse peritonitis) was established through consensus by the multidisciplinary team (MDT), integrating all clinical, laboratory, and imaging data.




2.3 Treatment methods

After the diagnosis of acute appendicitis complicating acute leukemia, all the children in this study were comprehensively evaluated by a MDT, which included specialists from hematology, pediatric surgery, radiology, anesthesiology, and clinical pharmacy. Individualized treatment plans were jointly developed on the basis of the children's clinical manifestations, imaging findings, and hematological indicators. The management strategy for each patient included systematic anti-infective therapy, coagulation support therapy, and chemotherapy connection management.


2.3.1 Conservative treatment

For children who met the indications for non-surgical treatment (no perforation, no diffuse peritonitis, and stable hemodynamics), a systematic and individualized combined conservative treatment plan (integrating drug and non-drug interventions) was adopted, covering four core modules: anti-infective therapy, immune function support, nutritional support therapy, and dynamic condition monitoring. The specific plan is as follows:


2.3.1.1 Anti-infective therapy

After blood and peritoneal fluid samples were collected for pathogenic culture, broad-spectrum antibiotics were empirically administered immediately to cover common gram-negative bacteria and anaerobic bacteria. The regimen used in our center was piperacillin-tazobactam or cefoperazone-sulbactam combined with metronidazole or ornidazole. For children with a history of β-lactam antibiotic allergy or high infection risk, meropenem was used instead. For children with long-term neutropenia (ANC < 0.5 × 109/L for more than 7 consecutive days) or those who received broad-spectrum antibiotics for more than 5 days, caspofungin or micafungin was added for antifungal therapy to prevent fungal infection.



2.3.1.2 Immune function support

Children received subcutaneous injection of G-CSF at a dosage of 5 μg/kg/day. The ANC of the children was dynamically monitored, and the injection was stopped after ANC was stably maintained above 1.0 × 109/L.



2.3.1.3 Nutritional support therapy

A stepwise progressive nutritional support plan was adopted according to the children's intestinal tolerance, with enteral nutrition given priority. When children have contraindications to enteral nutrition (e.g., severe vomiting, intestinal obstruction) or insufficient enteral nutrition intake (unable to meet more than 50% of daily energy requirements), total parenteral nutrition is initiated, combined with glutamine to protect intestinal mucosal barrier function. After the children's condition improved, the transition to enteral nutrition was made as early as possible.



2.3.1.4 Monitoring and adjustment

Abdominal signs (evaluated by the modified Alvarado scoring system), inflammatory indicators (CRP, PCT), and imaging changes in the children were comprehensively assessed every 12–24 h. If the child's condition did not respond well within 48–72 h of treatment (manifested as persistent fever, aggravated abdominal pain, or continuous elevation of inflammatory indicators), the anti-infective regimen was adjusted in a timely manner, and occult infection foci were screened by imaging.

The efficacy evaluation criteria (all conditions must be met simultaneously):


	Abdominal pain basically disappears (for children ≤6 years old or those unable to communicate effectively, as evaluated by the FLACC pain scale with a score ≤2; for children > 6 years old, evaluated by the Wong-Baker pain scale with a score ≤2);

	Body temperature returns to normal and persists for ≥ 24–48 h;

	The child can tolerate oral feeding normally;

	Ultrasonography reexamination reveals that the appendiceal diameter is reduced by ≥ 30% compared with that before treatment, and periappendiceal effusion or abscess is significantly absorbed;

	CRP and PCT significantly decreased, with CRP decreasing by > 50% compared with the peak value (or absolute value <10 mg/L) and PCT <0.5 ng/mL;

	No intravenous infusion support is needed, the child can leave bed and move independently, and the mental state and appetite return to normal.






2.3.2 Surgical treatment

All surgical interventions were performed using the transumbilical single-site double-port laparoscopic appendectomy (TSSDPLA) technique. The procedure emphasized meticulous techniques and stringent perioperative hematological management to mitigate risks in this immunocompromised cohort.

The key technical points included the following: establishment of operative access via 5-mm and 10-mm trocars placed around the umbilical ring (Figure 2A); exposure and traction of the appendix via a percutaneous silk suture suspension technique (Figure 2B); secure transection of the mesentery using a combined “bipolar electrocoagulation-ligation” method (Figure 2C); and ligation and transection of the appendiceal base (Figure 2D).


[image: Panel A shows trocars inserted into the abdominal wall for laparoscopic access. Panel B displays laparoscopic forceps manipulating internal organs. Panel C captures a surgical step involving dissection. Panel D demonstrates tissue being ligated or excised. Panel E illustrates closure or inspection of the surgical site. Panel F depicts the abdomen post-procedure, with the incision area sutured and skin closed.]
FIGURE 2
Key steps of transumbilical single-site double-port laparoscopic appendectomy (TSSDPLA). Placement of trocars and the traction sutures. (B) In situ electrocoagulation of the appendicular artery and mesentery. (C) Percutaneous suspension of the appendix using a seromuscular suture. (D) Transection of the appendix. (E) Closure of the appendiceal stump. (F) Final appearance of the umbilical wound after closure.


Perioperative hematological management was performed as follow: platelet transfusion was administered preoperatively to maintain a count >80 × 109/L; fibrinogen levels were maintained above 2.0 g/L intraoperatively; and packed red blood cells were transfused immediately if the hematocrit fell below 25%. Early ambulation was encouraged postoperatively. As part of the protocol, the MDT conducted a joint evaluation to resume leukemia chemotherapy at the earliest feasible time, continuing G-CSF support if necessary to promote granulocyte recovery.

The comprehensive perioperative protocol, detailing technical and hematological measures for each surgical phase, is summarized below (see Table 2).





3 Results

The baseline characteristics, inflammatory markers, and treatment outcomes of the cohort, stratified by management strategy, are summarized in Table 1.



TABLE 1 Comparison of clinical characteristics and inflammatory trajectories between treatment groups.



	Variable
	Conservative Group (n = 7)
	Surgical Group (n = 3)
	Clinical Implication





	Age, years
	8 (4–12)
	7 (7–13)
	Comparable age distribution between groups.



	WBC, ×109/L
	0.66 (0.33–2.06)
	5.98 (3.65–8.48)
	Higher baseline leukocyte count in the surgical group.



	PLT, ×109/L
	55 (8–261)
	95 (91–263)
	Platelet counts showed wide variability in both groups.



	ANC, ×109/L
	0.12 (0.01–1.42)
	4.58 (3.22–4.85)
	Profound neutropenia in the conservative group favored a non-surgical approach; preserved ANC in the surgical group permitted safer operative intervention.



	Imaging Findings (MDT Decision Driver)
	Localized inflammation, no complications
	Fecalith impaction (n = 2), Perforation (n = 1)
	Primary Indication for Surgery: The presence of complications (fecalith/perforation) was the key determinant for surgical management.



	CRP at Diagnosis (Dx), mg/L
	42.31 (28.8–233.8)
	116.0 (114.0–144.6)
	Markedly higher initial systemic inflammation in the surgical group.



	CRP at Day 3 Post-Dx, mg/L
	22.2 (11.6–70.2)
	76.2 (66.8–84.5)
	A rapid declining trend was evident in the conservative group.



	CRP at Day 6 Post-Dx, mg/L
	4.38 (2.42–13.79)
	15.60 (4.42–17.50)
	CRP levels approached normality in the conservative group; levels remained elevated in the surgical group, consistent with initial severity.



	PCT at Diagnosis (Dx), ng/mL
	0.54 (0.23–1.15)
	0.72 (0.52–0.80)
	Higher initial procalcitonin suggested greater severity of bacterial infection in the surgical group.



	PCT at Day 3 Post-Dx, ng/mL
	0.27 (0.18–0.65)
	0.24 (0.22–0.35)
	A downward trend was observed in both groups.



	PCT at Day 6 Post-Dx, ng/mL
	0.13 (0.11–0.21)
	0.13 (0.12–0.14)
	Both groups achieved similar PCT normalization



	Treatment Duration, days
	9 (7–13)
	7
	shorter hospitalization length was observed in the surgical group.




	Data are presented as median (minimum–maximum). The time points for inflammatory markers are defined relative to the date of diagnosis (Dx).


	ANC, absolute neutrophil count; WBC, white blood cell count; PLT, platelet count; CRP, C-reactive protein; PCT, procalcitonin.








3.1 Patient characteristics

The demographic and clinical characteristics of the cohort are summarized in Supplementary Table S1. The cohort included 10 children (6 males, 4 females) with a median age of 8 years (range: 4–13 years). Underlying leukemia subtypes were acute lymphoblastic leukemia (ALL, n = 5), acute myeloid leukemia (AML, n = 3), and T-lymphoblastic leukemia (T-LBL, n = 2). At the time of appendicitis onset, all children were on active chemotherapy, with 5 in the induction therapy phase, 2 in consolidation, and 3 in maintenance. The most common presenting symptoms were abdominal pain (9/10) and fever (7/10); vomiting and diarrhea were less frequent (each n = 2). Physical examination revealed fixed tenderness at McBurney's point in all children. Imaging (abdominal ultrasound or CT) confirmed appendiceal wall thickening (>6 mm) with associated effusion in all cases, leading to a diagnosis of localized peritonitis in eight children and diffuse peritonitis in two.



3.2 Non-surgical treatment group (n = 7)

All 7 children in this group received conservative treatment, with a treatment course of 7–13 days (median duration: 9.5 days). All children showed significant clinical improvement concomitant with the recovery of absolute neutrophil count (ANC) to >0.5 × 109/L. This clinical recovery was supported by a consistent downward trend in serial inflammatory markers, as detailed in Table 1. After treatment, all the children entered the regular follow-up phase. The follow-up procedures included regular abdominal ultrasonography (to evaluate the appendix and abdominal cavity) and leukemia minimal residual disease monitoring (to evaluate the efficacy of leukemia treatment). In December 2024, the median follow-up duration of all the children was 12 months (range: 3–24 months). During the follow-up period, no recurrence of appendicitis was observed, and the leukemia of any of the children was effectively controlled. This clinical improvement was supported by a downward trend in inflammatory markers (Figure 3).


[image: Four line charts show serial CRP and PCT trends at diagnosis, day three, and day six for conservative and surgical groups. Both biomarkers decline over time, with individual patient trends represented by colored lines.]
FIGURE 3
Longitudinal trends of inflammatory markers stratified by treatment group. (A1) Serial CRP levels in conservatively managed patients; (A2) Serial CRP levels in surgically managed patients; (A3) Serial PCT levels in conservatively managed patients; (A4) Serial PCT levels in surgically managed patients. CRP, C-reactive protein; PCT, procalcitonin.




3.3 Surgical treatment group (n = 3)

The median hospitalization duration of the 3 children in this group was 7 days, and the intestinal function recovery rate within 48 h after surgery was 100% (manifested as anal flatus and defecation, and tolerated a liquid diet). Postoperative pathological examination confirmed the preoperative and intraoperative findings, revealing acute suppurative appendicitis with fecalith impaction in two children and acute gangrenous appendicitis with perforation in one child. Representative histopathological images from the surgical cohort are provided in Figure 4. Pathogenic culture of the pus collected during surgery revealed extended-spectrum β-lactamase (ESBL)-negative Escherichia coli, and a drug susceptibility test revealed that the pathogen was sensitive to the empirically used antibiotics before surgery. No complications such as incision infection, peritoneal abscess, or bleeding occurred in any of the children during the perioperative period, and all the patients recovered well after surgery. All procedures were completed successfully according to the predefined TSSDPLA and perioperative management protocol (Table 2), without the need for conversion to open surgery.
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FIGURE 4
Intraoperative appendiceal photographs and corresponding postoperative pathological findings. (A1) Intraoperative view of a gangrenous and perforated appendix. (A2) Corresponding histopathology (H&E stain) confirming acute gangrenous appendicitis with transmural necrosis and perforation. (B1) Intraoperative view of an abscess-forming appendix. (B2) Corresponding histopathology (H&E stain) confirming periappendiceal abscess formation. (C1) Intraoperative view of a congested and edematous appendix, indicative of the acute suppurative process. (C2) Corresponding histopathology (H&E stain) confirming acute suppurative appendicitis with abundant neutrophilic infiltrate.




TABLE 2 Key perioperative techniques and hematological guarantee measures for TSSDPLA in children with acute leukemia.



	Surgical Phase
	Key Technical Points
	Hematological Guarantee Measures





	Preoperative Preparation
	Complete anaesthetic evaluation (ASA Grade Ⅱ-Ⅲ)
	Preoperative platelet transfusion to achieve count >80 × 109/L (including estimated intraoperative loss)



	Access Establishment
	Insert 5 mm and 10 mm Trocars respectively to the upper right and lower left of the umbilical ring to establish the operation channel (Figure 2A).
	Maintain fibrinogen level >2.0 g/L intraoperatively



	Appendiceal Management
	The percutaneous suspension technique (using 2-0 with needle wire) was used to expose the appendix mesentery, and the mesentery was safely treated by the double method of “bipolar electrocoagulation-ligation” (Figures 2B,C).
	Have adequate red blood cell suspension prepared; transfuse immediately if Hct <25% during surgery



	Postoperative Management
	Encourage early ambulation to promote intestinal function recovery.
	After vital signs stabilize and infection is controlled, the MDT evaluates the patient to formulate an individualized plan for early resumption of leukemia chemotherapy; continue G-CSF support postoperatively if needed to promote granulocyte recovery.




	TSSDPLA, transumbilical single-site double-port laparoscopic appendectomy; ASA, American Society of Anesthesiologists; MDT, multidisciplinary team; G-CSF, granulocyte colony-stimulating factor; Hct, hematocrit.










4 Discussion

The results of this study suggest that the clinical management of acute appendicitis in children with acute leukemia involves multiple disciplines including hematology, surgery, and radiology, presenting multidimensional complexity. From an epidemiological perspective, with the continuous optimization of modern intensive chemotherapy regimens, the 5-year survival rate of children with acute leukemia has increased to more than 90% (7); this improvement in survival has shifted the clinical focus to reducing treatment-related complications, including acute appendicitis. Therefore, the prevention and control of chemotherapy-related complications have become key issues in clinical diagnosis and treatment. Chemotherapeutic drugs (such as vincristine, doxorubicin, and methotrexate) have definite mucosal toxicity. This may directly damage the appendiceal mucosal barrier in children, thereby increasing the risk of appendicitis (8, 9). This is supported by a study demonstrating that chemotherapy-induced intestinal mucositis, quantified by biomarkers of enterocyte loss (citrulline) and mucosal inflammation (CCL20), significantly compromises gastrointestinal barrier integrity and increases the risk of systemic complications during induction therapy (10). In this small case series, we observed that half of the appendicitis cases (5/10) occurred during the leukemia induction remission phase, during which patients often have significant myelosuppression and delayed immune reconstitution. This finding is somewhat consistent with literature suggesting that “chemotherapy intensity is positively correlated with the risk of complications” (11).

In terms of diagnosis, the research team identified three core challenges: First, traditional inflammatory markers (e.g., WBC count) lose diagnostic value in children with myelosuppression. In our cohort, the average WBC count was only 2.5 × 109/L (vs. typical elevation in acute appendicitis), risking misdiagnosis. A Tel Aviv Medical Center study on 14 AL children with AA further confirmed this finding—the median ANC was 0.15 × 109/L at AA diagnosis, with most having persistent severe neutropenia, limiting marker utility (12). Second, glucocorticoids for leukemia may mask signs of peritoneal irritation signs. Only mild right lower abdominal tenderness was observed in 3 children here, with no typical signs such as muscle rigidity or rebound tenderness. This aligns with the CCCG-ALL-2015 study (13) and is further supported by immunocompromised patient research (14, 15); Third, gastrointestinal reactions caused by chemotherapeutic drugs (e.g., abdominal pain, nausea, vomiting) overlap with the symptoms of appendicitis, making distinguishing between the two conditions on the basis of symptoms alone difficult. On the basis of the above diagnostic challenges, we adopted a multi-modal diagnostic pathway in our practice: For children with persistent abdominal pain for more than 6 h, bedside ultrasonography should be performed immediately to evaluate the appendix. For children with unclear ultrasonic findings, enhanced CT examination should be further performed to effectively distinguish between appendiceal mucosal edema and fecalith impaction, thereby improving diagnostic accuracy. International guidelines on acute appendicitis (SAGES/EAES) specifically highlight that multimodal imaging (ultrasound as the first-line, supplemented by CT or MRI) is crucial for the diagnosis of special populations, which strongly supports our diagnostic approach (14).

The selection of treatment strategies in our practice was guided by a dynamic risk assessment model and adjusted in a timely manner according to the child's condition changes. For children without appendiceal perforation or peritoneal abscess, the intensive conservative treatment regimen adopted in this study (broad-spectrum antibiotic therapy + parenteral nutrition support + component blood transfusion therapy) achieved a high rate of success in this cohort. The successful implementation of this regimen involves two key steps: First, a combined antibiotic strategy covering gram-negative bacteria and anaerobic bacteria was adopted in the initial treatment phase to ensure timely control of the infection source and avoid infection spread. This is partially consistent with the perspective of the SAGES/EAES guidelines that nonoperative management can be considered for specific pediatric appendicitis cases; Second, in our management, the child's platelet level was maintained above 50 × 109/L during treatment—a safety threshold that is widely recognized and applied in key areas of pediatric care, including oncology and hematopoietic cell transplantation (16).

Surgically, this study utilized TSSDPLA to treat acute appendicitis in children with acute leukemia. Compared with traditional three-port laparoscopy, TSSDPLA may offer several potential advantages for immunocompromised children: First, concentrating operating channels at the umbilicus may reduce the risk of incision infection; Second, fewer incisions can alleviate postoperative pain; Third, concealed scars improve cosmetic outcomes (17, 18). Notably, the use of specialized laparoscopic traction devices (e.g., the device developed by Geng et al.) can further optimize the exposure of the appendiceal mesentery during TSSDPLA, which is particularly valuable for children with narrow abdominal cavities and limited surgical space (17). Additionally, a cost-analysis study of laparoscopic appendectomy in integrated healthcare systems suggested that TSSDPLA may maintain controllable overall treatment costs compared to the conventional approach, primarily through reduced trocar utilization (5, 18). While our study did not conduct a formal cost-analysis, this potential benefit is worth noting for leukemic children who require long-term cancer care. Intraoperative pus culture in our study identified Escherichia coli as the main pathogen, which supports the use of third-generation cephalosporins combined with metronidazole as empirical anti-infective therapy, which is consistent with the pathogen distribution and antibiotic selection recommendations in acute appendicitis reviews (19).

The clinical implications of this study are threefold: First, establishing an MDT was essential in our center for developing individualized diagnosis and treatment pathways, as an MDT has been shown to reduce misdiagnosis and complication rates in pediatric hematology-oncology patients with abdominal diseases. Second, future research should focus on developing a perforation risk prediction model based on ultrasound or CT radiomics to achieve early risk stratification; Third, the potential of intestinal flora modulation in preventing chemotherapy-related mucosal damage deserves attention. A study revealed that probiotic supplementation can reduce intestinal mucosal inflammation in children with ALL, and recent research revealed that appendectomy-induced alterations in the gut microbiome composition may have long-term impacts on gastrointestinal health, which reminds us to consider microbiome protection when managing appendicitis in leukemic children with pre-existing intestinal barrier impairment (20).



5 Limitations

This study has several limitations. First, the small cohort of only 10 patients significantly limits generalizability and precludes robust statistical comparisons. Second, its single-center, retrospective design may introduce institutional bias. Third, the absence of a control group prevents definitive comparison of our strategies against other approaches. Finally, the lack of long-term oncologic outcomes means the impact of the appendicitis episode and any chemotherapy interruption on leukemia survival and relapse remains unclear.



6 Conclusion

In our experience, the management of acute appendicitis in children with acute leukemia benefited from a multidisciplinary collaborative system. In our small series, intensive conservative management was successful for non-perforated cases, while TSSDPLA proved a feasible minimally invasive surgical solution. Future efforts should focus on developing risk-prediction models and exploring gut microbiome modulation. This study provides a preliminary practical framework for addressing this challenging complication, which requires future validation.
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Successful treatment of corrosive esophageal atresia in a child using combined antegrade-retrograde dilation: a case report
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Corrosive esophageal injury in children may rarely lead to complete atresia. No standardized treatment exists for pediatric corrosive esophageal atresia. This case demonstrates a novel minimally invasive approach. A 12-year-old male developed complete esophageal atresia after accidental ingestion of industrial alkali. He underwent combined antegrade-retrograde endoscopic dilation (CARD) with balloon dilation and covered stent placement. Oral feeding resumed by postoperative day two, and at three-month follow-up, he reported normal eating without complications. To our knowledge, this represents the first reported use of CARD for pediatric corrosive esophageal atresia, demonstrating it as a feasible and effective minimally invasive alternative to surgery in selected cases.
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Introduction

Corrosive esophageal injury is a serious pediatric emergency, typically caused by accidental ingestion of alkaline agents, which induce liquefactive necrosis and can lead to long-segment strictures or even complete esophageal atresia (1). While endoscopic balloon dilation (EBD) remains standard for strictures, it often fails in long or obliterated segments, necessitating surgical interventions such as gastric pull-up or colonic interposition—procedures associated with considerable risks including anastomotic strictures and reflux (2, 3). The CARD technique, introduced in 2006 and refined thereafter, allows recanalization via simultaneous oral and gastrostomy access under endoscopic/fluoroscopic guidance (4, 5). Although CARD has been effective in adults, its application in pediatric corrosive esophageal atresia has not been previously reported. Here we present the first pediatric case successfully treated with CARD, highlighting its potential as a minimally invasive alternative to conventional surgery.



Case presentation

A 12-year-old boy was admitted with a history of accidental ingestion of industrial alkali 10 months earlier. Immediately after ingestion, he developed aphonia and was transferred to a local hospital, where he received gastric lavage and nutritional support in the intensive care unit. Despite one week of treatment, he was unable to resume oral feeding, and esophageal stricture was suspected. He was referred to a pediatric hospital in Beijing, where endoscopic dilation was attempted but complicated by perforation. Oral intake remained impossible.

Two months after ingestion, a gastrostomy and jejunal feeding tube were placed. One month later, upper endoscopy revealed obstruction of the proximal esophagus. After six months of home recuperation, repeat endoscopy through the gastrostomy demonstrated distal esophageal obstruction. The patient was then referred to our hospital and admitted with a working diagnosis of post-caustic esophageal stricture.

On examination, he was alert with mild dyspnea. He reported a history of vomiting when attempting to swallow saliva. Breath sounds were coarse but without rales; cardiac rhythm and sounds were normal. A gastrostomy tube and a jejunal feeding tube were in place. Oral endoscopy revealed a blind pouch 22 cm from the incisors (shown in Figure 1A). Endoscopy through the gastrostomy showed a tight cardia stricture, impassable with a standard scope. Contrast fluoroscopy demonstrated a 10-cm stricture above the cardia, with proximal and distal luminal diameters of approximately 3 mm and 5 mm, respectively. Critically, no evidence of an esophageal-bronchial fistula was identified on fluoroscopic imaging or during endoscopic examination of both the proximal and distal pouches. Balloon dilation with a 12-mm catheter was performed, allowing passage of a standard gastroscope. A blind end was again identified 10 cm above the cardia. The preoperative diagnoses were chemical esophagitis with atresia, post-caustic esophageal stricture, and status post-gastrostomy.


[image: Panel A shows an endoscopic view of reddened and inflamed inner tissue with some visible white patches. Panel B presents a chest X-ray with a flexible endoscope inside the esophagus; a yellow circle highlights its position.]
FIGURE 1
Endoscopic and fluoroscopic confirmation of complete esophageal atresia. Endoscopic image shows complete esophageal atresia with a blind-ending proximal pouch located 22 cm from the incisors (A). The yellow circle indicates the 1 cm distance between the two endoscopes (B).


Based on the patient's clinical status, a combined antegrade-retrograde endoscopic dilation procedure was performed. During the operation, gastroscopes were inserted through both the oral cavity and the gastrostomy site until reaching the atretic segment of the esophagus. Fluoroscopy showed the two gastroscopes were approximately 1 cm apart (shown in Figure 1B). Under visualization from the gastrostomy gastroscope, a mucosal puncture needle was inserted via the oral gastroscope to perforate the blind end at its center, successfully penetrating into the distal esophagus (shown in Figure 2A). A guidewire was then placed through the puncture site, followed by sequential dilation using 10 mm and 12 mm balloons to reconstruct the esophageal lumen (shown in Figures 2B,C).


[image: Panel A shows an endoscopic view of the esophageal mucosa with a central lesion circled in yellow, exhibiting punctate dark spots. Panel B displays a postprocedural esophageal lumen with erythema and scattered bleeding after intervention. Panel C highlights a foreign round object, likely a coin, partially embedded in the esophageal wall, circled in yellow.]
FIGURE 2
Implementation of CARD procedure. The yellow circle indicates the mucosal puncture needle penetrating the center of the proximal esophageal blind end (A). A guidewire was introduced through the puncture site (B). The yellow circle indicates the dilating balloon (C).


Post-dilation examination revealed a circumferential stricture of about 10 cm in the distal esophagus, with the proximal segment narrowed by approximately 1/2 and the distal segment by about 2/3 (shown in Figures 3A,B). Subsequently, a guidewire was advanced into the stomach via the oral gastroscope, and a covered stent delivery sheath was inserted along the wire, successfully deploying a fully covered retrievable stent measuring 14 cm in length and 16 mm in diameter (shown in Figure 3C). Postoperative fluoroscopy confirmed that the stent was in place (shown in Figure 3D).
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FIGURE 3
Placement of a fully covered, retrievable esophageal stent. Approximately half of the proximal esophagus shows circumferential stenosis (A). Approximately two-thirds of the distal esophagus shows circumferential stenosis (B). Placement of a 14-cm-long, 16-mm-diameter fully covered, retrievable stent in the esophageal stricture segment (C). Postoperative fluoroscopy confirms the stent is in place (D).


The patient underwent the CARD procedure and was able to resume near-normal oral intake by postoperative day two. At three-month follow-up, he reported normal eating without postoperative complications. The patient's parents expressed relief that their child could eat normally again and were grateful that a major surgery was avoided.

He continues to undergo regular endoscopic surveillance. The specific timeline of diagnosis, interventions, and follow-up is shown in Table 1.



TABLE 1 Timeline of clinical events.



	Time point
	Clinical event





	Day 0
	A 12-year-old boy accidentally ingested industrial alkali, developed immediate aphonia, and was admitted to the local ICU for gastric lavage and nutritional support.



	+1 week
	Persistent inability to take food orally; esophageal stricture was suspected.



	Referral
	At a tertiary pediatric hospital in Beijing, endoscopic dilation was attempted but complicated by perforation; oral feeding remained impossible.



	+2 months
	Gastrostomy and jejunal feeding tube placement were performed.



	+3 months
	Upper endoscopy revealed proximal esophageal obstruction.



	+8 months
	After six months of recuperation, endoscopy via the gastrostomy demonstrated distal esophageal obstruction.



	+10 months
	The patient was referred to our hospital and admitted with a working diagnosis of post-caustic esophageal stricture.



	Admission
	Oral endoscopy showed a blind pouch 22 cm from the incisors; endoscopy via gastrostomy revealed cardia stenosis. Contrast fluoroscopy demonstrated a 10-cm stricture above the cardia.



	Procedure day
	CARD with balloon dilation and placement of a fully covered stent was successfully performed.



	Postoperative day 2
	Oral feeding was resumed.



	3-month follow-up
	The patient was tolerating a normal diet without complications; regular endoscopic surveillance was planned.









Discussion

Corrosive esophageal injury is a severe and potentially life-threatening condition, particularly in the pediatric population, where accidental ingestion of household or industrial alkaline substances remains relatively common. These agents, through their ability to cause liquefactive necrosis, can penetrate deeply into the esophageal wall, leading to extensive tissue damage. In severe cases, this may result in full-thickness injury, long-segment fibrosis, and, albeit rarely, complete esophageal atresia. Managing such injuries in children is complex, as standard endoscopic dilation often proves inadequate. In a cohort study by Radhakrishna et al., approximately 62% of children with corrosive esophageal injury developed strictures, 23% required feeding ostomies, and 12% ultimately underwent esophageal replacement surgery—highlighting the long-term morbidity and the limitations of current therapeutic options (6).

Endoscopic dilation, either with bougies or balloons, has long been the primary approach for managing benign esophageal strictures. However, its efficacy is markedly limited in cases of complete luminal obstruction, where guidewire passage through a fibrotic segment becomes technically impossible. Moreover, repeated dilation procedures are not without risk; esophageal perforation remains a significant concern, and up to 40% of patients continue to experience persistent or recurrent dysphagia despite intervention (7). When endoscopic options fail, surgical reconstruction—such as gastric pull-up or colonic interposition—may be required to restore alimentary continuity. These procedures, while effective in select cases, are highly invasive and carry substantial morbidity, with long-term sequelae including impaired esophageal motility, anastomotic complications, and growth delay.

The CARD technique offers a novel, minimally invasive option for the management of complete esophageal obstruction. Initially described in adult populations, the procedure entails simultaneous endoscopic access via the oral cavity and a gastrostomy site, enabling precise alignment, transillumination, and targeted recanalization of the atretic segment under direct visualization. In a systematic review and meta-analysis, Jayaraj et al. reported a pooled technical success rate of 89% in adults undergoing CARD, with a perforation rate of approximately 6% (8). More recently, a 2024 multicenter case series by Hayat et al. documented successful esophageal recanalization in 86% of patients, sustained improvement in dysphagia in 83%, and a low incidence of adverse events (9).

Despite encouraging outcomes in adult populations, there remains a notable absence of published reports on the use of CARD in pediatric patients with corrosive esophageal atresia. To our knowledge, this is the first case to illustrate the feasibility and clinical efficacy of CARD in a child with complete esophageal obstruction following alkali ingestion. Several anatomical and physiological considerations support the adaptation of this technique in children. The pediatric esophageal wall is thinner and more compliant, potentially enhancing transillumination and facilitating controlled mucosal puncture. Furthermore, preservation of the native esophagus is essential for maintaining normal growth, physiological function, and long-term quality of life—underscoring the appeal of a minimally invasive, organ-sparing approach in this age group.

In this case, precise intraoperative coordination was critical to procedural success. Under fluoroscopic guidance, two gastroscopes were advanced from opposing directions to the proximal and distal ends of the atretic segment. Transillumination confirmed that the blind ends were separated by approximately 1 cm. Using direct endoscopic visualization, a sclerotherapy needle was employed to puncture the fibrotic tissue, allowing for guidewire passage and subsequent serial balloon dilations to re-establish esophageal continuity. Given the presence of a long, circumferential stricture measuring approximately 10 cm, a fully covered self-expandable metal stent (SEMS) was deployed to maintain luminal patency and reduce the risk of early restenosis. SEMS placement has been widely reported as an adjunctive measure in the treatment of refractory benign esophageal strictures. A 2023 review by Sohouli et al. reported clinical success in 68% of pediatric cases, though stent migration occurred in approximately 20% of patients (10).

The postoperative course in this patient was notable for rapid recovery, with oral feeding resumed by the second postoperative day. However, close long-term follow-up is essential, given the risk of complications such as re-stenosis, stent-related injury, and, more rarely, malignant transformation. Survivors of caustic esophageal injury are known to carry a significantly elevated lifetime risk of esophageal squamous cell carcinoma—estimated to be 1,000–3,000 times higher than that of the general population—underscoring the importance of sustained endoscopic surveillance (11). This grave long-term risk, which persists irrespective of the initial management strategy (be it dilation, surgery, or as described in our case, CARD with stenting), is a critical consideration highlighted in contemporary surgical literature as well. Furthermore, as emphasized by Taher et al., the pursuit of organ-preserving procedures is paramount, not only to avoid the morbidity of major surgery but also to facilitate ongoing endoscopic monitoring for early detection of malignancy (12).

While this case highlights the potential of CARD as a feasible and possibly preferable approach for pediatric patients with complete esophageal atresia following caustic ingestion, further investigation is warranted. Prospective multicenter studies and clinical registries are needed to better define optimal patient selection, procedural variables—such as balloon size and dilation pressure—and strategies for post-procedural management. Looking beyond mechanical recanalization, our case underscores a profound and unmet need: the restoration of functional esophageal mucosa. The long-term risk of stenosis and malignancy is intrinsically linked to the impaired regenerative capacity of the tissue after corrosive injury. Therefore, we strongly advocate for a paradigm shift towards foundational research aimed at enhancing esophageal mucosal regeneration. Future efforts should explore innovative strategies in tissue engineering, biomaterial scaffolds, and stem cell therapies to not merely reopen the esophageal conduit, but to truly restore its physiological integrity and resilience. Such breakthroughs are crucial to fundamentally improving the long-term prognosis and quality of life for these young patients.



Conclusion

This case presents the first reported use of combined antegrade-retrograde endoscopic dilation for pediatric corrosive esophageal atresia. The successful outcome demonstrates that CARD is a viable, minimally invasive, and effective alternative to major surgery in selected pediatric cases.

We recommend further studies and prospective data collection to evaluate CARD's long-term safety, success rate, and indications in pediatric populations. Its implementation may revolutionize the management of complex esophageal lesions in children.
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Objective: This study aimed to evaluate the clinical efficacy of laparoscopic surgery for acute small bowel obstruction (SBO) in children.



Methods: The retrospective study included children with acute SBO who were treated at Shanghai Children's Hospital from June 2014 to December 2023. Patients were categorized into one of the following two groups based on the operative approach they underwent: the laparoscopic surgery group and the open surgery group. Perioperative variables, including operative time, fasting duration, hospital stay, and complication rates, were evaluated. The primary outcome was length of hospital stay. Categorical variables were compared using the χ2 or Fisher's exact test, and continuous variables were analyzed using the t-test or Mann–Whitney U test, depending on the data distribution. A P-value < 0.05 was considered statistically significant.



Results: In total, 40 patients underwent laparoscopic surgery and 40 underwent open surgery. Laparoscopic procedures were completed in 29 patients (72.5%), while 11 required conversions to open surgery. Compared with open surgery, laparoscopy resulted in a shorter hospital stay (median, 7.0 vs. 9.5 days; P = 1.1 × 10−5) and a shorter postoperative fasting period (median, 4.0 vs. 5.0 days; P = 0.011). A sensitivity analysis that excluded patients with a history of prior abdominal surgery still supported the overall findings and also showed a lower hospitalization cost in the laparoscopic group (median, 22,025.25 vs. 25,777.50 CNY; P = 0.013). The rates of intraoperative and postoperative complications were similar between the groups.



Conclusion: Laparoscopic surgery is a safe and effective option for pediatric acute SBO, offering faster recovery without increasing complication rates.
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1 Introduction

Acute small bowel obstruction (SBO) is a common pediatric surgical emergency that carries meaningful morbidity and non-trivial mortality when diagnosis or treatment is delayed (1, 2). Compared to adults, children exhibit a broader etiological spectrum, faster clinical deterioration, and earlier electrolyte or acid–base disturbances (1–3). Initial management includes nasogastric decompression, fluid resuscitation, and correction of metabolic derangements; urgent surgery is indicated when bowel strangulation is suspected or when conservative treatment fails.

Open surgery has long been the standard approach. With advances in optics, energy devices, and pediatric instruments, laparoscopy has been increasingly adopted for acute SBO and has shown promising short-term recovery profiles in selected populations (4–6). Advocates cite superior visualization, lower wound morbidity, and the potential to reduce adhesion burden over time (7). However, skeptics underscore the risk of iatrogenic bowel injury in a distended and friable small intestine and technical constraints in a limited workspace (8). Therefore, the optimal surgical approach for pediatric acute SBO remains controversial (7–10).

Etiology heavily influences operative decision-making. In children, adhesive SBO (ASBO) after prior laparotomy accounts for a substantial proportion of cases, but non-adhesive causes, such as Meckel diverticulum-related internal hernia (2), congenital or acquired bands (2, 11), volvulus (12), and ingested foreign bodies (13), are also common and may influence the feasibility, conversion rate, and outcomes of laparoscopy. These differences, together with the variable thresholds for failure of non-operative management, complicate comparisons between laparoscopic and open surgery across centers.

Against this background, we conducted a retrospective study of 80 children who underwent operative management for acute SBO at a tertiary pediatric center from June 2014 to December 2023. We analyzed perioperative outcomes between laparoscopic and open approaches, aiming to explore the value of laparoscopic techniques in managing pediatric acute SBO, and further discuss etiology, indications, key intraoperative points, reasons for conversion to open surgery, and prevention and management of complications.



2 Subjects and methods


2.1 Study subjects

This study was approved by the Ethics Committee of Shanghai Children's Hospital (2020R041-E01), and informed consent was obtained from the parents or guardians of all the patients. Inclusion criteria included children (aged 0–18 years) with a confirmed diagnosis of acute SBO who exhibited failure of conservative treatment within 24–48 h or presented with clinical signs suggestive of bowel strangulation or perforation, warranting surgical intervention. Exclusion criteria included cases of acute intussusception, incarcerated hernia, neonatal SBO, inflammatory bowel disease, and tumor-induced acute SBO.

All the patients had complete clinical records, and SBO was diagnosed based on the combination of typical clinical manifestations (crampy abdominal pain, vomiting, abdominal distension, and obstipation) and imaging evidence of SBO (dilated small-bowel loops, multiple air–fluid levels, and absence of colonic gas based on an upright and left lateral X-ray). For infants and young children who could not tolerate an upright and left lateral abdominal X-ray, contrast-enhanced abdominal computed tomography was performed, characterized by dilated small bowel loops with air-fluid levels, a clear transition point between dilated proximal and collapsed distal bowel, and a decompressed colon and rectum. In our center, initial medical treatment comprised nasogastric (NG) decompression, intravenous fluids, electrolyte correction, and antibiotics when SBO was suspected. Failure of medical therapy was defined as persistent obstructive symptoms with continuous NG output and no passage of stool after 24–48 h. Abdominal X-rays were obtained every 6–12 h, and surgery was indicated when three consecutive X-rays showed no improvement. Surgery was also indicated when any signs of ischemia or strangulation appeared, including fever, tachycardia, worsening pain, leukocytosis, or rising lactate.

The surgical approach was chosen based on the preferences of both the surgeon and the patients’ families. Eligibility for laparoscopic surgery required normal cardiopulmonary and coagulation function, stable hemodynamics, no severe abdominal distension (defined as marked tympany, a tense abdominal wall, and radiological evidence of extensive gaseous dilation), no history of abdominal surgery within the past 2 months (to avoid a hostile peritoneal environment) (14), and no prior abdominal malignancy.



2.2 Surgical methods


2.2.1 Laparoscopic surgery


2.2.1.1 Positioning and trocar placement

The patient was placed in a supine position with their waist elevated. The operating table was adjusted as needed during the procedure. The first trocar was inserted using the Hasson technique. For patients with a history of abdominal surgery, the trocar was placed away from previous surgical sites. If dilated bowel loops were palpable, the trocar was placed away from these areas, with the umbilicus serving as the primary choice. Pneumoperitoneum was established, and the abdominal cavity was explored to determine the positions of the other two trocars.



2.2.1.2 Identifying the site of the obstruction

Using atraumatic bowel forceps, the cecum was first located, and the terminal ileum was traced proximally in segments until the transition point between the narrowed and dilated segments was identified.



2.2.1.3 Releasing the obstruction

Adhesions were dissected using an ultrasonic scalpel or Ligasure for bands, and adhesions between bowel loops or between the bowel and abdominal wall were separated with scissors. In cases of Meckel's diverticulum-associated internal hernia, the obstructing band was severed under laparoscopy to release the obstruction. The affected bowel was then extracted through an enlarged umbilical incision for further management.




2.2.2 Traditional open surgery

For infants and children, a transverse abdominal incision was made, whereas adolescents (post-puberty) underwent a midline incision. The small intestine was gently delivered out of the incision, and the transition point between the dilated and narrowed segments was located and released. In cases of necrotic bowel, bowel resection with anastomosis or enterostomy was performed. The abdominal wall was closed in layers.




2.3 Observation indicators

The collected data included general patient information, operative time (from skin incision to final skin closure), postoperative time to regular diet, length of postoperative hospital stay (discharge criteria: regular diet resumed, no complaints of discomfort, regular diet and bowel movements, and no wound abnormalities), incidence of complications, and medical expenses. The criteria for resuming oral intake included the passage of flatus or stool; absence of digestive clinical symptoms such as abdominal pain, vomiting, or distension; recovery of bowel sounds; and tolerance to the gradual reintroduction of fluids.

The length of hospital stay was set as the primary outcome of the study. Other parameters were set as secondary outcomes. Moreover, intraoperative and postoperative complications were assessed using the Clavien–Dindo Classification (15). Briefly, Grade I complications referred to those that did not require pharmacological intervention, such as wound infections. Grade II included complications requiring pharmacological treatment (e.g., antibiotics), including intestinal obstruction, pneumonia, short bowel syndrome, and chylous ascites. Grade III referred to complications requiring surgical intervention, including all intraoperative complications and postoperative bowel leakage.



2.4 Statistical analysis

Statistical analysis was performed using SPSS 17.0 software. Categorical variables were compared using the chi-square test (0 cells with expected count less than 5) or Fisher's exact test (≥ one cell with expected count less than 5). We used the Shapiro–Wilk method to assess the normality of the data. A P-value > 0.05 indicated a normal distribution, while P < 0.05 indicated a non-normal distribution. Normally distributed continuous variables are expressed as mean ± standard deviation (SD) and were analyzed using an independent sample t-test; non-normally distributed variables are presented as median (P25–P75) and were analyzed with the non-parametric Mann–Whitney U test. A P-value < 0.05 was considered statistically significant.




3 Results


3.1 General characteristics of the two groups

In total, 80 children were enrolled (50 boys and 30 girls, with an average age of 59.9 ± 37.8 months, ranging from 1 month to 13 years) and were treated either with laparoscopic surgery (n = 40) or open surgery (n = 40). Among the 80 patients, 39 had a history of abdominal surgery, including bowel resection and anastomosis (n = 17), appendectomy (n = 8), Ladd procedures (n = 8), surgery for Hirschsprung disease (n = 2), and one each for urachal cystectomy, duodenal diaphragm surgery, internal hernia repair after enterostomy, and post-intussusception surgery. The remaining 41 patients had no surgical history. They presented with Meckel's diverticulum-associated internal hernia (n = 9), congenital or acquired band adhesion (n = 6), gastrointestinal foreign body (n = 15; hair, multiple magnets, jujube pits, etc.), volvulus (n = 4), conservative management of appendicitis (n = 3), mesenteric defect hernia (n = 2), small bowel stricture after ischemia-reperfusion injury (n = 1), and idiopathic small bowel stricture (n = 1).

There was a significant skew towards male patients in the open surgery group (P = 0.021). However, no statistically significant differences were observed between the two groups in terms of age (P = 0.181), weight (P = 0.066), or time from symptom onset to surgery (P = 0.844) (Table 1). A history of abdominal surgery was present in 11/40 cases in the laparoscopic group and 28/40 cases in the open surgery group, which was statistically significantly different (P = 1.430 × 10−4).



TABLE 1 Comparison of general characteristics between the laparoscopic surgery and open surgery groups.



	Group (All patients)
	Cases (n)
	Gender (n)
	Age (months)
	Weight (kg)
	Symptom-to-surgery interval (h)
	History of abdominal surgery (n)



	Male
	Female
	Yes
	No





	Laparoscopy
	40
	20
	20
	65.48 ± 37.46
	18.60 (14.90–20.90)
	48.00 (28.50–99.00)
	11
	29



	Open surgery
	40
	30
	10
	54.30 ± 36.70
	16.50 (13.20–19.70)
	50.00 (35.50–72.00)
	28
	12



	Statistic
	–
	5.333a
	1.349b
	−1.839c
	−0.197c
	14.459a
	
	



	P-value
	–
	0.021a
	0.181b
	0.066c
	0.844c
	1.430 × 10−4a
	
	




	aThe chi-square test was used for frequency data.


	bParametric quantitative data are presented as mean ± standard deviation (SD) and were analyzed using the t-test.


	cNon-parametric quantitative data are presented as median (P25–P75) and were analyzed using the Mann–Whitney U test.









3.2 Intraoperative findings in both groups

In the laparoscopic group (n = 40), five patients were found to have intestinal necrosis or perforation intraoperatively. Moreover, nine underwent intestinal resection and anastomosis or intestinal repair, and 24 underwent adhesiolysis, band excision, or detorsion. Laparoscopic procedures were completed successfully in 29 cases (72.5%), while 11 (27.5%) required conversion to open surgery. The primary reasons for conversion included limited operating space or poor exposure (n = 3), extensive adhesions between bowel loops or with the abdominal wall (n = 4), large areas of small bowel necrosis (n = 1), iatrogenic perforation (n = 1), and multiple magnet-induced perforations (n = 2). Following conversion, five patients underwent adhesiolysis and band excision, five patients required intestinal resection with anastomosis, and one patient underwent adhesiolysis plus intestinal repair. All the patients recovered and were discharged without significant complications.

In the open surgery group (n = 40), intraoperative findings revealed eight cases of intestinal necrosis or perforation. Thirteen cases underwent intestinal resection with anastomosis or intestinal repair, two required intestinal stoma formation, and the remaining cases received adhesiolysis, band excision, detorsion, or reduction of internal hernia.



3.3 Comparison of the main outcomes between the two groups

Length of hospital stay was the primary outcome in this analysis. The laparoscopic group had a significantly shorter hospital stay compared to the open surgery group (median, 7.00 days vs. 9.50 days; P = 1.1 × 10−5). Secondary outcomes included postoperative fasting duration, hospitalization cost, and operative time. Postoperative fasting duration was also significantly shorter in the laparoscopic group (median, 4.00 vs. 5.00 days; P = 0.011). Although the median hospitalization cost was lower in the laparoscopic group (22,063.5 vs. 25,433.5 CNY), the difference was not statistically significant (P = 0.098). Operative time was slightly shorter in the laparoscopic group (124.00 ± 26.07 vs. 130.47 ± 38.22 min), but this difference was also not significant (P = 0.406). These results were summarized in Table 2.



TABLE 2 Comparison of perioperative outcomes between the laparoscopic surgery and open surgery groups.



	Group (patients excluding conversion)
	Cases (n)
	Length of hospital stay (days)
	Hospitalization cost (CNY)
	Operative time (min)
	Postoperative fasting duration (days)





	Laparoscopic surgery group
	29
	7.00 (6.50–8.30)
	22,063.50 (18,485.00–24,761.00)
	124.00 ± 26.07
	4.00 (3.00–5.25)



	Open surgery group
	40
	9.50 (9.00–15.70)
	25,433.50 (19,243.00–32,569.00)
	130.47 ± 38.22
	5.00 (4.00–6.00)



	Statistic
	–
	4.390a
	1.653a
	−0.836b
	2.554a



	P-value
	–
	1.1 × 10−5a
	0.098a
	0.406b
	0.011a




	aNon-parametric quantitative data are presented as median (P25–P75) and were analyzed using the Mann–Whitney U test.


	bParametric quantitative data are presented as mean ± standard deviation (SD) and analyzed using the t-test. CNY, Chinese yuan.









3.4 Subgroup analysis of the patients without prior abdominal surgery

To minimize the impact of surgical history on postoperative recovery, a subgroup analysis was conducted among the patients who had no prior abdominal surgery. As shown in Table 3, there were no statistically significant differences in gender (P = 0.647), age (P = 0.337), weight (P = 0.075), or symptom-to-surgery interval (P = 0.501) between the laparoscopic and open surgery groups.



TABLE 3 Comparison of baseline characteristics between the laparoscopic surgery and open surgery groups among patients without prior surgical history.



	Group (excluding patients with a history of surgery and conversion)
	Cases (n)
	Gender (n)
	Age (months)
	Weight (kg)
	Symptom-to-surgery interval (h)



	Male
	Female





	Laparoscopic surgery (excluding converted surgery)
	20
	10
	10
	66.03 ± 39.99
	21.56 ± 10.48
	35.00 (26.00–59.25)



	Open surgery
	12
	7
	5
	53.42 ± 25.69
	14.97 ± 8.49
	42.50 (34.13–72.00)



	Statistic
	–
	0.209a
	1.604b
	1.844b
	0.702c
	



	P-value
	–
	0.647a
	0.337b
	0.075b
	0.501c
	




	aThe chi-square test was used for the frequency data.


	bParametric quantitative data were shown using mean ± standard deviation (SD) and analyzed using the T-test.


	cNon-parametric quantitative data were shown using median (P25–P75) and analyzed using the Mann–Whitney U test.







However, as presented in Table 4, the laparoscopic group had a significantly shorter hospital stay (median, 7.00 vs. 13.00 days; P = 2 × 10−6), lower hospitalization cost (median, 22,025.25 vs. 25,777.50 CNY; P = 0.013), and shorter postoperative fasting duration (median, 4.00 vs. 5.50 days; P = 0.040) compared to the open surgery group. Operative time did not differ significantly (P = 0.143).



TABLE 4 Comparison of perioperative outcomes between the laparoscopic surgery and open surgery groups among patients without prior surgical history.



	Group (excluding patients with a history of surgery and conversion)
	Cases (n)
	Length of hospital stay (days)
	Hospitalization cost (CNY)
	Operative time (min)
	Postoperative fasting duration (days)





	Laparoscopic group
	20
	7.00 (6.38–8.00)
	22,025.25 (18,318.75–23,671.25)
	118.68 ± 23.90
	4.00 (3.00–5.31)



	Open surgery group
	12
	13.00 (8.88–16.00)
	25,777.50 (24,781.63–38,690.50)
	132.65 ± 27.89
	5.50 (4.00–6.00)



	Statistic
	–
	4.256a
	2.453a
	−1.505b
	2.095a



	P-value
	–
	2 × 10−6a
	0.013a
	0.143b
	0.040a




	aNon-parametric quantitative data are presented as median (P25–P75) and were analyzed using the Mann–Whitney U test.


	bParametric quantitative data are presented as mean ± standard deviation (SD) and were analyzed using the t-test. CNY, Chinese yuan.









3.5 Subgroup analysis of laparoscopic surgery and conversion to open surgery

To assess the impact of intraoperative conversion on outcomes, we further analyzed the patients in the laparoscopic group based on whether conversion to open surgery was required. As summarized in Table 5, the patients in the conversion group had significantly lower body weight (P = 0.012) and were younger (P = 0.047) than those who underwent laparoscopic surgery alone. Other baseline characteristics were comparable.



TABLE 5 Comparison of baseline characteristics between the laparoscopic surgery and conversion groups.



	Group (patients who underwent laparoscopy)
	Cases (n)
	Gender (n)
	Age (months)
	Weight (kg)
	Symptom-to-surgery interval (h)



	Male
	Female





	Laparoscopic surgery alone
	29
	17
	12
	72.68 ± 40.23
	21.83 ± 9.74
	50.00 (41.50–100.75)



	Laparoscopy converted to open surgery
	11
	3
	8
	46.52 ± 19.90
	16.13 ± 3.89
	48.00 (27.00–90.00)



	Statistic
	–
	3.135a
	2.051b
	2.644b
	1.152c
	



	P-value
	–
	0.155a
	0.047b
	0.012b
	0.254c
	




	aThe chi-square test was used for the frequency data.


	bParametric quantitative data are presented as mean ± standard deviation (SD) and were analyzed using the t-test.


	cNon-parametric quantitative data are presented as median (P25–P75) and were analyzed using the Mann–Whitney U test.







As shown in Table 6, the conversion group had a prolonged hospital stay (median, 9.00 vs. 7.00 days; P = 0.035). In addition, the conversion group had significantly higher hospitalization costs (P = 0.005) and operative times (P = 0.001). However, postoperative fasting duration did not differ significantly between the groups (P = 0.550).



TABLE 6 Comparison of outcomes between the laparoscopic surgery and conversion groups.



	Group (patients who underwent laparoscopy)
	Cases (n)
	Length of hospital stay (days)
	Hospitalization cost (CNY)
	Operative time (mins)
	Postoperative fasting duration (days)





	Laparoscopic surgery alone
	29
	7.00 (6.50–8.30)
	22,063.50 (18,485.00–24,761.00)
	124.00 ± 26.07
	4.00 (3.00–5.25)



	Laparoscopy converted to open surgery Group
	11
	9.00 (8.00–10.00)
	29,442.00 (26,425.00–39,739.50)
	161.91 ± 42.12
	4.00 (4.00–5.00)



	Statistic
	–
	2.117a
	2.773a
	−3.442b
	0.626a



	P-value
	–
	0.035a
	0.005a
	0.001b
	0.550a




	aNon-parametric quantitative data are presented as median (P25–P75) and were analyzed using the Mann–Whitney U test.


	bParametric quantitative data are presented as mean ± standard deviation (SD) and were analyzed using the t-test. CNY, Chinese yuan.









3.6 Surgical outcomes for gastrointestinal foreign bodies

Among the 15 children who underwent surgery for gastrointestinal foreign body removal, 10 received laparoscopic-assisted treatment and five underwent open surgery. As shown in Table 7, there were no statistically significant differences between the two groups in baseline characteristics, including sex distribution (P = 0.713), age (P = 0.626), weight (P = 0.768), or history of known foreign body ingestion (P = 0.573).



TABLE 7 Baseline clinical characteristics of the patients who underwent laparoscopic or open surgery for gastrointestinal foreign bodies.



	Group (foreign body ingestion)
	Cases
	Gender (male/female)
	Known foreign body ingestion [n (%)]
	Weight (kg)
	Age (months)
	Surgical approach





	Laparoscopic surgery group
	10
	6/4
	5 (50%)
	17.30 (14.10–21.40)
	66.59 ± 37.47
	Laparoscopic umbilical enterotomy and foreign body removal



	Open surgery group
	5
	3/2
	3 (60%)
	15.50 (14.20–19.70)
	56.32 ± 37.72
	Exploratory laparotomy and enterotomy for foreign body removal



	Statistical value
	–
	–
	–
	−0.367b
	0.499c
	–



	P-value
	–
	0.713a
	0.573a
	0.768b
	0.626c
	–




	aFisher's exact test was used for the frequency data.


	bNon-parametric quantitative data are presented as median (P25–P75) and were analyzed using the Mann–Whitney U test.


	cParametric quantitative data are presented as mean ± standard deviation (SD) and were analyzed using the t-test.







As shown in Table 8, postoperative fasting duration was significantly shorter in the laparoscopic group than in the open surgery group (median, 4.00 vs. 5.00 days; P = 0.047). Other perioperative outcomes, including length of hospital stay (P = 0.371), hospitalization cost (P = 0.679), and operative time (P = 0.637), did not differ significantly between the groups.



TABLE 8 Baseline clinical characteristics of the patients who underwent laparoscopic or open surgery for gastrointestinal foreign bodies.



	Group (foreign body ingestion)
	Cases
	Type of foreign body
	Hospital stay (days)
	Hospitalization cost (CNY)
	Surgery time (min)
	Postoperative fasting duration (days)





	Laparoscopic surgery group
	10
	Superabsorbent polymer, 3; hairball, 3; jujube seed, 2; tannin bezoar, 2.
	5.5 (5–7.5)
	23,198.50 (18,975.00–25,990.25)
	100.07 ± 65.02
	4.00 (3.75–5.00)



	Open surgery group
	5
	Superabsorbent polymer, 1; hairball, 1; jujube seed, 1; magnet, 2.
	6 (5–8.6)
	26,980.50 (18,243.00–36,569.00)
	125.10 ± 140.00
	5.00 (4.25–6.00)



	Statistical value
	–
	–
	0.939b
	0.490b
	−0.483c
	1.990b



	P-value
	–
	0.437a
	0.371b
	0.679b
	0.637c
	0.047d




	aFisher's exact test was used for the frequency data.


	bNon-parametric quantitative data are presented as median (P25–P75) and were analyzed using the Mann–Whitney U test.


	cParametric quantitative data are presented as mean ± standard deviation (SD) and were analyzed using the t-test.


	dThe Mann–Whitney U test was performed, and two-sided asymptotic significance was indicated. CNY, Chinese yuan.









3.7 Intraoperative complications

The overall intraoperative complications are summarized in Table 9. In the laparoscopic group, nine of 40 patients (22.5%) experienced intraoperative complications, including four cases of serosal tears, two cases of muscularis injury (repaired laparoscopically), two cases of intestinal perforation (one repaired directly laparoscopically, one converted to open repair), and one case of open appendiceal stump, managed with a figure-eight suture and ligation at the appendiceal base. In the open surgery group, eight of 40 patients (20.0%) experienced intraoperative complications, including four cases of serosal tears, three cases of muscularis injury (repaired), and one case of intestinal perforation (repaired intraoperatively). The difference in intraoperative complication rates between the laparoscopic and open surgery groups was not statistically significant (P = 1.000).



TABLE 9 Comparison of intraoperative complications between the laparoscopic surgery and open surgery groups.



	Group (all patients)
	Cases (n)
	Intraoperative complications



	Total
	Serosal tears (III)b
	Muscularis injury (III)b
	Perforation (III)b
	Open appendiceal stump (III)b





	Laparoscopy
	40
	9
	4
	2
	2
	1



	Open surgery
	40
	8
	4
	3
	1
	0



	Statistic
	–
	0.075a
	–
	
	
	



	P-value
	–
	1.000a
	–
	
	
	




	aThe chi-square test was used for frequency data.


	bIndicates Clavien–Dindo grade.









3.8 Postoperative complications

The overall postoperative complications are summarized in Table 10. In the laparoscopic group, six patients (15.0%) experienced postoperative complications, including three cases of intestinal obstruction (all resolved with conservative management), two cases of umbilical wound infection (healed after wound care), and one case of pulmonary disease (improved with anti-infective and nebulization treatments). In the open surgery group, 10 patients (25.0%) experienced postoperative complications, including five cases of intestinal obstruction (three resolved conservatively and two required reoperation), one case of small bowel leakage (underwent proximal enterostomy on postoperative day 6), one case of short bowel syndrome (improved with gastroenterology treatment), one case of wound infection, one case of chylous ascites, and one case of pneumonia (all improved with conservative management). Although the postoperative complication rate was lower in the laparoscopic group, the difference was not statistically significant (P = 0.402). Similarly, the distribution of specific complications such as intestinal obstruction, wound infection, pneumonia, and bowel leakage did not differ significantly between the groups (P = 0.455); however, we observed a slightly higher Clavien–Dindo grade in the open surgery group.



TABLE 10 Comparison of postoperative complications between the laparoscopic surgery and open surgery groups.



	Group (all patients)
	Postoperative complications



	Total
	Intestinal obstruction (II)c
	Wound infection (I)c
	Pneumonia (II)c
	Bowel leakage (III)c
	Short bowel syndrome (II)c
	Chylous ascites (II)c





	Laparoscopy
	6
	3
	2
	1
	0
	0
	0



	Open surgery
	10
	5
	1
	1
	1
	1
	1



	Statistic
	1.250a
	–
	
	
	
	
	



	P-value
	0.402a
	0.455b
	
	
	
	
	




	aThe chi-square test was used for frequency data (0 cells with expected count less than 5).


	bFisher's exact test was used for the frequency data (≥ one cell with expected count less than 5).


	cIndicates Clavien–Dindo grade.










4 Discussion

Acute SBO is a common pediatric surgical emergency. If conservative treatment fails or bowel strangulation is suspected, emergency surgery is required. The traditional approach is open surgery, which has disadvantages, including significant trauma, slow postoperative recovery, intense pain, and increased risk of recurrent ASBO. As laparoscopic techniques have advanced, their application in acute SBO has increased, yielding favorable outcomes (4, 16). However, the role of laparoscopy in managing acute SBO, especially in pediatric cases, remains controversial (9, 10, 17). Pediatric cases of acute and chronic bowel obstruction due to foreign bodies are not uncommon, with many requiring emergency surgeries. While previous studies have predominantly described open procedures, reports of laparoscopic approaches are becoming more frequent, especially in large pediatric centers, where laparoscopy is gaining traction as a mainstream option for foreign body-induced obstruction (13, 18, 19). We reviewed recent trends in surgical approaches to determine the optimal management strategies for this type of obstruction.


4.1 Etiology of pediatric acute SBO

In adults, acute SBO is primarily caused by ASBO (approximately 75%) and tumors (16, 20). In children, however, the causes are more diverse (Figures 1, 2). Our 5-year review of pediatric acute SBO cases at the center (excluding intussusception, incarcerated hernias, inflammatory bowel disease, and congenital digestive tract abnormalities) identified 80 cases. Among them, 39 cases (48.7%) had a history of abdominal surgery, consistent with previous pediatric reports (17, 21). These 39 children with ASBO mainly developed the condition after bowel resection and anastomosis, appendectomy, or intestinal malrotation. Similar distributions were reported in previous series (8, 17, 21). However, some reports included cases such as fundoplication or gastrostomy tube placement, which were not present in our cohort, likely reflecting differences in patient selection and surgical practices across centers (17). Approximately 50% of the children without ASBO had obstructions that were mainly caused by Meckel's diverticulum hernia, constriction bands, gastrointestinal foreign bodies, volvulus, and appendicitis, and this distribution was also generally consistent with previous studies (8, 21).


[image: Panel 1 shows an abdominal X-ray revealing intestinal obstruction. Panel 2 presents a surgical close-up of a tool grasping a portion of the small intestine. Panel 3 displays gloved hands exposing a segment of bowel protruding through an abdominal incision. Panel 4 depicts two dark, irregularly shaped foreign objects on a surgical tray with forceps nearby. Panel 5 displays a close-up of a healing, sutured surgical wound at the umbilicus.]
FIGURE 1
(1) Abdominal X-ray showing complete intestinal obstruction. (2) Intraoperative view showing the transition zone between dilated and non-dilated small bowel. (3) Exteriorization of the affected bowel segment containing the gastrointestinal foreign body through the umbilical incision. (4) Identification of foreign body as tannic acid fecalith. (5) Appearance of postoperative abdominal wound at 1 week. SBO, small bowel obstruction. A few panels were adapted from Dong et al. (13), under CC BY 4.0.



[image: Laparoscopic surgical sequence comprises four panels. Panel one displays a laparoscopic instrument holding tissue inside the abdominal cavity. Panel two shows an instrument making a small incision. Panel three features a grasper labeled "KARL STORZ" manipulating tissue. Panel four presents an instrument elevating a thin, red tissue structure for examination.]
FIGURE 2
(1) Gastrointestinal foreign body (hair) causing an SBO. (2) Postoperative secondary adhesion causing an acute SBO following choledochal cyst surgery. (3) Congenital adhesion leading to an acute SBO. (4) Acute strangulated SBO caused by a hernia in a Meckel's diverticulum. SBO, small bowel obstruction. A few panels were adapted from Dong et al. (13), under CC BY 4.0.




4.2 Indications for laparoscopic surgery and key intraoperative points

Our indications for laparoscopic surgery were largely consistent with those reported in previous studies, which emphasized normal cardiopulmonary function, stable hemodynamics, the absence of severe abdominal distension, no history of abdominal surgery within the previous 2 months, and no history of abdominal malignancy, consistent with previous reports (12, 14, 22).

Placing the first trocar is crucial, and we recommend using the Hasson technique. In children with a previous laparotomy, place the trocar away from scars. If the abdomen palpates with significantly dilated loops, the trocar should be placed away from the dilated bowel. The umbilicus is the first and default site in most cases. If adhesions are extensive, the gap between the abdominal wall and the bowel can be gently separated using the laparoscope, and the second trocar can be placed under direct visualization. We prefer placing the second trocar in the left abdomen and maintaining an inter-port distance of at least 4–5 cm. The approach is consistent with previous routines (23).

After entry, we quickly assess the entire cavity. If the obstruction site is obvious, it is directly managed; otherwise, exploration proceeds from the cecum proximally along the ileum until the transition zone is located. The proximal bowel is often thickened, edematous, and fragile, increasing the risk of perforation. Gentle handling with atraumatic forceps and traction away from the edematous segment are essential. The use of ultrasonic scalpels or Ligasure is recommended for dividing adhesions and sealing small mesenteric vessels. Adhesions between bowel loops or between the bowel and the abdominal wall are often difficult to delineate and require careful identification. Dissecting scissors can be used to separate adhesions, allowing for a combination of sharp and blunt dissection to be performed carefully. Minor bleeding is usually controlled without electrocoagulation, and complete resection of the proximal bowel is unnecessary unless specific issues are found. This detailed technique aligns with previous reports advocating atraumatic dissection with careful instrument handling to minimize bowel injury (24) and stressing the importance of identifying the transition zone early so that extensive proximal bowel resection is often unnecessary (25).



4.3 Reasons for conversion to open surgery

In this study, 11 patients in the laparoscopic group required conversion to open surgery. Three conversions (approximately 27.3%) resulted from limited space or poor exposure, primarily due to dilated bowel loops obscuring the surgical field. Initial attempts at bowel decompression by puncture were ineffective due to the high residual content after the obstruction, which made decompression inadequate. The puncture needle also often slipped out and risked contaminating the abdominal cavity. Proper positioning, sufficient muscle relaxation, and the use of atraumatic bowel forceps, with the cooperation of an anesthesiologist, provided better exposure. Extensive and dense adhesions between bowel loops or between the bowel and the abdominal wall were another common reason for conversion (approximately 72.7%), requiring advanced laparoscopic skill and experience. Our review of all 80 acute SBO surgeries revealed that only nine cases (11.3%) had extensive adhesions, while 51 cases (63.7%) had single-site adhesions, findings consistent with previous reports (23). These data suggest that most pediatric acute SBO cases can be safely managed with standard laparoscopic techniques. With growing surgical proficiency, the conversion rate is expected to decline progressively.

Additionally, foreign body ingestion is a common cause of acute SBO, and the ingestion history is often unclear. Our study demonstrated that foreign bodies were unexpectedly found in seven out of 15 cases (46.7%). Ten children (10/15, 66.7%) underwent laparoscopically assisted surgery with an extended umbilical incision, which allowed successful foreign body removal without conversion to open surgery, a slightly higher laparoscopic rate than previously reported (approximately 60%) (13). The laparoscopic group showed significantly shorter postoperative fasting time and hospital stay compared with the open group, along with shorter operation times and faster recovery. Gastrografin challenge is a useful diagnostic tool for gastrointestinal obstruction. When the cause or site of the obstruction was uncertain, it helped assess both the severity and location. In both laparoscopic and open procedures, most obstructions occurred in the terminal ileum, likely because the foreign body could not pass through the ileocecal valve (26).



4.4 Prevention and management of common complications

The most common intraoperative complications in both laparoscopic and open adhesiolysis procedures are injury to the serosal and muscular layers of the bowel (27). The bowel's course and boundaries are unclear when bowel loops are tightly adherent in SBO. Based on our experience and previous studies (16, 27–32), dissection should begin at relatively clear anatomical landmarks, progressing from more straightforward to more challenging areas. Additionally, it is crucial to separate the adhesions while observing from multiple angles to prevent accidentally stripping the seromuscular layer of the bowel (16, 27, 30). A serosal injury does not require intervention, but any muscular layer injury should be repaired with absorbable sutures (31). If bowel perforation occurs during laparoscopic surgery, healthy bowel around the perforation site should be sutured with absorbable sutures. If the bowel injury is extensive, the perforation can be sealed laparoscopically, with a slight enlargement of the umbilical incision for exteriorization and repair of the injured bowel (32).

The most common postoperative complication is recurrent bowel obstruction, which can usually be relieved with conservative treatment (16). In this study, the incidence of postoperative recurrent bowel obstruction was 7.5% (3/40) in the laparoscopic group, which was slightly lower than that in the open surgery group (12.5%, 5/40), though the difference was not statistically significant. However, relevant studies suggest that the incidence of bowel obstruction after laparoscopic surgery is lower than after open surgery (4, 33).



4.5 Limitation

This study had several limitations. First, the results of the study could have been influenced by different types of biases. For example, there may have been selection bias in the choice between laparoscopic and open surgery, as it was determined by the surgeon's judgment and family preference rather than uniform clinical criteria, which may have influenced the comparability between groups (34). Moreover, there may have been confounding bias, as a significantly higher proportion of patients in the open surgery group had a history of prior abdominal surgery, which may have confounded the observed differences in outcomes and limited the generalizability of the findings (35). Furthermore, other potential confounders, such as variability in surgeon experience (e.g., assessment of abdominal distension), differences in institutional protocols, and the presence of patient comorbidities, may have influenced perioperative outcomes. Second, as a retrospective study, the analysis was based on existing medical records, which may be subject to incomplete or inconsistent documentation, thereby introducing information bias (29). Third, after excluding patients with a history of prior abdominal surgery and those who required conversion to open surgery, the remaining sample size was reduced to n = 32, which may have limited the statistical power of the subgroup analyses. Fourth, this was a single-center study, and institutional practices and surgeon expertise may not be representative of broader clinical settings, thereby limiting the external validity of the results. Finally, long-term follow-up data were not available, precluding evaluation of important outcomes such as recurrence of obstruction, adhesion formation, and long-term quality of life.




5 Conclusion

Laparoscopy appears to be a safe and effective option for pediatric acute SBO in appropriately selected patients. It may offer benefits in recovery time and hospital stay without increasing complication rates. However, these findings are limited by this study’s retrospective design and selection criteria.
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Objective: This study aimed to summarize the clinical experience of Endoscopic Retrograde Cholangiopancreatography (ERCP) in a pediatric population, analyzing the disease spectrum, procedural characteristics, and clinical outcomes to contribute to the understanding of its application in children.



Methods: This study reviewed the clinical data of children who presented to our hospital and underwent ERCP and related procedures between January 2021 and December 2024. Collected data encompassed patient demographics, specific disease indications, detailed endoscopic techniques employed, procedural success rates, and the incidence and management of related complications.



Results: The study cohort had a mean age of 8.31 ± 3.63 years. The primary indication for ERCP was pancreatic disease, accounting for 72% (134/186) of procedures. These included chronic pancreatitis (n = 75), pancreatic trauma (n = 17), and acute pancreatitis with pseudocysts (n = 17). Biliary diseases constituted 28% (52/186), mainly choledocholithiasis (n = 33) and pancreatobiliary maljunction (n = 9). Commonly performed endoscopic interventions were pancreatic duct stent placement (n = 95), biliary stent placement (n = 50), and stone extraction from both ducts (n = 70 and 33, respectively). The overall procedural success rate was 90.5% (171/186). A significant difference was noted when stratified by operation time: procedures completed within 60 min had a 96.7% (115/119) success rate, compared to 80.0% (56/70) for those lasting 60 min or longer (P < 0.001). Post-procedure complications were recorded in 11 cases (5.9%), including post-pancreatitis (n = 6), infection (n = 4), and gastrointestinal bleeding (n = 1).All complications were all resolved with conservative medical management.



Conclusion: This study confirms that pancreatic diseases (accounting for 72%) are the main indication. Endoscopic Retrograde Cholangiopancreatography (ERCP) has a high success rate (90.5%) in the diagnosis and treatment of biliary and pancreatic diseases in children. However, prolonged procedure time (>60 min) significantly reduces the success rate.
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1 Background

With the rapid advancement of minimally invasive techniques, endoscopic retrograde cholangiopancreatography (ERCP) has evolved into a pivotal modality for the diagnosis and management of pancreatobiliary diseases in the pediatric population (1). However, due to the distinct anatomical characteristics and technical challenges associated with this demographic, clinical data pertaining to pediatric ERCP remain relatively limited. This study aims to systematically review the application of ERCP in pediatric patients through a retrospective analysis of clinical data spanning four years from a single center, thereby providing valuable evidence to inform clinical practice.



2 Materials and methods


2.1 Study population

This study retrospectively analyzed the clinical data of 143 pediatric patients who underwent ERCP and related procedures at Beijing Children's Hospital between January 2021 and December 2024, encompassing a total of 186 ERCP procedures. The inclusion criteria were strictly defined as follows: ① age ≤ 18 years; ② presence of clear indications for interventional procedures targeting pancreatobiliary diseases; and ③ availability of complete ERCP procedural records. The exclusion criteria included: ① concomitant severe coagulation disorders; ② presence of absolute contraindications to endoscopy; and ③ cases with incomplete medical records; ④ The patient should undergo outpatient follow-up within 1 year. The study protocol was approved by the Hospital's Ethics Committee (Ethic No. [2025]-E-152-R), and written informed consent was obtained from the parents or legal guardians of all participants.



2.2 Procedural technique

All ERCP procedures were performed by experienced endoscopists using an Olympus duodenoscope. Specifically, each operator had previously completed more than 50 pediatric ERCP cases. Following a 12-hour fasting period, all patients underwent the procedure under general anesthesia with endotracheal intubation in the prone position. A Japanese Olympus TJF-260 electronic duodenoscope was employed for all endoscopic interventions.

The duodenoscopic examination and related therapeutic maneuvers were conducted in accordance with established expert consensus guidelines (2). Intraoperative assessment was performed to evaluate for any developmental anomalies of the pancreatobiliary anatomy. Key procedural parameters, including the total procedure time and specific techniques employed, were meticulously documented.

Appropriate ERCP-based therapies were administered based on the underlying pancreatobiliary pathology:


	(1)For choledocholithiasis or pancreatic duct stones, procedures such as endoscopic sphincterotomy (EST), endoscopic papillary balloon dilation (EPBD), and stone extraction were performed.

	(2)For biliary strictures, balloon or bougie dilation was undertaken, followed by endoscopic retrograde biliary drainage (ERBD) with stent placement.For chronic pancreatitis accompanied by pancreatic duct strictures, endoscopic retrograde pancreatic drainage (ERPD) with stent insertion was conducted.

	(3)For acute cholangitis, endoscopic nasobiliary drainage (ENBD) was established.

	(4)For patients with pancreas divisum, a series of procedures was carried out, including minor papilla cannulation, pancreatography, minor papillotomy, pancreatic duct dilation, and endoscopic naso-pancreatic drainage (ENPD) where indicated.





2.3 Study objectives

The primary objectives of this study were: (1) to analyze the distribution characteristics of indications for pediatric ERCP, and (2) to evaluate the correlation between operative time and success rate. The secondary objectives was to assess the safety of ERCP.


2.3.1 To analyze the distribution characteristics of indications for pediatric ERCP

Based on clinical presentations and intraoperative ERCP findings, the indications for ERCP were categorized into biliary diseases and pancreatic diseases. Biliary diseases were further classified into conditions such as choledocholithiasis, pancreatobiliary maljunction, biliary tract injury, gallstone pancreatitis, and primary sclerosing cholangitis. Pancreatic diseases were subclassified into chronic pancreatitis, pancreatobiliary maljunction, acute pancreatitis with pancreatic pseudocyst, pancreatic trauma, pancreatic duct injury, pancreatic tumors, and inflammatory pancreatic lesions. The number of procedures performed for each disease entity was recorded.



2.3.2 To evaluate factors associated with procedure time and success rate

Technical success was defined as successful duodenal papillary intubation and completion of endoscopic procedures; Clinical success was defined as follow-up of the child's clinical symptoms based on technical success, including symptom relief, reduction in disease recurrence frequency, or improvement in nutritional status (BMI). Demographic characteristics (age, weight, gender), disease type (subcategories of pancreatic/biliary diseases), and procedural parameters (procedure duration, cannulation success rate, complications) were documented. These variables were further analyzed to identify factors correlated with procedure time and technical success rate.



2.3.3 To assess the safety of ERCP: we document the incidence of postoperative complications

Complications were defined and recorded as follows:


	(1)Post-ERCP Pancreatitis (PEP): Defined as new or worsened abdominal pain occurring after the procedure, accompanied by a serum amylase level exceeding three times the upper limit of normal at 24 h post-ERCP. Asymptomatic hyperamylasemia was defined as an elevated serum amylase level (>3 times the upper limit of normal) in the absence of abdominal pain.

	(2)Bleeding: Categorized as immediate (occurring during or immediately after the procedure) or delayed (occurring hours to weeks post-procedure), primarily related to sphincterotomy. Clinically significant bleeding was defined as a post-procedure decrease in hemoglobin level by ≥3 g/dL compared to the pre-procedure baseline.

	(3)Perforation: Suspected in cases of worsening abdominal pain post-ERCP and confirmed by imaging findings such as free air under the diaphragm or in the retroperitoneum on plain abdominal radiograph or computed tomography (CT), or subcutaneous emphysema in the neck. Guidewire-related perforation was a primary concern.

	(4)Post-ERCP Cholangitis and/or Cholecystitis: Diagnosed based on the emergence of symptoms such as abdominal pain, fever, and a significant rise in white blood cell count following the procedure.





2.3.4 Statistical analysis

Statistical analyses were performed using SPSS software (version 26.0). Continuous variables with a normal distribution were presented as mean ± standard deviation (Mean ± SD) and compared using the Student's t-test. Non-normally distributed continuous data were expressed as median (range) [M (Min, Max)] and compared using non-parametric tests. Spearman's rank correlation coefficient was used for correlation analysis. Categorical data were described as frequencies (percentages) and compared using the Chi-square test or Fisher's exact test, as appropriate. A two-tailed P-value of < 0.05 was considered statistically significant.





3 Results


3.1 Baseline characteristics

A total of 143 pediatric patients were included in this study. The cohort consisted of 66 males (46.2%) and 77 females (53.8%). The age range was from 9 months to 15 years, with a mean age of 8.31 ± 3.630 years. The median body weight was 26.25 kg [interquartile range (IQR): 17.58–41.13 kg], with an overall range of 8.7–107.5 kg.



3.2 Spectrum of diseases managed by ERCP

A total of 186 ERCP procedures were included in the analysis. Pancreatic diseases constituted the primary indication, accounting for 134 procedures (72.0%), while biliary diseases were less common, comprising 52 procedures (28.0%). Among the biliary diseases, choledocholithiasis was the most frequent indication (33 procedures, 63.5% of biliary cases), followed by pancreatobiliary maljunction (9 procedures, 17.3%) and postoperative biliary injury (8 procedures, 15.4%). Within the spectrum of pancreatic diseases, chronic pancreatitis was the leading indication (75 procedures, 56.0% of pancreatic cases). The etiologies of chronic pancreatitis included hereditary pancreatitis (44 procedures), pancreas divisum (11 procedures), annular pancreas (3 procedures), and idiopathic causes (11 procedures). Acute pancreatitis with pseudocyst and pancreatic trauma each accounted for 17 procedures (12.7% each). Additionally, ERCP was performed for pancreatitis secondary to pancreatobiliary maljunction (5 procedures), pancreatic tumors (15 procedures), and inflammatory pancreatic lesions (4 procedures).Details are presented in Table 1.



TABLE 1 Spectrum of indications for ERCP procedures.



	Disease category
	Specific disease
	Number of procedures (n)
	Proportion (%)





	Biliary diseases
	
	52
	28.0



	
	Choledocholithiasis
	33
	17.7



	
	Pancreatobiliary maljunction
	9
	4.8



	
	Postoperative bile duct injury
	8
	4.3



	
	Other biliary diseasesaa
	2
	1.1



	Pancreatic diseases
	
	134
	72.0



	
	Chronic pancreatitis
	75
	40.3



	
	

	-Hereditary pancreatitis



	44
	23.7



	
	

	-Pancreas divisum



	11
	5.9



	
	

	-Annular pancreas



	3
	1.6



	
	

	-Idiopathic Pancreatitis



	11
	5.9



	
	Acute pancreatitis with pseudocyst
	17
	9.1



	
	Pancreatic trauma
	17
	9.1



	
	Pancreatic tumors
	15
	8.1



	
	Pancreatitis due to PBM
	5
	2.7



	
	Inflammatory pancreatic lesions
	4
	2.2



	
	Other pancreatic diseasesbb
	1
	0.5



	Total
	
	186
	100.0




	PBM, pancreatobiliary maljunction.


	aOther biliary diseases: including gallstone pancreatitis (n = 1) and primary sclerosing cholangitis (n = 1).


	bOther pancreatic diseases: pancreatitis associated with ulcerative colitis (n = 1).









3.3 ERCP and related therapeutic procedures

An analysis of the therapeutic interventions performed during ERCP revealed the following: Endoscopic sphincterotomy (EST) was conducted in 53 procedures. In the context of biliary diseases:Endoscopic stone extraction from the common bile duct was performed in 33 procedures. Endoscopic biliary stent placement was carried out in 50 procedures. Biliary stent exchange was undertaken in 2 procedures. For pancreatic diseases: Pancreatic duct stone extraction was performed in 70 procedures. Pancreatic duct stent placement was conducted in 95 procedures.Pancreatic duct stent exchange was undertaken in 19 procedures.Endoscopic dilation of pancreatic duct strictures was performed in 19 procedures.



3.4 Procedural outcomes

This study enrolled 189 ERCP procedures, achieving a total technical success rate of 90.5% (171/189). Procedure duration was the key determinant of technical success: the ≤60-minute group (119 cases) demonstrated a success rate of 96.7% (115/119), significantly higher than the>60-minute group (70 cases) with 80.0% (56/70). The absolute risk difference was 16.7% (95% CI: 8.1%–25.3%), with a relative risk of 1.21 (95% CI:1.09–1.34), showing a statistically significant intergroup difference (χ2 = 28.324, P < 0.001). Furthermore, technical success rates showed no significant correlation with patient age, body weight, or disease classification (P > 0.05).



3.5 Procedure-Related complications

Post-procedural complications occurred in 11 cases (5.9%). The most common complications included post-ERCP pancreatitis (PEP) in 6 cases (3.2%), infection in 4 cases (2.2%), and gastrointestinal bleeding in 1 case (0.5%). But there were hyperamylasemia in 56 cases (30.1%). All complications were managed conservatively with a full recovery.




4 Discussion

Endoscopic retrograde cholangiopancreatography (ERCP) is a well-established procedure for the diagnosis and treatment of pancreatobiliary diseases in adults. However, its application in the pediatric population remains technically challenging. Children are not merely “small adults”; significant differences exist in disease spectrum, anatomical and physiological characteristics, and procedural approaches compared to adults (3).

According to current national and international data, ERCP in adults is primarily utilized for hepatobiliary diseases (2). In contrast, our study demonstrates that pancreatic diseases (72.0%) constitute the primary indication for ERCP in children, challenging the conventional perception dominated by biliary disorders (3, 4). This distribution is highly consistent with recent international multicenter studies, indicating that ERCP has evolved into a pivotal therapeutic modality for pancreatic diseases in the pediatric population (5, 6). Among pediatric pancreatic diseases, chronic pancreatitis (CP) was the most frequent indication (40.3%), with hereditary pancreatitis being the leading etiology for CP (23.7%), consistent with findings from the INSPPIRE consortium (5). Pancreatic ductal anatomic anomalies represent another important etiological category for CP in children (7). In our cohort, pancreas divisum (PD) accounted for 14.7% of cases, aligning with existing literature identifying PD as a contributor to pediatric CP (7). However, the causal relationship between PD and pancreatitis remains controversial (7).Minor papilla sphincterotomy may be considered for patients with idiopathic recurrent acute pancreatitis (iRAP) and PD. Nevertheless, current evidence is predominantly derived from observational studies with inherent limitations. Recent investigations suggest that endoscopic therapy provides limited benefit for pain relief in patients with chronic abdominal pain or CP associated with PD and is not routinely recommended (7). Consequently, close follow-up is essential for children with PD to monitor for recurrent pancreatitis or progression to CP.

With advancements in imaging technology, non-invasive modalities are now primarily used for diagnosing pancreatobiliary diseases, while ERCP is predominantly reserved for therapeutic purposes (2). Although various ERCP-based techniques exist, the primary goal in treating pediatric pancreatobiliary diseases is to improve drainage of the biliary and pancreatic ducts. In our study, for pancreatic diseases, interventions aimed to relieve obstruction, reduce pancreatic duct pressure, alleviate pain, and slow disease progression. Corresponding procedures included pancreatic duct stone extraction (70 sessions), endoscopic retrograde pancreatic drainage (ERPD) with stent placement (95 sessions), and pancreatic duct stricture dilation (19 sessions). The predominance of stone extraction and stent placement reflects a preference for simpler techniques to achieve therapeutic goals (5).Another distinction from adult ERCP practice is the greater emphasis on preserving sphincter of Oddi function during stone extraction from the bile or pancreatic ducts (8). Among the 103 stone extraction procedures in our series, approximately 51.5% involved sphincterotomy, while the remainder utilized endoscopic papillary balloon dilation (EPBD) or temporary stent placement. This demonstrates the feasibility of stone removal in children while striving to preserve papillary function, aligning with the latest European Society of Gastrointestinal Endoscopy (ESGE) guidelines, which recommend balloon dilation over sphincterotomy for stone extraction when possible (9).

Given its technical complexity, the success rate of ERCP is a major concern for clinicians. Our study reported an overall technical success rate of 90.5%, comparable to rates reported in adults. Factors contributing to ERCP failure include anatomical and technical aspects (10). Technical factors primarily relate to the endoscopist's skill and device selection, while anatomical challenges encompass papillary anatomical variants, post-surgical alterations, and strictures or tortuosity of the bile/pancreatic ducts. Unlike adults, children present a smaller working space, developing pancreatobiliary systems, and a distinctly different disease spectrum (11). Nevertheless, our findings indicate that pediatric ERCP success rates can be equivalent to those in adults. Furthermore, our analysis revealed no significant correlation between technical success and patient age or body weight. However, a strong negative correlation was identified between procedural success and duration (P < 0.001). The success rate was significantly higher in procedures lasting ≤60 min (96.7%) compared to those exceeding 60 min (80.0%). This suggests that for pediatric ERCP, if the procedure extends beyond 60 min, consideration should be given to whether to continue. While average procedural duration data for adult ERCP is scarce for direct comparison, the median time in our cohort was 55 min, ranging from 20 to 140 min. The significant difference in success rates between the ≤60-minute and >60-minute groups led us to choose 60 min as the cutoff for analysis. A procedure time exceeding 60 min was an independent risk factor for decreased technical success (96.7% vs. 80.0%). This critical threshold holds significant clinical value. Prolonged procedure time often indirectly indicates difficult cannulation (defined as a time to selective cannulation ≥15 min (9) and may be accompanied by operator fatigue and local tissue edema. Therefore, persisting with conventional methods beyond 60 min may yield diminishing returns, and consideration should be given to escalating the technical approach (e.g., using a pre-cut technique, seeking assistance) or terminating the procedure to avoid increasing the risk of complications (12).

This study has several limitations that should be considered when interpreting the results. First, its single-center retrospective design may introduce selection bias and unmeasured confounding factors, despite our efforts to adjust for available variables. Secondly, and more critically, key potential confounders such as case complexity (e.g., anatomical variations, previous interventions) and operator experience were not systematically recorded or analyzed. These factors likely influence both procedural duration and technical success, potentially confounding the observed association between longer operation time and lower success rates. Therefore, the strength of this association should be interpreted with caution. Future prospective studies that rigorously document case difficulty and operator skill level are needed to validate and refine our findings. Thirdly, the relatively limited sample size may affect the statistical power for analyzing rare complications or subgroups. Finally, the lack of long-term follow-up data prevents an assessment of the long-term benefits of the sphincter-preserving strategies.

This study confirms that pediatric ERCP possesses unique characteristics regarding its indications, key factors determining technical success, and therapeutic principles. In clinical practice, while pursuing a high technical success rate, optimizing procedure time and incorporating organ function preservation as a core principle are paramount.
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Background: Although thoracoscopic repair in China has emerged as a preferred and increasingly adopted minimally invasive approach for esophageal atresia (EA), anastomotic complications remain a major concern, with reported incidences ranging from 15% to 80%. However, the independent risk factors for these complications in a homogeneous surgical population remain poorly characterized.



Methods: This single—center retrospective cohort study recruited neonates with type III EA who underwent primary thoracoscopic repair. Comprehensive demographic, operative, and anatomic variables were gathered. Univariate and multivariable logistic regression analyses were utilized to identify independent predictors for anastomotic leak (AL), anastomotic stricture (AS), and recurrent tracheoesophageal fistula (recurrent TEF).



Results: The cohort had a mean birth weight of 2,597 g and a median operative time of 2.3 h. The incidences of AL, AS, and recurrent TEF were 15.4%, 74.6%, and 6.5%, respectively. Multivariable analysis identified distinct etiological mechanisms: an operative time of ≤2 h independently protected against AL (OR 0.24, 95% CI 0.09–0.63); the institutional learning curve attenuated traditional AS risk factors such as low birth weight; and the presence of a respiratory anomaly was the strongest predictor of recurrent TEF (OR = 8.84; 95% CI, 2.09–33.47). Minimal co-occurrence among the three complications (phi coefficients ≈ 0) confirmed their etiological independence.



Conclusion: The three major anastomotic complications of thoracoscopic EA repair stem from distinct mechanisms. Anastomotic leak was independently protected by operative time ≤2 h (OR 0.24, 95% CI 0.09–0.63). The institutional learning curve attenuated traditional risk factors for anastomotic stricture (incidence 74.6%). Recurrent TEF was predominantly associated with respiratory anomalies (OR 8.84, 95% CI 2.09–33.47). This highlights the need for precision-based management. The robustness of these key associations was further confirmed through sensitivity analyses and enhanced methodological rigor, including assessments of predictor correlations and model diagnostics.
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anastomotic complications, esophageal atresia, neonatal minimally invasive surgery, operative efficiency, precision surgery, respiratory malformations, surgical learning curve, thoracoscopic repair





1 Introduction

Esophageal atresia (EA) is a life-threatening congenital anomaly that necessitates urgent surgical correction in neonates. Gross type C (type III) EA, characterized by a proximal blind pouch and a distal tracheoesophageal fistula, represents the predominant subtype, accounting for over 85% of all cases (1, 2). Its high prevalence, coupled with the feasibility of primary anastomosis, has made it a central focus for surgical outcomes research. The primary challenge lies in achieving a tension-free and well-vascularized anastomosis in neonates, whose fragile thoracic anatomy and immature physiology render them particularly susceptible to postoperative complications (3).

The introduction of thoracoscopic repair (TR) has significantly advanced the management of EA by providing a minimally invasive approach that reduces musculoskeletal sequelae and enhances visualization within the confined neonatal thoracic cavity (4, 5). Despite these technical advantages, anastomotic complications–specifically anastomotic leak (AL), anastomotic stricture (AS), and recurrent tracheoesophageal fistula (recurrent TEF)–remain major determinants of postoperative morbidity, long-term functional outcomes, and prolonged hospitalization (3, 6). These complications continue to pose a significant barrier to optimizing recovery and achieving consistent surgical success.

Although numerous studies have demonstrated the non-inferiority of TR compared with open repair, important knowledge gaps persist (3). Many existing studies are either descriptive or rely on univariate analyses that cannot adjust for confounding variables. Furthermore, research often combines various EA subtypes and surgical techniques, thereby obscuring procedure-specific risk factors. Consequently, the independent predictors uniquely associated with AL, AS, and recurrent TEF following thoracoscopic repair for type III EA specifically are poorly defined. It also remains uncertain whether these complications share common underlying mechanisms or arise from distinct etiological pathways (3, 7).

Therefore, this study aimed to dissect the distinct etiologies of major anastomotic complications by employing multivariable analysis in a homogeneous cohort of neonates with type III EA undergoing primary TR. We sought to determine whether the risk of each complication is primarily influenced by modifiable technical factors or by inherent patient-related characteristics, and to clarify the potential interrelationship among these complications.



2 Materials and methods


2.1 Study design and patient population

This single-center retrospective cohort study was conducted in accordance with the Declaration of Helsinki and was approved by the Medical Ethics Committee of Guangdong Women and Children Hospital (Approval No.: 20251102). The requirement for informed consent was waived due to the retrospective nature of the study, in compliance with national regulations and institutional policies.

All neonates with gross type III esophageal atresia (EA) who underwent thoracoscopic repair at our institution between January 2017 and June 2025 were consecutively screened for eligibility. The following exclusion criteria were applied: 1) non—neonatal surgery (operation performed beyond 28 days of life); 2) patients who underwent only palliative procedures (fistula ligation and/or gastrostomy without anastomosis); 3) postoperative mortality and discharge against medical advice before outcome assessment.



2.2 Data collection and preprocessing

Comprehensive demographic, preoperative, intraoperative, and postoperative data were extracted from electronic medical records. The collected variables and their definitions are as follows:

Demographics: Sex, gestational age (weeks), birth weight (grams), and age at surgery (days).

Operative Variables:

*Operative Time: From skin incision to closure, categorized as Short (≤2 h), Medium (2–3 h), or Long (>3 h).

*Operative Complexity: A center-defined classification reflecting the performance of concomitant procedures during the primary thoracoscopic repair. This categorization reflects that concomitant procedures, while not increasing the intrinsic technical difficulty of the esophageal anastomosis, prolong operative time, increase tissue manipulation, and heighten physiological stress. These factors may collectively influence the perioperative environment and anastomotic healing.

C0 (Basic complexity): Isolated thoracoscopic repair of TEF and esophageal anastomosis.

C1 (Moderate complexity): C0 procedure plus one additional procedure: either a laparoscopic upper gastrointestinal procedure, a simple feeding/decompression stoma, or a single non-major superficial procedure.

C2 (High complexity): C0 procedure plus any of the following: a colostomy, a complex reconstruction of the distal gastrointestinal tract, or two or more additional procedures.

*Surgeon: The primary operating surgeon (one of two senior pediatric surgeons).

*One-Lung Ventilation: Recorded as “Yes” or “No” based on intraoperative anesthesia records.

Anatomic Variables (3)

*Proximal Pouch Level: Determined intraoperatively by referencing the thoracic vertebral column and categorized as: High (pouch tip at or cranial to the T2 vertebra), Medium (between T2 and T3 vertebrae), or Low (at or caudal to the T3 vertebra).

*Gap Length: Measured preoperatively on CT esophagogram (Preoperative_CT_Gap_Length) and directly during surgery (Intraoperative_Gap_Length) in centimeters.

*Tension Index (3, 8): A dimensionless ratio calculated as Intraoperative_Gap_Length (cm)/Birth Weight (kg), as previously described (8) to quantitatively assess the relative tension at the anastomotic site.

Associated Anomalies (3): Associated congenital anomalies were systematically documented as present or absent for the following systems based on objective diagnostic criteria:

*Cardiovascular: Major cardiac anomalies requiring surgical intervention or long-term follow-up (e.g., septal defects, tetralogy of Fallot, patent ductus arteriosus), diagnosed via echocardiography.

*Respiratory: The presence of a respiratory anomaly was strictly defined based on objective preoperative or intraoperative findings, confirmed by laryngotracheobronchoscopy and/or cross-sectional imaging, and included any of the following:

Laryngotracheomalacia, defined as >70% expiratory collapse of the airway lumen on dynamic bronchoscopy.

Vocal cord paralysis, documented by laryngoscopy or bronchoscopy.

Laryngeal cleft, diagnosed by direct laryngoscopy or bronchoscopy.

Subglottic stenosis, confirmed by bronchoscopy.

Tracheal bronchus or other major airway anomalies, identified by bronchoscopy or computed tomography (CT).

Congenital pulmonary airway malformation (CPAM) or bronchopulmonary sequestration (BPS), diagnosed by prenatal or postnatal CT imaging.

Isolated, mild laryngomalacia without significant functional impairment was excluded from this category.

*Gastrointestinal anomalies: Documented by radiography, ultrasonography, or operative findings (e.g., anorectal malformations, duodenal atresia, intestinal malrotation).

*Genitourinary anomalies: Identified by renal ultrasonography (e.g., renal agenesis/dysplasia, hydronephrosis, vesicoureteral reflux).

*Musculoskeletal anomalies: Confirmed by radiography or physical examination (e.g., vertebral anomalies, limb defects, rib abnormalities).

The variable Any_Anomaly was defined as the presence of one or more major congenital anomalies in any of the aforementioned systems.

Categorical variables (e.g., sex, gestational age category, birth weight category, operative time category, operation complexity, surgeon, proximal pouch level, use of one-lung ventilation, and the presence of associated anomalies) were converted into factors for analysis. The primary outcomes (anastomotic leak, stricture, recurrent TEF) were transformed into binary factor variables (“Yes” “No”).



2.3 Outcome definitions

The primary outcomes were the occurrence of three major anastomotic-related complications, defined as follows (3, 9):

Anastomotic Leak: A clinical diagnosis was made based on one or more of the following criteria: (a) clinical evidence of persistent salivary or food drainage from the surgical incision or chest tube; (b) radiological evidence of contrast extravasation on esophagogram; (c) suggestive radiological findings (e.g., new-onset pneumomediastinum or pleural effusion) in the appropriate clinical context.

Anastomotic Stricture: A clinical diagnosis was made based on one or more of the following criteria: (a) direct endoscopic management of food bolus impaction; (b) presence of feeding difficulties AND objective radiological confirmation; (c) detection of significant luminal narrowing on routine postoperative surveillance esophagogram.

Recurrent Tracheoesophageal Fistula: Diagnosed by bronchoscopy with methylene blue test confirmation.



2.4 Surgical technique

All procedures were performed by one of two senior pediatric surgeons using a standardized thoracoscopic approach under CO2 pneumothorax. The fundamental steps included fistula division, meticulous mobilization of the proximal and distal esophageal pouches, and tension-free single-layer anastomosis (5, 10, 11).



2.5 Statistical analysis

Study Design and Aim: This retrospective cohort study aimed to identify factors independently associated with anastomotic complications, not to establish causal relationships.

Univariate Screening: To identify candidate variables for multivariable modeling, we first performed univariate comparisons between patients with and without each complication. Continuous variables were compared using Welch Two Sample t-test or the Wilcoxon rank-sum test, as appropriate based on data distribution. Categorical variables were compared using Pearson's Chi-squared test or Fisher's exact test, as appropriate. Variables with a p-value < 0.1 in these univariate comparisons were selected as candidates for the subsequent multivariable logistic regression model. The complete results of these univariate comparisons are detailed in Supplementary Tables S1–S3.

Validation of Screening Method and Formal Variable Selection: To ensure methodological consistency with the final regression model and to validate the candidate variable set, we performed univariate logistic regression for all predictors. The set of candidate variables (p < 0.1) identified by this method was consistent with the initial screening approach. The complete results of these univariate logistic regression analyses are provided in Supplementary Table S5.

Assessment of Predictor Correlation: Prior to multivariable modeling, we assessed potential multicollinearity among the candidate continuous predictors by calculating Pearson’s correlation coefficients. No pair of variables showed a correlation coefficient with an absolute value greater than 0.7, indicating that multicollinearity would not preclude their simultaneous inclusion in a regression model (Supplementary Table S6 and Supplementary Figure S1).

Multivariable Analysis: Candidate predictors for each complication were entered into separate multivariable logistic regression models to identify independent risk factors. Results are presented as odds ratios (OR) with 95% confidence intervals (CI). A two-tailed p-value < 0.05 was considered statistically significant.

Regression Diagnostics: To validate the robustness and goodness-of-fit of the final multivariable models, we performed comprehensive regression diagnostics. This included calculating the Variance Inflation Factor (VIF) to further assess multicollinearity and the Hosmer-Lemeshow test. The results confirmed the absence of critical multicollinearity (all VIFs < 2.5) and adequate model fit (Supplementary Table S7).

Model-Specific Predictor Treatment: The treatment of predictors (continuous vs. categorical) was determined by clinical interpretability and the specific research question for each outcome. For anastomotic leak (AL), operative time and birth weight were modeled using clinically established categories (e.g., ≤2 h vs. >2 h; birth weight categories) to provide actionable risk thresholds. For anastomotic stricture (AS), birth weight and the tension index were retained as continuous variables to explore potential linear dose-response relationships and maximize statistical power. This tailored approach ensures that the model for each complication is both statistically appropriate and clinically meaningful. To test the robustness of this approach, we performed sensitivity analyses treating these variables in their alternate forms (e.g., operative time as continuous). The consistency of findings across these analyses is summarized in Supplementary Table S4.

Correlation and Co-occurrence: Correlation between continuous variables was assessed using Pearson's correlation coefficient. Co-occurrence of complications was visualized using a Venn diagram and the strength of association was quantified using the Phi coefficient for binary variables.

All analyses were performed using R software (version 4.4.3; R Foundation for Statistical Computing, Vienna, Austria). Primary packages included: stats (for core regression), car (for VIF calculation), ResourceSelection (for Hosmer-Lemeshow test), and tidyverse (for data management and visualization).




3 Results


3.1 Patient cohort

A total of 201 neonates with type III EA who underwent thoracoscopic repair between January 2017 and June 2025 comprised the final study cohort (Figure 1).
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FIGURE 1
Flowchart of patient selection for the study cohort.


Baseline demographic and clinical characteristics are summarized in Table 1.



TABLE 1 Baseline characteristics of the study cohort (N = 201): neonates with type III esophageal atresia undergoing primary thoracoscopic repair.



	Variable
	N = 201a





	Age at Surgery (days)
	5.35 (3.42)



	Gestational Age (weeks)
	37.91 (2.46)



	Birth Weight (g)
	2,597.49 (566.02)



	Operative Time (hours)
	2.34 (0.80)



	One Lung Ventilation
	90 (44.8%)



	Proximal Pouch Level



	 High (T1-T2)
	82 (40.8%)



	 Low (T3-T4)
	28 (13.9%)



	 Medium (T2-T3)
	91 (45.3%)



	 Preoperative Gap Length (cm)
	1.29 (0.74)



	 Intraoperative Gap Length (cm)
	1.81 (0.74)



	 Tension Index
	0.74 (0.39)



	Sex



	 Female
	82 (40.8%)



	 Male
	119 (59.2%)



	Gestational Age Category



	 Post-term (≥42 weeks)
	1 (0.5%)



	 Preterm (<37 weeks)
	54 (26.9%)



	 Term (37–41 weeks)
	146 (72.6%)



	Birth Weight Category



	 Extremely low BW (<1,500 g)
	4 (2.0%)



	 Low BW (1,500–2,499 g)
	71 (35.3%)



	 Normal BW (≥2,500 g)
	126 (62.7%)



	Operative Time Category



	 Long (>3 h)
	33 (16.4%)



	 Medium (2–3 h)
	67 (33.3%)



	 Short (≤2 h)
	101 (50.2%)



	Operation Complexity



	 Basic complexity
	186 (92.5%)



	 High complexity
	8 (4.0%)



	 Moderate complexity
	7 (3.5%)



	 Cardiovascular Anomalies
	22 (10.9%)



	 Respiratory Anomalies
	13 (6.5%)



	 Genitourinary Anomalies
	10 (5.0%)



	 Gastrointestinal Anomalies
	17 (8.5%)



	 Musculoskeletal Anomalies
	36 (17.9%)



	 Any Anomaly
	74 (36.8%)




	aMean (SD); n (%).







The mean gestational age was 37.91 ± 2.46 weeks, and the mean birth weight was 2,597.49 ± 566.02 grams. The majority of procedures (50.2%) were completed within 2 h (Short operative time category). Associated anomalies were present in 36.8% of patients.



3.2 Incidence of complications

The overall incidences of major anastomotic complications were as follows: AL in 15.4% (31/201), AS in 74.6% (150/201), and recurrent TEF in 6.5% (13/201). The univariate analyses comparing patient characteristics by complication status are detailed in Table 2 (anastomotic leak), Table 3 (anastomotic stricture) and Table 4 (recurrent TEF).



TABLE 2 Comparison of patient characteristics by anastomotic leak Status following thoracoscopic repair.



	Variable
	0 N = 170a
	1 N = 31a
	p-valueb





	Age at Surgery (days)
	5.19 (3.28)
	6.26 (4.02)
	0.10



	Gestational Age (weeks)
	37.81 (2.50)
	38.49 (2.13)
	0.2



	Birth Weight (g)
	2,574.56 (572.80)
	2,723.23 (517.95)
	0.2



	Operative Time (hours)
	2.25 (0.71)
	2.80 (1.08)
	0.004



	One Lung Ventilation
	79 (46.5%)
	11 (35.5%)
	0.3



	Proximal Pouch Level
	
	
	0.8



	High (T1-T2)
	69 (40.6%)
	13 (41.9%)
	



	Low (T3-T4)
	25 (14.7%)
	3 (9.7%)
	



	Medium (T2-T3)
	76 (44.7%)
	15 (48.4%)
	



	Preoperative Gap Length (cm)
	1.28 (0.71)
	1.33 (0.87)
	>0.9



	Intraoperative Gap Length (cm)
	1.80 (0.72)
	1.82 (0.85)
	0.8



	Tension Index
	0.75 (0.40)
	0.70 (0.37)
	0.4



	Sex
	
	
	0.3



	Female
	72 (42.4%)
	10 (32.3%)
	



	Male
	98 (57.6%)
	21 (67.7%)
	



	Gestational Age Category
	
	
	0.10



	Post-term (≥42 weeks)
	0 (0.0%)
	1 (3.2%)
	



	Preterm (<37 weeks)
	48 (28.2%)
	6 (19.4%)
	



	Term (37–41 weeks)
	122 (71.8%)
	24 (77.4%)
	



	Birth Weight Category
	
	
	0.037



	Extremely low BW (<1,500 g)
	3 (1.8%)
	1 (3.2%)
	



	Low BW (1,500–2,499 g)
	66 (38.8%)
	5 (16.1%)
	



	Normal BW (≥2,500 g)
	101 (59.4%)
	25 (80.6%)
	



	Operative Time Category
	
	
	0.001



	Long (>3 h)
	21 (12.4%)
	12 (38.7%)
	



	Medium (2–3 h)
	59 (34.7%)
	8 (25.8%)
	



	Short (≤2 h)
	90 (52.9%)
	11 (35.5%)
	



	Operation Complexity
	
	
	0.052



	Basic complexity
	160 (94.1%)
	26 (83.9%)
	



	High complexity
	6 (3.5%)
	2 (6.5%)
	



	Moderate complexity
	4 (2.4%)
	3 (9.7%)
	



	Cardiovascular Anomalies
	18 (10.6%)
	4 (12.9%)
	0.8



	Respiratory Anomalies
	11 (6.5%)
	2 (6.5%)
	>0.9



	Genitourinary Anomalies
	9 (5.3%)
	1 (3.2%)
	>0.9



	Gastrointestinal Anomalies
	14 (8.2%)
	3 (9.7%)
	0.7



	Musculoskeletal Anomalies
	32 (18.8%)
	4 (12.9%)
	0.4



	Any Anomaly
	64 (37.6%)
	10 (32.3%)
	0.6




	aMean (SD); n (%).


	bWilcoxon rank sum test; Pearson's Chi-squared test; Fisher's exact test.









TABLE 3 Comparison of patient characteristics by anastomotic stricture Status following thoracoscopic repair.



	Variable
	0 N = 51a
	1 N = 150a
	p-valueb





	Age at Surgery (days)
	4.84 (2.73)
	5.53 (3.61)
	0.2



	Gestational Age (weeks)
	37.27 (2.99)
	38.13 (2.21)
	0.2



	Birth Weight (g)
	2,366.08 (658.67)
	2,676.17 (509.80)
	0.003



	Operative Time (hours)
	2.39 (0.78)
	2.32 (0.81)
	0.3



	One Lung Ventilation
	25 (49.0%)
	65 (43.3%)
	0.5



	Proximal Pouch Level
	
	
	0.3



	High (T1-T2)
	23 (45.1%)
	59 (39.3%)
	



	Low (T3-T4)
	4 (7.8%)
	24 (16.0%)
	



	Medium (T2-T3)
	24 (47.1%)
	67 (44.7%)
	



	Preoperative Gap Length (cm)
	1.36 (0.76)
	1.27 (0.73)
	0.4



	Intraoperative Gap Length (cm)
	1.86 (0.77)
	1.79 (0.73)
	0.4



	Tension Index
	0.86 (0.44)
	0.70 (0.37)
	0.012



	Sex
	
	
	0.6



	Female
	19 (37.3%)
	63 (42.0%)
	



	Male
	32 (62.7%)
	87 (58.0%)
	



	Gestational Age Category
	
	
	0.3



	Post-term (≥42 weeks)
	0 (0.0%)
	1 (0.7%)
	



	Preterm (<37 weeks)
	18 (35.3%)
	36 (24.0%)
	



	Term (37–41 weeks)
	33 (64.7%)
	113 (75.3%)
	



	Birth Weight Category
	
	
	0.002



	Extremely low BW (<1,500 g)
	3 (5.9%)
	1 (0.7%)
	



	Low BW (1,500–2,499 g)
	25 (49.0%)
	46 (30.7%)
	



	Normal BW (≥2,500 g)
	23 (45.1%)
	103 (68.7%)
	



	Operative Time Category
	
	
	0.9



	Long (>3 h)
	9 (17.6%)
	24 (16.0%)
	



	Medium (2–3 h)
	18 (35.3%)
	49 (32.7%)
	



	Short (≤2 h)
	24 (47.1%)
	77 (51.3%)
	



	Operation Complexity
	
	
	0.5



	Basic complexity
	46 (90.2%)
	140 (93.3%)
	



	High complexity
	2 (3.9%)
	6 (4.0%)
	



	Moderate complexity
	3 (5.9%)
	4 (2.7%)
	



	Cardiovascular Anomalies
	9 (17.6%)
	13 (8.7%)
	0.076



	Respiratory Anomalies
	4 (7.8%)
	9 (6.0%)
	0.7



	Genitourinary Anomalies
	3 (5.9%)
	7 (4.7%)
	0.7



	Gastrointestinal Anomalies
	6 (11.8%)
	11 (7.3%)
	0.4



	Musculoskeletal Anomalies
	6 (11.8%)
	30 (20.0%)
	0.2



	Any Anomaly
	22 (43.1%)
	52 (34.7%)
	0.3




	aMean (SD); n (%).


	bWilcoxon rank sum test; Pearson's Chi-squared test; Fisher's exact test.









TABLE 4 Comparison of patient characteristics by recurrent tracheoesophageal Fistula Status following thoracoscopic repair.



	Variable
	0 N = 188a
	1 N = 13a
	p-valueb





	Age at Surgery (days)
	5.35 (3.46)
	5.46 (2.85)
	0.9



	Gestational Age (weeks)
	37.89 (2.51)
	38.24 (1.57)
	>0.9



	Birth Weight (g)
	2,592.47 (573.03)
	2,670.00 (465.47)
	0.9



	Operative Time (hours)
	2.33 (0.81)
	2.43 (0.68)
	0.4



	One Lung Ventilation
	85 (45.2%)
	5 (38.5%)
	0.6



	Proximal Pouch Level
	
	
	0.6



	High (T1-T2)
	78 (41.5%)
	4 (30.8%)
	



	Low (T3-T4)
	27 (14.4%)
	1 (7.7%)
	



	Medium (T2-T3)
	83 (44.1%)
	8 (61.5%)
	



	Preoperative Gap Length (cm)
	1.29 (0.75)
	1.23 (0.56)
	>0.9



	Intraoperative Gap Length (cm)
	1.81 (0.72)
	1.79 (1.05)
	0.5



	Tension Index
	0.75 (0.39)
	0.73 (0.50)
	0.6



	Sex
	
	
	0.12



	Female
	74 (39.4%)
	8 (61.5%)
	



	Male
	114 (60.6%)
	5 (38.5%)
	



	Gestational Age Category
	
	
	>0.9



	Post-term (≥42 weeks)
	1 (0.5%)
	0 (0.0%)
	



	Preterm (<37 weeks)
	51 (27.1%)
	3 (23.1%)
	



	Term (37–41 weeks)
	136 (72.3%)
	10 (76.9%)
	



	Birth Weight Category
	
	
	0.5



	Extremely low BW (<1,500 g)
	4 (2.1%)
	0 (0.0%)
	



	Low BW (1,500–2,499 g)
	68 (36.2%)
	3 (23.1%)
	



	Normal BW (≥2,500 g)
	116 (61.7%)
	10 (76.9%)
	



	Operative Time Category
	
	
	0.6



	Long (>3 h)
	30 (16.0%)
	3 (23.1%)
	



	Medium (2–3 h)
	62 (33.0%)
	5 (38.5%)
	



	Short (≤2 h)
	96 (51.1%)
	5 (38.5%)
	



	Operation Complexity
	
	
	>0.9



	Basic complexity
	173 (92.0%)
	13 (100.0%)
	



	High complexity
	8 (4.3%)
	0 (0.0%)
	



	Moderate complexity
	7 (3.7%)
	0 (0.0%)
	



	Cardiovascular Anomalies
	21 (11.2%)
	1 (7.7%)
	>0.9



	Respiratory Anomalies
	9 (4.8%)
	4 (30.8%)
	0.006



	Genitourinary Anomalies
	10 (5.3%)
	0 (0.0%)
	>0.9



	Gastrointestinal Anomalies
	17 (9.0%)
	0 (0.0%)
	0.6



	Musculoskeletal Anomalies
	34 (18.1%)
	2 (15.4%)
	>0.9



	Any Anomaly
	69 (36.7%)
	5 (38.5%)
	>0.9




	aMean (SD); n (%).


	bWilcoxon rank sum test; Pearson's Chi-squared test; Fisher's exact test.









3.3 Univariate analysis

Univariate comparisons (Welch t-test for continuous variables; Chi-squared or Fisher's exact test for categorical variables) between patients with and without each complication are detailed in Supplementary Tables S1–S3. For AL, shorter operative time (p = 0.001) and higher birth weight category (p = 0.037) were associated with lower risk. For AS, lower birth weight (p = 0.003) and a higher tension index (p = 0.012) were significant risk factors. For recurrent TEF, the presence of respiratory anomalies was the most significant association (30.8% vs. 4.8%, p = 0.006). Variables with a p-value < 0.1 in these univariate analyses were selected as candidates for multivariable regression. To validate this screening method and ensure methodological consistency, we also performed univariate logistic regression for all predictors (Supplementary Table S5). The candidate variable sets were consistent.



3.4 Multivariable regression analysis

Prior to building the final multivariable models, we assessed multicollinearity among candidate predictors using correlation matrices (Supplementary Table S6), and no critical correlation (|r| > 0.7) was found. Independent predictors identified through multivariable logistic regression are summarized in the forest plot (Figure 2).


[image: Forest plot graphic displays odds ratios with 95 percent confidence intervals for surgical outcomes, categorized by risk factors. Red markers denote statistically significant associations with operative time and respiratory anomalies, while gray markers indicate non-significance. Odds ratios are plotted on a logarithmic scale.]
FIGURE 2
Forest plot of independent risk factors for anastomotic complications identified by multivariable logistic regression analysis.


For AL, shorter operative time (≤2 h) remained a significant protective factor compared to longer operations (OR 0.24, 95% CI 0.09–0.63, p = 0.004). Regression diagnostics confirmed the model's robustness (all VIFs < 1.1; see Supplementary Table S7), and sensitivity analysis treating operative time as a continuous variable confirmed a strong dose-response relationship, with each additional hour of operative time associated with an approximately twofold increase in the odds of leak (OR = 2.17, 95% CI 1.40–3.45, p < 0.001; see Supplementary Table S4a). Operative time categorized as “Medium” (2–3 h) also showed a protective effect vs. “Long” (OR 0.27, 95% CI 0.09–0.75, p = 0.014). Notably, several factors significant in univariate analyses—including the use of one-lung ventilation (p = 0.037), higher birth weight category (p = 0.050), and increased operative complexity (p = 0.086)—failed to retain independent significance in the multivariable model, suggesting their effects may be mediated through operative time.

For AS, the multivariable model revealed a distinct pattern after adjustment for confounders including gestational age. When analyzed as a continuous variable, each 100-gram increase in birth weight was associated with a statistically significant but clinically negligible increase in risk (OR 1.001, 95% CI 1.000–1.002, p = 0.019). This model result suggests that after accounting for other factors (e.g., the institutional learning curve reflected in surgical proficiency over time), birth weight per se had no meaningful independent effect on stricture risk. The significant association between lower birth weight and AS observed in univariate analysis (p = 0.003) therefore likely operated through correlated anatomical and technical challenges (partially captured by variables like the tension index), which were attenuated by surgical experience. Accordingly, the tension index, also analyzed continuously, was not retained as an independent predictor (OR 0.77, 95% CI 0.28–2.05, p = 0.600). Anatomical factors such as proximal pouch level and gap measurements were also not independently significant. Figure 4 depicts the longitudinal distribution of strictures and their relationship to patient characteristics. The final model for AS, along with its diagnostic checks indicating no critical multicollinearity (VIFs < 2.5) and acceptable model fit, is detailed in Supplementary Table S7.


[image: Stacked bar chart shows proportions of low and normal birth weight in anastomotic stricture cases from 2017 to 2025, revealing increased low birth weight prevalence in later years, especially after 2021.]
FIGURE 4
Longitudinal trends in patient birth weight categories, institutional case volume, and anastomotic stricture rate over the study period.


For recurrent TEF, the presence of a respiratory anomaly was the strongest independent risk factor (OR 8.84, 95% CI 2.09–33.47, p = 0.002). This factor was retained for multivariable analysis based on strong clinical plausibility and its significant univariate association in comparative tests (30.8% vs. 4.8%, p = 0.006; Table 4), despite its p-value in the formal univariate logistic regression screening exceeding our pre-specified threshold—a nuance likely influenced by the low event rate. Other anomalies significant in univariate analyses were not independent predictors.

Detailed outputs of all multivariable models, including sensitivity analyses, are provided in Supplementary Table S4.



3.5 Co-occurrence of complications and etiological independence

Multiple anastomotic complications occurred in 14.4% (29/201) of patients. To visualize the overlap between different complication types, a Venn diagram was constructed (Figure 3).


[image: Venn diagram illustrating the overlap among three postoperative complications: anastomotic stricture, anastomotic leak, and recurrent TEF. Individual and overlapping case counts are indicated in each section, with the largest group being 122 cases of anastomotic stricture only, and 1 case reported with all three complications.]
FIGURE 3
Venn diagram illustrating the overlap Among the three Major anastomotic complications.


Correlation analysis based on this distribution revealed negligible associations between individual complications (phi coefficients ≈ 0), providing quantitative support for distinct underlying etiologies.




4 Discussion


4.1 Principal findings and etiological framework

This large, homogeneous cohort study delineates distinct risk profiles for the three major anastomotic complications following thoracoscopic repair of type III EA. Multivariable analysis identified that AL was independently protected by an operative time of ≤2 h (OR 0.24, 95% CI 0.09–0.63, p = 0.004). For AS (incidence 74.6%), the influence of traditional risk factors like low birth weight diminished when accounting for the institutional learning curve. Recurrent TEF was most strongly predicted by the presence of a respiratory anomaly (OR 8.84, 95% CI 2.09–33.47, p = 0.002). The striking etiological independence of these complications is powerfully illustrated by their distribution pattern (Figure 3), where the vast majority occurred in isolation (e.g., 74.4% for AS alone, 2.4% for recurrent TEF alone), and co-occurrence was rare (e.g., only 0.6% for AL + recurrent TEF). These findings underscore the necessity of adopting a precision-based, complication-specific preventive strategy rather than a uniform risk mitigation approach (52).



4.2 Anastomotic leak: operative efficiency as the cornerstone of safety in thoracoscopy

Our analysis definitively identifies shorter operative time as the foremost independent predictor for reduced AL risk (49, 50). Procedures completed within 2 h were associated with a markedly reduced risk of leakage (OR 0.24). We interpret operative time not as a direct causal factor, but as a surrogate metric for overall procedural efficiency, technical fluency, and adherence to a standardized operative protocol, reflecting the surgical team's capacity to execute key steps with minimal delay and tissue trauma. The robustness of this finding is underscored by sensitivity analysis: when operative time was analyzed as a continuous variable, a clear dose-response relationship emerged, with each hour of increase significantly elevating leak risk (OR = 2.17, 95% CI 1.40–3.45, p < 0.001; Supplementary Table S4a). This reinforces that operative time is a reliable composite metric of procedural efficiency and technical mastery in our specific thoracoscopic context. This efficiency is influenced by two key, often intertwined, factors: (1) the inherent anatomical challenge, such as a long gap between esophageal pouches, which necessitates more extensive mobilization and inherently prolongs the procedure; and (2) the surgeon's technical proficiency and stage on the learning curve, where greater fluency translates to faster, more atraumatic execution of each surgical step. This finding refines our understanding of the thoracoscopic approach. While a previous large-scale comparison found no significant difference in AL rates between thoracoscopic and open approaches (OR = 1.92, p = 0.062) (4, 5), our study drills down into a pure thoracoscopic cohort to reveal that technical efficiency, quantified by operative time, is a critical modifiable determinant of anastomotic integrity specific to this technique. The observation that other technically-linked variables (e.g., one-lung ventilation time) failed to retain independent significance in the multivariable model suggests that the ultimate determinant of leak risk is the overarching capacity of the surgical team to overcome anatomical challenges efficiently and execute a secure anastomosis with technical mastery (5, 11, 12). Therefore, beyond merely demonstrating non-inferiority, our data provide a procedure-specific optimization target for TR (4, 5, 9, 10).



4.3 Anastomotic stricture: the interplay of technique, surveillance, and management evolution

The anastomotic stricture (AS) rate of 74.6% in our cohort must be interpreted within the context of our follow-up protocol and management strategy. Firstly, our definition of AS encompassed not only symptomatic cases but also asymptomatic luminal narrowing identified through routine surveillance esophagograms. Secondly, our proactive, long-term follow-up protocol—specifically, monthly esophagograms during the first six postoperative months, followed by evaluations every six months thereafter—complies with guidelines (13) and results in higher detection rates (51). Our observed high rate aligns with reports in the literature where intensive surveillance is employed. For instance, a single-center study reported that 79% of patients required endoscopic dilatation after repair (14). This substantial burden of stricture management is a well-recognized phenomenon following EA repair, as highlighted in dedicated reviews which emphasize the first two years postoperatively as a critical period for stricture development requiring close monitoring (15). Importantly, all symptomatic strictures were successfully managed with balloon dilation, with over 90% of patients ultimately achieving full oral feeding. Thus, this rate represents the detected burden of a manageable sequela within an effective treatment pathway.

The evolution of risk factors for AS provides compelling evidence for the impact of the surgical learning curve. The initial univariate significance of lower birth weight (16, 17) and higher tension index (8, 16, 18) aligns with established tenets. However, their diminishing significance in the multivariable model suggests (19) that advanced thoracoscopic skill can surmount anatomical adversity. This attenuation is quantitatively reflected in our multivariable model, where birth weight as a continuous variable showed only a minuscule, clinically irrelevant effect (OR 1.001), and the tension index was not retained. These model results, detailed in Supplementary Table S4e, align with the narrative presented in Figure 4, where increasing surgical experience allowed successful management of more challenging, lower birth weight infants without a proportional rise in stricture rates. The evolution of our institutional experience and its impact on overcoming anatomical challenges is graphically summarized in Figure 4.

During the early phase (2017–2019), the team primarily operated on neonates with normal birth weight (76.9%–81.8%) but experienced high AS rates (80.6%–86.7%). As cumulative experience accrued, the team demonstrated an enhanced capability to manage a progressively greater burden of low birth weight (LBW) infants (with the proportion of LBW cases rising from 23.5% to 50%), while the AS rate concurrently exhibited a stabilizing or improving trend (20, 21). This progression underscores that refined techniques effectively neutralized the inherent anatomical disadvantage associated with LBW (22–24). This evolution highlights the importance of the institutional learning curve. In this context, the work of Hyman et al. (25) is highly relevant; they demonstrated that outcomes for thoracoscopic repair are optimized in high-volume, expert centers, supporting the argument for the centralization of complex pediatric surgery to navigate the learning curve and minimize complications such as anastomotic stricture. The transient increase in AS rate in 2024 (85%) likely reflects random variation due to the small sample size (n = 17) and a higher proportion of long-gap cases (17, 19, 26), rather than a reversal of progress. This observation directly supports the conclusion that long-gap anatomy is a significant risk factor for anastomotic stricture in our cohort. This apparent paradox—a minute increase in risk with higher birth weight in the multivariable model—is critical to interpret correctly. The effect size (OR 1.001 per 100 g) is vanishingly small and clinically irrelevant. We interpret it as most likely reflecting residual confounding (e.g., by unmeasured technical or healing factors within the adjusted model), not as evidence that heavier infants are at greater risk. This finding in no way undermines the clinical tenet—supported by our own univariate analysis and the literature—that low birth weight poses a greater anatomical and physiological challenge.

The overall AS rate of 74.6% in our cohort must be interpreted within the context of comprehensive long-term surveillance (3, 27–29). This figure aligns with contemporary studies reporting incidences up to 80% when follow-up exceeds three years (15). Our proactive dual-modality surveillance strategy—combining routine esophagography (15, 27, 30) and endoscopy (3, 7, 31, 32)—captured 13.3% of asymptomatic strictures (13, 33) and identified 6.7% of late-presenting strictures (31, 34), thereby providing a more accurate reflection of the true long-term burden, as recommended by structured follow-up guidelines (3, 7, 35). Critically, this high detection rate is clinically meaningful only in the context of effective treatment. We successfully managed all cases of symptomatic anastomotic stricture, ultimately achieving normal oral feeding in over 90% of patients—a core outcome that aligns well with established efficacy benchmarks (3, 7, 35). Our consistent use of x-ray guided balloon dilation (16, 35–37)—endorsed by the ERNICA consensus as a primary management option for anastomotic strictures (3, 8)—enabled this favorable outcome.

In summary regarding the high AS rate: 1) It is amplified by intensive surveillance capturing subclinical disease; 2) It occurs within a context of successful treatment (balloon dilation) leading to excellent functional outcomes; and 3) The statistical modeling indicates that the institutional learning curve has attenuated the impact of traditional patient-related risk factors like low birth weight. Therefore, a high detected rate in this setting is more a testament to comprehensive follow-up and the evolving mastery of a technically demanding procedure than an indicator of poor surgical quality.

Furthermore, in accordance with international guidelines, all patients in our cohort routinely received proton pump inhibitors (PPIs), a practice strongly supported by the ERNICA consensus for antacid prophylaxis (8). While PPIs therapy may mitigate the severity of strictures by reducing acid-induced inflammation (38, 39), it does not entirely prevent their initial development (3, 35, 40–44), as AS formation is often inherent to the anastomotic healing process (45–48). Thus, a high AS rate in this setting is a marker of diligent follow-up and a treatable condition, not a poor ultimate outcome (27, 28).



4.4 Recurrent TEF and respiratory anomalies: a distinct etiological pathway

The analysis delineates a distinct etiological pathway for recurrent TEF, culminating in the identification of respiratory system anomalies as its strongest independent predictor (adjusted OR 8.84, 95% CI 2.09–33.47, p = 0.002). Notably, this factor was retained for multivariable analysis based on strong clinical plausibility and its significant association in comparative tests (30.8% vs. 4.8%, p = 0.006; Table 4), despite its p-value in the formal univariate logistic regression screening exceeding our pre-specified threshold—a nuance likely influenced by the low event rate. Its decisive emergence in the multivariable model underscores the critical role of statistical adjustment in isolating its unique effect, powerfully reinforcing the idea that recurrent TEF is less a technical failure and more a consequence of a compromised local tissue environment inherent to specific congenital malformations (3, 14, 25). Anomalies such as severe tracheomalacia or laryngeal clefts can create an operative field prone to inflammation and impaired healing. The overwhelmingly solitary occurrence of recurrent TEF (Figure 3) further corroborates this patient-driven pathogenesis, distinct from technical complications like AL or AS. These findings provide compelling, methodologically robust justification for routine preoperative bronchoscopy, as emphasized by guidelines (3, 13, 47, 48), to identify high-risk patients for tailored surgical planning and informed counseling.



4.5 Limitations

This study has several limitations inherent in its single-center, retrospective design. First, despite multivariable adjustment, unmeasured confounding factors and selection bias may still be present. To assess the potential influence of the institutional learning curve, a key source of temporal bias, we conducted a sensitivity analysis by including the “year of surgery” as a covariate in the AS model. Although this did not alter the main conclusions, it highlights that our findings regarding AS are framed within our evolving experience. Second, the definitions of certain variables (e.g., operative complexity) are specific to our center and require external validation. Third, the high baseline incidence of anastomotic stricture (74.6%) in our cohort indicates that “no stricture” was the less common outcome. This not only impacts the statistical power to identify risk factors but also means that our risk model for AS operates in a context where the complication is common rather than rare. Fourth, our analytical approach, while strengthened in this revision, has inherent constraints. The variable selection process for recurrent TEF warrants specific consideration: the strong clinical association of respiratory anomalies did not cross the pre-specified statistical threshold (p < 0.1) in the formal univariate logistic regression analysis (Supplementary Table S5), likely due to the low event rate (n = 13). Our decision to retain it in the multivariable model was based on strong a priori clinical rationale. Its emergence as a robust independent predictor after adjustment underscores the value of combining statistical criteria with clinical reasoning, yet it also highlights the challenges of model building in underpowered analyses. Furthermore, while our sensitivity analyses (Supplementary Table S4) confirmed the robustness of our primary findings to different modeling choices (e.g., treatment of continuous variables), residual confounding cannot be completely excluded. Fifth, the relatively low event rates for anastomotic leak (n = 31) and especially recurrent TEF (n = 13) limit the statistical power and precision of their respective models; findings for these outcomes should be considered hypothesis-generating. To directly address methodological concerns regarding predictor collinearity and model diagnostics, we performed comprehensive assessments of predictor correlations (Supplementary Table S6) and regression diagnostics (Supplementary Table S7). These analyses support the internal validity and stability of our final models. Finally, the generalizability (external validity) of our results may be restricted. Our findings are from a high-volume center with a specific protocol for intensive surveillance and management. Outcomes may vary in centers with different patient populations, surgical techniques, perioperative care, or follow-up intensity, particularly those in the early stages of their thoracroscopic learning curve.



4.6 Conclusion and clinical implementation pathway

Our findings mandate a precision-based framework for mitigating complications in thoracoscopic EA repair. We propose the following pathway:

AL Prevention: Preventing AL should focus on optimizing operative efficiency. Our data suggest targeting an operative time of ≤2 h, achievable through standardized protocols and simulation training to enhance technical fluency.

AS Mitigation: Mitigating AS requires acknowledging the institutional learning curve. Centralizing care in high-volume centers and implementing proactive, guideline-adherent surveillance can reframe AS as a manageable, expected sequela within a successful treatment pathway.

Recurrent TEF Surveillance: Surveillance for recurrent TEF should be prioritized in patients with respiratory anomalies, identified through routine preoperative bronchoscopy. This high-risk subgroup warrants structured postoperative surveillance for early detection.

By aligning specific strategies with the distinct etiology of each complication and adhering to consensus-recommended practices for medication use and stricture management, we can systematically optimize outcomes for these infants.

The internal validity of the risk associations underpinning this framework is supported by the comprehensive methodological rigor applied, including formal variable selection, assessment of predictor correlations, and thorough regression diagnostics (Supplementary Tables S4–S7).




5 Conclusion

This study identifies three distinct etiological pathways underlying the major complications following thoracoscopic repair of type III esophageal atresia in a homogeneous neonatal cohort. We demonstrated that anastomotic leak is primarily governed by operative efficiency, best captured by the ≤2-hour operative benchmark (OR 0.24)—a metric reflecting not mere speed, but the proficiency of a coordinated surgical team. Anastomotic stricture (incidence 74.6%) is strongly shaped by the institutional learning curve, while recurrent tracheoesophageal fistula is predominantly associated with inherent respiratory anomalies (OR 8.84). The clear separation in these complication profiles underscores their independent pathophysiology and mandates precision-based strategies.

The robustness of these key associations is supported by comprehensive methodological rigor, including sensitivity analyses (Supplementary Table S4), assessment of predictor correlations (Supplementary Table S6), and regression diagnostics (Supplementary Table S7). To translate these findings into practice, we propose a framework prioritizing operative efficiency for leak prevention, centralized expertise for stricture management, and preoperative bronchoscopy for fistula surveillance. Future multi-center validation is essential to refine these neonatal-specific risk models and develop evidence-based protocols to improve long-term outcomes.
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Case Report: Laparoscopy-assisted trans-umbilical Meckel's diverticulectomy for Meckel's diverticulum complicated by internal hernia: a three-case series and narrative literature review
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Background: Meckel's diverticulum (MD) is the most prevalent congenital anomaly of the small intestine. Internal hernia secondary to MD is extremely rare in children and poses a diagnostic and therapeutic challenge.



Case presentation: We report three consecutive paediatric cases successfully managed by laparoscopy-assisted trans-umbilical Meckel's diverticulectomy (LATUM) and provide a comprehensive review of the world literature. Clinical data of three children with MD complicated by internal hernia treated between March 2023 and April 2024 were retrospectively analysed. A systematic search of PubMed, Web of Science and Google (up to June 2025) was performed to identify previously published paediatric cases. Two boys and one girl (median age: 7 years, range: 7–11) presented with acute abdominal pain and vomiting. Pre-operative imaging suggested intestinal obstruction or intussusception. Laparoscopy revealed internal hernia formed by a mesodiverticular band (MDB) in all cases. LATUM was completed without conversion. Median operative time was 65 min (range: 50–90, IQR: 55–75), estimated blood loss was 10 mL (range: 5–15, IQR: 7.5–12.5), and time to first flatus was 24 h (range 18–36, IQR 20–30). Median hospital stay was 7.5 days (7–8). No complications occurred during a median follow-up of 16 months. The literature review yielded 25 additional paediatric cases. Including our series, 28 children have been reported; 9 cases (32.14%) used LATUM, 8 cases (28.57%) used open resection, and 11 cases (39.29%) did not describe the surgical approach.



Conclusion: LATUM offers a safe, minimally invasive and cosmetically superior option for children with MD complicated by internal hernia. A high index of suspicion and early laparoscopy are crucial to avoid bowel necrosis.



KEYWORDS
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Background

Meckel's diverticulum (MD), a persistent remnant of the vitelline duct, represents the most prevalent congenital anomaly of the gastrointestinal tract, affecting approximately 2% of the general population with a male predominance (1). While the majority of cases remain asymptomatic throughout life, 4%–7% of individuals develop complications including gastrointestinal bleeding, intussusception, perforation, intestinal obstruction, or diverticulitis (2). Among these complications, internal hernia secondary to mesodiverticular bands (MDB) or vitelline vessel remnants is exceptionally rare, accounting for less than 1% of all MD-related morbidities, yet carries significant risk of bowel incarceration, strangulation, and potential necrosis if not promptly recognized and treated (3).

Laparoscopy-assisted trans-umbilical Meckel's diverticulectomy (LATUM) represents an innovative hybrid approach that strategically combines the diagnostic and therapeutic advantages of minimally invasive surgery with the precision of conventional open techniques (3). The fundamental principle of LATUM involves initial diagnostic laparoscopy to comprehensively evaluate the entire small bowel, identify the anatomical abnormality, and assess bowel viability, followed by exteriorization of the affected segment through a small extension of the umbilical incision for extracorporeal resection and anastomosis (1). This approach offers distinct technical advantages: the laparoscopic component enables magnified visualization of the peritoneal cavity and precise identification of the MDB without the need for multiple incisions, while the extracorporeal component allows for tactile feedback, accurate wedge resection of the diverticulum, and secure hand-sewn anastomosis under direct vision—particularly important in pediatric patients where stapling devices may be oversized. The single-incision trans-umbilical approach provides superior cosmetic outcomes by concealing the surgical scar within the natural umbilical folds, minimizing the psychological impact on pediatric patients and reducing the risk of postoperative adhesive bowel obstruction compared to multi-port laparoscopy or open surgery (4). Furthermore, extracorporeal anastomosis has been demonstrated to be safe and effective in children, with comparable leak rates to intracorporeal techniques while reducing operative time and technical complexity (5, 6).

We describe three consecutive children managed with LATUM and summarise the world experience. We retrospectively analyzed all children who underwent Meckel's diverticulum surgery with internal hernia at Yijishan Hospital of Wannan Medical College between March 2023 and April 2024. Demographics, clinical manifestations, imaging, surgical details, pathology, and follow-up were extracted from electronic records. The studies involving human participants were reviewed and approved by Ethics Committee of Yijishan Hospital of Wannan Medical College (No. 2025-218), and written consent was obtained from the parents of the children.



Case presentation


Case 1

A 7-year-old boy presented with abdominal pain and bilious vomiting for 48 h. Abdominal CT demonstrated distal small-bowel obstruction with a “target sign” suggesting intussusception. Air enema failed to relieve symptoms. Preoperative ultrasonography was performed but did not identify the Meckel's diverticulum or internal hernia, highlighting the diagnostic limitations of ultrasound for this rare entity. Diagnostic laparoscopy through a single umbilical incision revealed an MDB entrapping 40 cm of ileum. The hernia was reduced laparoscopically, and the umbilical incision was extended to 20 mm for extracorporeal resection. Wedge resection of the Meckel's diverticulum with en bloc excision of the MDB origin was performed, followed by hand-sewn, single-layer, end-to-end anastomosis using 4-0 absorbable sutures. Notably, no wound protector was used during bowel exteriorization, as this was not standard practice in our institution at the time of this surgery. We acknowledge that this represents a technical deviation from current recommendations for single-incision laparoscopic surgery, given the increased risk of wound contamination and fascial trauma when handling edematous, obstructed bowel. Postoperatively, the patient recovered without wound infection or other complications. However, we recognize this omission as a limitation and have since adopted routine use of umbilical wound protectors (e.g., Alexis® Laparoscopic System) for all similar procedures. Operative time was 65 min with 5 mL blood loss. Pathology confirmed ectopic gastric mucosa. Oral intake resumed on postoperative day 3, and discharge was on day 7 (Figure 1A).


[image: Panel A shows laparoscopic and intraoperative images from Case 1, with a yellow arrow indicating incarcerated ileal loops and a blue arrow highlighting Meckel’s diverticulum. Panel B presents similar findings in Case 2, with yellow and blue arrows marking incarcerated ileal loops and Meckel’s diverticulum, respectively. Panel C features images from Case 3, where surgical instruments, yellow arrows, and blue arrows identify incarcerated ileal loops and Meckel’s diverticulum during operative management.]
FIGURE 1
Intraoperative screenshots of three pediatric patients with Meckel's diverticulum and internal hernia in this study. Panel A shows two images from Case 1: the left image is a laparoscopic view highlighting incarcerated ilealloops and mesodiverticular bands, while the right shows Meckel's diverticulum exposed on a patient's abdomen. Panel B includes Case 2: the left image presents a laparoscopic view of incarcerated ileal loops, and the right image displays Meckel's diverticulum being held by gloved hands. Panel C contains Case 3: the left image is a laparoscopic view of incarcerated ileal loops, and the right image shows Meckel's diverticulum extracted and held above the surgical field. Each case demonstrates surgical identification and handling of Meckel's diverticulum and associated intestinal loops.




Case 2

An 11-year-old boy presented with colicky pain and non-bilious vomiting. CT showed dilated small bowel with multiple air-fluid levels. He had been treated conservatively for similar symptoms one week earlier. Preoperative ultrasound, like in Case 1, failed to detect the MD or MDB, reinforcing the difficulty of preoperative diagnosis for this condition. Laparoscopy demonstrated an MDB and a 4-cm MD with incarcerated ileal loops. Wedge resection of the diverticulum and hand-sewn end-to-end anastomosis were performed extracorporeally through the extended umbilical incision without wound protection, consistent with our institutional practice during this early period. As with Case 1, we acknowledge the absence of a wound protector as a technical shortcoming that has since been corrected in our subsequent practice. Despite this omission, no wound infection or dehiscence occurred. Operative time was 90 min. The patient tolerated fluids on postoperative day 3 and solids on day 5, with discharge on day 8 (Figure 1B).



Case 3

A 7-year-old girl complained of peri-umbilical pain for 2 days. Ultrasound suggested mesenteric lymphadenitis but, as with the previous cases, did not identify the MD or internal hernia. Because of persistent tenderness, diagnostic laparoscopy was performed. An internal hernia containing 25 cm of ileum was found. LATUM was executed in 50 min using the same technique: wedge resection with hand-sewn anastomosis, without wound protector (early institutional practice). Recovery was uneventful, and she was discharged on postoperative day 7 (Figure 1C).



Overall outcomes

All procedures were completed without conversion or complications. Median operative time was 65 min (range: 50–90, IQR: 55–75), estimated blood loss was 10 mL (range: 5–15, IQR: 7.5–12.5), and time to first flatus was 24 h (range: 18–36, IQR: 20–30). Median follow-up was 16 months (13–20). All children remain asymptomatic with normal growth and diet.

We identified 16 reports encompassing 25 children (Table 1) (4–19). Based on our series of studies, 28 cases were analyzed. 9 cases (32.14%) used LATUM, 8 cases (28.57%) used open resection, and 11 cases (39.29%) did not describe the surgical approach.



TABLE 1 Review of published pediatric reports with mesodiverticular band.



	PMID
	Year
	Journal
	First author
	CASE NO.
	Surgical
	References





	5301782
	1968
	CANADIAN JOURNAL OF SURGERY
	Seagram
	1
	Not described
	(4)



	3337631
	1988
	ARCHIVES OF PATHOLOGY & LABORATORY MEDICINE
	Pfalzgraf
	2
	Not described
	(5)



	2743761
	1989
	Conn Med
	Brophy
	5
	Not described.
	(6)



	8957607
	1996
	CLINICAL NUCLEAR MEDICINE
	Hawkins
	1
	Open
	(7)



	10983393
	2000
	Wiadomosci Lekarskie
	Janusz
	1
	Not described
	(8)



	17212886
	2006
	JSLS-Journal of the Society of Laparoendoscopic Surgeons
	Prasad
	1
	LATUM
	(9)



	18082787
	2008
	AMERICAN JOURNAL OF EMERGENCY MEDICINE
	Ko
	2
	Not described
	(10)



	21686941
	2009
	BMJ Case Rep
	Shaaban
	1
	Open
	(11)



	22643517
	2011
	JSLS-Journal of the Society of Laparoendoscopic Surgeons
	Mohiuddin
	1
	LATUM
	(12)



	23197558
	2012
	Journal of Medical Ultrasound
	Sun
	1
	LATUM
	(13)



	26310428
	2015
	Pediatria Integral
	Kunitsu
	1
	LATUM
	(14)



	29145243
	2017
	Medicine (Baltimore)
	Bertozzi
	2
	Open
	(15)



	34106190
	2021
	Andes Pediatrica
	Soto
	3
	Open
	(16)



	35775669
	2022
	Ulusal Travma ve Acil Cerrahi Dergisi-Turkish Journal of Trauma & Emergency Surgery
	Şık
	1
	Open
	(17)



	38576141
	2024
	American Journal of Case Reports
	Lai
	1
	LATUM
	(19)



	39759674
	2024
	Cureus
	Adams
	1
	LATUM
	(18)










Discussion

Internal hernia through a MDB is a rare but distinct complication of MD (18). The embryology is well established: persistence of the vitelline artery leads to a tethering band that fixes the diverticulum to the mesentery, thereby creating a potential ring. Because the hernia orifice is small and the neck is vascular, bowel incarceration and subsequent strangulation can occur rapidly (12).

Pre-operative diagnosis remains challenging. Typical features of small-bowel obstruction are present, but the exact aetiology is seldom suspected. CT may show clustered, dilated loops and a “whirl” sign, yet these findings are non-specific (19, 20). In our series the correct diagnosis was made intra-operatively in every case. A low threshold for early diagnostic laparoscopy is therefore justified in any child with obstruction of unclear origin, especially when imaging is equivocal.

There are currently 25 cases (16 articles) of Meckel's diverticulum combined with intra-abdominal hernia reported in English literature. Both open surgery and LATUM are available surgical methods. Laparoscopy offers several advantages. First, it allows comprehensive visualisation of the entire small bowel and precise identification of the band. Second, reduction of the hernia can be achieved under direct vision with minimal manipulation, thereby reducing the risk of iatrogenic perforation. Third, simultaneous resection of the MD eliminates the possibility of future haemorrhage or intussusception. Our median operative time (65 min) and blood loss (10 mL) compare favourably with historical open controls. Moreover, the laparoscopic cohort had a significantly shorter hospital stay, a finding corroborated by the pooled literature data.

Among the 29 children treated by LATUM for MD-related internal hernia, the MDB was consistently found to originate from the diverticular tip and insert into the adjacent ileal mesentery, creating a 1–2 cm orifice through which 10–25 cm of ileum had herniated. Reduction was always accomplished laparoscopically; bowel viability was confirmed prior to exteriorisation. The umbilical port incision was extended to 15–20 mm and the affected bowel delivered through the umbilicus. Wedge resection of the MD together with the MDB origin was performed, followed by a hand-sewn, single-layer, end-to-end anastomosis using 4-0 or 5-0 absorbable sutures. The anastomosis was returned to the abdomen; the fascial defect was closed with figure-of-eight absorbable sutures. No patient required segmental ileal resection; no conversions to open laparotomy were reported.

Limitations of our study include its retrospective nature and small sample size. However, the rarity of the condition precludes large randomised trials. Multi-institutional registries are warranted to validate the advantages of LATUM. In addition, the use of a wound protector during umbilical exteriorization is now considered essential in LATUM, particularly for cases involving obstructed or edematous bowel. This device prevents wound contamination, protects fascial edges from traction trauma, facilitates specimen extraction, and reduces postoperative umbilical complications. We strongly recommend routine wound protection based on our experience and current best practices.



Conclusion

LATUM is a safe, efficacious and cosmetically superior technique for children with MD complicated by internal hernia. A high index of suspicion and early laparoscopic exploration are essential to prevent bowel necrosis. We recommend LATUM as the first-line treatment in centres with paediatric minimally invasive expertise.
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Objective: This study aims to compare the effects of the one-step and two-step methods of ERCP combined with laparoscopic cholecystectomy in the clinical application of pediatric gallbladder stones with common bile duct stones.



Methods: Clinical data were retrospectively collected from pediatric patients diagnosed with gallbladder stones combined with common bile duct stones at our hospital from January 2023 to January 2026. Patients were divided into two groups based on the surgical approach: the one-step group (underwent ERCP and laparoscopic cholecystectomy under the same anesthesia) and the two-step group (underwent ERCP first, followed by laparoscopic cholecystectomy in a separate session). Baseline data and perioperative indicators were compared between the two groups.



Results: A total of 76 pediatric patients were included in the study, with 29 patients in the one-step group and 47 patients in the two-step group. There were no significant differences in the preoperative baseline data (gender, age, BMI, common bile duct diameter, and preoperative liver function indicators) between the two groups (all P > 0.05). The total anesthesia time in the one-step group [320.0 (270.1, 337.5) mins] was significantly shorter than that of the two-step group [361.0 (324.4, 369.7) mins] (Z = −2.314, P = 0.019), and the length of hospitalization in the one-step group (5.3 ± 1.2) days was significantly shorter than the two-step group (6.8 ± 1.4) days (t = 4.784, P < 0.001). There were no significant differences between the two groups in total surgery time [273.2 (190.5, 320.4) mins vs. 287.3 (200.4, 347.1) mins, P = 0.9], postoperative stone clearance rate (89.6% vs. 87.2%, P = 0.249), postoperative complications (bile leakage, pancreatitis, cholangitis, etc.), postoperative liver function indicators (total bilirubin, direct bilirubin, AST, ALT), and hospitalization costs (all P > 0.05).



Conclusion: The one-step ERCP combined with laparoscopic cholecystectomy is safe and feasible in the treatment of pediatric gallbladder stones with common bile duct stones. The one-step method reduces the number of anesthesia sessions and anesthesia time, lowers the risk of general anesthesia in children, and shortens the length of hospitalization, making it worthy of clinical promotion in pediatrics.
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1 Introduction

Gallbladder stones combined with common bile duct stones, though still relatively rare in children, have shown an increasing incidence in recent years. Approximately 0.13%–1.9% of children are diagnosed with gallbladder stones during ultrasound examinations, and the incidence is closely related to risk factors such as increasing age, obesity, genetics, and hemolytic diseases (1). Stone migration or bile stasis can both lead to the formation of bile duct stones. Among patients with gallbladder stones, it is estimated that 4%–20% also have common bile duct stones, according to adult literature. In pediatric patients, the incidence of common bile duct stones is higher than in adults, with up to 30% of children presenting with biliary stones during preoperative examinations (2).

The treatment involves using ERCP to clear the stones from the common bile duct, followed by laparoscopic cholecystectomy to remove the gallbladder filled with multiple stones. The traditional treatment approach is divided into two steps: first performing ERCP to clear the common bile duct stones, followed by a scheduled laparoscopic cholecystectomy. However, this method involves two anesthesia processes, which increase the anesthesia risk and hospitalization time for the child.

To reduce the number of anesthesia sessions while minimizing the risk of complications, some scholars have proposed combining ERCP and laparoscopic cholecystectomy under a single anesthesia, known as the one-step method (3). The advantage of the one-step method is that it reduces the number of anesthesia sessions and lowers anesthesia risks. However, the feasibility and safety of the one-step method remain a focus of clinical attention, with limited pediatric experience.

This study aims to compare the clinical effects of the one-step method and the traditional two-step method in the treatment of pediatric gallbladder stones combined with common bile duct stones. It evaluates the differences in anesthesia time, hospitalization time, postoperative complication rates, and provides a theoretical basis for clinical standardized treatment.



2 Methods


2.1 General information

This study is a retrospective case-control study. Clinical data were collected from pediatric patients diagnosed with gallbladder stones combined with common bile duct stones at our institution from January 2023 to January 2026. All children were diagnosed through preoperative imaging examinations and met the surgical indications. Patients were divided into two groups based on the surgical approach: the one-step group (underwent ERCP and laparoscopic cholecystectomy under the same anesthesia) and the two-step group (underwent ERCP first, followed by scheduled laparoscopic cholecystectomy). This study was approved by the hospital's medical ethics committee, and informed consent was obtained from all patients and their families. The case selection flowchart for this study is shown in Figure 1.


[image: Flowchart illustration detailing inclusion and exclusion criteria for a study of 112 pediatric patients with gallbladder and common bile duct stones, resulting in 29 cases in the one-step group and 47 in the two-step group.]
FIGURE 1
Case selection flowchart of the study.




2.2 Inclusion and exclusion criteria


2.2.1 Inclusion criteria

(1) Age of the child ≤18 years; (2) Initial diagnosis of gallbladder stones combined with common bile duct stones based on clinical symptoms, laboratory tests, and imaging examinations, with preoperative MRCP confirming the presence of common bile duct stones and clear surgical indications; (3) Patients who received ERCP and LC at our hospital, not suitable for stone extraction with gallbladder preservation, or whose families requested gallbladder removal, divided into the one-step or two-step groups; (4) No severe organ dysfunction, no contraindications for ERCP or LC surgery, and able to tolerate anesthesia and surgery; (5) Complete clinical data, with signed informed consent from the child and their family.



2.2.2 Exclusion criteria

(1) Presence of acute complications such as acute cholangitis or acute pancreatitis; (2) History of upper abdominal surgery or previous intervention for common bile duct stones; (3) Common bile duct stones with a diameter >1.5 cm that cannot be removed through ERCP; (4) Severe coagulation disorders or other serious diseases that cannot tolerate surgery; (5) Incomplete clinical data or lost to follow-up.




2.3 Study indicators

The main clinical data collected include: (1) Baseline data: gender, age, body mass index (BMI), preoperative common bile duct diameter, and preoperative liver function indicators (aspartate aminotransferase, alanine aminotransferase, total bilirubin, direct bilirubin); (2) Surgery and anesthesia-related indicators: total anesthesia time, total surgery time; (3) Hospitalization-related indicators: length of hospitalization, hospitalization costs; (4) Postoperative outcome indicators: stone clearance rate, postoperative complications (including pancreatitis, bile leakage, infection, bleeding, etc.).

Primary Endpoints: Total anesthesia time, length of hospitalization.

Secondary Endpoints: Stone clearance rate, postoperative complication rate, postoperative liver function markers, hospitalization costs.

Total Anesthesia Time: Defined as the total duration from the start of anesthesia induction to the end of recovery. For the two-step procedure group, total anesthesia time is the sum of the anesthesia times for ERCP during the first hospitalization and for LC during the second hospitalization. Data were obtained from the original anesthesia records of both surgeries.

Length of Hospitalization: Defined as the total number of days from admission to discharge. For the two-step procedure group, this is the sum of the hospitalization days for both stays, with the actual discharge date recorded in the medical order form being used as the reference.

Hospitalization Costs: Defined as the sum of the costs for both hospitalizations, based on the hospitalization cost records in the case files of each hospitalization.

Stone clearance rate was defined as the proportion of children in whom no residual stones were confirmed in the common bile duct and gallbladder fossa by imaging examinations after all scheduled surgeries. Evaluation criteria: All children underwent routine abdominal ultrasonography within 72 h postoperatively (before discharge) as the initial assessment. Two senior radiologists reviewed the images independently in a blinded manner, focusing on the acoustic shadow of common bile duct stones and intrahepatic bile duct dilatation. If ultrasonography was unclear due to intestinal gas interference, the imaging findings were suspicious, or postoperative clinical indicators (e.g., insignificant decrease in liver function, persistent abdominal pain) highly suggested possible residual stones, magnetic resonance cholangiopancreatography (MRCP) was added for confirmatory evaluation, with images reviewed jointly by radiologists and surgeons. Complete stone clearance was defined as the absence of definite acoustic shadow of stones on ultrasonography and no intraductal filling defect on the supplementary MRCP. For the two-step group, the assessment was uniformly performed before discharge from the second hospitalization (after laparoscopic cholecystectomy, LC).

Post-ERCP Pancreatitis (PEP) Definition: PEP is defined as meeting at least two of the following three criteria: 1. New or worsening abdominal pain post-surgery; 2. Serum amylase and/or lipase levels greater than three times the upper normal limit; 3. Imaging findings consistent with acute pancreatitis. Prophylactic measures for children at high risk of PEP include preoperative rectal administration of nonsteroidal anti-inflammatory drugs (indomethacin suppositories), preferential use of balloon dilation for stone extraction during the procedure, and placement of a prophylactic pancreatic stent.



2.4 Surgical steps

All surgeries were performed by a pediatric surgery team to ensure consistency and standardization in the procedures. Preoperative assessments included routine blood biochemistry, liver function, coagulation function, and serum amylase/lipase tests. The imaging evaluation primarily involved magnetic resonance cholangiopancreatography (MRCP), supplemented by abdominal ultrasound to clarify stone characteristics and biliary anatomy. All patients received endotracheal intubation general anesthesia.


2.4.1 One-step procedure group (simultaneous ERCP+laparoscopic cholecystectomy)

ERCP Stone Extraction: The patient was placed in the left lateral decubitus position, and an adult duodenoscope was used to insert through the mouth into the descending duodenum. A pediatric-specific sphincterotome and guidewire were placed, followed by selective biliary cannulation and cholangiography. Papillary treatment prioritized balloon dilation, and sphincterotomy was performed for impacted stones or poor dilation response. Stone extraction was performed using balloon extraction; for hard stones, mechanical lithotripsy with a basket was attempted. Post-procedure cholangiography was conducted to confirm stone removal, and a nasobiliary drainage tube or biliary stent was placed as needed. No conversions to open surgery were recorded.

Laparoscopic Cholecystectomy (LC): After ERCP, the patient was immediately repositioned to the supine position. A Triport single-port technique was used with an umbilical incision, and CO₂ pneumoperitoneum was established (pressure was adjusted based on age, between 6 and 12 mmHg). Pediatric-specific laparoscopic instruments were used to explore the abdomen, free the cystic duct and artery, and ligate them using absorbable clips. The gallbladder was dissected with an ultrasonic scalpel, and hemostasis was achieved. The gallbladder was extracted through the umbilical incision. After confirming no bleeding or bile leakage, the incision was closed.



2.4.2 Two-step procedure group (staged ERCP+laparoscopic cholecystectomy)

First Stage (ERCP Stone Extraction): The procedural steps were the same as in the one-step procedure. The ERCP procedure involved balloon dilation or sphincterotomy for papillary management, with stent placement and mechanical lithotripsy used when appropriate. There were no conversions to open surgery. After the procedure, the patient was transferred to a general ward for monitoring of vital signs and drainage fluid, with follow-up blood tests for serum amylase, lipase, and liver function. Patients were discharged once the criteria were met.

Second Stage (LC): This was performed 2–6 weeks after ERCP, once inflammation had subsided and liver function had returned to normal. The procedure followed the same steps as in the one-step LC group, with meticulous attention given to adhesions.




2.5 Statistical methods

SPSS 27.0 statistical software was used to analyze all clinical data in this study. First, the Kolmogorov–Smirnov test was used to assess the normality of quantitative variables: For normally distributed data with equal variance [such as age, BMI, preoperative common bile duct diameter, postoperative liver function indicators (ALT, AST, total bilirubin, direct bilirubin), total anesthesia time, total surgery time, length of hospitalization, hospitalization costs, etc.], the data are expressed as (mean ± standard deviation), and independent samples t-test was used for comparisons between the two groups. For non-normally distributed quantitative data, data are expressed as M(Q1, Q3), with Mann–Whitney U test used for comparisons between two groups and Kruskal–Wallis test for multiple group comparisons. Categorical variables (such as gender, postoperative complication rates, stone clearance rate, etc.) are expressed as frequency (%), with χ2 test used for group comparisons. If a 2 × 2 table has a sample size n < 40 or if any cell in the table has a frequency T < 1, Fisher's exact test is applied. A P value of <0.05 was considered statistically significant.




3 Results


3.1 Baseline characteristics

A total of 76 pediatric patients were included in the study, with 29 patients in the one-step group and 47 patients in the two-step group. The case selection flowchart for this study is shown in Figure 1. The preoperative baseline data of the two groups of children were comparable. There were no statistical differences between the groups in terms of gender, age, BMI, common bile duct diameter, and preoperative liver function indicators (total bilirubin, direct bilirubin, AST, ALT) (all P > 0.05), as shown in Table 1.



TABLE 1 Comparison of preoperative baseline data between the two groups of children.



	Parameter
	One-step group (N = 29)
	Two-step group (N = 47)
	χ2/T/Zvalue
	P value





	Sex (male/female, n)
	11/18
	17/30
	0.025
	0.875



	Age (year, x¯±s)
	11.13 ± 3.55
	12.28 ± 2.94
	1.529
	0.130



	BMI (kg/m2, x¯±s)
	19.30 ± 2.50
	19.70 ± 2.60
	0.661
	0.510



	diameter of the CBD (mm, x¯±s)
	8.51 ± 2.20
	9.24 ± 2.32
	1.310
	0.195



	Tbil (μmol/ L, x¯±s)
	85.47 ± 26.83
	83.28 ± 19.98
	0.407
	0.685



	Dbil [μmol/ L, M(Q1, Q3)]
	41.8 (32.2, 52.9)
	40.0 (30.1, 50.2)
	0.372
	0.710



	AST [U/ L, M(Q1, Q3)]
	268.5 (255.3, 275.1)
	257.5 (251.4, 280.9)
	1.943
	0.052



	ALT [U/ L, M(Q1, Q3)]
	310.8 (308.4, 335.2)
	296.3 (290.4, 339.1)
	1.672
	0.095




	Italic values indicate statistical test values (χ², T, or Z) and P values.


	P < 0.05 indicates that the difference is statistically significant. CBD, common bile duct; Tbil, total bilirubin; Dbil, direct bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase.









3.2 Anesthesia and surgical indicators

In the comparison between the two groups, the total anesthesia time was significantly longer in the two-step group than in the one-step group (P = 0.019), and the length of hospitalization in the two-step group was significantly longer than in the one-step group (P < 0.001). However, there were no statistical differences between the two groups in total surgery time, postoperative liver function indicators (total bilirubin, direct bilirubin, AST, ALT), or hospitalization costs (P > 0.05), as shown in Table 2.



TABLE 2 Comparison of anesthesia and surgical outcomes between the two groups of children.



	Parameter
	One-step group (N = 29)
	Two-step group (N = 47)
	χ2/T/Zvalue
	P value





	Total anesthesia time [mins, M(Q1, Q3)]
	320.0 (270.1,337.5)
	361.0 (324.4,369.7)
	−2.314
	0.019*



	Total operation time [mins, M(Q1, Q3)]
	273.2 (190.5,320.4)
	287.3 (200.4,347.1)
	−0.125
	0.900



	Tbil [μmol/ L, M(Q1, Q3)]
	36.72 (33.14,46.24)
	37.72 (34.64,47.61)
	−0.094
	0.925



	Dbil [μmol/ L, M(Q1,Q3)]
	19.17 (15.32,24.26)
	19.25 (15.52,26.75)
	−0.010
	0.992



	AST [U/ L, M(Q1, Q3)]
	119.6 (114.3, 128.4)
	120.5 (113.9, 127.4)
	−0.080
	0.936



	ALT [U/ L, M(Q1, Q3)]
	168.3 (155.2, 178.1)
	173.3 (167.8, 197.4)
	−0.231
	0.817



	Length of hospital stay (day, x¯±s)
	5.3 ± 1.2
	6.8 ± 1.4
	4.784
	<0.001*



	Hospitalization cost (RMB, x¯±s)
	17,890.4 ± 2,376.4
	18,752 ± 3,012.4
	1.384
	0.195




	Values in italics represent the corresponding test statistic (χ² value, t value, or Z value).


	*Indicates that the difference is statistically significant (P < 0.05).









3.3 Postoperative complication rate

There was no significant difference in the postoperative stone clearance rate between the one-step group and the two-step group (P = 0.249). Regarding postoperative complications, there were no statistical differences between the one-step group and the two-step group in terms of the incidence of bile leakage, pancreatitis, cholangitis, bleeding, or incision infection (P > 0.05), as shown in Table 3. In this study, all PEP cases were mild, and the patients recovered after conservative treatment, including fasting, aggressive fluid resuscitation, and analgesia. The hospitalization time was extended by 2–3 days, with no moderate or severe cases.



TABLE 3 Comparison of postoperative stone clearance rate and postoperative complications between the two groups of children.



	Parameter
	One-step group (N = 29)
	Two-step group (N = 47)
	χ2/T/Zvalue
	P value





	Postoperative stone clearance, n (%)
	22 (75.9%)
	37 (78.7%)
	0.085
	0.771



	Postoperative complications, n (%)


	Bile leakage
	1 (3.4%)
	2 (4.2%)
	0.028
	0.867



	Pancreatitis
	4 (13.8%)
	3 (6.4%)
	1.190
	0.275



	Cholangitis
	1 (3.4%)
	1 (2.1%)
	0.028
	0.867



	Hemorrhage
	0 (0.0%)
	0 (0.0%)
	-
	1.000



	Incision infection
	1 (3.4%)
	0 (0.0%)
	-
	1.000




	P < 0.05 indicates that the difference is statistically significant.









3.4 Follow-up results

Both groups of patients completed a 6-month postoperative follow-up. During the follow-up period, there were no cases of stone recurrence or readmission in the one-step procedure group. In the two-step procedure group, one patient (2.1%) required a second ERCP for stone extraction 3 months post-surgery due to residual stones (a missed diagnosis of cystic duct remnant stones on preoperative MRCP). The patient recovered and did not experience any recurrence. No delayed complications (such as biliary strictures, recurrent cholangitis, or recurrent pancreatitis) have been observed in either group. Liver function returned to normal ranges in both groups upon the 6-month postoperative review.




4 Discussion

This study retrospectively analyzed the clinical data of 76 pediatric patients with gallbladder stones combined with common bile duct stones, comparing the treatment effects of ERCP combined with laparoscopic cholecystectomy (LC) using the one-step method and the two-step method. The results showed that there were no statistical differences between the two groups in terms of surgical safety (postoperative complication rate, stone clearance rate), surgical efficiency (total surgery time), and postoperative liver function recovery (all P > 0.05). However, the one-step method had significant advantages in reducing the number of anesthesia sessions, shortening hospitalization time, and controlling hospitalization costs (P < 0.05), and the total anesthesia time was significantly shorter than the two-step method (P = 0.019). These results are consistent with several recent studies on pediatric common bile duct stone treatment, further confirming the safety and feasibility of the one-step method in pediatric clinical applications, providing important clinical evidence for optimizing the treatment strategy for pediatric gallbladder stones combined with common bile duct stones (4–6).

Although the incidence of pediatric gallbladder stones combined with common bile duct stones is lower than that in adults, it has been increasing in recent years. Given that children's physiological functions are not yet fully developed, controlling the risks of anesthesia and surgery is particularly critical (7). The traditional two-step method involves a staged treatment approach with ERCP and LC, requiring two general anesthesia sessions. This not only increases the number of anesthesia exposures but may also extend the hospitalization period due to repeated biliary inflammation, stone displacement, and other issues between the two surgeries (8, 9). In this study, the total anesthesia time in the two-step group was significantly longer at 361.0 (324.4, 369.7) mins compared to the one-step group at 320.0 (270.1, 337.5) mins, and the length of hospitalization (6.8 ± 1.4) days was significantly longer in the two-step group than the one-step group (5.3 ± 1.2) days. This aligns closely with Sanin et al.'s (10) research conclusion on the “surgery-first” strategy, which can shorten hospitalization time and reduce anesthesia exposure. The one-step method, by completing ERCP stone removal and LC under the same anesthesia, effectively avoids the potential risks associated with two anesthesia sessions (such as anesthetic drug accumulation and respiratory and circulatory suppression), while also preventing fluctuations in the patient's condition between staged surgeries. This significantly improves treatment efficiency, which is of critical clinical significance for pediatric patients.

The question of whether the one-step or two-step procedure is superior remains controversial. The one-step procedure involves a single, prolonged anesthesia session, while the two-step procedure involves two separate, shorter anesthesia sessions, with the cumulative risks of both approaches needing to be assessed in pediatric patients from the perspectives of both “duration” and “frequency” of anesthesia. A 2024 study published in Anesthesiology showed that children who underwent multiple anesthesia sessions before the age of 5 had an average IQ score that was 5.8 points lower than those who had single or no anesthesia, suggesting that an increased number of anesthesia sessions may have a cumulative effect on neurodevelopment (11). However, a 2025 meta-analysis found that anesthesia lasting more than 3 h was associated with an increased risk of attention deficit hyperactivity disorder and learning disabilities (HRs of 1.99 and 1.71, respectively), indicating that prolonged single anesthesia sessions also pose potential risks (12). Additionally, intraoperative patient transfer itself can lead to hemodynamic fluctuations and other adverse events, which should be mitigated through optimized procedural protocols. In summary, there is no definitive conclusion regarding the risk balance between the two approaches: the one-step procedure reduces the number of anesthesia sessions but extends the duration and carries transfer risks, while the two-step procedure distributes the total duration but increases the number of anesthesia sessions. This study found no significant differences in short-term outcomes between the two groups, but long-term neurodevelopmental outcomes will require further follow-up. Therefore, the choice of procedure should be based on a comprehensive assessment of the child's age, underlying conditions, and the surgical team's ability to collaborate. The conclusions of this study are applicable only to carefully selected, stable pediatric patients and should be conducted at centers with mature collaborative processes.

Surgical safety and effectiveness are core considerations in pediatric surgical treatment. The results of this study show that there were no statistical differences between the two groups in postoperative stone clearance rates (one-step method 89.6% vs. two-step method 87.2%, P = 0.249) or the incidence of complications (such as bile leakage, pancreatitis, cholangitis, etc.) (all P > 0.05), suggesting that the one-step method can achieve comparable clinical outcomes to the two-step method without compromising treatment effectiveness or increasing the risk of complications. This finding aligns with Guo et al.'s (13) view that selecting an appropriate surgical strategy can ensure treatment safety while avoiding unnecessary endoscopic procedures. It is noteworthy that in this study, the incidence of postoperative pancreatitis was low in both groups (one-step method 13.8%, two-step method 6.4%), with no severe complications, thanks to the standardized surgical procedures. For example, in ERCP, balloon dilation was prioritized to preserve sphincter function and avoid cannula misplacement into the pancreatic duct, and in LC, low-power ultrasound was used for precise operation. These meticulous techniques effectively reduced the risk of postoperative complications and further validated the rationality and safety of the one-step method's procedural flow.

From a health economics and healthcare resource utilization perspective, the advantages of the one-step method are also significant. In this study, the hospitalization costs in the one-step group were lower than those in the two-step group, although the difference did not reach statistical significance (P = 0.171), and the reduction in hospitalization time could lower the cost of family caregiving and indirect economic losses while decreasing hospital bed occupancy, thus optimizing healthcare resource allocation (14, 15). The traditional two-step method, due to its staged surgeries, requires multiple preoperative evaluations and postoperative monitoring, which not only increases medical expenses but may also reduce treatment adherence due to concerns from patients and families about undergoing multiple surgeries. In contrast, the one-step method optimizes the process, controlling medical costs while ensuring treatment quality, in line with the current trends in precision and efficient healthcare, especially suitable for pediatric settings with relatively limited medical resources.

Although this study has yielded meaningful conclusions, there are certain limitations. First, this is a single-center retrospective case-control study with a relatively small sample size. No multivariate analysis or propensity score correction was performed to account for potential confounding factors, and there is a degree of selection bias (for example, the choice of surgical method may be influenced by factors such as the severity of the child's condition and family preferences). Second, the study did not include long-term follow-up of the children, so the long-term outcomes of the one-step method, such as stone recurrence and biliary function recovery, remain unclear. Long-term prognostic evaluation is crucial for formulating treatment strategies for pediatric chronic diseases. Additionally, the study did not analyze in detail the impact of stone size and quantity on the efficacy of the two surgical methods, while previous studies have shown that stone characteristics are important factors affecting the treatment outcome of common bile duct stones (16–18).

Based on the results of this study and existing literature evidence, the one-step method could be considered as the preferred treatment strategy for pediatric gallbladder stones combined with common bile duct stones in future clinical practice, especially for children with stones ≤1.5 cm in diameter, no acute complications, and the ability to tolerate a single long anesthesia session. Additionally, further prospective multi-center studies should be conducted to expand the sample size and long-term follow-up to assess the long-term efficacy of the one-step method. Furthermore, individualized treatment plans based on stone characteristics (size, number, location), as well as the child's age and physiological condition, could be explored to enable more precise treatment decisions.

For pediatric patients with stable conditions and no acute complications, the one-step ERCP combined with laparoscopic cholecystectomy demonstrates advantages in terms of shorter anesthesia exposure time, shorter hospitalization duration, and manageable medical costs when treating children with gallbladder stones and concomitant common bile duct stones. Its safety and efficacy are comparable to the traditional two-step procedure. It is important to note that this study is a single-center, small-sample retrospective analysis, and it excluded patients with concomitant acute cholangitis or pancreatitis. Therefore, the conclusions are only applicable to carefully selected elective surgical cases. In centers with pediatric endoscopy and surgical collaboration teams, this approach shows preliminary feasibility for eligible patients. However, its broader applicability in the general population requires further validation through large-sample, prospective studies. Overall, the one-step procedure aligns with the pediatric surgical principles of “precision, efficiency, and safety”. Under strict adherence to the indications, it can be considered as one of the standardized treatment options for pediatric patients with gallbladder stones and concomitant common bile duct stones, and it is worth promoting in eligible patients.
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Objective: This study aimed to clarify the comparative clinical efficacy and safety of open (OKPE), laparoscopic (LKPE), and robotic-assisted (RAKPE) approaches for Kasai portoenterostomy in patients with biliary atresia (BA).



Methods: We retrospectively analyzed 50 patients diagnosed with type III BA who underwent Kasai portoenterostomy between January 2015 and December 2024. Based on the surgical approach, patients were categorized into three groups: OKPE (n = 21), LKPE (n = 18), and RAKPE (n = 11). Clinical characteristics, perioperative indicators, and short-term outcomes, including jaundice clearance (JC) at 6 months and one-year survival with native liver (SNL), were compared among the groups.



Results: RAKPE was associated with a significantly longer operative time compared to LKPE and OKPE (310 ± 39 vs. 230 ± 34 vs. 200 ± 74 min; P < 0.001). OKPE showed shorter fibrous cone dissection time (47 ± 11 vs. 66 ± 7 vs. 66 ± 9 min; P < 0.001) and less dissection blood loss [2(2–3) vs. 4(3–5) vs. 3(2–4) mL; P < 0.001]. Conversely, minimally invasive approaches achieved faster oral feeding [10 (8–10) vs. 4.5 (4–5) vs. 4 (4–5) days; p < 0.001] and shorter hospital stay [29 (23–36) vs. 19 (15–27) vs. 18 (17–28) days; P = 0.003]. No significant differences were observed across the three groups regarding 6-month JC rates (67% vs. 61% vs. 55%; P = 0.81), postoperative cholangitis incidence (55% vs. 44% vs. 38%; P = 0.66), or one-year SNL rates (71% vs. 72% vs. 64%; P = 0.85).



Conclusions: OKPE, LKPE, and RAKPE demonstrate comparable short-term efficacy and safety for type III BA. While OKPE offers technical advantages in hilar dissection, minimally invasive approaches significantly optimize postoperative recovery. Surgical technique selection should be individualized based on patient characteristics, surgeon experience, and institutional resources.
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Highlights


	RAKPE, LKPE, and OKPE show comparable jaundice clearance and native liver survival.

	Minimally invasive approaches significantly accelerate oral feeding and recovery.

	OKPE maintains technical advantages in reducing hilar dissection time and blood loss.

	Robotic-assisted Kasai is safe but currently involves longer operative durations.





Introduction

Biliary atresia (BA) is a severe neonatal obstructive cholangiopathy characterized by progressive inflammation, fibrosis of intrahepatic and extrahepatic bile ducts (1). Without timely intervention, the patients inevitably progress to end-stage liver cirrhosis and typically die within the first two years of life (2). Since its introduction, the Kasai portoenterostomy (KPE) has remained the cornerstone of surgical management for BA, significantly prolonging survival by reconstructing bile drainage, and transforming the disease from a fatal condition into a manageable chronic disorder (3).

Minimally invasive surgical techniques are expanding the therapeutic landscape for biliary atresia. Laparoscopic Kasai portoenterostomy (LKPE), in particular, has gained increasing acceptance due to its advantages of reduced surgical trauma, faster postoperative recovery, and superior cosmetic outcomes (4, 5). Previous studies have shown that laparoscopic surgery is associated with shorter hospital stays and reduced postoperative pain (6). Robotic-assisted surgery may offer additional technical advantages, including enhanced precision, three-dimensional visualization, and flexible maneuverability (7, 8). However, laparoscopic approaches remain controversial, largely due to the technical challenges of achieving adequate hilar exposure, securing effective hemostasis, and mastering its steep learning curve (9). To date, robotic-assisted Kasai portoenterostomy (RAKPE) remains in an exploratory stage, with limited clinical evidence reported (10, 11). Therefore,this study aims to compare the efficacy and safety of OKPE, LKPE, and RAKPE in the treatment of BA, with the goal of providing evidence-based guidance for optimizing surgical strategies.



Materials and methods


Patient selection

Clinical data were retrospectively collected from children with type III BA who underwent KPE at Children's Hospital of Soochow University between January 2015 and December 2024. Inclusion criteria were as follows (1): a confirmed diagnosis of BA based on clinical presentation and intraoperative cholangiography; (2) surgery performed between 50 and 90 days after birth; (3) a follow-up duration of more than 12 months with complete clinical data available. Exclusion criteria included: (1) the presence of other serious congenital anomalies; (2) failure to undergo KPE; (3) loss to follow-up.

After detailed explanation of advantages and disadvantages of each surgical approach, legal guardians independently selected the surgical approach. All surgeries were performed by experienced hepatobiliary surgeons who had completed at least 20 LKPE and RAKPE procedures. Patients were divided into three groups according to the surgical approach: OKPE, LKPE, and RAKPE. No significant differences in baseline characteristics were observed among the three groups (Table 1). This study was approved by the Medical Ethics Committee (Approval No. 2025CS405). Informed consent was obtained from all guardians.



TABLE 1 Baseline characteristics of the patients in OKPE, LKPE, and RAKPE groups.



	
	Surgical Procedure



	Characteristic
	OKPE
	LKPE
	RAKPE
	p-value



	N = 21
	N = 18
	N = 11





	Gender, n (%)
	
	
	
	>0.99



	Female
	12 (57%)
	11 (61%)
	6 (55%)
	



	Male
	9 (43%)
	7 (39%)
	5 (45%)
	



	Age at surgery (days), Mean ± SD
	61 ± 10
	57 ± 11
	60 ± 10
	0.46



	Body weight (kg), Mean ± SD
	5.1 ± 0.6
	5.0 ± 0.6
	5.3 ± 0.9
	0.54



	Pre-TB (μmol/L), Median (Q1, Q3)
	180 (160, 190)
	170 (150, 180)
	170 (120, 180)
	0.45



	Pre-DB (μmol/L), Median (Q1, Q3)
	130 (110, 150)
	120 (110, 140)
	110 (87, 140)
	0.47



	Pre-AST (U/L), Median (Q1, Q3)
	270 (200, 300)
	210 (170, 270))
	180 (150, 280)
	0.20



	Pre-ALT (U/L), Median (Q1, Q3)
	220 (140, 300)
	180 (140, 270)
	160 (98, 290)
	0.43



	Fisher's exact test


	One-way analysis of means


	Kruskal–Wallis rank sum test



	Continuous variables are expressed as mean ± standard deviation (SD) or median with interquartile range (Q1, Q3), as appropriate. Categorical variables are presented as frequencies and percentages (n, %). TB, Total Bilirubin; DB, Direct Bilirubin; AST, Aspartate Aminotransferase; ALT, Alanine Aminotransferase. Statistical significance among the three groups was assessed using Fisher's exact test for categorical variables, and One-way analysis of variance (ANOVA) or the Kruskal–Wallis rank-sum test for continuous variables.









Surgical techniques

OKPE: Following laparoscopic biliary exploration, the procedure was converted to an open approach through a right subcostal incision. Step 1: following division of the perihepatic ligaments and liver retraction, the fibrous plaque at the porta hepatis was identified. Dissection continued towards the porta hepatis until reaching the superior edge of the bifurcation of the left and right portal vein branches. The fibrous plate was excised flush with the liver surface, extending bilaterally to the points where the vascular sheaths enter the liver parenchyma. Adequate bile drainage was observed, and meticulous hemostasis was achieved using hemostatic gauze packing. Step 2: the jejunum was identified 25 cm distal to the ligament of Treitz and transected. An end-to-side anastomosis was constructed between the proximal limb and distal bowel loop 40 cm from its closed end. The Roux limb was routed anterior to the duodenum and posterior to the transverse colon, and its open end anastomosed to the porta hepatis.

LKPE: After intraoperative cholangiography confirmation (Figure 1A), a 5-mm umbilical trocar and three 3-mm trocars were placed, and pneumoperitoneum was established. The falciform ligament was retracted to expose the porta hepatis. In accordance with OKPE Step 1, blunt and sharp dissection of the fibrous tissue at the porta hepatis was performed exclusively with a laparoscopic Maryland dissector and microscissors, without electrocautery. Construction of the Roux-en-Y limb and portoenterostomy followed the same principles as OKPE Step 2.
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FIGURE 1
Schematic illustration of port placements. (A) Laparoscopic Kasai portoenterostomy (LKPE) group: A 5-mm umbilical trocar is utilized for the laparoscope, accompanied by three 3-mm working trocars placed strategically in the upper and lower abdomen. (B) Robotic-assisted Kasai portoenterostomy (RAKPE) group: An 8-mm umbilical trocar is used for the robotic camera, with two 8-mm working trocars (mid-abdominal) for robotic arms, and one 3-mm assistant trocar placed in the left lower quadrant to optimize the operative field.


RAKPE: Following cholangiography confirmation, OKPE Step 2 was performed initially. After bowel replacement, an 8-mm umbilical trocar, two 8-mm mid-abdominal trocars (5.5 cm from umbilicus), and one 3-mm in the left lower quadrant trocar were inserted (Figure 1B). Following reinsufflation, the falciform ligament was retracted, exposing the porta hepatis and clearly revealing the fibrous plate (Figure 2A). In strict accordance with the principle of “cold dissection”, robotic-assisted dissection of the fibrous tissue at the porta hepatis was meticulously performed from left to right using robotic Maryland bipolar forceps and robotic curved scissors. Following careful transection at the bilateral margins, satisfactory bile drainage was observed, with a thin layer of whitish membranous tissue preserved at the resection site (Figure 2B). The procedure was completed successfully, with adequate exposure of the porta hepatis and patent bile drainage channels achieved (Figure 2C).
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FIGURE 2
Intraoperative images of the RAKPE group. A: Exposure of the hilar fibrous mass; B: Trimming of the hilar fibrous mass; C: Portoenterostomy.


Postoperatively, intravenous cefoperazone-sulbactam was administered for 2 weeks, followed by oral cefdinir. Intravenous prednisolone (4 mg·kg−1·d−1) was initiated on postoperative day 5, then switched to oral dosing and tapered over 12 weeks (12).



Data collection

Collected data encompassed: (1) baseline demographics and clinical characteristics: including gender, age, weight, preoperative liver function parameters (total bilirubin [TB], direct bilirubin[DB], aspartate aminotransferase [AST], and alanine aminotransferase [ALT]); (2) perioperative indicators: including operative time, fibrous plate dissection time, intraoperative blood loss, time to oral feeding, and length of hospital stay; (3) postoperative outcomes, including liver function recovery, postoperative complications, incidence of cholangitis incidence, jaundice clearance rates (JCR, defined as TB < 20 μmol/L) at 1 and 6 months, and one-year native liver survival (NLS) rates (13, 14).



Statistical analysis

Categorical variables were compared among the three groups using Fisher's exact test, as appropriate. Continuous variables were assessed for normality and are presented as mean ± standard deviation or median with interquartile range (IQR), as appropriate. Comparisons among the three groups were performed using one-way analysis of variance or the Kruskal–Wallis test. post hoc pairwise comparisons were conducted using the Steel–Dwass test. All statistical analyses were performed using JMP® Pro version 17.0 (JMP, Cary, NC, USA). A two-sided p value < 0.05 was considered statistically significant.




Results


Baseline characteristics

Fifty patients were included: OKPE (n = 21), LKPE (n = 18), RAKPE (n = 11). Baseline characteristics were comparable among the three groups (Table 1). Gender distribution showed no significant difference (p > 0.99), with females comprising 57%, 61%, and 55% in OKPE, LKPE, and RAKPE groups, respectively. Mean age at surgery did not differ significantly between the OKPE, LKPE, and RAKPE groups (61 ± 10 days vs. 57 ± 11 days vs. 60 ± 10; p = 0.46). Body weight averaged 5.1 ± 0.6 kg, 5.0 ± 0.6 kg, and 5.3 ± 0.9 kg for OKPE, LKPE and RAKPE groups, respectively (p = 0.54). Preoperative laboratory parameters (TB, DB, AST, ALT) also showed no significant differences (all p > 0.05), indicating comparable baseline hepatic status.



Operative metrics

Significant differences were observed in operative metrics (Table 2 and Figure 3). Mean operative time was significantly longer in RAKPE group (310 ± 39 min) compared to LKPE (230 ± 34 min) and OKPE (200 ± 74 min) groups (p < 0.001) (9, 10). Fibrous cone dissection time was substantially shorter in OKPE (47 ± 11 min) compared to LKPE (66 ± 7 min) and RAKPE (66 ± 9 min) (p < 0.001). Total blood loss showed no significant difference (p = 0.25), with median values of 20 mL (IQR:15–20), 13 mL (IQR:10–20), and 20 mL (IQR:10–20) for OKPE, LKPE, and RAKPE, respectively. However, blood loss during fibrous cone dissection was significantly lower in OKPE [2 mL (IQR:2–3)] compared to LKPE [4 mL (IQR:3–5)] and RAKPE [3 mL (IQR:2–4)] (p < 0.001).



TABLE 2 Comparison of intraoperative metrics and short-term postoperative outcomes among the three surgical groups.



	
	Surgical Procedure



	Characteristic
	OKPE
	LKPE
	RAKPE
	p-value



	N = 21
	N = 18
	N = 11





	Operative time (min), Mean ± SD
	200 ± 74a
	230 ± 34a
	310 ± 39b
	<0.001



	Fibrous cone dissection time (min), Mean ± SD
	47 ± 11a
	66 ± 7b
	66 ± 9b
	<0.001



	Total blood loss (mL), Median (Q1, Q3)
	20 (15, 20)
	13 (10, 20)
	20 (10, 20)
	0.25



	Blood loss during dissection (mL), Median (Q1, Q3)
	2 (2, 3)a
	4 (3, 5)b
	3 (2, 4)ab
	<0.001



	Time to oral feeding (days), Median (Q1, Q3)
	10 (8, 10)a
	4.5 (4, 5)b
	4 (4, 5)b
	<0.001



	Post-TB (μmol/L), Median (Q1, Q3)
	120 (110, 130)
	120 (100, 130)
	100 (70, 130)
	0.55



	Post-DB (μmol/L), Median (Q1, Q3)
	96 (81, 110)
	92 (75, 99)
	90 (77, 100)
	0.98



	Post-AST (U/L), Median (Q1, Q3)
	160 (120, 180)
	140 (120, 170)
	150 (110, 190)
	0.64



	Post-ALT (U/L), Median (Q1, Q3)
	170 (110, 210)
	140 (110, 180)
	140 (89, 180)
	0.75



	Postoperative stay (days), Median (Q1, Q3)
	29 (23, 36)a
	19 (15, 27)b
	18 (17, 28)b
	0.003



	Postoperative complications (0/1), n (%)
	3 (14%)
	2 (11%)
	1 (9%)
	>0.99



	Wound infection (n, %)
	2 (9%)
	1 (5.5%)
	0 (0%)
	



	Pancreatic leak (n, %)
	0 (0%)
	0 (0%)
	0 (0%)
	



	Anastomotic bleeding (n, %)
	0 (0%)
	0 (0%)
	0 (0%)
	



	Adhesive intestinal obstruction (n, %)
	1 (5%)
	0 (0%)
	0 (0%)
	



	Biliary leakage (n, %)
	0 (0%)
	1 (5.5%)
	0 (0%)
	



	Incisional hernia (n, %)
	0 (0%)
	0 (0%)
	1 (9%)
	



	Cholangitis, n (%)
	
	
	
	0.66



	No
	13 (62%)
	10 (56%)
	5 (46%)
	



	Yes
	8 (38%)
	8 (44%)
	6 (54%)
	



	Jaundice clearance at 1 month, n (%)
	
	
	
	0.87



	No
	8 (38%)
	8 (44%)
	5 (45%)
	



	Yes
	13 (62%)
	10 (56%)
	6 (55%)
	



	Jaundice clearance within 6 months, n (%)
	
	
	
	0.81



	No
	7 (33%)
	7 (39%)
	5 (45%)
	



	Yes
	14 (67%)
	11 (61%)
	6 (55%)
	



	1-year native liver survival, n (%)
	
	
	
	0.85



	No
	6 (29%)
	5 (28%)
	4 (36%)
	



	Yes
	15 (71%)
	13 (72%)
	7 (64%)
	



	One-way analysis of means


	Kruskal–Wallis rank sum test


	Fisher's exact test



	Continuous variables are presented as mean ± SD or median (Q1, Q3). Categorical variables are expressed as n (%). Superscript letters (a, b) indicate the results of post-hoc pairwise comparisons using the Steel-Dwass test; values within a row sharing the same superscript letter are not significantly different, whereas those with different letters are statistically significant (P < 0.05). TB, Total Bilirubin; DB, Direct Bilirubin; AST, Aspartate Aminotransferase; ALT, Alanine Aminotransferase; OKPE, Open Kasai Portoenterostomy; LKPE, Laparoscopic Kasai Portoenterostomy; RAKPE, Robotic-Assisted Kasai Portoenterostomy.
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FIGURE 3
Pairwise comparisons of key perioperative metrics among the OKPE, LKPE, and RAKPE groups. (A) Operative time (min), (B) Fibrous cone dissection time (min), (C) Time to oral feeding (days), and (D) Postoperative stay (days). The horizontal line within each box represents the median, while the lower and upper boundaries of the box indicate the first (Q1) and third (Q3) quartiles, respectively. Individual patient data points are superimposed on the boxes (gray dots). P-values derived from the post-hoc Steel-Dwass test are displayed with brackets to indicate statistically significant differences between specific groups.




Postoperative recovery

Time to oral feeding was significantly longer in the OKPE group [10 days (IQR:8–10)] compared to LKPE [4.5 days (IQR:4–5)] and RAKPE groups[4 days (IQR:4–5)] (p < 0.001). Postoperative laboratory values (TB, DB, AST, ALT) showed no significant differences (all p > 0.05), suggesting comparable early hepatic recovery. Hospital stay was significantly longer in OKPE [29 days (IQR:23–36)] compared to LKPE [19 days (IQR:15–27)] and RAKPE [18 days (IQR:17–28)] (p = 0.003) (Table 2).



Complications and outcomes

The overall incidence of postoperative complications was low and comparable among the three groups: 14% (OKPE), 11% (LKPE), and 9% (RAKPE) (p > 0.99). Postoperative complications included 2 cases of wound infection and 1 case of adhesive intestinal obstruction in the OKPE group; 1 case of wound infection and 1 case of biliary leakage in the LKPE group; and 1 case of incisional hernia in the RAKPE group. Postoperative cholangitis rates were 38%, 44%, and 55% in OKPE, LKPE, and RAKPE groups, respectively (p = 0.66). JCR at 1 month were similar between the OKPE, LKPE, and RAKPE groups: 62%, 56%, and 55% (p = 0.87). At 6 months, rates remained comparable: 67%, 61%, and 55% (p = 0.81) (14). One-year NLS rates showed no significant difference: 71%, 72%, and 64% (p = 0.85).




Discussion

BA remains one of the most challenging conditions in pediatric hepatobiliary surgery, necessitating prompt intervention to prevent progression to end-stage liver disease (1, 2). Since Kasai's pioneering hepatoportoenterostomy in 1957, KPE has been established as the primary palliative procedure for restoring bile drainage and delaying liver transplantation (3, 15). This study compares perioperative outcomes and safety profiles of three surgical approaches in treating type III BA.

In this cohort, OKPE and LKPE were associated with significantly shorter operative times compared to RAKPE, but no significant difference was observed between OKPE and LKPE The prolonged operative time observed in the RAKPE group is likely attributable to the well-documented learning curve inherent to robotic surgery in pediatric populations (16, 17), including the technical complexity of hilar dissection and additional time required for robotic system setup. Nevertheless, with accumulated surgical experience, standardized protocols, and simulation-based training, operative time reductions of 30–40 min are achievable, potentially approximating LKPE durations after 15–20 cases (18, 19). OKPE exhibits superior performance in fibrous plate dissection time and intraoperative blood loss during hilar dissection (p < 0.001). This advantage likely reflect the benefits of direct tactile feedback and unrestricted instrument maneuverability, which prove particularly valuable when managing dense fibrotic tissue at the porta hepatis. RAKPE showed less intraoperative blood loss during hilar plate dissection than the LKPE group, benefiting from the enhanced magnification and tremor filtration of the robotic surgical platform. The development of minimally invasive KPE has been characterized by initial controversy and gradual acceptance. Following Esteves et al.'s first LKPE report in 2002 (4), safety concerns prompted opposition from the International Pediatric Endosurgery Group in 2007. However, subsequent studies, including a recent randomized controlled trial and prospective cohort analyses, have since reported comparable long-term outcomes between LKPE and OKPE (5, 6). Robotic assistance, first reported by Dutta and Albanese (2007) and Meehan et al. (16, 17), confers theoretical advantages that address the inherent limitations of conventional laparoscopy. The da Vinci system delivers seven degrees of freedom with wristed instrumentation, tremor filtration, and high-definition three-dimensional visualization, thereby enhancing precision during delicate hilar dissection and Roux-en-Y reconstruction (11, 20). Although challenges persist—including difficulty in adequate porta hepatis exposure, risk of incomplete fibrous plate excision, hemostatic complications with potential thermal injury, and a steep learning curves—minimally invasive approaches consistently yield faster postoperative feeding and shorter hospital stays, attributable to reduced surgical trauma, diminished pain, and accelerated recovery p < 0.001) (6, 21).

Importantly, all three surgical approaches demonstrated comparable short-term outcomes, with no significant differences in JC or 1-year NLS. JC, defined as normalization of serum bilirubin within 6 months post-KPE, represents the most reliable indicator of successful bile drainage and serves as a robust predictor of long-term outcomes (22, 23). Post-KPE cholangitis constitutes the most common serious complication, with reported incidence ranging from 40% to 93% (24). The present study demonstrated comparable rates across all groups (38%–54%), with no significant differences detected. Putative pathophysiologic mechanisms include bacterial translocation, lymphatic dysfunction, portal venous dissemination, and immune-mediated responses. Cholangitis occurring within the first postoperative year adversely impacts outcomes and NLS, serving as a predictor of liver failure and earlier transplantation requirement (25). The RAKPE group exhibited numerically higher cholangitis rates, although this difference did not reach statistical significance, suggesting that achieving technical proficiency requires substantial experience and an extended learning curve. During this developmental phase, RAKPE may not be universally applicable, particularly in patients presenting with severe disease or complex hilar anatomy. For pediatric patients with BA, KPE remains the cornerstone of management, with liver transplantation reserved as salvage therapy. A successful KPE has been shown to confer a significant advantage on subsequent graft survival (26, 27).

This study has several limitations, including a relatively small sample size, single-center design with inherent selection bias, and insufficient long-term follow-up. Future investigations should expand sample sizes through multicenter collaborations, with emphasis on long-term outcome tracking to elucidate differences in cholangitis recurrence, liver fibrosis progression, and transplantation outcomes. Additionally, validating the long-term value of RAKPE and evaluating the cost-effectiveness of robotic technology represent critical research directions. Optimizing surgical techniques, reducing operative times, and minimizing complications through standardized protocols remain ongoing priorities.



Conclusion

OKPE, LKPE and RAKPE demonstrate comparable short-term efficacy and safety profiles. Surgical technique selection should be individualized based on patient characteristics, surgeon experience, institutional resources, and cost considerations, thereby providing a foundation for personalized treatment planning. As surgical expertise evolves and technology advances, minimally invasive approaches may confer additional benefits while maintaining outcomes equivalent to traditional open surgery.
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Objective: This study aimed to compare the safety and feasibility of transumbilical laparoscopic-assisted appendectomy (TULAA) vs. three-port laparoscopic appendectomy (TPLA) for the treatment of acute appendicitis in children.



Materials and methods: A retrospective analysis was conducted on pediatric patients who underwent appendectomy at Maternity&Child Healthcare Hospital of Longgang District, Shenzhen City (Longgang Maternity and Child Institute of Shantou University Medical College) between January 2022 and June 2025. Patient demographics, operative times, postoperative recovery parameters (time to first flatus, length of hospital stay), and complication rates were compared between the two surgical groups.



Results: A total of 171 patients were enrolled in the study, with 109 cases in the TULAA group and 62 cases in the TPLA group. There were no significant differences between the TULAA and TPLA groups in baseline characteristics including age, gender, weight, height, BMI, white blood cell count, or CRP levels (p > 0.05). The mean operative time was comparable between groups (TULAA: 54.94 ± 24.97 min vs. TPLA: 58.65 ± 25.58 min, p = 0.356). However, the TULAA group demonstrated a significantly shorter average hospital stay (4.83 ± 1.53 days vs. 5.35 ± 1.19 days, p = 0.022). Conversely, the time to first postoperative flatus was significantly longer in the TULAA group (25.81 ± 11.00 h vs. 21.13 ± 10.01 h, p = 0.006). The overall complication rate showed no significant difference (TULAA: 4.6% vs. TPLA: 6.5%, p > 0.05), with all cases managed conservatively.



Conclusion: For pediatric acute appendicitis, TULAA is a safe and feasible minimally invasive technique, resulting in a significantly reduced hospital stay compared to TPLA despite a slightly delayed return of bowel function. Both techniques demonstrate comparable operative times and overall complication rates. TULAA represents a valuable surgical option within the pediatric minimally invasive arsenal.
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1 Introduction

Acute appendicitis represents a common and significant pediatric surgical emergency, with a lifetime incidence of approximately 7%–8% (1, 2). Annually, a significant number of children worldwide require surgical intervention as a result of acute appendicitis (3).

At present, there is no unified conclusion on the causes of appendicitis, and existing research tends to be related to appendiceal duct obstruction, lymphoid tissue hyperplasia, and other factors. In addition, some studies suggest that appendicitis may have a genetic predisposition, with some patients with a positive family history having a higher incidence of appendicitis.

The typical symptom of acute appendicitis in children is metastatic abdominal pain, which moves from periumbilical pain to the lower right abdomen, but there are also some children who only present with periumbilical pain. In addition, there are some other symptoms such as decreased appetite, nausea and vomiting, fever, etc. At present, the common laboratory tests for diagnosing appendicitis in China are white blood cell count (WBC), absolute neutrophil count (ANC), and C-reactive protein (CRP). The preferred imaging method for diagnosing appendicitis in children is color Doppler ultrasound examination.

The management of appendicitis in children has evolved considerably over time, transitioning from primarily open surgical techniques to a greater emphasis on minimally invasive approaches (4). Traditionally, open appendectomy, involving a direct incision to access and remove the appendix, was the standard surgical approach. While effective, open appendectomy is associated with larger incisions, potentially increased postoperative pain, longer recovery times, and a higher risk of wound complications compared to minimally invasive techniques.

The feasibility and safety of TPLA has been verified (5, 6). In recent years, TULAA has emerged as a further refinement of the minimally invasive approach to appendectomy in children (4). The safety and feasibility of TULAA in the treatment of emergency appendicitis, especially its application value for pediatric patients, remain unclear at present.

This study aims to compare the safety and feasibility of TULAA and TPLA in the treatment of acute appendicitis in children.



2 Methods


2.1 Study population and design

We conducted a retrospective study that included pediatric patients with appendicitis who received TPLA and TULAA at Maternity&Child Healthcare Hospital of Longgang District, Shenzhen City (Longgang Maternity and Child Institute of Shantou University Medical College) from January 2022 to June 2025. This study was approved by the Ethics Committee of Maternity&Child Healthcare Hospital of Longgang District, Shenzhen City (Longgang Maternity and Child Institute of Shantou University Medical College). All pediatric patients have obtained written informed consent from their parents/legal guardians before undergoing surgery. All treatments strictly followed relevant guidelines and regulations.

The exclusion criteria were: appendiceal tumor or unclear pathological diagnosis; If other parts were found during the operation, surgery should be performed simultaneously (such as inguinal hernia, Meckel's diverticulum, etc.); and incomplete clinical data.

From January 2022 to June 2023, our center performed TPLA exclusively for children with appendicitis. Since July 2023, TULAA has been implemented at our center and has become the preferred surgical treatment option for children with appendicitis; TPLA is used only when the patient's parents refuse TULAA. All laparoscopic surgeries were performed by two experienced surgeons. A retrospective analysis of the cases was conducted, with statistical data including patients' demographic characteristics, clinical manifestations, surgical outcomes, complications, and pathological examination findings. The diagnosis of appendicitis was confirmed based on the pathological examination results.

Distribution test of continuous variables: Before statistical analysis, the normality of continuous variables (e.g., operative time, length of hospital stay, time to first flatus) was tested using the Shapiro–Wilk test. Variables with a normal distribution (p > 0.05) were presented as mean ± standard deviation (x¯ ± s) and compared using independent samples t-test; variables with a skewed distribution (p < 0.05) were presented as median (interquartile range) and compared using the Mann–Whitney U test.

Definition of key statistical indicators: (1) Complication rate:number of patients with postoperative complications/total number of included patients×100%, including wound infection and intra-abdominal abscess within 30 days after surgery; (2) Length of hospital stay was calculated from the day of surgery to the day of discharge (excluding cases of prolonged hospitalization due to non-surgical reasons such as upper respiratory tract infection); (3) Time to first flatus was recorded as the objective time documented by nurses after patient reporting.

Handling of categorical variables: Categorical variables (e.g., gender, complication type) were presented as n (%), and compared using the chi-square test. When the expected frequency of any cell was < 5, Fisher's exact test was used instead.

Statistical software and parameters: All statistical analyses were performed using SPSS 20.0 (SPSS Inc., Chicago, IL, USA) and R 4.2.0 (packages: “nortest” for normality test, "stats" for group comparison). A two-tailed p < 0.05 was considered statistically significant, and no multiple comparison correction was needed as the study focused on pre-specified primary and secondary outcomes without exploratory analysis.



2.2 Description of technique


2.2.1 TULAA: transumbilical laparoscopic assisted appendectomy

A 10-mm incision was made below the umbilicus, and a 7 mmHg pneumoperitoneum was established using a disposable single-port trocar device. Under laparoscopic assistance, the appendix was identified. Adhesions between the appendix and surrounding tissues were lysed if necessary. The appendix was then exteriorized through the umbilical incision and resected extracorporeally. Pneumoperitoneum was re-established, and the abdominal cavity was irrigated if needed. The incision was closed with absorbable sutures, and the skin was apposed with medical adhesive.



2.2.2 TPLA: three-port laparoscopic appendectomy

A 10-mm trocar was inserted through the subumbilical incision, and two additional 5-mm operative trocars were placed in the left lumbar region and the suprapubic area. The appendix was resected intra-abdominally and then extracted through the umbilical incision.





3 Results


3.1 Study population enrollment

From March 2022 to July 2025, a total of 171 children with appendicitis underwent surgical treatment at our center. Among them, 109 children (63.7%) were treated with TULAA, and 62 children (36.3%) were treated with TPLA. None of the laparoscopic surgery cases in this study were converted to open surgery. The demographic characteristics of the children are detailed in Table 1.



TABLE 1 Demographic and clinical characteristics of pediatric patients diagnosed with appendicitis and treated with TULAA or TPLA, N = 171.



	Variable
	TULAAN = 109
	TPLAN = 62
	P





	Age (years)
	8.9 ± 3.2
	8.7 ± 2.8
	0.692



	Gender, male
	61
	41
	0.200



	Weight, kg
	31.4 ± 12.6
	30.4 ± 12.2
	0.610



	Height, cm
	134.9 ± 19.6
	132.4 ± 18.3
	0.631



	BMI, kg/m2
	16.8 ± 2.9
	15.6 ± 2.9
	0.590



	White blood cell preoperative
	12.7 ± 6.5
	14.7 ± 6.3
	0.052



	C-reactive protein preoperative
	22.2 ± 38.5
	27.7 ± 42.0
	0.386



	Complicated appendicitis
	15
	11
	0.512



	OR time, minutes
	54.9 ± 25.0
	58.7 ± 25.6
	0.356



	Complications (any)
	5
	4
	0.725



	The time to first postoperative flatus,hours
	25.8 ± 11.0
	21.1 ± 10.0
	0.006



	Hospital stay, days
	4.8 ± 1.5
	5.4 ± 1.2
	0.022









3.2 Baseline demographic characteristics

There was no significant difference in age (p = 0.692) and gender distribution (p = 0.200) between the TPLA group and the TULAA group (p = 0.692). Additionally, no significant differences were observed between the two groups in terms of weight, height, body mass index (BMI), preoperative white blood cell count, and preoperative C-reactive protein (CRP) levels. Only two patients were classified as overweight or obese.



3.3 Perioperative surgical outcomes

The operative time in the TULAA group was 54.9 ± 25.0 min, and in the TPLA group was 58.7 ± 25.6 min, with no statistically significant difference between the two groups (p = 0.356). However, the average hospital stay for children treated with TULAA was 0.52 days shorter than that in the TPLA group (4.8 ± 1.5 days vs. 5.4 ± 1.2 days, p = 0.022).Notably, the time to first postoperative flatus in the TULAA group was significantly longer than that in the TPLA group, with an average prolongation of 4.7 h (25.8 ± 11.0 h vs. 21.1 ± 10.0 h, p = 0.006).



3.4 Postoperative complication rates

In the TULAA group, 5 children developed postoperative complications, including 3 cases of wound infection and two cases of intra-abdominal abscess. In the TPLA group, 4 children experienced complications, consisting of two cases of wound infection and two cases of intra-abdominal abscess. There was no significant difference in the overall complication rate between the two groups. All 9 children recovered with conservative treatment and were subsequently discharged.



3.5 Outcomes in complicated appendicitis subgroup

We also analyzed the data of cases with complicated appendicitis. As shown in Table 2, for cases of complicated appendicitis, regardless of whether TPLA or TULAA was performed, there were no significant differences between the two groups in terms of operative time, hospital stay, and time to first postoperative flatus.



TABLE 2 Clinical characteristics of pediatric patients diagnosed with complicated appendicitis and treated with TULAA or TPLA, N = 26.



	Variable
	TULAAN = 15
	TPLAN = 11
	P





	OR time, minutes
	85.7 ± 37.7
	84.7 ± 26.8
	0.944



	The time to first postoperative flatus, hours
	33.7 ± 12.3
	10.3 ± 3.1
	0.115



	Hospital stay, days
	7.4 ± 2.4
	6.9 ± 1.0
	0.526










4 Discussion

Uncomplicated acute appendicitis in children can be treated either non-surgically (with antibiotics only) or surgically (appendectomy). In surgical treatment, laparoscopic surgery is the preferred option. Complicated appendicitis is defined as cases where there is a visible perforation of the appendix, fecaliths in the abdominal cavity, or the formation of an abscess. The complication rate of surgical treatment for appendicitis is between 5% and 15%, including abdominal abscesses, incision infections, and intestinal obstruction.

Acute appendicitis represents a common and significant pediatric surgical emergency, demanding prompt diagnosis and intervention to minimize morbidity. The management of appendicitis in children has evolved considerably over time, transitioning from primarily open surgical techniques to a greater emphasis on minimally invasive approaches. While TPLA remains a standard pediatric appendectomy procedure with established safety and efficacy, TULAA is gaining popularity as a safe and effective alternative in selected pediatric cases.

TULAA combines the benefits of laparoscopy with a single umbilical incision. The technique involves using laparoscopic visualization to identify and mobilize the appendix, followed by its exteriorization through the umbilicus for extracorporeal ligation and resection (7, 8). This approach aims to further minimize scarring, potentially improve cosmetic outcomes, and reduce postoperative pain. Some studies suggest TULAA can lead to shorter operative times and hospital stays, and lower costs compared to conventional laparoscopic appendectomy (4, 7, 9). A retrospective study found that simple ligation does not compromise treatment efficacy, increase postoperative complications, or prolong hospital stay (10).

The simplicity of TULAA also contributes to its appeal. The procedure is considered easy to learn and fast to perform. The reduced operative time compared to TPLA have been demonstrated in several studies, further enhancing its efficiency. By minimizing the need for specialized equipment and shortening operative times, TULAA presents a resource-sensitive alternative without sacrificing patient safety.

Numerous studies indicate that TULAA is associated with significantly shorter operative times compared to LA for uncomplicated appendicitis. A meta-analysis of 16 studies including 5,084 pediatric patients showed that TULAA had a significantly shorter operative time compared to TPLA (4). This finding is further supported by single-center studies. For instance, one study involving 1,154 patients found that TULAA reduced operative time by an average of 5.2 min (11). Similarly, another study reported a mean operative time of 30.39 min for TULAA, significantly shorter than the 47.83 min for TPLA (12). A retrospective review reported a mean operative time of just 21 min for TULAA cases, compared to 37 min for TPLA cases (7).

In addition to shorter operative times, TULAA has also been associated with reduced hospital stays for pediatric patients with uncomplicated appendicitis. The meta-analysis mentioned above confirmed that TULAA was associated with a reduced hospital stay compared to TPLA in uncomplicated cases (4). This is consistent with the results of several individual studies. One study reported that patients undergoing TULAA were more likely to be discharged within 24 h (11). Another study found a significantly shorter length of stay for the TULAA group (2.54 days) compared to the TPLA group (3.22 days) (12). Similarly, research showed that the mean hospital stay for TULAA cases was 1.6 days, vs. 2.4 days for TPLA cases (7).

Earlier ambulation and oral intake postoperatively contribute to faster recovery and shorter hospital stays. One study specifically highlighted that the first day of oral intake after surgery was earlier in the TULAA group (1.05 days) compared to the TPLA group (1.32 days) (12).

In summary, evidence suggests that TULAA offers advantages over TPLA in terms of operative time and length of hospital stay for uncomplicated pediatric appendicitis. These benefits are further supported by earlier ambulation and oral intake post-surgery.

Multiple studies have compared the incidence of postoperative complications between TULAA and TPLA. A meta-analysis of 16 studies, encompassing 5,084 pediatric patients, revealed that no significant differences in wound infection rates, ileus, readmission rates, or conversion rates between the two approaches (4).

While TULAA has demonstrated efficacy in managing pediatric appendicitis, particularly in uncomplicated cases, its applicability in complicated appendicitis warrants careful consideration. Conversion to TPLA or open appendectomy(OA) remains a crucial aspect of assessing the feasibility of TULAA in complex scenarios.

Conversion rates in TULAA vary within the literature, especially when considering complicated appendicitis. A meta-analysis including 16 studies reported an overall conversion rate that was similar between TULAA and TPLA (4). However, a single-center study spanning from 2006 to 2016, encompassing 1,275 children and adolescents, found that both the conversion rate and complication rate were significantly higher in complicated appendicitis (13), and another study reported a 3% conversion rate in a cohort of 316 children undergoing TULAA between 2017 and 2022 (14).

Several patient-related factors have been identified as potential contributors to conversion during TULAA for complicated appendicitis. One frequently cited factor is the anatomical location of the appendix (15).

A high Body Mass Index (BMI), dense adhesions between the appendix and surrounding tissues, and severe inflammation were identified as independent risk factors for prolonged operative time during TULAA (16, 17), which may subsequently increase the likelihood of conversion. However, no cases requiring conversion were observed in this study, which may be related to the extremely low proportion of overweight patients among the study subjects.

Surgeon experience plays a critical role in the efficiency and safety of TULAA. Studies indicate that operative time, a key indicator of surgical proficiency, is influenced by the surgeon's level of experience.

While TULAA has emerged as a promising alternative to TPLA in pediatric appendicitis, several limitations in the existing literature warrant further investigation. One of the primary limitations is the relative lack of high-quality evidence, particularly randomized controlled trials (RCTs). To address this, future research should prioritize well-designed, adequately powered RCTs comparing TULAA with TPLA and OA, with clear inclusion/exclusion criteria and standardized surgical protocols. In addition, most of the current studies on transumbilical single-port laparoscopic appendectomy (TULAA) have included cases of uncomplicated appendicitis. Therefore, further research is also needed to explore the safety and efficacy of TULAA in cases of complicated appendicitis.



5 Conclusion

For pediatric acute appendicitis, TULAA is a safe and feasible minimally invasive technique, resulting in a significantly reduced hospital stay compared to TPLA despite a slightly delayed return of bowel function. Both techniques demonstrate comparable operative times and overall complication rates. TULAA represents a valuable surgical option within the pediatric minimally invasive arsenal.
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Objective: To systematically evaluate the perioperative efficacy and safety of transumbilical single-port laparoscopic surgery and two-port laparoscopic surgery in the treatment of pediatric inguinal hernia, and to provide high-quality evidence-based medical evidence for the selection of clinical surgical methods.



Methods: A comprehensive search was conducted in PubMed, Embase, Cochrane Library, and Web of Science databases to collect relevant controlled studies published from the establishment of the databases to December 31, 2025. After screening the literature and extracting data according to the pre-set inclusion and exclusion criteria, the ROB2 tool and ROBINS-I tool were used to evaluate the risk of bias in RCT and non-RCT studies, respectively. Meta-analysis was performed using RevMan 5.3 software and R software.



Results: A total of 13 studies were included, involving 22,846 children. Meta-analysis showed that the postoperative recurrence rate in the single-port laparoscopic group was significantly lower than that in the two-port laparoscopic group (RR = 0.60, 95% CI: 0.39–0.94, P = 0.02); there were no statistically significant differences between the two groups in terms of operation time (MD = −1.43, 95% CI: −3.42–0.57, P = 0.16), hospital stay (MD = −2.34, 95% CI: −7.73–3.06, P = 0.40), detection rate of contralateral occult hernia (RR = 1.03, 95% CI: 0.94–1.13, P = 0.55), conversion to open surgery rate (RR = 1.57, 95% CI: 0.14–17.93, P = 0.71), and the incidence of various postoperative complications (all P > 0.05). Subgroup analysis showed that in large sample size studies, the operation time in the single-port laparoscopic group was significantly shorter (MD = −4.27, 95% CI: −7.25–1.28, P < 0.001), and in small sample size studies, the recurrence rate advantage of the single-port laparoscopic group was more significant (RR = 0.43, 95% CI: 0.25–0.71, P = 0.001).



Conclusion: Transumbilical single-port laparoscopic surgery has a significant advantage in reducing postoperative recurrence rate in the treatment of pediatric inguinal hernia. In large sample size studies, its advantage in operation time is more evident, and its safety is comparable to that of two-port laparoscopic surgery. For medical centers with mature single-port operation techniques, single-port laparoscopy can be the preferred surgical method; for complex hernias or when technical conditions are limited, two-port laparoscopy remains a reliable choice.
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Introduction

Pediatric inguinal hernia is one of the most common diseases in pediatric surgery worldwide, with an incidence rate of approximately 1%–5% in the neonatal period, and over 80% of the affected children are male. The incidence of bilateral hernias is about 10%–15% (1). The core mechanism is the failure of the congenital peritoneal processus vaginalis to close (2). Under the induction of factors that increase intra-abdominal pressure, such as crying, coughing, and constipation, the intestinal contents and omentum in the abdominal cavity protrude through the unsealed processus vaginalis to form a hernia sac (3, 4). If not intervened in time, it may lead to serious complications such as incarceration of the hernia contents, intestinal necrosis, and testicular ischemic atrophy, even threatening life (5). Therefore, surgical treatment is the only effective way to cure pediatric inguinal hernia (6).

Open high ligation of the hernia sac was once considered the gold standard for treating pediatric inguinal hernia (7). However, with the rapid development of laparoscopic technology, laparoscopic high ligation of pediatric inguinal hernia has more obvious advantages over traditional open surgery, such as less trauma, better cosmetic effect, lower recurrence rate, and fewer postoperative complications (8, 9). The traditional laparoscopic surgical approach is multi-port or two-port surgery. With the shortening of the learning curve for laparoscopic surgery among surgeons and the pursuit of minimally invasive surgery by people, single-port laparoscopy has gradually been used to treat pediatric inguinal hernia (10). Single-port laparoscopy usually inserts the laparoscope and instruments through a single incision in the umbilicus, resulting in almost invisible scars and reducing the risk of injury related to multiple punctures and postoperative pain (11). However, single-port surgery has greater limitations in terms of suture angles and operating space, leading to problems such as instrument interference and increased surgical difficulty (12). This requires the operator to have advanced laparoscopic skills. In addition, some studies have raised questions about the recurrence rate and surgical safety of single-port laparoscopy when the internal ring is large or multiple peritoneal folds exist (13). In contrast, multi-port laparoscopy provides more space for surgery and more direct suturing. However, it increases the number of abdominal wall incisions, which may affect the cosmetic effect and increase the risk of complications (14).

Currently, most studies on the treatment of pediatric inguinal hernia with single-port and two-port laparoscopy are retrospective analyses and single-center randomized controlled studies. These studies often have deficiencies due to insufficient sample size and inconsistent designs, resulting in a lack of systematic and objective evidence to help clinicians evaluate and choose the best approach. Although there are meta-analyses comparing the advantages and disadvantages of single-port and multi-port approaches for repairing pediatric inguinal hernia (15), the evidence-based medical evidence for the treatment of pediatric inguinal hernia with single-port and two-port laparoscopy is still insufficient.

Therefore, this study aims to integrate the published research results through systematic review and meta-analysis to explore the differences in safety and effectiveness between single-port and two-port laparoscopic techniques in pediatric inguinal hernia repair. It is hoped that this will provide a reference for the clinical promotion and application of single-port and two-port laparoscopy in the treatment of pediatric inguinal hernia.



Methodology


Research design and registration

This study is a systematic review and meta-analysis aimed at comparing the perioperative efficacy and safety of umbilical single-port laparoscopic surgery and double-port laparoscopic surgery in the treatment of pediatric inguinal hernia. The research design strictly follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines (16) to ensure transparency and reproducibility of the process. The research protocol has been registered on the International Prospective Register of Systematic Reviews (PROSPERO) platform (registration number: CRD420261304172), and all analysis procedures comply with the pre-defined protocol without any substantive modifications.



Literature search strategy

A comprehensive search was conducted in PubMed, Embase, Cochrane Library, and Web of Science databases, with the search period ranging from the establishment of each database to December 31, 2025. The search was carried out using a combination of subject terms and free words, with key search terms including: Inguinal hernia, Single-port laparoscopic, Double-port laparoscopic, Children, Pediatric, etc. Additionally, the reference lists of the included studies were manually searched to avoid missing potentially eligible studies. The detailed search strategies for each database are presented in Supplementary Table S1.



Inclusion and exclusion criteria for literature

Inclusion Criteria: 1. The research subjects are children with inguinal hernia aged ≤18 years; 2. The intervention measures are transumbilical single-port laparoscopic surgery, while the control measures are two-port laparoscopic surgery; 3. The research type is a randomized controlled trial (RCT) or non-randomized controlled clinical study; 4. At least one of the following outcome indicators is reported: operation time, hospital stay, postoperative complications (including hernia recurrence, hydrocele, incision infection, etc.), detection rate of contralateral indirect hernia, conversion to open surgery rate.

Exclusion Criteria: 1. Non-controlled studies, case reports, reviews, conference abstracts; 2. Incomplete data or data that cannot be extracted; 3. Republished literature; 4. Research subjects undergoing other concurrent laparoscopic surgeries.



Literature screening and data extraction

Two researchers independently retrieved the literature according to the search strategy. Firstly, they initially excluded the papers that clearly did not meet the inclusion criteria by reading the titles and abstracts. Then, they obtained the full texts of the potentially eligible papers and conducted the final screening based on the inclusion and exclusion criteria. In case of disagreement during the screening process, they resolved it through discussion between the two researchers; if no agreement was reached, a third senior researcher made the decision.

A standardized data extraction form was used to extract the information, including the first author, publication year, country, sample size, age of the children, gender distribution, type of hernia (unilateral/bilateral), surgical details, outcome indicators, and follow-up time. The primary outcome indicators were the operation time and the incidence of hernia recurrence; the secondary outcomes included the detection rate of contralateral hernia, the rate of conversion to open surgery, postoperative complications, and hospital stay. After extraction, cross-checking was conducted to ensure accuracy.



Literature quality evaluation

The Cochrane Risk of Bias 2 (ROB2) tool (17) was used to assess the risk of bias in RCTs. This assessment mainly covered 5 core evaluation areas, namely the randomization process, deviation from the expected intervention, missing outcome data, outcome measurement, and reporting bias. Each area was rated at three levels: “low risk of bias”, “some concerns exist”, and “high risk of bias”. The overall bias risk level of the study was determined based on the comprehensive assessment of these areas.

The Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) tool (18) was used to evaluate non-randomized controlled studies. The evaluation was mainly conducted from 7 dimensions: confounding factors, participant selection, intervention classification, deviation from the expected intervention, missing outcome data, outcome measurement, and reporting bias. Each dimension was rated at four levels: “low risk of bias”, “moderate risk of bias”, “severe risk of bias”, and “extremely severe risk of bias”. The overall bias risk of the study was determined based on the comprehensive assessment of these dimensions.



Statistical analysis

Statistical analysis was conducted using RevMan 5.3 software and R software. All statistical analyses were performed using the random effects model to fully consider the possible clinical and methodological heterogeneity among the studies. Continuous variables (operation time, hospital stay) were presented as mean difference and 95% confidence interval as the effect size. Binary variables (recurrence rate, complication occurrence rate) were presented as risk ratio and 95% confidence interval as the effect size. Heterogeneity among studies was evaluated using the I2 statistic: I2 ≤ 50% indicated acceptable heterogeneity, and I2 > 50% suggested significant heterogeneity. Grouping analysis was conducted based on factors that might lead to heterogeneity. The preset subgroups included: study type (RCTs vs. non-RCT studies), sample size (less than 500 cases and more than 500 cases), and follow-up time (less than 12 months and more than 12 months). Sensitivity analysis was performed by eliminating individual studies one by one to observe whether the combined effect size changed significantly, in order to verify the robustness of the results. When the number of included studies was ≥5, the publication bias was intuitively judged through the funnel plot; at the same time, Egger's regression test was used for quantitative analysis. If P > 0.05, it indicated no significant publication bias. The significance level was set at α = 0.05.




Result


Literature screening process and results

A total of 512 relevant articles were initially retrieved. After removing duplicates using EndNote literature management software, 245 articles were obtained. Through initial screening based on titles and abstracts, 210 obviously irrelevant articles were excluded, leaving 35 articles for full-text reading assessment. Finally, 13 articles that met the preset inclusion and exclusion criteria were included in this study, including 2 randomized controlled trials (RCTs) (19, 20) and 11 cohort studies (11, 21–30). The literature screening process is shown in Figure 1 (PRISMA flowchart).


[image: PRISMA-style flow diagram illustrating study selection: 512 records were identified, 267 removed as duplicates or for other reasons, 245 screened, 210 excluded, 35 assessed for eligibility, 22 excluded for specified criteria, resulting in 13 studies included in the review.]
FIGURE 1
Flow diagram of studies included in meta-analysis.




Basic characteristics of the included studies

The total number of children included in the studies was 22,846. Among them, 11,653 cases were in the group that underwent transumbilical single-port laparoscopic surgery, and 11,193 cases were in the group that underwent traditional two-port laparoscopic surgery. The publication time span of the included studies ranged from 2010 to 2025, and the sample size ranged from 109 to 11,298 cases. All studies clearly reported the surgical methods, outcome indicators, and follow-up data. The follow-up duration was from 1 month to 5 years. The baseline data of the included studies showed that there were no significant differences in patient age, gender composition, and distribution of hernia types (unilateral hernia, bilateral hernia) between the single-port group and the two-port group. The baseline data of the two groups were comparable (Table 1).



TABLE 1 Baseline characteristics of included studies for meta-analysis.



	Research (Author/Year)
	Region
	Research type
	Sample size (n)
	Age (years)
	Sex (M/F)
	Hernia type (unilateral/bilateral)
	Follow-up time (months)



	Single-port group
	Double-port group
	Single-port group
	Double-port group
	Single-port group
	Double-port group
	Single-port group
	Double-port group





	Uchida 2010
	Japan
	Retrospective
	60
	117
	4.26 ± 2.92
	4.83 ± 2.96
	31/29
	50/67
	39/21
	71/46
	6



	Kozlov 2015
	Russia
	Retrospective
	180
	80
	0.13 ± 0.06
	0.15 ± 0.06
	128/52
	59/21
	116/64
	53/27
	≥6



	Obata 2015
	Japan
	RCT
	37
	72
	4.55 ± 2.74
	4.19 ± 2.68
	0/37
	0/72
	16/21
	39/33
	12



	Peng 2016
	China
	Retrospective
	193
	203
	1.89 ± 0.38
	1.91 ± 0.40
	193/0
	203/0
	142/13
	181/22
	36–108



	Cao 2018
	China
	Retrospective + PSM
	135
	135
	2.8 ± 1.24
	2.7 ± 1.32
	85/50
	81/54
	99/36
	102/33
	1–24



	Wang 2018
	China
	Retrospective
	508
	502
	4.32 ± 1.62
	4.46 ± 1.34
	440/68
	452/50
	NA
	NA
	24



	Luo2022
	China
	Retrospective
	3,339
	2,367
	2.62 ± 1.38
	3,056/283
	1,972/212
	2,513/826
	1,731/453
	54 (12–93)



	Yi 2022
	China
	Retrospective
	190
	99
	2.54 ± 2.05
	2.45 ± 1.82
	168/22
	81/18
	92/ 88
	55/ 44
	9.8 ± 3.4



	9.6 ± 3.2



	Liu 2023
	China
	Retrospective + PSM
	465
	465
	2.98 ± 2.34
	3.04 ± 1.36
	386/79
	384/81
	354/111
	351/114
	32.2 ± 7.3



	32.3 ± 9.0



	Li 2024
	China
	RCT
	255
	240
	2.5 ± 1.3
	2.3 ± 1.3
	255/0
	240/0
	187/68
	171/69
	60



	Xu 2024
	China
	Retrospective
	106
	113
	3.58 ± 2.65
	3.04 ± 2.65
	81/25
	83/30
	NA
	NA
	12–30



	He 2025
	China
	Retrospective
	5,244
	6,054
	NA
	4,063/1,181
	4,785/1,269
	NA
	NA
	24



	Wang 2025
	China
	Retrospective
	60
	53
	NA
	32/28
	29/24
	NA
	NA
	6




	NA, not available; RCT, randomized controlled trial; PSM, propensity score matching; M/F, male/female.









Quality evaluation of the included studies

The two randomized controlled trials included were evaluated based on the Cochrane Risk of Bias Assessment Tool 2 (ROB2). The results showed that the overall risk of bias in both studies was somewhat concerning (Supplementary Figure S1). Li et al. (20) were rated as low risk in the randomization process, deviation from the established intervention, and missing data, but there were some concerns in the outcome measurement domain due to the lack of blind assessment of subjective outcomes; Obata et al. (19) were rated as low risk in the randomization process and missing data, but were rated as having some concerns in the deviation from the established intervention domain due to the operation by inexperienced doctors; and due to the lack of description of blinding, the outcome measurement domain was rated as having some concerns.

The non-randomized intervention study risk of bias assessment tool (ROBINS-I) was used to evaluate the 11 non-randomized controlled studies (11, 21–30) included. The results showed that 2 studies (21, 25) using propensity score matching were rated as low risk in the dimensions of confounding factors and study subject selection, while the remaining 9 single-center retrospective studies were rated as medium risk due to insufficient correction of potential confounding factors such as history of incarceration, surgeon experience, and certain limitations in the included population; all studies were rated as low risk in the intervention measure classification, deviation from the predetermined intervention, outcome index measurement and reporting domains, except for 2 multicenter studies (22, 26) which were rated as medium risk due to the lack of follow-up data; the overall risk of bias level was low-risk for 2 studies and medium-risk for 9 studies, with no high or extremely high-risk studies (Supplementary Table S2).



Main outcome indicators


Surgery time

A total of 12 studies (11, 19–21, 23–30) reported the surgery time for both surgical approaches. The heterogeneity test showed I2 = 99%, indicating high heterogeneity. The meta-analysis using the random effect model revealed that there was no statistically significant difference in surgery time (MD = −1.43, 95% CI: −3.42–0.57, P = 0.16) (Figure 2) between the single-port group and the two-port group. Seven studies (21, 23–28) separately reported the surgery time for both surgical approaches in the treatment of unilateral inguinal hernia or bilateral inguinal hernia. The results showed that there was no significant difference in surgery time between the two surgical approaches in treating unilateral inguinal hernia (MD = −1.40, 95% CI: −4.08–1.28, P = 0.31) (Figure 3A) or bilateral inguinal hernia (MD = −0.88, 95% CI: −6.62–4.86, P = 0.76) (Figure 3B). There was high heterogeneity among the studies (I2 was 99% for all).


[image: Forest plot comparing single-port and two-port groups across twelve studies, displaying mean, standard deviation, sample size, mean difference with confidence intervals, and study weights. The overall mean difference is negative but not statistically significant, with high heterogeneity.]
FIGURE 2
Forest plot of the meta-analysis on surgery time (minutes) for single-port and two-port.



[image: Forest plot with two panels labeled A and B comparing single-port and two-port groups across seven studies, showing mean differences, confidence intervals, weight, and year for each study; overall effects and heterogeneity statistics are included below each plot, with diamonds representing summary mean differences near zero in both panels.]
FIGURE 3
Forest plots of meta-analysis of the surgery time (minutes) for unilateral inguinal hernia (A) or bilateral inguinal hernia (B) in single-port and double-port treatments.


Subgroup analysis showed that after stratification by study design, there was no significant difference in surgery time between the two surgical approaches in RCT studies (MD = −1.54, 95% CI: −4.32–1.24, P = 0.28) and non-RCCT studies (MD = −1.29, 95% CI: −3.45–0.86, P = 0.24) (Supplementary Table S2). The heterogeneity in the RCT subgroup was improved (I2 = 27%). After stratification by sample size, there was no significant difference in surgery time between the two surgical approaches in the subgroup of small sample size studies (MD = −0.25, 95% CI: −2.01–1.52, P = 0.78) (Supplementary Table S3), while in the subgroup of large sample size studies (MD = −4.27, 95% CI: −7.25–1.28, P < 0.001) (Supplementary Table S3), the surgery time of the single-port group was significantly lower than that of the two-port group. At the same time, the heterogeneity in the two subgroups stratified by sample size was still high (I2 = 98% and I2 = 100%).



Recurrence rate

All 13 studies (11, 19–30) reported the postoperative recurrence rate. The recurrence rate in the single-port group was 0.53% (57/10,772), while that in the control group was 0.84% (87/10,317). The heterogeneity test I2 = 23%, indicating a low degree of heterogeneity. After using random effect meta-analysis, the results showed that the recurrence rate in the single-port group was lower than that in the two-port group (RR = 0.60, 95% CI: 0.39–0.94, P = 0.02) (Figure 4). Subgroup analysis revealed that after stratifying by study design, the recurrence rates of the two surgical methods in RCT studies (RR = 0.27, 95% CI: 0.06–1.28, P = 0.1) and non-RCT studies (RR = 0.65, 95% CI: 0.42–1.00, P = 0.05) (Supplementary Table S3) showed no significant difference. The heterogeneity of the RCT study subgroup improved (I2 = 27%). After stratifying by sample size, the recurrence rates of the two surgical methods in the large sample size study subgroup (RR = 0.90, 95% CI: 0.59–1.36, P = 0.61) (Supplementary Table S3) showed no significant difference, while in the small sample size study subgroup (RR = 0.43, 95% CI: 0.25–0.71, P = 0.001) (Supplementary Table S3), the recurrence rate in the single-port group was significantly lower than that in the two-port group. Subgroups were divided according to the follow-up time. The recurrence rates of the two surgical methods during the short follow-up time (≤12 months) (RR = 0.35, 95% CI: 0.07–1.64, P = 0.18) and the long follow-up time (> 12 months) (RR = 0.72, 95% CI:) (0.46–1.16, P = 0.18) There was no significant difference. The detailed follow-up situations of the included studies are shown in Supplementary Table S4.


[image: Forest plot showing the risk ratios and confidence intervals for studies comparing single-port and two-port groups, with a total of 11 studies. Combined risk ratio is 0.61 [0.39, 0.93], favoring the single-port group. Larger weights are seen for recent studies. Heterogeneity is low with I squared equal to 22 percent.]
FIGURE 4
Forest plot of the meta-analysis on postoperative recurrence for single-port and two-port.




Secondary outcome indicators

Five studies (23, 25, 26, 28, 29) reported the detection rate of contralateral hernia. The detection rate of contralateral hernia in the single-port group was 19.5% (888/4,562), and that in the two-port group was 19.2% (646/3,367). The heterogeneity test indicated low heterogeneity (I2 = 0%). The combined analysis results showed no significant difference in the detection rate of contralateral hernia between the two groups (RR = 1.03, 95% CI: 0.94–1.13, P = 0.55) (Figure 5). Twelve studies (11, 19–21, 23–30) reported the conversion to open surgery. The heterogeneity test I2 = 71%. The combined analysis results showed no statistical difference in the incidence of conversion to open surgery between the two groups (RR = 1.57, 95% CI: 0.14–17.93, P = 0.71) (Supplementary Figure S2).


[image: Forest plot comparing risk ratios of events between single-port and two-port groups across five studies, displaying event counts, confidence intervals, study weights, and heterogeneity statistics. Pooled risk ratio is 1.03 with a 95% confidence interval of 0.94 to 1.13.]
FIGURE 5
Forest plot of the meta-analysis on detection rate of contralateral hernia for single-port and two-port.


Eight studies (11, 20, 21, 23, 25, 27, 29, 30) reported the incidence of surgical site infection. The heterogeneity test I2 = 0%. The combined analysis results showed no statistical difference in the incidence of surgical site infection between the two groups (RR = 0.58, 95% CI: 0.20–1.68, P = 0.32) (Table 2). Nine studies (11, 21, 23–27, 29, 30) reported the incidence of secondary hydrocele. The heterogeneity test I2 = 0%. The combined analysis results showed no statistical difference in the incidence of secondary hydrocele between the two groups (RR = 0.75, 95% CI: 0.42–1.34, P = 0.33) (Table 2). Five studies (11, 20, 21, 23, 26) reported the occurrence of suture-related complications. There was no statistical difference in the incidence of suture-related complications between the two groups (RR = 0.69, 95% CI: 0.10–4.78, P = 0.70) (Table 2). Four studies (23, 26, 27, 29) monitored the occurrence of bleeding or hematoma in the surgical area. The combined analysis results showed no statistical difference in the incidence of postoperative bleeding or hematoma between the two groups (RR = 0.62, 95% CI: 0.03–11.34, P = 0.74) (Table 2).



TABLE 2 Meta-analysis results of postoperative complications.



	Postoperative complications
	Study (n)
	Heterogeneity (I2)
	Effect size (RR)
	95% CI
	P





	Infection
	8
	0%
	0.58
	0.20–1.68
	0.32



	Hydrocele
	9
	0%
	0.75
	0.42–1.34
	0.33



	Suture-related complications
	5
	70%
	0.69
	0.10–4.78
	0.70



	Bleeding or hematoma
	4
	78%
	0.62
	0.0.3–11.34
	0.78







Eight studies (11, 20, 21, 24–26, 29, 30) reported the length of hospital stay. The heterogeneity test showed I2 = 99%, indicating high heterogeneity. The combined analysis results showed no significant difference in the length of hospital stay between the two surgical methods (MD = −2.34, 95% CI: −7.73–3.06, P = 0.40) (Figure 6).


[image: Forest plot comparing single-port and two-port groups across eight studies, displaying mean differences with confidence intervals. The overall mean difference is negative, with a wide confidence interval crossing zero, indicating no significant difference between groups.]
FIGURE 6
Forest plot of the meta-analysis on length of hospital stay (days) for single-port and two-port.




Sensitivity analysis

A sensitivity analysis was conducted on the main outcome indicators. The results showed that after excluding the studies by Wang et al. (30), the combined effect size of the recurrence rate underwent a substantial change. Specifically, there was no statistically significant difference in the postoperative hernia recurrence rates between the two surgical methods (RR = 0.59, 95% CI: 0.33–1.07, P = 0.08) (Supplementary Figure S3); after excluding the studies by Yi et al. (23), the combined effect size of the operation time underwent a substantial change. That is, the operation time of the single-port group was lower than that of the two-port group (RR = 0.59, 95% CI: 0.33–1.07, P = 0.08) (Supplementary Figure S4).



Publication bias

Funnel plots were drawn for the recurrence rate and operation time indicators. Visual observation showed that the funnel plots were basically symmetrical. The Egger test results indicated that there was no statistically significant difference in recurrence rate (P = 0.32) and operation time (P = 0.11) (Figure 7), suggesting that there was no obvious publication bias in the included studies.


[image: Panel A is a funnel plot displaying SE of log risk ratio versus risk ratio, with data points scattered around a dashed vertical line near one, and Egger’s test result P equals zero point three two. Panel B is a funnel plot showing SE of mean difference versus mean difference, points distributed around a dashed vertical line at zero, and Egger’s test result P equals zero point one one.]
FIGURE 7
Funnel plot. (A) recurrence rate funnel plot; (B) operation time (minutes) funnel plot.






Discussion

This study systematically evaluated the perioperative efficacy and safety of umbilical single-port laparoscopic surgery and two-port laparoscopic surgery in the treatment of pediatric inguinal hernia. A total of 13 studies involving 22,846 children were included. The meta-analysis results showed that the postoperative recurrence rate of the single-port group was significantly lower than that of the two-port group. However, there were no significant differences in terms of operation time, hospital stay, detection rate of contralateral hernia, conversion to open surgery rate, and the incidence of various postoperative complications between the two groups. Subgroup analysis further revealed that in large-sample studies, the operation time of the single-port group was shorter, while in small-sample studies, the recurrence rate advantage of the single-port group was more significant.

The postoperative recurrence rate is the core indicator for evaluating the efficacy of hernia repair surgery. The postoperative recurrence rate of the single-port group was significantly lower than that of the multi-port group (RR = 0.60, P = 0.02), which was consistent with the conclusion of Wang et al. (29). The core reason might be related to the anatomical advantages of the single-port technique. The single-port laparoscopy passes through a single incision at the umbilicus to reach the surgical area, providing a more concentrated field of vision (31), enabling more precise completion of the high-position hernia sac ligation, and reducing the risk of incomplete or residual ligation (13).

In addition, consistent with the finding that single-port surgery takes less time than two-port surgery when performed by experienced surgeons, the lower recurrence rate observed in the single-port group may also be attributed to surgeon proficiency. Surgeons who can perform single-port laparoscopic procedures efficiently and safely have typically completed the full learning curve of this technique, with more precise anatomical recognition and standardized operative maneuvers, which can further reduce the risk of incomplete ligation and technical errors that lead to postoperative hernia recurrence.

However, the subgroup analysis showed that there was no significant difference in recurrence rate between the two groups in RCT studies (P = 0.10), which might be related to the smaller sample size and shorter follow-up time (≤2 years) of the RCT studies, while cohort studies are usually large-sample long-term follow-ups, better reflecting the true difference in recurrence rate (32). However, it is worth noting that the sensitivity analysis showed that the recurrence rate difference was not statistically significant after excluding the study by Wang 2025 et al. (30), suggesting that this result might be affected by individual studies, and the results should be interpreted with caution.

The overall analysis of this study showed no significant difference in operation time between the two groups (P = 0.16), but the subgroup analysis found that in large-sample studies, the operation time of the single-port group was significantly shorter (P < 0.001). This is consistent with the results of Fan et al. (15). Large-sample studies usually come from large medical centers, and the surgeons usually have passed the learning curve (33). This indicates that in the hands of experienced surgeons, single-port surgery not only does not prolong the operation time, but may improve efficiency by reducing the time for establishing puncture holes (26). In contrast, small-sample studies may reflect the situation in the early stage of the implementation of single-port technology or when the surgeon is inexperienced, and at this time, the operation time may be prolonged due to poor technical proficiency (19). This result suggests that the learning curve of single-port laparoscopic surgery may be a key factor affecting the operation time, and with the accumulation of the surgeon's experience, the time advantage of single-port surgery will gradually become apparent. In addition, the heterogeneity of operation time was extremely high (I2 = 99%) in this study, in addition to sample size differences, it may also be related to differences in the composition of hernia types, instrument types, and the standardization degree of the surgical process (34, 35). There were no significant differences in the detection rate of contralateral hernia, conversion to open surgery rate, and the incidence of various postoperative complications between the two groups, indicating that the safety of single-port and double-port laparoscopic surgery is comparable. This confirms that although single-port surgery has limited operating space, it does not increase the risk of tissue damage or infection, and the reason might be that single-port laparoscopy reduces the number of puncture holes, lowers the probability of vascular and nerve injury related to puncture, and the umbilical incision heals more covertly, with a lower risk of bacterial colonization (36, 37). There was no difference in the detection rate of contralateral indirect hernia, indicating that the abdominal cavity exploration capabilities of the two surgical methods were comparable, and both could effectively detect hidden hernias and avoid secondary surgeries, which was related to the common advantages of laparoscopic surgery (38). There was no significant difference in the conversion to open surgery rate, suggesting that even if single-port surgery encountered complex situations such as incarcerated hernia or anatomical variations, the surgeon could promptly switch the surgical method without increasing the surgical risk (39).

There was no statistical difference in the hospital stay between the two groups (MD = −2.34, P = 0.40), which was different from the previous research conclusion (40). With the popularization of the rapid rehabilitation surgery (ERAS) concept in pediatrics, most medical centers have established standardized postoperative management procedures (41). The postoperative fasting time, bed rest time, and discharge criteria of the two surgical methods tend to be unified, thus reducing the difference in hospital stay. In addition, the heterogeneity of hospital stay was extremely high (I2 = 99%), which may be related to the differences in medical resource allocation and discharge standards in different regions, such as some regions allowing discharge after 24 h of observation and some regions requiring 48–72 h of observation to ensure safety (42).

Multiple studies have shown that compared with traditional multi-port laparoscopic or open surgery, single-port surgery not only has better clinical efficacy but also brings a more ideal cosmetic effect (43, 44). For example, Chen et al. (45) confirmed that single-port laparoscopic surgery can significantly reduce postoperative scar formation and shorten recovery time, which is particularly important for pediatric patients and their families. Although single-port laparoscopic surgery has significant advantages in many clinical scenarios, its technical challenges and related risks are still key issues that clinical physicians must address. Firstly, single-port surgery relies on a single incision, limiting the surgeon's operational flexibility and field of vision, especially in cases involving complex anatomical structures or large hernias, which is more obvious (46). Compared with traditional multi-port surgery, single-port laparoscopic surgery has greater limitations in terms of operating space, instrument placement, and adjustment. This limitation is particularly prominent in handling complex hernias, such as recurrent cases or those with extensive peritoneal adhesions (47). In such cases, single-port surgery may not provide sufficient visualization or flexibility. Moreover, the learning curve associated with single-port surgery is still one of its key technical challenges. Surgeons with insufficient technical skills may face difficulties such as instrument interference and restricted working space, which may affect the surgical outcome, especially when dealing with complex anatomical structures (48). Therefore, although single-port surgery may reduce postoperative complications for pediatric inguinal hernia, its technical complexity and the professional level of surgeons are still key factors affecting success (49).

The key advantage of this meta-analysis lies in its comprehensive review of the first comparison between single-port and two-port laparoscopic techniques for the treatment of pediatric inguinal hernias. Secondly, sufficient subgroup analysis and sensitivity analysis were conducted to explore the sources of heterogeneity and verify the robustness of the results. Moreover, the included studies evaluated various outcome indicators, such as recurrence rate, operation duration, and complication rate, thereby providing a comprehensive evaluation of the performance of each technique. However, this study also has several limitations. The significant differences in design and sample size among the included studies may lead to bias and affect the generalizability of the results. Secondly, the follow-up period of some studies was relatively short, and the recurrence rate might increase with the extension of the follow-up period, which could be an important potential confounding factor. Additionally, some outcome indicators, such as operation time and hospital stay, have high heterogeneity. Although a random effects model was used, the combined results should be interpreted with caution; finally, differences in surgeons' experience, follow-up time, etc. among different studies may affect the consistency of the results.

In the future, more large-scale, multi-center, and high-quality RCTs should be conducted to further verify the long-term efficacy of single-port laparoscopic surgery; explore the optimal indications for single-port surgery, such as differences in efficacy among different age groups and different types of hernias (incarcerated hernia, recurrent hernia) in children. At the same time, cost-effectiveness analysis should be carried out to compare the economic characteristics of the two surgical methods.

In conclusion, the results of this study indicate that umbilical single-port laparoscopic surgery for pediatric inguinal hernia has a significant advantage in reducing postoperative recurrence rate. It demonstrates a surgical time advantage in large sample sizes and experienced medical centers, and its safety is comparable to two-port laparoscopic surgery. For medical centers with mature single-port operation techniques, single-port laparoscopic surgery can be the preferred approach; for complex hernia cases or medical units with limited technical conditions, two-port laparoscopic surgery remains a reliable option.
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Objective: To evaluate the clinical efficacy of ultrasound-guided puncture drainage for pediatric appendiceal abscess and summarize operational experience.



Methods: This study conducted a retrospective analysis of clinical data from pediatric patients who underwent ultrasound-guided percutaneous drainage for appendiceal abscess at Beijing Children's Hospital between January 2022 and June 2025. The safety and efficacy of ultrasound-guided abscess drainage were analyzed, along with key technical points and experiences for different types of appendiceal abscesses. Categorical variables were compared using the χ2 or Fisher's exact test, and continuous variables were analyzed using the t-test or Mann–Whitney U test. A P-value < 0.05 was considered statistically significant.



Results: A total of 90 children underwent ultrasound-guided puncture of the appendiceal abscess and were included in this study, and the control group consisted of 41 children with appendiceal abscess who received conservative treatment during the same period. Children who underwent ultrasound-guided abscess drainage under local anesthesia showed a faster decrease in white blood cell count (7.0 ± 2.0 vs. 11.0 ± 3.0 × 109/L; t = 4.0, P < 0.05) and C-reactive protein levels (7.3 ± 2.1 vs. 11.3 ± 3.1 mg/L; t = −7.6, P < 0.05) after one week of treatment, shorter duration of abdominal pain (4.3 ± 1.5 vs. 5.8 ± 1.3 days; t = −5.7, P < 0.05), and quicker resolution of the abscess compared (11.3 ± 1.2 vs. 15.7 ± 1.1 days; t = −21.1, P < 0.05) to those who received intravenous antibiotics alone. Ultrasound-guided abscess drainage resulted in minimal trauma and lower rates of early and late postoperative complications. A retrospective review of ultrasound data from 90 children who underwent ultrasound-guided abscess drainage demonstrated that our hospital had extensive operational experience in performing drainage for various types of complicated appendiceal abscesses.



Conclusion: Ultrasound-guided percutaneous drainage is a safe and effective minimally invasive treatment for pediatric appendiceal abscess in children who can cooperate with local anesthesia. Physicians must master the indications for drainage and specific puncture techniques for different types of appendiceal abscesses.
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1 Introduction

Appendiceal abscess is one of the common acute abdominal diseases in children, characterized by the accumulation of pus resulting from a suppurative or perforated appendix attached to the surrounding tissues. The greater omentum and intestines wrap around and adhere to the appendix, forming an inflammatory mass. For appendiceal abscesses with a prolonged history, surgical intervention becomes challenging due to severe adhesions, making appendectomy difficult and resulting in significant surgical trauma. For pediatric patients with established appendiceal abscess, ultrasound-guided abscess puncture and drainage offers advantages including minimal invasiveness, absence of radiation exposure, and no requirement for general anesthesia. However, due to the unique physiological characteristics of the pediatric population and the relatively high procedural complexity, prior ultrasound-guided puncture procedures have largely depended on individual clinicians’ experience, frequently utilizing static ultrasound localization (i.e., puncture at a predetermined site identified by ultrasound) rather than real-time ultrasound guidance. Existing literature predominantly addresses the necessity of drainage, optimal timing of intervention, or post-drainage management strategies (such as interval appendectomy), with limited focus on the technical specifics of the puncture technique itself (1).

This study aimed to analyze the safety and efficacy of ultrasound-guided percutaneous drainage of appendiceal abscesses under local anesthesia in pediatric patients through a retrospective study. Additionally, it sought to summarize the operational experience of ultrasound-guided aspiration for different types of appendiceal abscesses and promote its application.



2 Materials and methods


2.1 Study population

This study retrospectively analyzed the clinical data of pediatric patients diagnosed with appendiceal abscess at Beijing Children's Hospital from January 2022 to June 2025, who underwent either ultrasound-guided percutaneous drainage of the appendiceal abscess or received antibiotic therapy alone. The cohort included 90 cases of ultrasound-guided drainage procedures. The study protocol was approved by the hospital's ethics committee, and written informed consent was obtained from all participants’ parents or legal guardians.

The inclusion criteria were: 1) Age ≤ 18 years; 2) Confirmed diagnosis of appendiceal abscess with no surgical indication (Patients with a history of abdominal pain lasting for more than 5 days or even 7 days, without diffuse peritonitis or septic shock); 3) Complete medical records, drainage procedure documentation, and follow-up data; 4) Follow-up duration of at least three months.

The exclusion criteria were: 1) Post-appendectomy abscess; 2) Presence of other intra-abdominal infection sources; 3) Incomplete treatment at our hospital; 4) Incomplete medical records. Criteria for determining pediatric patients suitable for antibiotic conservative therapy alone without percutaneous abscess drainage: 1) Ultrasound evaluation reveals no safe needle trajectory for puncture due to obstruction by adjacent structures (e.g., bowel, blood vessels, bladder, mesentery). 2) The child is too young or has poor cooperation, rendering local anesthesia unfeasible. 3) The abscess is small and diffusely distributed, or the pus within the cavity is dense/thick, making aspiration technically difficult with anticipated poor procedural efficacy. 4) Presence of coagulopathy or other underlying conditions that increase the risk of invasive procedures (e.g., hemophilia). 5) Parental refusal of puncture procedure.



2.2 Instruments and operating procedures

All children who underwent ultrasound-guided appendiceal abscess drainage or conservative treatment were assessed by experienced clinicians and deemed not suitable for immediate surgical intervention. The ultrasound-guided appendiceal abscess drainage procedures were performed by experienced sonographers using the Hitachi-vision Ascendus (Hitachi, Tokyo, Japan) and DIT-DD70 (DIT, Wuhan, China) ultrasound machine, with 16G/18G needles (Leapmed, Jiangsu, China) selected for the procedure. During operation, the frequency of the abdominal ultrasound convex probe is (3.5–5.0) MHz, the frequency of the L12-5 high-frequency probe is (5–12) MHz, and the frequency of the L7-3 medium-frequency probe is (3–7) MHz. All patients received the procedure under local anesthesia.

Puncture procedure: Prior to the procedure, perform an abdominal ultrasound scan to locate an appropriate puncture site. Position the child in a supine position (or in a knee-chest or lithotomy position if a perineal approach is required), followed by routine disinfection and draping. Under ultrasound guidance, administer 5 mL of 1% lidocaine for layered infiltration anesthesia from the puncture site down to the peritoneal layer, ensuring adequate anesthesia to avoid pain during the puncture. Under real-time ultrasound guidance, insert a 16/18G needle into the deep or mid-lower portion of the appendiceal abscess, slowly aspirate the pus, and adjust the needle position as needed. The needle can be removed once the abscess cavity is significantly reduced and no further pus can be aspirated. After the puncture, perform a full abdominal ultrasound scan to confirm the absence of bleeding or collateral damage, followed by sterile local pressure dressing.

All children who underwent ultrasound-guided percutaneous aspiration of appendiceal abscess had bacterial culture performed on the aspirated pus. Regardless of whether drainage is performed, children with appendiceal abscess require full-course and adequate antibiotic therapy. The antibiotic regimens for both groups consist of cefoperazone-sulbactam combined with metronidazole or ertapenem for anti-infective treatment. If positive microbiological results are obtained during treatment, adjust the antibiotics according to the susceptibility results.



2.3 Observation indicators

The collected data included patient age, gender, weight, changes in laboratory parameters before and after one week of treatment, time to resolution of clinical symptoms, duration of antibiotic use, etc. Additionally, data were collected on the duration of the puncture procedure, ultrasound imaging information, early postoperative complications (such as bleeding, intestinal perforation, etc.), and long-term complications (such as intestinal obstruction, etc.) in children who underwent ultrasound-guided puncture and drainage therapy.



2.4 Statistical analysis

Data processing was performed using SPSS 27.0 statistical software. All measurement data underwent normality tests and homogeneity of variance tests. Normally distributed measurement data were expressed as mean ± standard deviation (Mean ± SD), and comparisons between two independent sample groups were conducted using independent samples t-test or t'-test based on whether the variance was homogeneous. Non-normally distributed measurement data were expressed as [M (P25, P75)], and intergroup comparisons were performed using the Mann–Whitney U test. Categorical data were presented as frequencies and percentages [n (%)], and intergroup comparisons were conducted using chi-square (χ²) test or Fisher's exact test. A P-value < 0.05 was considered statistically significant.




3 Results


3.1 General characteristics of the two groups

The gender composition showed no significant differences between the puncture and non-puncture groups. Children in the ultrasound-guided percutaneous puncture group for appendiceal abscess were older in age (t = 2.4, P = 0.02) and had greater body weight (Z = 2.1, P = 0.03) compared to those in the non puncture group. This suggests that age was an important consideration when assessing whether pediatric patients were suitable for ultrasound-guided local anesthesia during appendiceal abscess puncture, as better patient cooperation was required. Additionally, the evaluation should incorporate abscess size (t = 6.1, P < 0.05), as ultrasound-guided puncture may be feasible for children with larger abscess volumes. Details were presented in Table 1.



TABLE 1 Comparison of general characteristics between the puncture and non puncture groups.



	Group
	Cases (n)
	Male (n)
	Female (n)
	Age (months)
	Weight (kg)
	The longest diameter of the abscess (mm）





	Puncture
	90
	44
	46
	85.5 ± 27.5
	34.6 (14.9–52.9)
	57.8 ± 12.2



	Non Puncture
	41
	20
	21
	54.3 ± 36.7
	26.5 (13.2–49.7)
	43.5 ± 10.3



	Statistic
	-
	0.0002a
	2.4b
	2.1c
	6.1b



	P-value
	-
	>0.05
	0.02*
	0.03*
	< 0.05




	aThe chi-square (χ2) test was used for frequency data.


	bParametric quantitative data are presented as mean ± standard deviation (SD) and were analyzed using the t-test.


	cNon-parametric quantitative data are presented as median (P25–P75) and were analyzed using the Mann–Whitney U test.


	*A P-value < 0.05 was considered statistically significant.









3.2 Comparison of the main outcomes between the two groups

The statistical analysis was conducted with the evaluation of early treatment efficacy in children at the 1-week post-treatment time point. This study found no significant differences in white blood cell count (WBC) and C-reactive protein (CRP) levels between the two groups of children before treatment. However, one week after treatment, the reduction in WBC (t = 4.0, P < 0.05) and CRP (t = −7.6, P < 0.05) levels was significantly greater in the ultrasound-guided abscess puncture group compared to the non-puncture group. When analyzing the time to resolution of clinical symptoms in children as an outcome measure, this study found that the time to disappearance of abdominal pain symptoms was significantly shorter in children who underwent ultrasound-guided abscess puncture compared to the non-puncture group (t = −5.7, P < 0.05). In some cases, abdominal pain was markedly relieved on the same day as the puncture procedure. However, there was no significant difference between the two groups in the time to resolution of fever symptoms (t = −1.6, P = 0.11). Additionally, it was observed that the resolution of intra-abdominal abscesses was faster in children who received ultrasound-guided puncture (t = −21.1, P < 0.05), even when they initially had larger abscesses. Details are presented in Table 2.



TABLE 2 Evaluation of treatment efficacy: comparison of changes in infection-related parameters and time to resolution of clinical symptoms in pediatric patients between the puncture and non puncture groups.



	Observed Indicator
	Puncture
	Non Puncture
	t
	P-value





	WBC (×109/L)
	Before treatment
	17.5 ± 2.9
	16.4 ± 2.7
	2.1
	0.04*



	After treatment
	7.0 ± 2.0
	11.0 ± 3.0
	4.0
	<0.05*



	CRP (mg/L)
	Before treatment
	93.3 ± 23.2
	91.3 ± 21.2
	0.5
	0.3



	After treatment
	7.3 ± 2.1
	11.3 ± 3.1
	−7.6
	<0.05*



	resolution of abdominal pain (d)
	4.3 ± 1.5
	5.8 ± 1.3
	−5.7
	<0.05*



	recovery time of body temperature (d)
	3.2 ± 0.8
	3.5 ± 1.1
	−1.6
	0.1



	resolution of abscess (d)
	11.3 ± 1.2
	15.7 ± 1.1
	−21.1
	<0.05*




	*A P-value < 0.05 was considered statistically significant.









3.3 Complications and long-term prognostic impact

Conduct statistical analysis on early and late complications as well as long-term survival outcomes of all children who underwent ultrasound-guided percutaneous drainage of appendiceal abscess to verify its safety. Among the 90 children, one developed intra-abdominal hemorrhage within 24 h post-procedure (hemoglobin decreased by 14 g/L), which stabilized after symptomatic hemostatic treatment. No cases of intestinal perforation caused by the procedure occurred. Four children experienced varying degrees of intestinal obstruction symptoms during treatment, which were attributed to adhesions between intestinal loops caused by the appendiceal abscess itself. All 90 children achieved abscess resolution after ultrasound-guided percutaneous drainage combined with a full course of adequate antibiotic therapy. Among them, 31 children underwent elective laparoscopic appendectomy 3 months after cure, with an average operative time of 65.0 (46.5, 107.5) minutes, and no cases required conversion to open surgery.



3.4 The ultrasound manifestations and typical features of the appendiceal abscesses

The sonographic manifestations of appendiceal abscess were diverse. In most cases, the complete or partial structure of the appendix could be identified on ultrasound, with the abscess either encasing the appendix or closely associated with it. The appendix typically exhibited a widened external diameter, indistinct layers of the appendiceal wall, and swelling of the surrounding mesentery and intestinal wall. Scattered appendicoliths in the abdominal cavity might also be observed, serving as crucial evidence to confirm the abscess's origin from the appendix. When gas entered the abdominal cavity from the perforation site of the appendix or when gas-producing bacteria were present, punctate hyperechoic gas reflections might be seen within the abscess cavity. Appendiceal abscesses usually presented as thick yellow or yellowish-green pus, and ultrasound guidance could roughly assess the viscosity of the pus, thereby aiding in the selection of the appropriate needle size and predicting the difficulty of the puncture procedure. Typical images were illustrated as shown in Figure 1.


[image: Panel one shows an abdominal ultrasound with an arrow indicating a thickened bowel wall. Panel two displays another ultrasound panel with an arrow pointing to possible bowel intussusception. Panel three shows an ultrasound with an arrow highlighting an area of abnormal echogenicity within the abdomen. Panel four presents a grayscale ultrasound image of the abdomen with no arrows or highlighted areas.]
FIGURE 1
(1) The ultrasound can visualize the appendix with a roughly displayed appearance, and this interface shows the long-axis view of the appendix. The outer diameter of the appendix measures 0.97 cm. (2) A free appendicolith is visible within the abscess cavity. (3) A multi-loculated appendiceal abscess with multiple punctate gas echoes inside. (4) The abscess cavity is encapsulated, and the pus inside has a viscous consistency.




3.5 Selection of puncture points for appendiceal abscesses at different locations

Appendiceal abscesses were located in various positions within the abdominal cavity, and the choice of needle insertion points for drainage varied depending on the abscess location. The most common site for appendiceal abscesses was the right lower quadrant, often extending downward into the pelvis, making the area around McBurney's point the most frequently used puncture site. In some children, the appendix was positioned closer to the midline or in the left abdomen, resulting in abscesses concentrated on the left side of the abdominal cavity. In such cases, real-time ultrasound guidance was used to select an appropriate puncture point on the left side. When the appendiceal abscess primarily accumulated in the pelvis, the puncture point was adjusted downward, and needle insertion was performed from either the left or right side above the bladder, with care taken to avoid damaging critical structures such as the bladder, uterus, or ovaries. If the abscess was located deep in the pelvis and no suitable abdominal puncture point was accessible, the child was positioned in the knee-chest or lithotomy position, allowing for transrectal or perineal drainage of the appendiceal abscess. Typical images were illustrated as shown in Figure 2.


[image: Panel 1 displays an ultrasound image with a dashed arrow pointing to an anatomical structure. Panel 2 shows another ultrasound view with a dashed arrow highlighting a different feature. Panel 3 presents an ultrasound image of a circular, dark area with measurement markers. Panel 4 contains an ultrasound image showing a large, dark rounded structure.]
FIGURE 2
Appendiceal abscesses at different locations and the selection of puncture sites. (1) A single abscess cavity around the appendix in the right lower abdomen can be drained by inserting a needle for pus aspiration from the right lower abdomen, with the needle path visible along the arrow direction. (2) If the abscess is located in the left lower abdomen, ultrasound can be used to locate and select an appropriate entry point in the left lower abdomen for needle insertion. (3) The abscess is located behind the bladder, and under ultrasound, the bladder appears non-distended while the abscess is relatively large. (4) For an abscess located anterior to the rectum, this type of appendiceal abscess can be punctured via the perineal approach.




3.6 Technical points of ultrasound-guided puncture for complex appendiceal abscesses

When performing ultrasound-guided puncture for complex and special types of appendiceal abscesses, the operator must possess extensive experience and technical skills. Appendiceal abscesses may sometimes be closely adjacent to blood vessels (such as the inferior epigastric artery, iliac vessels, etc.), mesentery, or intestines, increasing the difficulty of the procedure. Prior to puncture, careful ultrasound scanning is required to identify the positions of blood vessels and surrounding intestinal structures. The needle should be advanced slowly under real-time ultrasound guidance to ensure it passes through the narrow accessible pathway without damaging other critical tissues. In many cases, appendiceal abscesses are not single cavities but may contain multiple non-communicating loculations, necessitating multiple punctures. However, in some pediatric patients, the abscess cavities may be interconnected in a beaded pattern, either horizontally or vertically. For these cases, the puncture should first be guided by ultrasound to position the needle tip into the more distant abscess. Aspiration should be performed to gradually collapse the distal abscess, followed by real-time ultrasound-guided withdrawal of the needle tip toward the proximal cavity while continuing suction. This approach maximizes thorough drainage while maintaining optimal ultrasound visualization. Typical images are illustrated as shown in Figure 3.


[image: Six-panel ultrasound series showing abdominal cross-sections; panels are labeled one to six. Annotations identify anatomical features such as the inferior epigastric artery, iliac vessels, and intestinal canal, with directional arrows and color Doppler highlighting blood flow.]
FIGURE 3
Management of complicated appendiceal abscess. (1) The appendiceal abscess is large and appears close to the inferior epigastric artery and iliac vessels. (2) Under ultrasound guidance, the needle is advanced while avoiding critical structures such as the iliac vessels and intestinal canal. (3) A longitudinally arranged, tandem series of appendiceal abscesses with communication between the two abscess cavities. (4) From the same patient as in Image 3, the needle traverses all abscess regions, preferentially targeting the bottom abscess for aspiration before gradually withdrawing the needle. (5) A transversely arranged, interconnected series of bead-like appendiceal abscesses where the needle's visibility is obscured; the arrow indicates the tip of the needle, located at the distal end of the abscess cavity. (6) From the same patient as in Image 5, after completing aspiration of the distal abscess, the needle is withdrawn and is now targeting the proximal abscess.





4 Discussion

An appendiceal abscess is a localized collection of pus in the abdominal cavity caused by inflammation of the appendix, presenting as a discrete inflammatory mass with well-defined boundaries (2). In children with acute appendicitis, appendiceal abscesses account for 2%–10% of cases (1). A global burden of disease study revealed 4.5 million new cases of appendicitis in children aged 0–19 in 2021, with complicated appendicitis (including abscesses) constituting a significant proportion and imposing a heavier disease burden (3). A Finnish multicenter study reported that the incidence of appendiceal tumors in children with periappendicular abscesses was as high as 14.3%, significantly higher than in uncomplicated appendicitis (1.5%) (4). Early diagnosis and treatment of acute appendicitis in children are crucial for reducing the incidence of appendiceal abscesses. However, due to the physiological and developmental characteristics of adolescents and their limited ability to articulate symptoms, abscesses often form by the time they seek medical attention, necessitating safe and effective treatment methods to minimize disease-related harm.

Acute complicated appendicitis with periappendiceal abscess formation presents greater therapeutic challenges and typically requires a more comprehensive approach. Depending on the patient's condition, either conservative or surgical treatment may be chosen, but the optimal timing for intervention remains controversial (2). A 2017 systematic review analyzing mortality and complications of early versus delayed appendectomy for appendiceal abscesses did not yield definitive conclusions, though the study was limited by a small sample size of 40 (1). Generally, early-stage acute complicated appendicitis with periappendiceal abscess (duration of symptoms on of symptoms ≤ 72 h) is more suitable for surgical intervention. Conversely, late-stage acute complicated appendicitis (duration of symptoms > 72 h) or cases involving periappendiceal abscess formation are often managed conservatively, including percutaneous abscess drainage and antibiotics. This approach is primarily based on the fact that long-standing appendiceal abscesses often lead to intestinal adhesions and omental encapsulation. Surgical intervention in such cases may result in uncontrolled bleeding, intestinal injury, postoperative residual intra-abdominal infections, a higher incidence of adhesive intestinal obstruction, and even intestinal fistulas, causing greater patient suffering (5, 6).

Adequate abscess drainage is crucial for the treatment of children who cannot undergo early appendectomy. Surgical abscess clearance or catheter drainage is feasible, but the child must undergo a palliative general anesthesia procedure, which imposes a greater disease burden on both parents and the child. Therefore, how to perform abscess drainage in a more minimally invasive manner has become a key concern for clinicians, and many approaches have been attempted. Endoscopic retrograde appendicitis therapy (ERAT) for periappendiceal abscesses has been reported multiple times in recent years, but most cases are isolated reports, and no large-scale data are available (7, 8). Under endoscopic ultrasound (EUS) guidance, pelvic abscess drainage can be performed for pelvic abscesses. Li et al. (9) reported successful treatment of six appendiceal patients with an abscess using this technique, with puncture sites selected in the colon or rectum. However, it should be noted that there are no large-scale case reports on the use of these methods for treating appendiceal abscesses in children. Additionally, these approaches may carry risks of immediate or long-term intestinal perforation, necessitating active clinical monitoring (10).

Percutaneous drainage techniques (including CT or ultrasound guidance) have become a minimally invasive alternative for treating abdominopelvic abscesses, offering lower mortality and complication rates compared to traditional surgery and being more widely accessible than endoscopic ultrasound (1, 11). Initially used in adults, this technique has gradually been extended to the treatment of complicated appendicitis in children (such as appendiceal abscess or phlegmon). For this special pediatric population, the radiation exposure from CT should be considered in treatment selection, and ultrasound-guided drainage of appendiceal abscesses is less traumatic for children. Previous reports on ultrasound-guided drainage of appendiceal abscesses in children have been scarce, possibly due to challenges such as low patient cooperation, difficulties in standardizing ultrasound imaging, or sonographers performing only localization without conducting the puncture procedure. In our hospital's ultrasound department, real-time ultrasound-guided drainage of appendiceal abscesses is performed, with the same physician both guiding and performing the puncture. All procedures are completed under local anesthesia, achieving satisfactory outcomes and shortening the overall conservative treatment duration for pediatric patients.

Key lessons learned from our experience as follows: ① Pre-procedure comprehensive assessment: The child must be able to cooperate with local anesthesia and have a suitable access pathway. ② Ultrasound-guided local infiltration anesthesia: Anesthesia should extend to the peritoneal layer to minimize pain during puncture. ③ Flexible puncture site selection: The puncture site should not be limited to the right lower abdomen. ④ Real-time ultrasound guidance: The puncture needle should remain visible throughout the procedure to avoid collateral damage and ensure thorough aspiration of pus. ⑤ For complex appendiceal abscesses: Follow the principle of “distant before proximal” puncture to ensure optimal visualization and effectiveness.

This study represents a retrospective single-center analysis, inherently limited by potential selection bias and constraints in data completeness. Furthermore, influenced by real-world clinical admission patterns, an imbalance in sample size distribution was observed between the conservative management group and the puncture group, introducing potential bias into the results. In light of these limitations, our center has subsequently initiated a large-sample prospective randomized controlled trial to further validate the current findings, with the aim of elevating the level of evidence and enhancing clinical applicability.

In summary, for pediatric patients who can cooperate with local anesthesia, ultrasound-guided abscess aspiration is a safe and effective minimally invasive treatment for pediatric appendiceal abscess. Physicians must be proficient in the indications for drainage of different types of appendiceal abscesses and the specific puncture techniques. However, it is important to note that a full course of adequate antibiotic therapy for infection control is also essential, as such combined treatment can significantly shorten the recovery time for pediatric patients (12).
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Background: Antireflux mucosal ablation (ARMA) is a novel, minimally invasive endoscopic technique for the treatment of gastroesophageal reflux disease (GERD). Our case report evaluates the feasibility and early clinical outcomes of ARMA in a neurologically impaired pediatric patient with refractory GERD.



Case description: A 9-year-old boy with spastic cerebral palsy presented with severe GERD refractory to a long-term proton pump inhibitor therapy. He suffered from profound oropharyngeal dysphagia and recurrent aspiration pneumonia requiring multiple hospitalization. An endoscopic ARMA procedure was performed under general anesthesia without intra-procedural complications or immediate adverse events. Early follow-up revealed improved reflux control, enhanced tolerance of gastrostomy feeding, and a reduced need for acid-suppressive therapy. No respiratory deterioration or procedure-related complications were observed.



Conclusions: ARMA is a technically feasible, minimally invasive option for refractory GERD. While this initial case involved a high-risk, neurologically impaired child, the mechanism suggests broader applicability to other pediatric patients with medication-resistant GERD.
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anti-reflux mucosal ablation, endoscopic therapy, gastroesophageal reflux disease, neurological impairment, pediatrics





Introduction

Neurologically impaired children face a higher risk of GERD, making effective treatment vital for improving their quality of life (1). Although proton pump inhibitors (PPIs) are the first-line treatment, nearly 40% of patients experience persistent symptoms despite therapy (2). For those with refractory GERD—particularly neurologically impaired children—therapeutic options are limited, as conventional surgery carries significant procedural risks and morbidity. Consequently, there is growing interest in minimally invasive endoscopic alternatives (3). ARMA represents a novel technique not previously reported in the pediatric population (4).



Case description

As this report describes a single case, no formal allocation or randomization was applicable. Due to his high surgical risk and comorbidities, a multidisciplinary team preferred a minimally invasive endoscopic approach over conventional fundoplication. The patient was selected due to severe, medication-refractory GERD (Los Angeles Grade C) in the context of significant neurological impairment and high surgical risk.

Conventional surgical treatment (fundoplication) was considered. However, due to the patient's comorbidities and an increased risk of perioperative complications, a minimally invasive endoscopic approach was preferred. This case therefore represents a highly selected clinical scenario, and the potential for selection bias must be acknowledged.

A 9-year-old boy with spastic cerebral palsy presented with severe GERD refractory to long-term PPI therapy. The patient was previously diagnosed with severe oropharyngeal dysphagia with a high risk of aspiration and was fully dependent on gastrostomy feeding. He also experienced recurrent aspiration pneumonia requiring multiple hospitalization. Aspiration was therefore considered multifactorial, with both impaired airway protection and severe GERD contributing. The diagnostic process was complicated by the presence of neurological impairment, which contributed to a multifactorial risk of aspiration. Differentiating the relative contribution of these factors represented a key diagnostic challenge.

The differential diagnosis included primary aspiration secondary to neurogenic dysphagia without significant reflux, gastroparesis-related regurgitation, and non-acid reflux. However, the severity of endoscopic findings (Los Angeles grade C esophagitis and Hill grade III valve) strongly supported GERD as a major contributing factor.

Given the persistence of symptoms despite prolonged PPI therapy, the condition was classified as refractory GERD. Prognostically, the patient was a high-risk due to the neurological impairment, which is associated with an increased risk of treatment failure, recurrent reflux, and complications following conventional surgical interventions.

Overall, the integration of clinical, endoscopic, and functional considerations guided the decision-making process and supported selection of a minimally invasive endoscopic approach.

Given his significant comorbidities, conventional antireflux surgery was considered high risk. Endoscopic ARMA was performed under general anesthesia. The index endoscopy demonstrated a gastroesophageal (GE) flap valve graded as Hill grade III (Figure 1). A circumferential targeted mucosal ablation (Figure 2) was applied at the gastroesophageal junction with the objective of inducing controlled mucosal contraction and fibrosis to reinforce the antireflux barrier. The procedure was technically successful and completed without intraprocedural complications. No immediate adverse events occurred, and post-procedural recovery was uneventful. At one-month follow-up, control endoscopy demonstrated a marked improvement of the GE flap valve to Hill grade 0 (Figure 3). Parental interviews revealed a significant reduction in GERD symptoms, improved tolerance of enteral nutrition via gastrostomy, and decreased reliance on acid-suppressive therapy. No early respiratory deterioration or procedure-related complications were observed.


[image: Endoscopic image showing the insertion of a blue medical instrument into an orifice within the gastrointestinal tract, with surrounding tissue visible in detailed close-up under medical lighting.]
FIGURE 1
Index endoscopy demonstrating a gastroesophageal (GE) flap valve, hill grade III.



[image: Endoscopic image showing a medical instrument inside a body lumen, with inflamed tissue and areas of white, possibly necrotic or cauterized tissue, indicating an active medical procedure.]
FIGURE 2
Anti-reflux mucosal ablation (ARMA) procedure.



[image: Panel A shows an endoscopic view of a medical instrument entering an orifice lined with pink mucosa and visible blood vessels, while Panel B displays a close-up view of a healthy, smooth, and unobstructed tubular lumen.]
FIGURE 3
One-month follow-up endoscopy revealing marked improvement of the GE flap valve to hill grade 0 (A) and post-procedurally narrowed cardia (B).




Discussion

ARMA is an emerging endoscopic therapy that uses targeted mucosal ablation at the gastric cardia to induce scarring and reshape the mucosal flap valve, enhancing its anti-reflux barrier without the need for full-thickness fundoplication (2, 4). Initially described in adults with PPI-refractory GERD, ARMA has shown promising results in improving GERD-related symptoms and objective acid-reflux parameters, with an acceptable safety profile (2). To our knowledge, this is the first report describing the application of ARMA in a neurologically impaired child with severe, medication-refractory GERD who was considered high risk for conventional surgery, thereby extending the potential indication of this technique to a highly vulnerable population.

In adult cohorts, ARMA has been associated with significant improvement in validated GERD symptom scores and objective pH-metric parameters, with clinical success rates of approximately 60%–70% at 6–12 months (2, 5). Shimamura et al., in a bi-institutional study of 68 adults, reported sustained symptom improvement at one year and demonstrated that ARMA is technically feasible and reproducible, with most procedures completed without major adverse events (5). Previous studies have demonstrated that the mean Hill flap valve grade improves from lax Grade III toward more competent Grades I–II following intervention, indicating restoration of gastroesophageal junction valve competence (6). In our patient, the observed endoscopic transition from Hill grade III to Hill grade 0 at one-month follow-up, accompanied by a clear reduction in clinical reflux symptoms and decreased reliance on acid-suppressive therapy, mirrors these adult findings and supports the mechanistic rationale for ARMA in modulating the GEJ barrier even in the pediatric setting.

An important further limitation is the short follow-up period of one month, which is insufficient to reliably assess long-term symptom control, recurrence rates, or delayed complications such as oesophageal stenosis. Early clinical improvement should therefore be interpreted with caution, and longer-term follow-up is essential to confirm durability of the therapeutic effect.

Antireflux surgery—particularly fundoplication—is an established and generally effective treatment for pediatric GERD, with good outcomes in appropriately selected patients. Indeed, several studies report high rates of symptom control (often >80%–85%) and acceptable morbidity in the general pediatric population (7). Our statement specifically refers to neurologically impaired children, who represent a distinct and more vulnerable subgroup. In this population, the risk profile and long-term outcomes differ significantly from neurologically normal children. Children with severe neurological impairment represent a distinct high-risk GERD population in whom conventional antireflux surgery, particularly Nissen fundoplication, is associated with a higher incidence of postoperative complications such as postoperative pneumonia, retching, bowel obstruction, and even early mortality, and a considerable proportion of patients experience recurrent reflux or require reoperation (8). Recurrence rates after fundoplication are higher in neurologically impaired children (approximately 12%–30% vs. 2%–2.6% in neurologically normal children) (9). Failure rates may reach 20%–40%, with increased need for reintervention (7). Major complication rates up to ∼29% have been reported in comparative analyses (10). Mortality, although generally low, is higher in neurologically impaired patients (reported up to ∼3% or higher in selected cohorts) (7). Additionally, perioperative complications (e.g., respiratory events, dysphagia, gas-bloat syndrome) and persistent symptoms are more frequent in this group (7). Importantly, while surgery often improves symptoms and reduces hospitalizations, these benefits must be interpreted in the context of substantial comorbidity burden, aspiration risk, and overall frailty, which contribute to higher perioperative and long-term risk. In this context, a minimally invasive endoscopic therapy that can be performed in a relatively short procedure and is potentially repeatable offers an attractive alternative strategy for children in whom surgical risk is prohibitive or in whom caregivers prefer to defer or avoid fundoplication.

Our case highlights several practical advantages of ARMA in a neurologically impaired child with severe, refractory GERD. First, the procedure was technically straightforward and completed without intra-procedural or early post-procedural complications, consistent with adult series that describe ARMA as relatively simple and widely accessible using standard therapeutic endoscopic equipment (2, 5). Second, symptom improvement occurred rapidly and was accompanied by objective endoscopic improvement of the gastroesophageal flap valve, aligning with reports that ARMA effectively narrows the cardia and restores anti-reflux function (2, 4, 5). Third, in this patient with recurrent aspiration pneumonia and high operative risk, ARMA provided a minimally invasive option that reduced reflux-related symptoms and improved feeding tolerance without exposing the child to the full perioperative risk profile of fundoplication. These findings suggest that ARMA may be particularly valuable for neurologically impaired children who are poor surgical candidates, as a definitive therapy, a temporizing measure, or a step in a staged management pathway.

Despite these encouraging observations, the limitations of this report and of the current evidence must be acknowledged. Experience with ARMA remains largely confined to adult cohorts, and long-term durability beyond one to two years is still being defined, with some patients requiring repeat procedures or additional therapies. Pediatric data are absent, and the safety profile, optimal lesion design, and appropriate patient selection criteria in children—especially those with complex comorbidities—are unknown. Potential adverse events such as post-procedural stenosis, transient dysphagia, or chest pain have been described in adults, including a need for endoscopic dilation in a subset of patients, and might be more consequential in small children with limited reserve. Our follow-up period was short, and we did not perform objective pH-impedance monitoring after ARMA, which limits conclusions about long-term acid exposure and the durability of symptom relief. Consequently, ARMA in pediatrics should presently be regarded as an investigational, off-label option that must be considered only after multidisciplinary discussion, detailed counseling of caregivers, and careful weighing of risks and benefits in comparison with established surgical and medical approaches.

Given the single-case design, no statistical analysis or power calculation was applicable. Consequently, the present findings cannot be generalized, and rare adverse events or complications cannot be adequately assessed. While the observed improvement in symptoms and endoscopic findings is clinically meaningful, no statistical inference can be made. The results should therefore be interpreted as indicative of potential clinical benefit rather than evidence of efficacy.



Conclusions

ARMA appears to be a technically feasible and minimally invasive treatment option for refractory GERD in a highly selected case. However, its efficacy and safety in the paediatric population remain to be established. Although this first pediatric case was performed in a neurologically impaired child with high surgical risk, the mechanism of ARMA suggests that this approach may be applicable more broadly to children with medication-resistant GERD, including those without neurologic impairment. Further prospective studies are warranted to define standardized ARMA protocols, evaluate long-term efficacy, durability, and safety in the pediatric population.



Future directions

Further research is required to define the role of ARMA in the management of paediatric GERD. Prospective studies with larger patient cohorts are needed to evaluate the efficacy, safety, and durability of ARMA in children, including both neurologically impaired and neurologically normal populations.

Future investigations should incorporate objective outcome measures, such as pH-impedance monitoring and validated symptom scoring systems, to better quantify treatment response and correlate clinical improvement with physiological changes in reflux burden. Standardisation of procedural parameters—including energy settings, extent and pattern of mucosal ablation, and optimal patient selection criteria—will be essential to ensure reproducibility and comparability across centres.

Long-term follow-up studies are particularly important to assess durability of effect, recurrence rates, and late adverse events, including potential oesophageal stenosis or functional complications. Comparative studies evaluating ARMA against established interventions, such as fundoplication or other endoscopic anti-reflux techniques, would further clarify its position within the therapeutic algorithm.

Finally, given the minimally invasive and potentially repeatable nature of ARMA, future research should explore its role not only as a definitive treatment, but also as a bridging or adjunctive therapy in staged management strategies for complex paediatric GERD.



Limitations

This report has several limitations that should be considered when interpreting the findings. First, it describes a single case, which inherently limits generalisability and precludes any firm conclusions regarding efficacy, safety, or reproducibility of ARMA in the paediatric population. Individual patient characteristics—particularly the presence of severe neurological impairment—may have influenced both the clinical presentation and the observed response to treatment.

Second, the follow-up period was short, restricting the ability to assess long-term durability of symptom control, recurrence of gastroesophageal reflux, and the potential development of delayed adverse events such as oesophageal stenosis or dysphagia. Longer follow-up with repeated clinical and endoscopic evaluation is necessary to determine sustained efficacy.

Third, objective assessment of reflux control following ARMA was limited. We did not perform post-procedural pH-impedance monitoring or quantify acid exposure, relying instead on endoscopic findings and caregiver-reported clinical improvement. Although these outcomes are clinically meaningful, they may be subject to bias and do not fully capture physiological changes in reflux burden.

Fourth, this case involved a neurologically impaired child with complex comorbidities, including severe oropharyngeal dysphagia and aspiration risk. As a result, symptom improvement may reflect a combination of factors, and the specific contribution of ARMA to the reduction of aspiration events cannot be definitively isolated.

Finally, ARMA remains an emerging and off-label technique in paediatric patients. There are currently no standardized protocols regarding energy settings, extent of mucosal ablation, or patient selection criteria in children. This lack of standardization may affect reproducibility and highlights the need for prospective studies and consensus guidelines.

Ultimately, this report represents a single-patient experience, which precludes any statistical analysis and limits external validity. The findings should therefore be interpreted as hypothesis-generating rather than confirmatory, and no conclusions regarding comparative effectiveness versus standard surgical treatment can be drawn.



Patient perspective

The patient’s caregivers reported marked improvement in feeding tolerance and reduction in respiratory events, describing a significant improvement in quality of life.
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Objective: This study compared the feasibility, safety, and efficacy of single-port laparoscopic choledochal cyst excision with Roux-en-Y hepaticojejunostomy (SPCH) between neonates and older infants and children to determine whether early surgical intervention in the neonatal period carries additional operative risks or offers comparable outcomes to the current standard of care.



Methods: A retrospective comparative cohort study was conducted on children who underwent SPCH between March 2020 and June 2024. Perioperative data, including operative time, blood loss, complications, and postoperative hospitalization were analyzed.



Results: A total of 70 patients were included, comprising 21 neonates (≤28 days) and 49 older infants/children (>28 days). Neonates had larger cyst diameters without statistical significance (5.49 vs. 4.49 cm, P = 0.052), higher rates of prenatal detection (85.7% [18/21] vs. 49.0% [24/49], P = 0.004), whereas older infants/children more frequently presented with pancreaticobiliary maljunction (44.9% [22/49] vs. 4.8% [1/21], P = 0.001).Operative outcomes were comparable, with no significant differences in operative time (230.33 vs. 256.43 min) or blood loss (6.43 vs. 6.86 mL). Neonates had no small diameter hepaticojejunostomy anastomoses (0.0% [0/21] vs. 32.7% [16/49], P = 0.003) but longer postoperative stays (8.24 vs. 6.69 days, P = 0.04). Complication rates were similar (4.8% [1/21] vs. 2.0% [1/49], P = 0.53).



Conclusion: For neonatal CDC, SPCH is a practical and secure solution offering cosmetic benefits without increasing procedural risks. Neonatal anatomical features facilitate technical success, though heightened postoperative surveillance requirements account for longer hospitalization.
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choledochal cyst, minimally invasive surgery, neonatal surgery, Roux-en-Y hepaticojejunostomy, single-port laparoscopy





1 Introduction

Choledochal cyst (CDC) is one of the most common congenital biliary malformations in East Asia (1/10,000–1/15,000 births) (1). Laparoscopic cyst excision with Roux-en-Y hepaticojejunostomy has become the preferred surgical approach for CDC (2–6). SPCH performed through a single umbilical incision, provides additional cosmetic benefits and potentially reduced postoperative pain. However, SPCH faces technical challenges including restricted visual field and impaired instrument triangulation, which may prolong operative time and increase procedural risks in inexperienced hands.Applying SPCH to treat CDC in neonates is a challenge (7–11).

The optimal timing of surgical intervention for CDC in neonates remains among the most debated questions in pediatric hepatobiliary surgery (12, 13). Current guidelines recommend delaying elective repair until at least 3 months of age, primarily reflecting concerns about neonatal hepatic immaturity, biliary hypoplasia, increased anesthesia vulnerability, and the technical challenge of fashioning a precise hepaticojejunostomy in small-caliber ducts. Yet this conservative approach cannot be indiscriminately applied to neonates with large cysts (≥5 cm) or those presenting with symptoms, who face considerable risks of spontaneous perforation, severe cholangitis, and progressive hepatic fibrosis while awaiting operation. Observational data increasingly indicate that early surgical intervention may offer tangible therapeutic advantages in appropriately selected neonatal cases (14–16).

To date, evidence directly comparing neonatal vs. older infants and children SPCH outcomes remains scarce, and most published series focus exclusively on older infants or children. Consequently, it remains unknown whether the perceived technical disadvantages of neonatal anatomy translate into measurable differences in operative outcomes, or whether neonatal-specific factors (such as more elastic ductal tissue and larger relative cyst size) may, in fact, offer unappreciated technical advantages.

Therefore, we designed this comparative cohort study to benchmark neonatal SPCH outcomes against a concurrent older infants and children control group treated by the same surgical team using identical techniques. Our hypothesis was that in experienced hands, neonatal SPCH would achieve comparable operative safety and efficacy to the standard older infants and children population, thereby providing evidence to support early surgical intervention in selected high-risk neonates without the need for delayed repair.



2 Methods


2.1 Study population and data collection

This research was approved by the Ethics board of Guangzhou Women and Children's Medical Center [approval No. (2022) 083A01]. Written informed consent was provided. All the experimental protocols involving human data were conducted in accordance with national/international/institutional guidelines or the Declaration of Helsinki in the manuscript.

Patients meeting the following criteria were included: (1) diagnosis of CDC was confirmed by magnetic resonance cholangiopancreatography (MRCP); (2) clinical presentation met the CDC surgical indications (symptomatic patients under 3 months with abdominal pain, obstructive jaundice, cholangitis, or cyst diameter ≥5 cm; asymptomatic patients with cysts <5 cm underwent elective surgery after 3 months of age); (3) written informed consent for SPCH was obtained from parents. (4) SPCH was performed between March 1st, 2020 and June 1st, 2024. Exclusion criteria were: (1) missing preoperative or perioperative data, or loss to follow-up; (2) presence of other congenital anomalies requiring simultaneous surgical correction; and (3) conversion to multiport laparoscopy or open surgery.

In the postoperative follow-up protocol, patients were scheduled for clinical evaluations at one and six months and annually following surgical intervention. The initial postoperative assessment included evaluation of hepatobiliary function, quantification of total and direct bilirubin, pancreatic enzyme profiling (serum amylase and lipase), and hepatobiliary ultrasonography. A minimum follow-up duration of 14 months was maintained for all cases to permit rigorous evaluation of short-term surgical outcomes and postoperative complications. Patients were divided into two groups according to their operative age: The neonatal group (age ≤ 28 days) and the older infants and children group (age > 28 days). The patients' preoperative clinical data, such as age, gender, Todani's classification, pancreaticobiliary maljunction (PBM), symptoms, prenatal diagnosis details, and cyst diameters, were gathered. Perioperative information, including the surgical duration, amount of blood loss, postoperative LOS, drainage placement, and postoperative complications, was documented.



2.2 Surgical indication and technique

Immediate surgery is indicated for patients under 3 months of age with symptoms including abdominal pain, obstructive jaundice, cholangitis, or cysts' largest diameter ≥5 cm. Asymptomatic patients with cysts <5 cm undergo elective surgery after reaching 3 months of age.

Patients were placed in supine, an arc-shaped incision was made at the supraumbilical skin fold (Figure 1). A 35 mm oval single-port (Surgaid IIIA 3B-35 × 100, Xiamen Sanda Medical) was inserted. The pneumoperitoneum pressure was set to 8mmHg. Conventional 5 mm 30-degree laparoscope and 3 mm instruments were used. CDC dissection was performed according to the standard procedure; the pancreatic segment of the common bile duct was resected to its junction with the pancreatic duct. For neonates/infants with large CDC extending caudally to the umbilical level, distal CDC dissection was initially performed through the umbilical port under direct visualization, then the proximal cyst separation was finished under laparoscopy. Traction sutures are used to retract the gallbladder bed or CDC to the abdominal wall to improve exposure. Roux-en-Y reconstruction was completed through the single-port laparoscopy, no routine drainage tube was left after surgery unless in cases with risks of postoperative bleeding or bile leakage.


[image: Close-up view of an infant’s abdomen showing a healing umbilical stump that appears dry, brown, and slightly curled inward, with faint redness surrounding the base of the navel.]
FIGURE 1
Scar of the 2–3 cm umbilical incision of SPCH.




2.3 Outcome measures

The primary outcome measures were: (1) operative success rate (completion of SPCH without conversion); (2) operative time (minutes, from skin incision to closure); (3) estimated blood loss (mL, calculated by suction bottle volume plus gauze weighing method); and (4) postoperative complications within 30 days (Clavien-Dindo grade ≥ II, with specific attention to bile leakage, bleeding, and anastomotic stricture requiring reoperation). Secondary outcome measures included: (1) postoperative length of hospital stay (days); (2) drainage tube placement rate; (3) small-diameter hepaticojejunostomy anastomosis rate (defined as common hepatic duct diameter <5 mm requiring ductoplasty); and (4) long-term complications during follow-up (anastomotic stricture, cholangitis, adhesive bowel obstruction).



2.4 Statistical analysis

Statistical analyses were performed using GraphPad Prism 9 Version 9.0.0 (GraphPad Software, San Diego, CA, USA). For neonatal vs. older infants and children subgroup comparisons, non-normally distributed continuous variables (cyst diameter, operative time, blood loss, postoperative stay) were analyzed using the Mann–Whitney U-test, while categorical variables (symptom incidence, complication rates, drainage placement, small-diameter anastomosis) were assessed via Chi-square or Fisher's exact tests. Statistical significance was defined as P < 0.05. Missing data were addressed with pairwise deletion.




3 Results


3.1 Patient demographic characteristics and preoperative evaluation

Between March 15, 2020, and May 1, 2024, 70 patients underwent laparoscopic cyst excision and Roux-en-Y hepatic enterostomy by a single surgeon, there were 21 neonates and 49 infants and children. Preoperative characteristics between two groups showed no significant differences in genders, cyst type, or jaundice incidence. Significantly, the non-neonates had significantly more abdominal pain (0/21 vs. 20/49, P = 0.0005). Significantly less PBM was diagnosed in the neonatal group than in the older infants and children group (1/21 vs. 22/49, P = 0.001), There were significantly more prenatal diagnosed CDC in neonates than the non-neonates (18/21 vs. 24/49, P = 0.004). The average cyst maximum diameter was larger in neonates, but the difference was not statistically significant (5.49 cm vs. 4.49 cm, P = 0.052) (Table 1).



TABLE 1 Comparison of clinical characteristics between the neonatal group and the older infants/children group.



	Characteristics
	Neonatal group (n = 21)
	Older infants/children group (n = 49)
	P-value





	Gender (male/female)
	8/13
	15/34
	0.54



	Todani classification


	 Ia
	10
	15
	0.17



	 Ib
	4
	7
	0.62



	 Ic
	3
	11
	0.43



	 Iva
	4
	14
	0.40



	 Ivb
	0
	2
	0.35



	PBM
	1
	22
	0.0011



	Symptoms


	 Abdominal pain
	0
	20
	0.0005



	 Jaundice
	9
	16
	0.41



	Prenatal diagnosis
	18
	24
	0.004



	Diameter of cyst (cm)
	5.49
	4.49
	0.052




	PBM, Pancreaticobiliary maljunction.









3.2 Intraoperative outcomes

All patients successfully underwent SPCH. No significant differences were observed in operative time (230.33 min vs. 256.43 min), intraoperative blood loss (6.43 mL vs. 6.86 mL), or hepatic ductoplasty rate (2/21 vs. 9/49). The small diameter hepaticojejunostomy anastomosis (common hepatic duct diameter <5 mm before ductal plasity) was encountered significantly more often in older infants and children group (0/21 vs. 16/49, P = 0.003) (Table 2).



TABLE 2 Comparison of surgical data between the neonatal group and the older infants/children group.



	Surgical outcomes
	Neonatal group (n = 21)
	Older infants/children group (n = 49)
	P-value





	Operative duration (min)
	230.33
	256.43
	0.10



	Blood lost (ml)
	6.43
	6.86
	0.87



	Hepatic ductoplasty
	2
	9
	0.34



	Small diameter anastomosis
	0
	16
	0.003



	Postoperative length of stay (days ± SD)
	8.24 ± 2.65
	6.69 ± 2.79
	0.04



	Draining tube placing
	2
	6
	0.74



	Post operative complications
	1
	1
	0.53









3.3 Postoperative recovery and complications

Patients were followed up for 36.67 months (median 35 months, maximum 64 months), two patients experienced postoperative complications, one with hepaticojejunostomy stenosis and the other with common hepatic duct stenosis proximal to the hepaticojejunostomy. Both complications were resolved through reoperation. postoperative parameters showed no significant differences in drainage tube placement rate (2/21 vs. 9/49) or complication rates (1/21 vs. 1/49) in both groups. The neonatal group had significantly prolonged postoperative hospitalization (8.24 ± 2.65 days vs. 6.69 ± 2.79 days, P = 0.04) (Table 2).




4 Discussion

Delayed surgical management of CDC may precipitate severe sequelae, including recurrent cholangitis, obstructive cholestasis, and malignant degeneration. While early diagnosis and timely intervention are paramount for optimizing long-term prognoses, whether radical surgery of CDC should be performed during the neonatal period is still debatable (12, 13, 17). According to current clinical guidelines, in asymptomatic situations, surgical treatment should be postponed until at least three months of age (14). However, neonates with massively dilated cysts are at increased risk of biliary obstruction, hepatic dysfunction, cholangitis, and spontaneous cyst perforation; these complications are often precipitated by the initiation of enteral feeding (15, 18).

Laparoscopic cyst excision and SPCH have become the preferred CDC surgical approach, offering reduced blood loss, fewer postoperative complications, shorter hospital stays, and superior cosmetic outcomes compared with open procedures. This technique has gained widespread acceptance among pediatric surgeons (19–21). Single-port laparoscopic technique is increasingly used in pediatric surgeries, providing additional cosmetic advantages through a single 2–3 cm umbilical incision, further minimizing wound-related complications and postoperative pain (22).

This retrospective comparative study demonstrates that single-port laparoscopic choledochal cyst excision with Roux-en-Y hepaticojejunostomy (SPCH) is technically feasible and safe in neonates. The primary outcomes showed no significant differences between neonatal and older infants and children groups in operative time (230.33 vs. 256.43 min), blood loss (6.43 vs. 6.86 mL), or postoperative complication rates (1/21 vs. 1/49). These findings support the hypothesis that neonatal anatomical characteristics do not compromise the technical execution of SPCH when performed by experienced pediatric surgeons (23).

Several key findings warrant detailed discussion. First, the absence of small-diameter hepaticojejunostomy anastomoses in neonates (0/21 vs. 16/49 in non-neonates, P = 0.003) is noteworthy. This finding can be attributed to the predominance of large cyst morphology in neonates (mean diameter 5.49 cm), which facilitates the anastomosis by providing adequate common hepatic duct caliber. Additionally, the less fibrotic tissue and better tissue elasticity in neonates may contribute to easier ductal manipulation. Second, despite comparable operative outcomes, neonates required significantly longer postoperative hospitalization (8.24 ± 2.65 vs. 6.69 ± 2.79 days, P = 0.04). This difference likely reflects heightened clinical vigilance in neonatal care—including feeding establishment, jaundice monitoring, and parental education—rather than increased surgical morbidity, as evidenced by similar complication rates between groups. Third, the higher prenatal diagnosis rate in neonates (18/21 vs. 24/49, P = 0.004) indicate that neonates in this series represented a selected high-risk population with large, symptomatic cysts, validating the surgical indication criteria used in our center.Our findings are consistent with published literature on neonatal CDC management. Shirota et al. reported that prenatally diagnosed CDC cases often develop symptoms rapidly after birth, supporting early surgical intervention in symptomatic neonates (16). Pan et al. demonstrated the safety of minimally invasive surgery for prenatally diagnosed CDC, with comparable outcomes to older children (13).

The operative time in our neonatal group (230.33 min) is comparable to or shorter than that in reported series of conventional laparoscopic CDC excision in infants, suggesting that the single—port approach does not prolong the operative duration in experienced hands. The absence of bile leakage and the low complication rate (4.8%) in neonates align with the safety profile reported in multiport laparoscopic series. The significantly lower PBM detection rate in neonates (1/21 vs. 22/49, P = 0.001) reflects the diagnostic limitations of MRCP in neonates due to immature bile secretion and small-caliber bile ducts, emphasizing the importance of intraoperative cholangiography or careful ductal exploration in this age group.

The technical feasibility of SPCH in neonates can be attributed to specific anatomical advantages. Neonates possess more rounded abdominal cavities and a relatively larger umbilical region relative to body size, which partially mitigates the “chopstick effect” inherent to single-port surgery. For large CDC extending caudally to the umbilical level, the ability to perform distal cyst dissection under direct visualization through the umbilical port (Figure 2) significantly reduces operative time. However, we acknowledge the technical challenges: the narrow working space may restrict instrument triangulation, and limited pneumoperitoneum pressure (8 mmHg) reduces exposure. These factors necessitate advanced laparoscopic skills and thorough understanding of neonatal anatomy. All procedures in this series were performed by experienced pediatric surgeons who had completed the learning curve for both multiport and single-port laparoscopic CDC surgery, highlighting the importance of surgical expertise for safe implementation (23, 24).


[image: Surgical procedure showing gloved hands holding forceps with an exposed circular wound in tissue. The labeled structures “C” and “P” identify specific anatomical features within the surgical field, surrounded by a sterile drape.]
FIGURE 2
The distal portion of dilated choledochal cysts (C) can be effectively dissected under direct visualization through the umbilical single-port access. This technique, which combines optical magnification with manual dissection, optimizes surgical efficiency by significantly reducing the time required for cyst mobilization, thereby decreasing total operative duration (C, distal choledochal cyst segment; P, superior pancreatic margin).


Several limitations of this study should be acknowledged. First, the retrospective design introduces inherent selection bias, as neonates undergoing SPCH represented a selected population with large or symptomatic cysts. Second, the modest sample size (21 neonates) may limit statistical power to detect small but clinically meaningful differences in rare complications. Third, the absence of a multiport laparoscopic or open surgery control group precludes direct comparison of SPCH with conventional approaches in neonates. Fourth, the follow-up duration, while sufficient for short-term outcome assessment (median 35 months), may not capture very late complications such as anastomotic stricture developing beyond childhood. Fifth, all procedures were performed by a single surgical team with extensive experience in laparoscopic CDC surgery, potentially limiting generalizability to centers with less experience. Prospective multicenter studies with larger cohorts and longer follow-up are needed to validate these findings and establish standardized protocols for neonatal SPCH.



5 Conclusion

This study demonstrates that single-port laparoscopic choledochal cyst excision with Roux-en-Y hepaticojejunostomy is a feasible and safe therapeutic option for neonates with CDC. The procedure offers comparable operative outcomes to older infants and children patients, with the advantages of superior cosmetic results through a single umbilical incision. Neonatal anatomical characteristics, including rounded abdominal cavity and larger umbilical region relative to body size, facilitate technical execution. For neonates with large cysts (≥5 cm) or symptomatic CDC, early SPCH intervention can be performed without increasing procedural risks. Successful implementation requires advanced laparoscopic expertise and meticulous perioperative management. These findings support the consideration of SPCH as a viable minimally invasive approach for carefully selected neonatal CDC patients.
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