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Background: A congenital duodenal diaphragm (CDD) is a rare cause of duodenal obstruction in infants and children. The traditional approach to treatment has been surgical intervention either with excision and duodenoplasty or with bypass through a duodenoduodenostomy, which is invasive and carries the risk of anastomotic leakage.



Aims: To summarize the key points of differential diagnosis and treatment of a CDD under gastroscopy and to evaluate its efficacy and safety.



Methods: The clinical data of patients with a duodenal obstruction diagnosed and treated by gastroscopy in our hospital between January 2019 and December 2022 were retrospectively analyzed. The gastroscopic features of the CDD were summarized. The clinical outcomes of patients with CDD treated by gastroscopy were collected and investigated.



Results: A total of 13 children with a duodenal obstruction underwent a gastroscopic examination and/or treatment, and of these, 10 were diagnosed as having a CDD and 3 were finally diagnosed as having an annular pancreas. A dome-shaped structure during inspiration (9/10) and a guidewire that could be inserted through the opening into the distal lumen (6/10) were the gastroscopic features of the CDD, while the annular pancreas had none of these features. The 10 patients, 4 men and 6 women with the CDD, were treated through endoscopic diaphragmotomy and dilation. The age and weight at operation was 15 days to 7 years (M: 2.25 years) and 2.85–22 kg (M: 13.6 kg), respectively. A total of 11 endoscopic operations were performed in the 10 patients. The time of single operation was 15–55 min (M: 38 min). The patients did not experience complications such as bleeding, pneumoperitoneum, and duodenal papilla injury during the operation. Feeding was started 12–24 h after surgery, and the patients were discharged 2–10 days (M: 7 days) postoperatively. The patients were followed up for 3–36 months (M: 17 months), and none of them had a recurrence of vomiting. However, three showed a recurrence of stenosis in upper gastrointestinal imaging, one of whom underwent a partial diaphragm resection again 2 months after the primary treatment.



Conclusions: A CDD can be confirmed by endoscopy based on its characteristic features. Endoscopic diaphragmotomy and balloon dilation are safe and effective, which can be a new option for minimally invasive treatment of a CDD.
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1 Introduction

A congenital duodenal diaphragm (CDD), also referred to as duodenal membranous atresia or a duodenal web, is a rare pediatric surgical condition with an incidence of 1–2/10,000 (1, 2) and commonly manifests as bile-stained vomiting. Typically, the diaphragm exhibits openings that communicate with the distal lumen. The degree of vomiting and the time of onset vary with the size and patency of the openings. Infants with smaller openings typically experience severe vomiting during their initial feeding after birth, necessitating early neonatal surgical intervention. Conversely, those with larger openings may present intermittent vomiting symptoms and delay seeking medical attention for months or even years following birth. The prognosis for a CDD postsurgery is generally favorable in the absence of concurrent severe malformations.

The surgical approach for treating a CDD has evolved from open surgery to a laparoscopic side-to-side/rhomboid anastomosis of the duodenum or duodenotomy and diaphragmectom (3–5). However, both approaches involve invasive procedures such as entering the peritoneal cavity, incising, and reanastomosing the duodenum, which pose potential risks of infection, anastomotic leakage, intestinal adhesion, and obstruction (3). Since the 1980s (6–8), an endoscopic laser ablation of an adult duodenal diaphragm has been reported as an effective and less invasive alternative (9–12). Over the last 30 years, sporadic reports on an endoscopic treatment of CDD in children have emerged with advancements in endoscopic techniques and equipment. In 1989, Okamatsu et al. successfully treated a 2-month-old boy with Down syndrome using endoscopic therapy (9). Kay et al. first applied this approach to four neonates in 1992 but achieved successful outcomes only in one neonate (13). In the last two decades, there has been a gradual increase in reports of endoscopic treatment (10–12). Some of the reported methods are laser ablation (6, 8), balloon dilation (12, 14–16), diaphragmotomy (15, 17), and diaphragmectomy (18–20). Although most reports have shown positive outcomes, except for a few cases of perforation and restenosis (13, 15, 21, 22), because of their type, that is, being case reports rather than systematic studies, it is still premature to draw definitive conclusions regarding the safety and efficacy of the aforementioned methods.

Herein, we conducted a retrospective study analyzing clinical data from children with a CDD who underwent endoscopy at our hospital, aiming to summarize key points related to the diagnosis and treatment of a CDD through endoscopy, while evaluating its safety and efficacy.



2 Methods

Patients suspected of having a CDD and who underwent endoscopic diagnosis and treatment in Children's Hospital of Fudan University from January 2019 to December 2022 were included in this study. The clinical data regarding hospitalization and postoperative follow-up were retrospectively collected and analyzed. The endoscopic appearance of the CDD and the technical points of endoscopic treatment were summarized and presented.

This study was approved by the Ethics Commission of Children's Hospital of Fudan University.


2.1 Identification of the CDD and determination of the diaphragm boundaries under gastroscopy

After anesthesia induction, a routine gastroscopic examination was performed at the site of obstruction to assess whether there was a visible opening or its location. When suctioned at the proximal end, a dome-shaped structure protruded proximally or a mucosa sleeve prolapsed into the proximal lumen. If a visible opening or mucosal fissure was present, an attempt was made to insert a metal guide wire into the distal lumen, so that the diaphragm and the edge of the diaphragm could be observed with the assistance of the guide wire. The presence of the diaphragm and its boundary can be confirmed through these gastroscopic features (Figure 1). If there was a suspected opening but a metal guide wire could not be passed through it, along with a collapsed bowel without dome-shaped structures or intraluminal mucosa sleeves during inspiration, the diagnosis of a CDD was excluded and the endoscopic operation was terminated and converted to a transabdominal surgery.


[image: Figure 1]
FIGURE 1
Various gastroscopic features of a duodenal diaphragm. (A) A diaphragm with a well-defined opening. (B) A diaphragm with a mucosal fissure (white arrow): a dome-shaped structure can be seen during inspiration, and the edge of the diaphragm can be judged according to the boundary of the dome structure (black arrows). (C) A metal guidewire is inserted into the distal intestine through the mucosal fissure in the diaphragm. (D) The diaphragm appears as a blind end without any visible opening. (E) A dome-shaped structure can be seen during inspiration when the diaphragm appears as a blind end. (F) The diaphragm prolapses proximally during inspiration to form a sleeve-like structure in an older patient.




2.2 An endoscopic incision and balloon dilation of the diaphragm

The diaphragm was incised from the opening on the diaphragm or the top center of the dome structure with a hook knife, to enable the distal cavity to directly communicate with the proximal cavity. The incision could be made radially to the opposite side of the eccentric direction of the opening. After incision, a snare could be used to remove a part of the redundant septal mucosa. Balloon dilatation (12–16 mm) was performed before or after incision in patients in whom the duodenal papilla could not be identified (Figure 2). After incision and dilation, the enlarged opening could be accessed with a 9.3 mm gastroscope. At this stage, the distal intestine and duodenal papilla should be detected to ensure no injuries. The diaphragm in some patients was quite thick, and it needed to be incised in two separate layers, the oral side layer and the anal side layer, to pierce the proximal and distal lumen (Supplementary Material Video S1).


[image: Figure 2]
FIGURE 2
The procedure of an endoscopic treatment of a duodenal diaphragm with a well-defined opening. (A) A food debris obstruction at the site of the duodenal diaphragm is observed by gastroscopy. (B) An eccentric opening can be seen after the obstructed food residue is removed. (C) A balloon is placed through the opening to enlarge the opening. (D) After dilation, the distal bowel wall can be seen through the expanded opening to determine the direction and scope of the incision. (E) The diaphragm is incised radially to the opposite direction of the bowel wall. (F) A part of the diaphragm is removed and the opening is enlarged further.





3 Results

A total of 13 consecutive patients with a suspected CDD underwent gastroscopy at Children's Hospital of Fudan University between January 2019 and December 2022. Among them, 10 patients, 4 males and 6 females, were confirmed to have a CDD under gastroscopy. The remaining three were diagnosed with an annular pancreas and they subsequently underwent a laparoscopic duodenal diamond-shaped anastomosis. The age of the 10 patients with the CDD who underwent endoscopic treatment ranged from 15 days to 7 years, with a median age of 2.25 years, and their weights ranged from 2.85 to 22 kg with a median weight of 13.6 kg. Two patients were treated as newborns at the ages of 15 and 21 days, respectively. The chief complaints among the patients with the CDD were intermittent vomiting since the neonatal period (4/10) or after 6 months of age (6/10). One patient had undergone a diamond-shaped anastomosis of the duodenum in a local hospital during the neonatal period; one underwent a thoracoscopic repair for type IIIa esophageal atresia 5 days after birth and an esophageal hiatal hernia repair 1 year later; another underwent patent ductus arteriosus (PDA) ligation and atrial septal defect repair at 2 years of age. None of the remaining 7 patients out of the 10 had a previous surgical history. Among nine patients who received an upper gastrointestinal imaging (UGI) examination, five had an obstruction at the descending part, while four had an obstruction at the horizontal part of the duodenum (Table 1).


TABLE 1 The clinical data of 10 patients with a CDD who underwent endoscopic treatment.
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Eleven endoscopic treatments were performed on the 10 patients with the CDD. During the primary treatment, four patients had undergone an endoscopic diaphragmotomy/partial resection and balloon dilation, while six had undergone diaphragmotomy/resection alone. The operation time was 15–55 min with a median time of 38 min. All duodenal diaphragms were incised or dilated to more than 1 cm. There was no intraoperative bleeding, duodenal perforation, pneumoperitoneum, or duodenal papilla injury. All treated patients were started on a liquid diet within 24 h postsurgery, and normal full-volume oral feeding was resumed within 2–5 days (median time 3 days). Prophylactic antibiotics were not administered to them during the perioperative period, while therapeutic antibiotics were prescribed for two patients who experienced postoperative fever and elevated C-reactive protein levels within 48 h. Three of the older patients among them reported abdominal discomfort within 72 h after the operation, whereas no complaints were reported by other patients and their caregivers. A transient elevation of serum amylase (<2 times the reference value) was observed in all three detected patients after the surgery, which resolved within 72 h. The median length of postoperative hospital stay was 7 days (range: 2–10 days). The patients were followed up for 3–36 months (median time 17 months), and no vomiting related to duodenal obstruction recurred during the follow-up periods. All patients underwent a routine UGI at 1 month and again at 3–6 months postoperatively. Asymptomatic stenosis was identified in three patients (Figure 3). One of them underwent an endoscopic partial diaphragmectomy because of persistent abnormal UGI findings 1 month after primary treatment (Figure 3C), resulting in a complete resolution of symptoms and restoration of passage patency on subsequent UGI examination.
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FIGURE 3
An upper gastrointestinal contrast before (A1–C1) and 1 month after endoscopic treatment (A2–C2). (A) An upper gastrointestinal contrast 1 month after the operation (A2) showed that the duodenal obstruction (A1) disappeared and there was no recurrence of stenosis. (B) A duodenal obstruction before endoscopic treatment (B1) was almost completely removed, but a mild asymptomatic stenosis persisted (B2). (C) The duodenal stenosis recurred at a diameter of 3 mm. An endoscopic partial diaphragmectomy was performed for this patient 1 month after the primary treatment.




4 Discussion

As our case series demonstrates, endoscopic diaphragmotomy and dilation appear to represent a minimally invasive and precise management approach for treating a CDD. An accurate identification of a CDD under endoscopy is the prerequisite for safe and effective endoscopic treatment. The appearance of a duodenal diaphragm on preoperative UGI is similar to that of an annular pancreas, making it difficult to distinguish between the two. The following features should be noted for identifying a diaphragm (Figure 1): The proximal end of the obstruction may present as a blind end with or without depression or fissure in the mucosa (10, 19, 23), or as a stenosis with a well-defined opening under gastroscopy (19, 20, 24–26). During inspiration with the gastroscope, the diaphragm forms a dome-shaped structure (19, 20), and its boundary with the bowel wall can be recognized. In older children, due to long-term proximal pressure, the diaphragm becomes elongated and hypertrophic, presenting as a sleeve-like structure prolapse proximally during inspiration. For those in whom there is an opening in the diaphragm, the insertion of a balloon or guide wire allows a visualization of both the distal intestinal lumen and the boundary by a pull back of the balloon or with the assistance of the guide wire. However, in this study, none of our patients with annular pancreas displayed the aforementioned endoscopic findings. Suspected openings could not accommodate guidewire insertion possibly due to extreme distortion caused by dilatation in the proximal bowel and fixation of the annular pancreas at the obstruction site. The diagnosis of a CDD was excluded in these three patients who were confirmed to have annular pancreas by laparoscopic surgery.

Although no injury occurred to the duodenal papilla in previously reported patient cases nor in the patients in this study, ensuring the avoidance of such injury during endoscopic treatment remains a significant concern. The left side of the duodenum is constrained by structures such as the mesentery and pancreaticobiliary duct, making it less flexible than the right side, which can be easily expanded and extended. Consequently, diaphragmatic openings are predominantly eccentrically distributed close to the papilla's side (left side) (17, 19). If the duodenal papilla is visible in gastroscopy, the duodenal papilla can be avoided by incising the diaphragm from the opening to the opposite side of the papilla (10, 11, 17, 20) (Figure 2). Nose et al. (17, 18, 27) employed a balloon-assisted traction on the diaphragm toward its proximal end to determine its extent before performing incision or ablation, thereby preventing injury to both the duodenal wall and the papilla. In addition, using balloon dilation instead of an electrosurgical device may serve as an alternative approach for avoiding injury to the duodenal papilla (12, 18). It has been reported that the opening was dilated using a balloon until the distal cavity could be directly observed under gastroscopy, and then the diaphragm was incised using a hook knife, which helped avoid intestinal wall and duodenal papilla injury (18). In approximately 50% of patients who underwent endoscopic treatment, a visualization of their duodenal papillae was not feasible (12, 22). The diaphragm opening was not obvious under gastroscopy in some patients either (23). In such patients, the diaphragm could be incised laterally from the center and then enlarged with balloon dilation, thus reducing the risk of duodenal papilla injury (20).

Stenosis recurrence is the most prevalent complication reported thus far (15, 17, 21, 22), which may primarily be attributed to inadequate diaphragmotomy and dilation or a rehealing of the diaphragm (21). Currently, there is no standard for prescribing the diameter of the diaphragmotomy or dilatation in children across different age groups. Previous studies suggest that 13.5–14 mm balloons can be utilized in newborns and infants within one month (22, 28), while 15 mm balloons are suitable for infants under 3 years old (29), and 18 mm balloons are appropriate for children aged 3–9 years (14). These reports serve as a valuable reference for balloon dilatation in pediatric patients of varying ages. A T-shaped (7–9) or radial (11) incision may be superior to a linear incision in avoiding rehealing. A further enlargement of the opening by removing a part of the diaphragm by snare or biopsy forceps after diaphragmotomy can potentially prove effective (27, 28) (Figure 2). Symptomatic restenosis can be managed through a re-endoscopic incision or dilatation, as well as transabdominal surgery if necessary (14, 15). However, currently, no report is available on whether asymptomatic stenosis requires a reintervention (17). Among our three patients with asymptomatic stenosis, one underwent a second endoscopic treatment (Figure 3). During this subsequent procedure, it was observed that the original incision site had partially healed, and a significant stricture recurred, with food incarceration at the proximal of the stricture. The remaining two patients were followed up for over 6 months, and they did not exhibit any abnormal symptoms (Figure 3). Therefore, long-term follow-up is required to determine whether intervention is warranted for asymptomatic stenosis.

Although this study is the largest among the case series reported to date, its sample size is still not large enough. The longest period of follow-up in our study was 3 years, and therefore, the long-term prognosis of the treatment modality mentioned in this study is unknown. Moreover, this study is a retrospective one and lacks prospective controlled trials.

In conclusion, endoscopic diaphragmotomy and dilation represent a minimally invasive and precise management approach for treating a CDD. This technique offers a safe and effective alternative with enhanced postoperative recovery rates and reduced risks of anastomotic leakage and abdominal infection. Nevertheless, a greater use of this method is required to mitigate potential recurrence risks as well as minimize the occurrence of side injuries (15).
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