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Abstract
Endoscopic retrograde cholangiopancreatography (ERCP) is an important diagnostic and therapeutic modality for various pancreatic and biliary diseases. The most common ERCP-induced complication is pancreatitis, whereas hemorrhage, cholangitis, and perforation occur less frequently. Early recognition and prompt treatment of these complications may minimize the morbidity and mortality. One of the most serious complications is perforation. Although the incidence of duodenal perforation after ERCP has decreased to < 1.0%, severe cases still require prolonged hospitalization and urgent surgical intervention, potentially leading to permanent disability or mortality. Surgery remains the mainstay treatment for perforations of the luminal organs of the gastrointestinal tract. However, evidence from case reports and case series support a beneficial role of endoscopic clipping in the closure of these defects. Duodenal fistulas are usually a result of sphincterotomies, perforated duodenal ulcers, or gastrectomy. Other causative factors include Crohn’s disease, trauma, pancreatitis, and cancer. The majority of duodenal fistulas heal with nonoperative management. Those that fail to heal are best treated with gastrojejunostomy. Recently proposed endoscopic approaches for managing gastrointestinal leaks caused by fistulas include fibrin glue injection and positioning of endoclips. Our patient developed a secondary persistent duodenal fistula as a result of previous incomplete closure of duodenal perforation with hemoclips and an endoloop. The fistula was successfully repaired by additional clipping and fibrin glue injection. 
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Core tip: In this report, a patient developed a secondary persistent duodenal fistula following an incomplete endoscopic closure of endoscopic retrograde cholangiopancreatography-related duodenal perforation with hemoclips and an endoloop. The fistula was successfully managed by further endoscopic treatment with additional clipping and fibrin glue injection. This case emphasizes that endoscopists should remain aware of the possibility for a secondary persistent fistula formation due to incomplete closure when long-standing fluctuating free air is detected after endoscopic treatment of bowel perforation.
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INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP), an important technique used for diagnosis and therapeutic modality of various pancreatic and biliary diseases, is plagued by serious complications that can lead to significant morbidity. Overall, complications occur in 5%-10% of cases following ERCP with or without sphincterotomy[1]. The incidences of post-ERCP pancreatitis, hemorrhage, cholangitis, and perforation are 3.5%-3.8%, 0.9%-1.3%, 1.0%-5.0%, and 0.1%-1.1%, respectively. The overall mortality rate after ERCP is 0.3%[2,3]. Early recognition and prompt treatment of these complications may minimize the morbidity and mortality. One of the most feared complications is perforation. Perforation management depends on the location, radiologic imaging findings, and severity of the injury. The majority of duodenal fistulas are surgical complications caused by inadequate closure or devascularization of the duodenum. Other causative factors include Crohn’s disease, trauma, peptic ulcer disease, pancreatitis, and cancer[4]. The treatment of choice for patients with duodenal perforation is primary surgical closure. There have been reported cases of endoscopic closures of ERCP-related duodenal perforations using hemoclips[5]. Despite various strategies, from a minimally invasive approach with nutritional support to a more risky open surgery, duodenal fistulas remain difficult to treat[6].
To the best of our knowledge, there has been only one previously published report on a secondary duodenal fistula after ERCP-related duodenal perforation[7]. Recently, a patient in our care experienced a case of duodenal perforation following ERCP. Despite immediate application of multiple hemoclips and an endoloop to close the defect, a secondary persistent duodenal fistula, communicating with the peritoneal cavity, developed due to incomplete primary endoscopic closure. The fistula was successfully treated by further endoscopic treatment with additional clipping and fibrin glue injection.

CASE REPORT
A 66-year-old woman was admitted to our emergency department complaining of upper abdominal pain and vomiting, which occurred 3 h prior to her admission. On physical examination, her blood pressure was 130/75 mmHg, heart rate was 93 beats/min, and body temperature was 36.8°C. Palpation revealed tenderness in the right upper quadrant of the abdomen. Laboratory test results were as follows: hemoglobin concentration, 11.5 g/dL; white blood cell count, 6800 cells/L; aspartate aminotransferase, 222 IU/L; alanine aminotransferase, 86 IU/L; total bilirubin, 0.6 mg/dL; alkaline phosphatase, 49 IU/L; and gamma-glutamyl transpeptidase, 52 IU/L.
On the initial abdominal computed tomography (CT), a small (approximately 4 mm) distal common bile duct (CBD) stone was suspected. ERCP was performed on the day of admission (Figure 1A). While placing the scope in a short scope position, the scope was rapidly withdrawn into the pylorus and an approximately 10 mm linear perforation occurred in the lateral wall of the duodenal bulb. Multiple hemoclips (Olympus Corp., Tokyo, Japan) with a detachable plastic snare (Endoloop; Olympus Corp.) were immediately applied to close the perforation (Figure 1B–D). The patient developed chills and diffuse abdominal pain; the chest X-ray showed free air under both hemidiaphragms (Figure 2). Following ERCP, laboratory test results were as follows: hemoglobin concentration, 10.7 g/dL white blood cell count, 7,900 cells/L; aspartate aminotransferase, 485 IU/L; alanine aminotransferase, 438 IU/L; total bilirubin, 0.9 mg/dL; alkaline phosphatase, 59 IU/L; C-reactive protein (CRP), 81 mg/L; amylase, 32 IU/L; and lipase 25.7 IU/L. Nil per os was initiated with peripheral parenteral nutrition, intravenous broad spectrum antibiotic administration, and nasogastric tube drainage.
Abdominal pain was relieved on the sixth day after the endoscopic treatment, and the amount of free air under both hemidiaphragms was decreased on the chest X-ray. The laboratory test results showed that liver function was normalized and the CRP level decreased to 32.3 mg/L. The patient remained symptom-free for 3 d, and was permitted to take sips of water on the ninth day after duodenal perforation. Although the serum CRP level did not increase, the chest X-ray showed increased free air under both hemidiaphragms two days later. A follow-up CT scan with oral contrast (Gastrografin) showed no contrast leakage, however, it did show moderate amount of pneumoperitoneum (Figure 3). To determine if surgery was needed, a surgeon was consulted and the decision was made to continue conservative management for one more week. Although the patient remained symptom-free during this one-week period, the second follow-up CT showed a small fistula, approximately 2 mm in diameter, communicating with the peritoneal cavity at the prior perforation site in the duodenum (Figure 4). The previous CBD stone was not observed, and we presumed the stone had passed spontaneously. The serum CRP level was nearly normalized. With patient and medical guardian’s consent, a decision was made to perform endoscopic treatment before the operation. The secondary duodenal fistula was successfully closed using endoscopic treatment with additional clipping and fibrin glue (Greenplast®) injection (Figure 5). The free air under both hemidiaphragms significantly decreased the day after the endoscopic treatment, and the patient resumed a scheduled diet followed by a discharge three weeks after the development of duodenal perforation.

DISCUSSION
Although ERCP-related perforation is reported in less than 1% of cases, mostly due to sphincterotomy, perforation needs to be diagnosed immediately and treated promptly. Delays in the diagnosis and intervention of the perforation may lead to the development of sepsis and multiorgan failure, resulting in high mortality (8%-23%)[8-10]. The most commonly used classification of ERCP-induced perforations, suggested by Stapfer et al[11], is based on the mechanism of perforation and forecasts the need for surgery depending on the anatomic location and severity of injury. Another classification proposed by Howard et al[12] categorizes ERCP-induced perforation into three types: guidewire, periampullary, and duodenal perforation. 
The treatment of post-ERCP perforation should be determined based on the type, the severity of the leak, and clinical manifestations. In our case, the perforation was classified as type I using Stapfer’s classification. Type I injury is caused by the endoscopic tip or insertion tube resulting in a large perforation requiring immediate surgery. However, if immediate treatment by endoscopic technique is not possible, conservative management with close monitoring may be a better option[9-11]. Sphincterotomy-related, guide-wire-related, or stent-related perforations can be treated by the endoscopic method with adequate ductal drainage above the perforation site[9,11]. In previous case reports, ERCP-related duodenal perforations were managed successfully with the use of endoclips[5,13]. However, adequate closure required inclusion of the bowel wall submucosal layer, which clips cannot reliably ensure. The patients need to be carefully selected, since the method is applicable to small, early detected, and well-defined perforations, which meet all the criteria for conservative management such as the absence of abdominal signs and fluid collections. 
Our patient was immediately treated with endoscopy using multiple hemoclips and fibrin glue injection despite the perforation being relatively large (approximately 10 mm) for endoscopic closure. Although the endoscopy went well, a persistent secondary duodenal fistula, communicating with the peritoneal cavity, was observed on repeat CTs. Furthermore, free air was detected under the hemidiaphragms, despite the lack of extravasation of the contrast and the typical abdominal pain associated with the condition. An explanation for the free air is that it leaked from the fistula. 
Gastrointestinal fistulas that result from surgery, disease, or trauma, are first treated medically. This includes parenteral nutrition and bowel rest, as well as control of infection, correction of electrolyte imbalance, and local care of the fistula tract. Patients with obstruction of the intestinal lumen downstream of the fistula or patients who have a persistent fistula, which fails to close after prolonged medical treatment, require surgical treatment[4,6]. Recently, various endoscopic approaches have been proposed for managing gastrointestinal leaks caused by fistulas, including fibrin glue injection, endoclip positioning, suturing devices, stent insertion, and endoluminal vacuum devices[14-16].
Fibrin glue, a formulation made up of glue and thrombin, is applied by a double injector system to repair tears. Mixing of these two components results in a fibrin coagulum formation with a short onset time. Fibrin injection can be used for sealing only very small leaks (< 5 mm diameter) not connected to the cavities, and in the absence of abscesses[17]. In a retrospective analysis of 52 patients with fistulas and anastomotic leakages in the gastrointestinal tract, endoscopic treatment was successful in 56% of cases. The success rate for fibrin glue application as the sole endoscopic therapy was 37%[16]. In short, endoscopic treatment with fibrin glue should be considered as a valuable option for treating fistula and anastomotic leakage of the gastrointestinal tract. 
Standard clips are widely used in endoscopy for mechanical hemostasis following post-procedural bleeding. The importance of their role in endoscopic closure of small perforations, immediately following polypectomy or mucosectomy, is widely recognized. However, data on the endoclip efficacy in treating post-surgical leaks and fistulas are variable. Furthermore, the low closure strength of endoclips limits their use in scarred and hardened post-surgical tissues. To overcome this limitation, a new over-the-scope clip system (OTSC; Ovesco Endoscopy AG, Tubingen, Germany), consisting of a large nitinol clip loaded on the tip of the endoscope, has recently been developed. This device enables capturing of a large amount of tissue, powerfully compressing and approximating the margins of a lesion, thus favoring its healing[14,18].
CBD stones, especially the small ones, may pass spontaneously in a significant number of patients[19,20]. The absence of a stone in the patient’s CBD on follow-up CT could be explained by its spontaneous passage. Contrast leakage was not observed at the previous perforation site after endoscopic closure on the second follow-up CT. However, the leakage of air into the peritoneal space could have occurred through the secondary small fistula due to prior inadequate closure. Consequently, delayed formation of a secondary fistula should be considered in the presence of long-term, fluctuating free air under the diaphragm, viewed on abdominal imaging, following the endoscopic treatment.
In summary, despite the initial endoscopy treatment with hemoclips and an endoloop, a secondary persistent duodenal fistula developed due to incomplete previous endoscopic closure of the duodenal perforation after ERCP. Additional clipping and fibrin glue injections were successful in closing of the fistula.

COMMENTS
Case characteristics
Diffuse abdominal discomfort after endoscopic closure of the endoscopic retrograde cholangiopancreatography (ERCP)-related perforation with no specific symptom six days after ERCP.

Clinical diagnosis
Failure or inadequacy of endoscopic treatment for ERCP-related duodenal perforation.

Differential diagnosis
Residual common bile duct stone or periduodenal abscess formation at the perforation site was possible.

Laboratory diagnosis
C-reactive protein was elevated after ERCP-related perforation followed by a decrease six days after endoscopic treatment.

Imaging diagnosis
A secondary duodenal fistula formation into the peritoneal cavity on abdominal computed tomography (CT) due to inadequate primary endoscopic treatment for ERCP-related perforation.

Treatment
After failed endoscopic closure of the ERCP-related duodenal perforation and the secondary fistula formation at the perforation site on abdominal CT 16 d after ERCP, a rescue endoscopic treatment with hemoclips and fibrin glue was successfully achieved, and persistent free air on chest X-ray disappeared a day after the rescue treatment. 

Related reports
The retroperitoneal duodenal perforation after biliary sphincterotomy led to development of the secondary duodenal fistula, refractory to laparotomy and drainage with conservative treatment, which was successfully managed with biliary self-expandable metallic stent insertion.

Term explanation 
Fibrin glue, a biologic tissue adhesive, is made up of fibrinogen and thrombin, and has been used endoscopically for the treatment of bleeding, fistulas, and anastomotic leak. 

Experiences and lessons
Clinicians should consider the possibility of a secondary fistula formation into the peritoneal cavity, due to the presence of persistent fluctuating free air on chest X-ray after endoscopic treatment of a bowel perforation.

Peer review
A very clear and concise case presentation. Well-structured and correctly documented. It is an interesting experience and we appreciate for sharing it with us, the readers. 
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Figure 1 Initial abdominal computed tomography and endoscopic findings during endoscopic retrograde cholangiopancreatography (ERCP). A: Computed tomography (CT)  showed a small common bile duct stone (thin white arrow); B: During ERCP, a 10 mm-sized perforation developed in the lateral wall of the duodenal bulb during inadvertent rapid withdrawal of the duodenoscope (thick black arrow); C and D: Multiple hemoclips and an endoloop were immediately applied for the defect closure. 
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Figure 2 Chest X-ray after endoscopic retrograde cholangiopancreatography. The scan shows a large amount of pneumoperitoneum below both the hemidiaphragms.
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Figure 3 Follow-up abdominal computed tomography after duodenal perforation. No contrast leakage was detected into the peritoneum at the periduodenal lesion after endoscopic treatment; however, a moderate amount of pneumoperitoneum was present.
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Figure 4 Second follow-up abdominal computed tomography after duodenal perforation. The scan shows a small fistula communicating with the peritoneal space, at the previous perforation site in the duodenal bulb (arrow), and absence of a common bile duct stone. 
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Figure 5 Endoscopic findings of the second endoscopic closure. A: A suspicious fistulous opening was detected at the previous perforation site (arrow); B: An application of additional multiple hemoclips and fibrin glue injection was successfully performed at the site of the suspicious fistulous opening.
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