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Abstract
BACKGROUND
Extra-hepatic bile duct injury (EHBDI) is very rare among all blunt abdominal injuries. According to literature statistics, it only accounts for 3%-5% of abdominal injuries, most of which are combined injuries. Isolated EHBDI is more rare, with a special injury mechanism, clinical presentation and treatment strategy, so missed diagnosis easily occurs.

CASE SUMMARY
We report a case of unexplained abdominal effusion and jaundice following blunt abdominal trauma in our department. Of which, surgical exploration of the case was performed and a large amount of bile leakage in the abdominal cavity was found. No obvious abdominal organ damage or bile duct rupture was found. Surgery was terminated after the common bile duct indwelled with a T tube. After 2 wk, a T-tube angiography revealed the lesion in the common bile duct pancreatic segment, confirming isolated EHBDI. And 2 mo later, the T tube was pulled out with re-examined magnetic resonance cholangiopancreatography, indicating narrowing of the common bile duct injury, with no special treatment due to no clinical symptoms and no abnormality in the current follow-up.

CONCLUSION
This case was featured by intraoperative bile leakage and no EHBDI. This type of rare isolated EHBDI is prone to missed and delayed diagnosis due to its atypical clinical manifestations and imaging features. Surgery is still the main treatment, and the indications and principles of bile duct injury repair must be followed.
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Core Tip: We report the diagnosis and treatment of a rare case of isolated extra-hepatic bile duct injury (EHBDI). This was a case of unexplained peritoneal bile leakage following abdominal trauma in a patient without severe peritoneal irritation, which led to diagnostic difficulties. In particular, no obvious lesion was found after exploratory examination, so only a T-shaped tube was indwelling in the common bile duct. Isolated EHBDI was confirmed by postoperative T-tube angiography and magnetic resonance cholangiopancreatography, and mild common bile duct stenosis was found at follow-up. We believe this is a rare case that deserves to be summarized. Combined with a literature review, we summarize the injury mechanism, clinical manifestations and treatment strategies of solitary EHBDIs. 


INTRODUCTION
Extra-hepatic bile duct injury (EHBDI) is rare among all blunt abdominal injuries. Fizeau[1] first reported the case of common bile duct rupture in 1806. According to current literature statistics, it only accounts for 3%-5% of abdominal injuries[2,3], of which most are combined injuries and 85% are gallbladder injuries. Isolated EHBDI is very rare, with specific injury mechanism, clinical manifestations and treatment strategies, so missed diagnosis easily occurs. We summarize the clinical data and clinical features of a rare case of isolated EHBDI diagnosed and treated in our department in April 2020, combined with a literature review.

CASE PRESENTATION
Chief complaints
A 53-year-old male complained of blunt trauma to the chest and abdomen due to a fall 6 mo prior.

History of present illness
The patient suffered severe chest and abdominal pain immediately after the injury and was immediately sent to the local hospital. The diagnosis was "closed chest and abdomen trauma, lumbar spine fracture, rib fracture," without evidence of abdominal organ injury. After conservative treatment, the pain gradually subsided. Abdominal computed tomography and magnetic resonance imaging reexamination were conducted 6 mo after the injury (Figure 1A-C), revealing a large amount of fluid in the abdomen, pelvic cavity and around the liver, which was indicative of liver contusion, so he was transferred to our hospital for further treatment.

History of past illness
He was in good health, without history of trauma or surgery.

Personal and family history
No familial genetic diseases.
Physical examination
At the time of admission, the patient’s mental, sleep, diet, and physical strength were normal, as well as urine and feces, without weight loss. Physical examination: Stable vital signs, slightly yellow skin and sclera, and rough breathing sounds in both lungs; abdominal distension, no gastrointestinal pattern and peristaltic wave, obvious abdominal tenderness accompanied by slight rebound pain, no muscle tension, no abdominal mass touch; negative murphy sign, no percussion pain in the liver area, and no shifting dullness; and weak intestinal sounds of 2-3 times/min, and light yellow bile fluid extracted by diagnostic abdominal puncture.

Laboratory examinations
Blood routine examination reported that white blood cell and n (%) were normal. Liver function test showed that total bilirubin 66.4 μmol/L, albumin 32.3 g/L, alanine aminotransferase 46 U/L, aspartate aminotransferase 28 U/L, r-GT 420 U/L, and amylase 63 U/L. Infection indicator indicated that procalcitonin 0.20 ng/mL and C-reactive protein 76 mg/L. Coagulation function suggested that prothrombin time, activated partial thromboplastin time, and international normalized ratio were normal.

Imaging examinations
The imaging examination found a large amount of fluid in the abdomen, and pelvic cavity around the liver (Figure 1A-C).

MULTIDISCIPLINARY EXPERT CONSULTATION
Zhi-Yong Yu, MD, PhD, Professor, Department of Hepatobiliary Surgery, The Affiliated Hospital of Yunnan University, and Shi-Zhe Yu, Department of Organ Transplant Surgery, The First Affiliated Hospital of Zhengzhou University, participated in the consultation together. For suspected bile duct injury, diagnosis and treatment were recommended to confirm through exploratory laparotomy.

FINAL DIAGNOSIS
At 2 wk after surgery, the T-tube angiography (Figure 1D) showed that the common bile duct was intact, without leakage of contrast agent, with the injury located in the pancreatic segment of the common bile duct, which was dilated above the injury plane. Therefore, it was confirmed to be a solitary EHBDI.

TREATMENT
During surgery, large accumulation of bile accumulation was observed in the abdominal cavity (~1000 mL), with no damage in the liver. Careful examination of the gallbladder and extra-hepatic bile ducts (left and right hepatic ducts, hepatic duct, and common bile duct) found no obvious damage but common bile duct dilatation about 1.2 cm. After abdominal cavity cleaning, an 18F T tube in the common bile duct was indwelling for external bile drainage, and surgery was completed.

OUTCOME AND FOLLOW-UP
The patient recovered smoothly without complications after surgery. T tube was clamped and discharged from the hospital 2 wk after surgery, and then the T tube was removed and the magnetic resonance cholangiopancreatography was reviewed (Figure 1E), indicating the narrow injury site of the lower part of the common bile duct. Considering that the patient had no obvious discomfort symptoms and no obstructive jaundice, no treatment was given. At present, no abnormalities were found in the follow-up.

DISCUSSION
Isolated EHBDI is rare in clinical practice, and has rarely been reported in the literature. The author retrieved 204 studies involving EHBDI in the last 10 years from PubMed, of which only 23 were about isolated EHBDI, most of which were case reports that were mostly combined with injuries, only 1 systematic review[4] and 2 summaries of complications[5,6]. A study involving 1873 patients with blunt abdominal injuries reported only 7 cases of EHBDI[6]. Few cases have been reported in domestic literature, among which, Xijing Hospital summarized 280 cases of abdominal trauma, including 6 cases of EHBDI, combined with other organ injuries[7]. Thus, isolated EHBDI is a small probability event that is easily overridden by other combined damage and ignored.
The damage mechanism of isolated EHBDI is unique, which mainly results from a sudden increase in abdominal pressure or sudden deceleration caused by liver injury or compression displacement injury, and generates a “shear force” at relatively fixed locations of bile duct, such as the entrance to the choledochospancreas (about 23%), the beginning of the left hepatic duct(about 26%), and the suprapancreatic common bile duct (about 32%), leading to bile duct avulsion[4,8].
The clinical manifestations of isolated EHBDI are not specific and vary greatly with the types of injury, including the following. (1) Non-full-thickness bile duct contusion. The bile duct of this type has complete continuity, which only presents as abdominal pain without bile leakage. No bile can be seen during abdominal puncture or lavage. (2) Simple bile duct laceration, whose wound length is less than tangential wound 1/2 the circumferential diameter of the duct wall. The patients of this type may have bile leakage in the early stage, but missed diagnosis easily occurs due to small trauma and easy self-limiting, small chemical stimulation of unconcentrated bile, early limited encapsulation and other factors, resulting in short duration, delay or atypical symptoms. (3) Complex bile duct laceration. This type includes tangential injury with a length greater than 1/2 the circumferential diameter of the duct wall, segmental defect of the bile duct wall, and complete penetration of the bile duct. It is often manifested as prolonged and extensive biliary leakage, but is easily confused with biliary leakage and peritoneal effusion caused by liver and duodenal injury.
Preoperative diagnosis of isolated EHBDI is very difficult, without typical imaging signs, and abdominal effusion, intestinal dilatation, organ injury and vascular combined injuries interfere with the imaging evaluation and determination of the injury site. New diagnostic methods, such as technetium-99 radionuclide scanning, have certain diagnostic value[7], and preoperative or intraoperative endoscopic retrograde cholangiopancreatography (ERCP) can help clarify the diagnosis[9,10]. Bile leakage is a common clinical manifestation, lacking specificity. Abdominal pain is present in most but not all cases, and large biliary leakage without obvious biliary peritonitis is rare. Limitations of imaging diagnosis and atypical clinical manifestations often lead to delayed diagnosis. According to the literature, the mean time to diagnosis is 11 d after injury[4], and most diagnoses can still be confirmed by surgical exploration and intraoperative cholangiography[11]. Surgeons need to pay attention to the possibility of EHBDI during surgery, and careful and comprehensive intraoperative exploration of extra-hepatic bile duct, especially intrapancreatic common bile duct injury (accounting for about 1/4 of isolated EHBDIs)[4] is very likely to be omitted, which should be paid enough attention. However, even so, the probability of EHBDI being diagnosed by initial surgical exploration is still less than 60%[4].
Surgical treatment remains the primary treatment for isolated EHBDI, while conservative treatment is associated with higher risk[11]; both of them can be divided into early treatment, delayed treatment, and late treatment. Early treatment is mainly damage controlled surgery[12] including exploration, immediate repair, and patency drainage. The whole extra-hepatic bile duct tree should be included in the exploration, especially the intrapancreatic common bile duct. At this time, the descending part of the head of pancreas and duodenum should be turned over by the Kocher incision, and sometimes the posterior superior pancreaticoduodenal vein/posterior superior pancreaticoduodenal artery should be dissected and completely exposed. Second, consideration should be given to the possibility of vascular injury, which may lead to necrosis and stenosis of the bile ducts. In the repair of bile duct, the degree of injury should be considered. When the diameter of the injury is less than 1/2 the injury, and the surrounding inflammation and edema are not serious, immediate repair can be considered; in the case of severe injury and inflammation or poor general condition, appropriate debridement and adequate drainage after the plastic bile duct can be considered for secondary repair. T tube is very important as the endoluminal support tube, not only to keep the bile duct drainage patency, but more importantly, to preserve the channel for postoperative cholangiography to evaluate bile duct stenosis, which is also important to place abdominal drainage tube and moderate negative pressure suction. Delayed treatment mainly refers to definite bile duct repair surgery. The timing of repair is controversial, with ranges ranging from 3 d to 6 wk in the literature[12], but there is a consensus that early completion of a definite procedure results in a better prognosis. According to the summary of the experience of General Hospital of Chengdu Military Region[13], the corresponding surgeries were performed according to the size of the circumferential diameter of bile duct injury, such as direct plastic repair, pedicled gallbladder flap or pedicled stomach or jejunal flap for bile duct repair, portal bile duct plastic repair and Roux-Y bilio enterostomy. The author suggests that maintaining a good blood supply, no tension and reducing bile leakage are necessary conditions for good prognosis after repair, and the length of injury is also one of the indicators that must be paid attention to. The ones less than 2 cm can be directly repaired; biliary duct resection and end-to-end anastomosis (without affecting blood supply) or choledoenterostomy may be chosen according to the surgeon's experience in patients with injuries greater than 2 cm and with wider ring diameter or complete fracture. Minimizing biliary and intestinal anastomosis is beneficial to prevent postoperative reflux and improve the quality of life. However, the long-term effects of end-to-end anastomosis still need to be observed, so this surgery is controversial[14]. Late treatment is mainly for bile duct stenosis, which has a reported incidence of about 10%[15], as a late complication of bile duct injury that is mostly caused by improper early treatment. In this treatment, the stenosis length, location, blood supply, local inflammation and other conditions should be adequately evaluated and eventually repaired. Balloon dilation and biliary stent implantation under ERCP have advantages as a new minimally invasive method for the treatment of bile duct stenosis[10,16], but they need to be performed in collaboration with standardized multidisciplinary therapy.
Summing up the treatment experience of this case, there are still places worth reflecting on. In terms of etiology, it accords with the pathogenic features of isolated EHBDI. The clinical manifestations were consistent with simple bile duct laceration, showing early abdominal pain and abdominal and pelvic bile accumulation only, without obvious signs of biliary peritonitis and abdominal infection. Imaging examination failed to indicate the injury and site, leading to a delay in diagnosis. However preoperative diagnosis did not consider the possibility of EHBDI. Although the entire extra-hepatic bile duct was explored, no lesion site was found, with no intraoperative cholangiography, which was a deficiency. It has been noted that nonoperative treatment is possible when the only relative indication of surgery is bile leakage[11]. Can this patient be cured by abdominal puncture and drainage in combination with conservative treatment? The author believes that the premise of conservative treatment is able to make a clear diagnosis in advance, otherwise misdiagnosis and missed diagnosis will cost painfully. Can ERCP be diagnosed early preoperatively? Can EHBDI with minor injury be cured by ERCP+ biliary stent drainage? To date, such successful treatments are rare[10,16], but worth a try. In such cases of negative intraoperative exploration and dilatation of common bile duct, it is advisable to conduct external drainage of common bile duct by T tube placement only based on the symptoms of common bile leakage. Postoperative angiography further clarified the site of injury and also left room for subsequent treatment.

CONCLUSION
Isolated EHBDI is extremely rare in clinical practice and is easily overlooked and missed, with special and complicated clinical features. Therefore, when blunt abdominal trauma, especially residual bile, is found in the abdominal cavity, high vigilance should be given to the presence of EHBDI, and intraoperative cholangiography should be performed when such suspicion is doubt to avoid adverse consequences caused by diagnostic errors. Surgical treatment should follow the repair evidence and strategy of BDI, maintain the physiological structure and function of bile duct, and reduce the probability of postoperative bile duct stenosis.
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Figure Legends
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Figure 1 Abdominal computed tomography and magnetic resonance imaging reexamination. A: Preoperative abdominal computed tomography showed complete intrinsic palpation of the liver, no obvious damage to the abdominal organs and a small amount of perihepatic effusion; B and C: Preoperative magnetic resonance imaging showed good continuity of extrahepatic biliary tract, gallbladder filling, and the causes of perihepatic and pelvic effusion were difficult to determine; D: T-tube angiography at 2 wk postoperatively. The red arrow indicates the injury site of the lower common bile duct; E: Magnetic resonance cholangiopancreatography (MRCP) was reexamined 2 mo after surgery. The yellow arrow shows the post-traumatic stenosis of the common bile duct. Combined with the results of T-tube angiography at 2 wk postoperatively and MRCP imaging at 2 mo postoperatively, we considered that this was a rare extra-hepatic bile duct injury that had caused mild stenosis of the common bile duct.
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