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Abstract
This case report describes a 9-year-old female spayed miniature poodle mix diagnosed with a ruptured gallbladder mucocele. The dog had been diagnosed with a ruptured gallbladder by its primary care veterinarian and was referred to Cornell for further evaluation and treatment.  Bloodwork showed a leukocytosis with neutrophilia, hyperbilirubinemia, and elevations in liver enzyme activity. Exploratory laparotomy revealed a biliary mucocele and focal biliary peritonitis. A cholecystectomy was performed and the dog recovered well from surgery.  Postoperatively, the patient regurgitated, developed disseminated intravascular coagulation, neurologic signs, and died two days later.  Necropsy revealed fibrinizing necrosis of the common bile duct and peritonitis.  The cause of death was determined to be bile peritonitis leading to systemic inflammatory response syndrome and multi-organ failure.  The current diagnostic and treatment methods for gallbladder mucocele will be highlighted in the following report.
Introduction
A gallbladder mucocele describes a condition in which inappropriate accumulation of mucus results in distension of the gallbladder[1]. The gallbladder sits between the quadrate and right medial lobes of the liver.  The cystic duct extends from the neck of the gallbladder into the common bile duct, which then travels to the duodenum and empties at the major duodenal papilla.  The pancreatic duct opens in close proximity to, and in few cases into, the same entry point as the bile common duct.  Bile is initially generated in the liver where hepatocytes shunt the bile into bile canaliculi.  Bile is transported via canaliculi to the portal triad at the edge of the hepatic lobule where it is then shunted into interlobar ductules and larger hepatic bile ducts, finally joining with the cystic and common bile ducts.  Bile travels retrograde up the cystic duct into the gallbladder to be stored for later excretion into the duodenum.  Normal gallbladder filling occurs continuously and bile is excreted into the extrahepatic biliary system via bellows–like contractions of the gallbladder. Bile is expelled in much greater proportions postprandially when 50-80% of the gallbladder is emptied[2,3].  Bile is composed of a mixture of water, organic lipids, and electrolytes which impart the properties that allow bile to emulsify fat[2].  Mucin is generated by the gallbladder epithelium. It imparts a viscoelastic characteristic that appears to contribute to mucocele formation[3].  

Though the etiology of gallbladder mucocele formation remains unknown, associated risk factors include gallbladder hypomotility and dysmotility, altered bile composition due to hyperlipidemia, and endocrinopathies that result in lipid abnormalities (hyperadrenocorticism, adrenal hyperplasia syndromes, and hypothyroidism)[3,4].  Anything that affects the excretion of bile or changes its composition, may predispose to the build-up sludge and formation of a gallbladder mucocele.  

In addition, breed and signalment predispositions have been described. Middle age dogs of medium size ranging from 10.5-11 years of age and 11.7-12.1 kg of body weight, have the highest incidence of gallbladder mucocele formation and there is no difference with respect to gender[3].  The most commonly affected breeds, in order from highest to lowest predilection, are the Shetland sheepdog, mixed breed dog, bichon frise, cocker spaniel, German shepherd, miniature schnauzer, Scottish terrier and shih tzu[3].  A recent study also reported that many dogs with a mutation in the ABCB4 gene are also predisposed to formation of a gallbladder mucocele[5].  

While the etiology of biliary mucocele formation remains unknown, it is likely to be multifactorial. Hopefully, further research will illuminate the subject and allow for development of effective preventative strategies and additional treatment options for veterinary patients.

Case Report: 
Case History:
	A 9 year old female spayed miniature poodle mix was referred for a ruptured gallbladder mucocele.  She was reported to have been previously healthy with no serious medical history. The dog had originally been presented to the primary care veterinarian 2 days earlier for lethargy, inappetence and vomiting. Physical exam had revealed a fever (103⁰F), tachycardia (144 bpm) and a soft non-painful abdomen. Blood was collected and complete blood count, chemistry panel, pancreatic lipase test, and clotting times were evaluated by the primary care veterinarian. The hemogram revealed a leukocytosis (WBC 29.12 thou/L, reference range 6-17 thou/L) with neutrophilia (27.42 thou/L, reference range 3-12 thou/L) and hemoconcentration (RBC 10.30 10^12/L, reference range 5.5-8.5 10^12/L;  Hgb 20.9 g/dl, reference range 12-18 g/dl; and HCT 59.88%, reference range 37-55%).  The chemistry panel revealed increased alkaline phosphatase and alanine transferase activity (ALP 1701 U/L, reference range 20-150U/L; and ALT >2000 U/L, reference range 10-118 U/L), hyperbilirubinemia (TBIL 7.7 mg/dL, reference range 0.1-0.6 mg/dL), hypercalcemia (12.0 mg/dL, reference range 8.6-11.8 mg/dL), azotemia (creatinine 1.6 mg/dL, reference range 0.3-1.4 mg/dL), and hypokalemia (3.4 mmol/L, reference range 3.7-5.8 mmol/L).  The pancreatic lipase test was within the normal reference interval and the prothrombin and activated partial thromboplastin times slightly prolonged (PT 24.4, reference range 14-19 seconds; aPTT 129, reference range 75-105 seconds).
	The dog was treated with intravenous fluids (Normosol-R at 5 mL/kg/hr CRI), antibiotics (ampicillin 30 mg/kg IV q 8hrs), maropitant (1 mg/kg SQ q 24hrs), and vitamin K (2.5 mg/kg SQ q 24hrs) and hospitalized overnight. The following morning she had developed a fever and a painful abdomen. Fentanyl (3 mcg/kg/hr CRI) and metronidazole (10 mg/kg IV q 12hrs) were added to her treatment regimen and an abdominal ultrasound performed. Concerned the patient had a ruptured biliary mucocele, the primary care veterinarian referred her for further evaluation and treatment.  
Clinical Findings:
 On presentation to the referral hospital’s emergency service, the dog was quiet, alert and responsive.  Significant physical exam findings included a painful abdomen, fever (102.7⁰F), and severe dental disease.  Point of care blood work performed at the time of presentation included a packed cell volume, total protein, venous blood gas, and clotting times. The only abnormalities noted were mild hypokalemia (K 3.4 mmol/L, reference range: 3.7-5.8 mmol/L) and a prolonged activated partial thromboplastin time (PT 17 seconds, reference range 14-19 seconds; aPTT 124 seconds, reference range 75-105 seconds).  Ultrasound examination was performed confirmed a ruptured gallbladder mucocele and an enlarged left adrenal gland.  Treatments administered prior to exploratory laparotomy included an isotonic crystalloid fluid bolus (Plasmalyte-A 20mL/kg IV over 20 minutes), ampicillin with sulbactam (22 mg/kg IV q 8hrs.), metronidazole (10 mg/kg IV q 12hrs.), enrofloxacin (10 mg/kg IV q 24hrs.), maropitant (1mg/kg IV q 24hrs.), and pantoprazole (1mg/kg IV q 24hrs.).  
Definitive Treatment: 
	The recommended treatment for gallbladder is cholecystectomy[6].  It is essential that the patency of the common bile duct is confirmed prior to cholecystectomy and that the cystic duct is flushed prior to ligation to decrease the likelihood of post-operative biliary obstruction.  Though the perioperative mortality rate of cholecystectomy is between 21-28%[7,8], prognosis after discharge from the hospital is excellent[8].  Laparoscopic cholecystectomy is an option that is safe and effective in dogs with an uncomplicated gallbladder mucocele where obstruction and rupture has been excluded[9].  Cholecystotomy is not a recommended surgical procedure as reoccurrence of the gallbladder mucocele is quite common[3].  Cholycystoduodenostomy is associated with a higher complication rate than cholecystectomy, but is feasible for patients in which the patency of the common bile duct cannot be established [6,8]. 

There is not sufficient evidence of consistent success to recommend medical management as a sole therapy for patients with gallbladder mucoceles. That being said, it may reasonable to attempt medical management in mildly affected, asymptomatic patients and in patients where surgery is not an option. Medical management should only be attempted in patients in which there is no evidence of postprandial distress, vomiting, hyperbilirubinemia, or evidence of bile duct occlusion or rupture[3].  Medical management includes the use of choleretics and dietary fat restriction.  Mainstays of medical management include frequent, sequential imaging and biochemical analysis of blood, as well as testing and treatment of identified endocrinopathies. Lastly, medical management is not guaranteed to resolve a gallbladder mucocele and cholecystectomy may be required if medical management is unsuccessful. 
Outcome:
	This patient had an exploratory laparotomy during which a routine cholecystectomy was performed. During surgery, the gallbladder was confirmed to have been ruptured and focal peritonitis was evident. The gallbladder was submitted for histopathology and the bile was submitted for both aerobic and anaerobic culture and sensitivity.  A nasogastric tube was placed and the patient recovered from anesthesia; however, she did regurgitate shortly after extubation. Over the next 2-3 days, she was supported in the intensive care unit with intravenous fluids, enteral nutrition, antiemetics and antacids, multimodal analgesic medications titrated to effect (fentanyl, ketamine, lidocaine, and dexmedetomidine) and antibiotic therapies (metronidazole 10 mg/kg IV q12 hrs.; ampicillin with sulbactam 30 mg/kg IV q 8 hrs.; and enrofloxacin 10 mg/kg IV q 24 hrs.). Unfortunately, the patient began to decline two days post-operatively. Blood work revealed disseminated intravascular coagulation and acute kidney injury. The following night the patient died.

Necropsy, revealed bile peritonitis with peritoneal effusion and steatitis.  The surgical sutures were secure and intact and the common bile duct did not have any grossly evident defects or obstructions.  Histopathology confirmed the presence of a mucocele with secondary necrosis of the gallbladder and subsequent cholangiohepatitis. Additionally, the lumen of the common bile duct was found to be completely covered and replaced by large amounts of fibrin and hemorrhage with few remnant fragments of bile duct epithelium.  The wall of the duct itself was entirely composed of fibrosis and granulation tissue.  The suspected cause of death is systemic inflammation from the bile peritonitis leading to multi organ failure.  

[bookmark: _GoBack]Discussion:
Gallbladder mucoceles are common problems in the dog. Until the etiology of their formation is better understood, preventative therapeutic targets are not likely to be developed. As such, they will continue to present a risk to patients. Currently, surgery is the gold standard of treatment and though cholecystectomy and cholecystoduodenostomy both have similar prognosis[8], the most commonly performed surgical procedure is cholecystectomy. Cholecystoduodenostomy is more commonly performed in patients in which patency of the common bile duct cannot be established. This raises the question as to whether the complication rate of cholecystoduodenostomy can be decreased to a point in which it is a better treatment than cholecystectomy altogether.  The use of cholecystoduodenostomy may prevent fatalities in dogs with non-functional common bile ducts that appear patent on examination.  Reviewing our patient, it seems that cholecystectomy was a valid treatment choice given the information known about the patient at the time of action. The gallbladder wall of the patient was discolored greenish gray and distended in appearance when visualized during surgery, and was noted to be necrotic upon removal.  Due to the condition of the gallbladder it seems unlikely to have healed successfully following cholecystoduodenostomy, however further studies must be done to determine what extent of gall bladder necrosis limits the success of cholycystoduodenostomy.  
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