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Abstract 
Gangrenous cholecystitis (GC) is a severe and potentially deadly complication of acute cholecystitis. We present a 83-year-old gentleman with a past medical history of type 2 diabetes mellitus with significant associated neuropathy, presenting to a community hospital in a major metropolitan hospital with 10 days nausea and vomiting and a benign abdominal exam. While the patient was admitted for hyperglycemia, he was subsequently found to have severe GC requiring urgent surgical intervention. 
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Core tip: We present an 83-year-old gentleman with type 2 diabetes mellitus and associated neuropathy who was found to have severe gangrenous cholecystitis (GC) requiring urgent surgical intervention but without any of the cardinal symptoms of GC.
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INTRODUCTION
Diabetes mellitus (DM) is a chronic disease caused by inherited and/or acquired deficiency in production of insulin by the pancreas, or by the ineffectiveness of the insulin produced. This subsequently leads to an increased concentrations of glucose in the blood[1]. The prevalence of DM has markedly increased over the past few decades with nearly 300 million people worldwide with the disease today[2]. DM is itself a specific group of metabolic disorders that share common phenotype of hyperglycemia. The two broad categories, or types, of DM are classified by the underlying pathogenic process leading to elevated blood sugar levels. Type 1 DM exhibits almost complete insulin deficiency, while type 2 DM is an intricate constellation of pathology including insulin resistance, increased glucose production and impaired insulin secretion[3]. Important complications from DM include cardiovascular disease, stroke, diabetes retinopathy, renal failure and neuropathy[4]. 
Gangrenous cholecystitis (GC) is a severe and potentially deadly progression of acute cholecystitis that occurs in up to 30% of cases[5]. It is the end result of persistent and severe inflammation, where there is such significant distension of the gallbladder that the wall becomes ischemic[6]. Risk factors include male gender, age > 45 years, history of diabetes and heart disease[7]. Although clinical signs of peritonitis are sometimes absent, these patients typically present with at least one or more of the following symptoms: right upper quadrant abdominal pain, loss of appetite, jaundice, and/or fever[8]. These patients almost universally undergo emergent cholecystectomy to avoid fatal complications[6]. 
Diabetic neuropathy is among the most common complications of DM, and is clinically important because it can diminish symptoms of life-threatening such as myocardial ischemia[9]. We present a 83-year-old gentleman who was admitted for hyperglycemia but was later found to have a severe GC without an exam findings concerning for peritonitis. To our knowledge, this is the fourth case ever reported of GC in a patient with DM presenting with non-specific abdominal symptoms and reassuring physical exam[10-12].

CASE PRESENTATION 
An 83-year-old male with a past medical history of type 2 DM since twenty years back, with advanced diabetic neuropathy, hypertension and hyperlipidemia presented to his primary care physician’s office with a chief complaint of nausea, vomiting, and diarrhea for 10 d. Point of care glucose monitor showed the patient’s blood sugar to be > 600 mg/dL, and the patient was transferred to the emergency department (ED) of the associated community hospital. 
The patient attributed the nausea and vomiting to a beef sandwich he ate four days preceding the symptoms. He had not been able tolerate food and reported very limited fluid intake. Additionally the patient noted three loose brown bowel movements daily without gross blood or melena which resolved three days prior to admission. The patient denied abdominal pain, hematemesis, chest pain, shortness of breath or any other associated symptoms. A complete review of systems was otherwise negative.
The patient had a strong family history of both type 1 and 2 DM including his mother, two brothers, and other distant relatives. The patient’s social history was significant for occasional alcohol use of 2-3 beers per month. The patient denied tobacco and illicit drug use. The patient’s home medications were Pravastatin 20 mg PO daily, Glyburide 1.25 mg PO daily, Lisinopril 10 mg PO daily, and Omeprazole 20 mg PO daily.
In the ED his vital signs were a temperature of 98.2 F, heart rate of 89/min, respiratory rate of 18/min, blood pressure 147/79 mmHg, and O2 Saturation by pulse oximetry 93% on room air. Laboratory results were significant for a white blood count (WBC) of 16.5 k/uL, Sodium 132 mmol/L, Chloride 93 mmol/L, Glucose 598 mg/dL, AST 49 U/L, Alkaline Phosphatase 196 U/L, Albumin 3.1 g/dL, Albumin/Globulin Ratio 0.6 L. Other labs were within normal limits, and urinalysis was negative for ketones. 
Physical examination was documented as normal. The patient was alert and oriented to person, time and place. Respiratory exam was clear to auscultation bilaterally. Cardiovascular exam revealed regular rate and rhythm, with no murmurs, rubs or gallop. Abdomen was soft, non-tender, non-distended, with normal bowel sounds, and no organomegaly. Neurological exam showed intact cranial nerves 2-12, reflexes were 2+ and symmetric at the biceps, triceps, knees, and ankles. Plantar responses for flexor, light touch, pinprick, position sense, and vibration sense was impaired in fingers and toes, Rapid alternating movements and fine finger movements are intact. There was no dysmetria on finger-to-nose and heel-knee-shin. There were no abnormal or extraneous movements. Romberg was absent. The skin was warm, dry, with no identified rashes. Imaging in the ED was limited to a plain film of the chest which demonstrated atelectasis vs scarring in the lateral left base, without infiltrates. 
The patient was admitted to the general medicine ward for treatment of hyperglycemia. He was initially given 0.2 units/kg of Lantus once, and then put on insulin sliding scale with blood glucose measurements every 6 h. A second abdominal examination was performed several hours after admission because of an elevated alkaline phosphatase, without any concerning findings. Additionally, an abdominal ultrasound was performed which exhibited hepatomegaly with the liver measuring to 18cm in length. While no hepatic biliary tract obstruction was noted on ultrasound, his gallbladder was found to have a thickened wall, with pericholecystic fluid and multiple hyper-echoic calculi (Figure 1). These findings were strongly concerning for acute cholecystitis.
The patient was started on 3.375 g of Piperacillin/Tazobactam, every 6 h IV. The patient’s condition improved overall by hospital day two. He denied nausea, vomiting and abdominal pain. Given his reassuring vials, exam and symptomatology in the face of an abnormal ultrasound a HIDA scan was ordered which also suggested acute cholecystitis (Figure 2). 
Soon after, the patient developed a low-grade fever of 100.4 F, with chills and rigors. A set of blood cultures was obtained, and general surgery was consulted. They recommended continuing IV antibiotics and preparation for surgery. Demerol (Meperidine) and Tylenol (acetaminophen) were added for fever and pain. 
The patient thereafter underwent a laparoscopic cholecystectomy. The findings were significant for a severly gangrenous gallbladder, with copious purulent drainage from gallbladder, subhepatic abscess, and cholelithiasis, and this was confirmed in post-operative histopathology. The patient’s abdomen was irrigated copiously during the procedure. There were no perioperative complications. 
On the next hospital day, the patient was feeling well without complaints including no abdominal pain, fevers, rigors or chills. Abdominal examination continued to be benign, and the surgical wound was well approximated. WBC trended down to normal limits. Alkaline phosphatase had down trended from 196 U/L on admission to as low as 127 U/L post-operatively. The patient’s diet was advanced to regular diabetic diet, which he tolerated well, and he was later discharged home.
The hyperglycemia seen in this patient was likely multifactorial, due to chronically poor compliance with diabetic medications and diet as well as acute infection. The patient’s HbA1c was 10.5% during this hospitalization and an endocrinologist was consulted who started the patient on an insulin regimen on discharge with regular follow ups.

FINAL DIAGNOSIS
GC.

TREATMENT
Cholecystectomy.

OUTCOME AND FOLLOW-UP
Clinic follow up.

DISCUSSION
This case illustrates the sometimes difficult nature of identifying underlying diseases in patients with severe diabetes and associated complications. This patient had an elevated Alkaline Phosphatase and a mild leukocytosis in the setting of nausea and vomiting. This prompted further investigation in the form of medical imaging despite benign abdominal exam ultimately leading to diagnosis of acute cholecystitis with gangrenous gallbladder. This joins the ranks of three similar cases which have been reported in the literature, all with a history of DM[10-12]. 
Fagan et al[13] asserted that several variables, including WBC > 15000, history of diabetes, African American race, abnormal liver function tests (elevated ALT, AST, ALP, lipase levels) and pericholecystic fluid were associated with GC. An additional study found after multivariate analysis that in patient’s with cholecystitis those with history of diabetes and leukocytosis were significantly more likely to have a gangrenous gallbladder. Finally, Contini et al[7] have implicated that WBC count was the strongest predictor for presence of gangrene. The patient reported appears to support these findings given his history of diabetes as well as leukocytosis and elevated alkaline phosphatase on presentation.
It is important to recognize the natural history and life-threatening complications of GC. A gangrenous gallbladder almost invariably goes on to perforate and once gangrenous, the overall complication rate approaches 25%. Perforation can lead to abscess formation and peritonitis. Ultimately, mortality rates in GC are reported to be as high as 22%[7,14]. Accordingly, early diagnosis and surgical treatment is critical to mitigate serious complications including mortality in these patients[7,14]. 
The reason for the insidious nature of this patient’s presentation was presumably driven by his neuropathy. Neuropathy leads to a host of consequences including intrabdominal manifestations such as impaired gastric motility and inability to appreciate abdominal pain. While not fully understood, diabetics exhibit complex changes of metabolic, vascular and hormonal factors which both increase nerve fiber damage and diminish the body’s ability to repair these nerves[15,16]. Nerve damage from ischemia is thought to contribute to the development of diabetic neuropathy. In autopsies of patients with diabetic neuropathy thickened endoneuronal blood vessel walls and vascular occlusions are commonly found[17]. This is also supported by decreased endoneurinal oxygen tension measured in sural nerves of the patients with advanced polyneuropathy[18].
Impaired neuronal repair is also thought to contribute to diabetic neuropathy[19,20]. This may be due in part to a decrease of neurotrophic peptides which mediate nerve maintenance, repair and regeneration. Specifically, nerve growth factor, brain-derived neurotrophic factor, neurotrophin-3, insulin-like growth factors, and vascular endothelial growth factor have all found to contribute to nerve health[20]. Moreover, insulin itself plays an important role as a neurotrophic factor to peripheral neurons; and the low insulin state present in type 1 diabetes may be particularly detrimental to overall nerve health[15,21]. 
In conclusion, this case illustrates the insidious presentation of a life-threatening surgical disease in a patient admitted for medical management of hyperglycemia. Gangrenous gallbladder is a serious complication of acute cholecystitis which was largely masked by a benign abdominal exam in a patient with severe diabetic neuropathy. This is similar to diabetic patients presenting with “silent” acute coronary syndrome. In conclusion, it is important that in patients with a history of poorly controlled diabetes, a higher index of suspicion should be raised for severe intraabdominal pathology even in the setting of a benign abdominal exam. 

EXPERIENCES AND LESSONS 
GC is a severe and potentially life-threatening complication of acute cholecystitis that occurs in up to 30% of cases. Risk factors of GC include male gender, age > 45 years, history of diabetes and heart disease. GC can be asymptomatic in patients with DM. Patients with leukocytosis and/or abnormal liver function tests with a history of DM should be considered for further work up, regardless of symptoms or physical examination.
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Figure 1 Ultrasound image demonstrating a pronounced gallbladder wall thickening and stones, consistent with acute colecystitis.
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Figure 2 HIDA scan image demonstrates non-visualization of the gallbladder one hour after radiotracer injection, consistent with cystic duct obstruction.
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