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Abstract
A six-year-old male neutered mixed-breed dog was presented to the Cornell University Hospital for Animals emergency service for muscle fasciculations, stiffness, acute anorexia, and lethargy. The patient had a history of non-steroidal anti-inflammatory drug (NSAID) use for severe wounds. He was treated with antibiotics and oral meloxicam at 0.1mg/kg for approximately two weeks. On presentation, the patient had a kyphotic posture, and was mildly febrile and tachycardic. Physical exam revealed a tensed abdomen and tarry fecal material was evident on rectal palpation. Gastrointestinal-focused abdominal ultrasound identified thickening of the gastric wall as well as free fluid and gas in the abdomen. These findings along with a history of NSAID administration led to a presumptive diagnosis of gastrointestinal perforation. This diagnosis was confirmed with exploratory laparotomy. Surgical intervention consisted of excision of the edges of the perforation and primary repair. The patient was hospitalized for 2 days post-surgery. Two days after discharge, the patient represented to the emergency service for anorexia, vomiting, and abdominal incision complications. Dehiscence of the perforation oversew was highly suspected and confirmed with a second exploratory laparotomy. Euthanasia was elected due to the extent of the lesion, critical condition of the patient, and poor to guarded prognosis.
Case history
A six-year-old male neutered mixed-breed dog presented to Cornell’s emergency service for muscle fasciculations, stiffness, acute anorexia and lethargy. The night before presentation to Cornell University Hospital for Animals (CUHA), the patient ate many treats but was not interested in his regular food. Approximately 30 minutes later, he started to have small tremors all over his body; that evening he seemed restless, had a hunched posture with tail tucked, and stiff forelimbs. Overnight, he vomited twice, the first one contained a large volume containing food material and the second one was a clear liquid. The following morning, he did not eat and consumed only a small amount of water. Overall, his mentation was quieter than usual, and he seemed uncomfortable, with difficulty walking and jumping. 
He had a previous history of severe dog bite wounds that was being managed by Cornell soft tissue surgery service. He was treated with a 2-week course of antibiotics (amoxicillin clavulanate 375 mg PO q 12 hours) with the last dose given a day before presentation. His pain was managed with meloxicam 0.1 mg/kg PO q 24 hours for 2 weeks and was last administered 2 days before presentation. Additionally, he had a history of seizures that were well-managed on zonisamide and left eye blindness. He had a known gabapentin reaction described as body tremors. 
Clinical findings
On presentation, the patient was quiet, alert, and responsive. He was reluctant to walk and had a mildly kyphotic posture with low head carriage. He was mildly febrile (103.3F) and tachycardic (140 BPM), and his mucous membranes were light pink. On a physical exam, his abdomen was tense but non-painful. A dark tarry fecal material was evident on rectal palpation. No other abnormalities were observed.
Diagnostics
Initial point-of-care blood work revealed a mild metabolic acidosis with compensatory respiratory alkalosis, mild electrolyte abnormalities (hyponatremia, hypokalemia), and lactate of 1.29mmol/L (reference range <2.0 mmol/l).  Abdominal focused assessment with sonography for trauma (AFAST) did not reveal any abnormalities. On the chemistry panel, there was a mild hypokalemia, hypocalcemia, hypomagnesemia, low albumin, and mildly increased ALP, with normal blood urea nitrogen and creatinine levels. A complete blood count (CBC) revealed an inflammatory leukogram characterized by a neutrophilia with a left shift and toxic change. 
Gastrointestinal-focused abdominal ultrasound identified thickening of the caudal gastric wall with complete loss of normal wall with linear regions of gas streaking extending from the lumen into the wall. Within the peritoneum, multiple, small, free gas foci were identified immediately caudal to the stomach. The mesentery surrounding the stomach was moderately hyperechoic. A small volume of echogenic effusion was seen throughout the abdomen but more evident surrounding the stomach. The free fluid was aspirated and examined microscopically, revealing predominantly neutrophils with some monocytes and no obvious bacteria.
Given the history of NSAID administration and findings, a perforated ulcer was prioritized. Hospitalization for abdominal exploratory surgery was elected. The patient was started on intravenous antibiotics (ampicillin–sulbactam 30 mg/kg IV and enrofloxacin 10 mg/kg IV), maropitant 1 mg/kg IV, pantoprazole 1 mg/kg IV, and maintenance fluids. The patient was transferred to the soft tissue surgery service the same day for an emergency abdominal exploration.
Exploratory laparotomy 
The patient was placed under general anesthesia and prepped in standard aseptic fashion. A routine approach was made to the ventral midline of the abdomen, extending from the xiphoid to the prepuce. Abdominal exploration revealed mild peritoneal effusion and an approximately 1 cm x 1 cm circular full-thickness gastric ulcer at the dorsal aspect of the lesser curvature of the pyloric antrum. The location of the perforation was challenging to visualize, so to aid visualization, an orogastric tube was passed as far as the pyloric sphincter. Two stay sutures were placed in the body of the stomach using 2-0 silk. 
The edges of the perforation were then debrided using Metzenbaum scissors and a #15 scalpel blade. The perforating ulcer was reduced and closed using 3-0 PDS in a simple interrupted pattern through all the layers of the stomach at once. A sample was collected from the falciform fat for culture and sensitivity.  
The abdomen was copiously lavaged with multiple liters of sterile saline. All the lap sponges were accounted for. A whole new set of instruments and new gloves were used before closure. The linea alba was closed with 0 PDS in a simple continuous pattern. The subcutaneous tissues were closed with 2-0 Monocryl in a simple continuous pattern. The skin was closed with 3-0 Monocryl in an intradermal pattern. A nasogastric feeding tube was placed intraoperatively, so that enteral feeding could be instituted. 
Outcome 
The patient recovered uneventfully from anesthesia. Post-operative pain was managed with fentanyl continuous rate infusion and pregabalin, and the dog was then transitioned to methadone. Intravenous ampicillin/sulbactam and enrofloxacin were continued throughout his hospitalization. Medical management for gastrointestinal care included sucralfate, pantoprazole, and metoclopramide. He was also on maropitant and ondansetron to prevent vomiting and nausea. 
The night post-surgery, the patient experienced hypotension that was successfully treated with a fluid bolus. The following morning, he was not interested in food and he continued to have mild body tremors and a quiet mentation. He was started on capromorelin, an appetite stimulant. It was known that gabapentin induced muscle tremors in the patient, so pregabalin was discontinued as a precaution. Two days post-op, the patient was brighter and ate small amounts of homemade food. His muscle tremors significantly diminished. He was discharged with instructions to continue with amoxicillin clavulanate and enrofloxacin until the culture and sensitivity results become available. He was also sent home with omeprazole and sucralfate for 14 days. The owners were educated on home post-operative care and instructed to have the incision rechecked by a veterinarian in 10-14 days. 
Four days post-surgery, the patient was represented to the emergency service for vomiting, anorexia, and incisional complications. On presentation, he was mildly febrile, slightly dull, and uncomfortable on abdominal palpation. The abdominal incision was erythematous with dehiscence and discharge noted at its caudal aspect. Additionally, the incision was fluid-filled, and the fluid was aspirated and showed abnormal presence of bacteria. His venous blood glucose was concerning for borderline hypoglycemia (69 mg/dL). Abdominal ultrasound revealed no evidence of failure of the pyloric repair site. At this point, there was concern for incision dehiscence and he was transferred to the soft tissue service to explore the incision. 
The next morning, the patient was placed under general anesthesia and prepared for surgery. The incision was opened and evaluated. There was a large defect in the cranial aspect of the incision with communication into the abdomen. Thus, a complete exploratory laparotomy was indicated. The surgical site on the stomach was noted to have dehiscence and abscessation of the omentum in the immediate vicinity. The owners were contacted intraoperatively and the only surgical option, Billroth 1 procedure, was discussed. Due to guarded-to-poor prognosis, in the face of sepsis (Bush et al., 2016), euthanasia was elected under general anesthesia.
Discussion 
The patient was administered an appropriate dose of meloxicam (0.1mg/kg dose orally for a total of 15 days) for pain associated with severe dog bite wounds. As in this case, non-steroidal anti-inflammatory drugs (NSAIDs) are commonly used in veterinary medicine for management of acute or chronic pain. However, their use has been associated with significant adverse effects including gastric irritation, development of protein-losing enteropathy, renal damage, and bleeding disorders, which are serious and potentially fatal conditions (Monteiro‐Steagall, 2013). 
Non-steroidal anti-inflammatory drugs act by inhibiting the activity of cyclooxygenase (COX). This enzyme is involved in the conversion of arachidonic acid to eicosanoids, including prostaglandins, thromboxanes, and leukotrienes (Ghlichloo, 2018). The NSAIDs reduce inflammation, pain, and fever by preventing the formation of these eicosanoids. Different cyclooxygenase isoforms, including COX-1 and COX-2, have been identified. COX-1 is believed to be naturally present in the body and plays a role in maintaining gastrointestinal mucosa lining, kidney function, and platelet aggregation, while COX-2 is an inducible enzyme that is upregulated during an inflammatory response (Khan et al 2012, Ghlichloo 2018). First generation NSAIDs are non-selective and inhibit COX-1 and COX-2. The inhibition of COX-1 impairs the synthesis of gastroprotective agents such as prostaglandins and prostacyclin. Thus, NSAIDs that act mainly against COX-1, such as aspirin, are said to be more likely to result in gastrointestinal tract injury. Second generation NSAIDs, such as meloxicam and carprofen, have more selectivity towards COX-2 and have demonstrated a high safety profile with regards to adverse effects on the gastrointestinal tract (Cariou et al., 2009). However, gastrointestinal perforation is still a risk with the use of these NSAIDs at appropriate doses. They can induce gastric damage through both local and systemic effects. The inhibition of COX-2 leads to activation of the lipoxygenase pathway and its end products, leukotrienes, damage the gastrointestinal mucosa (Jankowski et al., 2014). The NSAIDs can also cause direct damage to the gastric mucosa by impairing mitochondrial function, which leads to ATP deficiency increasing the susceptibility of epithelial cells to oxidative stress (Jankowski et al., 2014). Additionally, according to Plumb’s Veterinary Drugs, at higher doses of meloxicam, the COX-2 selectivity may be lost and there may be increased COX-1 inhibition making GI toxicity more likely. 
Therapy with NSAIDs is the most common predisposing factor for gastric perforation in dogs. Other predisposing factors for gastric perforation include inflammatory bowel disease, lead toxicosis, corticosteroid therapy, non-neoplastic infiltrative gastrointestinal disease, gastrointestinal neoplasia, endoparasites, mastocytosis, hepatic disease, septicemia, gastrinoma, pyloric outflow obstruction, uremia and stress of major surgery or illness (Cariou et al., 2009). Of these, the only additional factor that was known to be experienced by this patient, apart from NSAID use, was stress of a major surgery or illness. The patient suffered major bite wounds from a dog attack including an ear degloving wound, which needed multiple procedures and a lengthy treatment. Therefore, it is possible that the cause for gastric perforation was multifactorial.  
A retrospective study found that gastroduodenal perforations occurred more frequently in middle to older age male dogs (Cariou et al., 2009). The age might be correlated with the increased use of NSAIDs in this age group. However, the sex predisposition was not clear. Different studies have found that in humans, horses, and rats, females have a higher resistance to gastric ulcers, indicating that circulating estrogen and progesterone may play a role in gastric protection (Kurt et al., 2007).
The pyloric antrum and pylorus have been described as the most common site for NSAID-related ulcers in the dog (Cariou et al., 2009). In this case, the location of the perforation was consistent with the data reported. The type of surgery depends on the location and extent of the lesion. For this case, surgical intervention consisted of excision of the edges of the perforation and primary repair. Other reported options include P-Y pyloroplasty, Billroth I (gastroduodenostomy), or II (gastrojejunostomy). Billroth I and Billroth II are rarely done in veterinary medicine due to minimal survival advantage and a poor prognosis. Complications associated with Billroth I include pancreatitis, aspiration pneumonia, sepsis, and mentation change (Araújo et al., 2022). A common complication of Billroth II is known as "dumping syndrome", which includes chronic vomiting, diarrhea, anorexia, and weight loss (Dobberstein et al., 2022). 
Gastric perforation results in gastrointestinal (GI) tract leakage and bacterial contamination of the abdomen, which is a condition called septic peritonitis. The exact prognosis for animals treated for gastric perforation secondary to NSAID use is not well established. However, it is known that septic peritonitis is associated with a guarded to poor prognosis, with most studies reporting survival rates of approximately 50% (Bush et al., 2016). Similarly, the results of a retrospective study of 15 dogs with spontaneous gastroduodenal perforation showed that seven of the 15 dogs (47%) died or were euthanized at surgery (Cariou et al., 2009). Thus, gastric perforation, which leads to septic peritonitis, has a guarded-to-poor prognosis. 
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