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Foreword


This book is specifically designed to address the urgent and intricate world of small animal surgical emergencies. This volume emerges from a profound understanding of the challenges, exigencies, and high-stakes decisions veterinary professionals face when confronted with urgent surgical needs for our beloved patients. It is with a sense of profound responsibility and a commitment to the advancement of veterinary care that we, the editors, have curated this book and brought together this collection of knowledge and expertise.

The conception of this book was motivated by a clear and persistent need within the veterinary community for an authoritative, yet swiftly accessible resource that could demystify the complex decision-making and procedural intricacies of emergency surgeries in cats and dogs. Recognizing the high-pressure scenarios that veterinarians, veterinary technicians, and students frequently encounter, our aim was to distill the essence of surgical emergency care into a format that is not only informative but also immensely practical and immediate in its utility.

This book is structured to provide the reader with an intuitive and logical progression through the myriad of surgical emergencies that a practitioner might face. Each section is meticulously organized to address a specific category of emergencies, from trauma-related injuries to acute abdominal crises, ensuring that readers can quickly find the guidance they need. Within these sections, individual chapters delve into specific conditions, offering a concise overview of the emergency at hand, followed by a detailed, bullet-pointed walkthrough of the recommended surgical intervention. This format is designed to facilitate and promote rapid comprehension and retention of critical steps, enabling effective communication with the patients’ owners and the rest of the team and confident action in the operating room.

The features that distinguish this book are manifold. Foremost among these is the emphasis on clarity and accessibility, achieved through bullet-pointed procedural guides, complemented by high-resolution photographs and videos that provide visual clarity to the textual descriptions guiding the reader through each surgical step. Additionally, each chapter includes ‘Pro Tips’ from experienced surgeons, which offer invaluable insights and distilled wisdom. Furthermore, ‘Pitfall Alerts’ are strategically placed to forewarn surgeons of common mistakes and complications, fostering a proactive approach to surgical planning and execution.

This book is intended to serve a wide audience within the veterinary community. It represents an essential tool for practicing veterinarians who face the unpredictability of emergency cases, offering a quick-reference reliable guide that supports decisive and effective surgical intervention. Veterinary students will find this volume an invaluable companion during their clinical rotations, providing a clear roadmap through the complexities of surgical emergencies. Veterinary technicians and nurses will also benefit from the detailed procedural guides, enhancing their ability to assist in surgeries and manage postoperative care effectively. Moreover, for residents in small animal surgery or surgeons in training, this book serves as a critical stepping stone in their journey towards specialization, offering depth and insight that will contribute significantly to their growth and development as specialist surgeons.

In essence, this book is more than just a reference; it is a guide and mentor for those moments when the stakes are high and the need for precise, confident surgical intervention is paramount. It embodies our collective aspiration to empower veterinary professionals with knowledge, confidence, and the ability to make a tangible difference in the lives of their patients. As you turn these pages and explore the book, we hope you will find not only the information you seek but also inspiration and a renewed sense of commitment to provide the highest level of care in any emergency surgical situation. This book stands as our commitment to our shared dedication to improving the quality of life for our patients through excellence in surgical care.

We would like to extend our deepest gratitude to all the authors and contributors who have worked along with us and enriched this book with chapters, videos, and pictures. Thank you for the time you invested to share your knowledge, dedication, and passion ensuring that this book is a valuable resource for the veterinary community. We also want to express our gratitude to Edra Publishing, who made the production of this book possible.

Filippo, Matteo, Marie
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SECTION 1 TRIAGE AND INITIAL STABILIZATION OF THE PATIENT

Chapter 1

Triage of the emergency patient


Tommaso Rosati, Roberta Troia



Triage is a systematic and dynamic process employed in the context of small animal emergency medicine that involves the rapid assessment, prioritization, and categorization of patients based on the severity of their medical conditions and the availability of healthcare resources. The primary objective of small animal triage is to ensure that the most critically ill patients receive immediate and appropriate care, while also addressing the needs of less urgent cases. A structured systematic triage technique optimizes resource allocation and timing of medical interventions, thus contributing to maximize the chances of positive clinical outcomes for all small animal patients. This chapter aims to provide a comprehensive guide to small animal triage in the context of emergency surgery, covering the principles, protocols, and practical considerations involved.

Principles of triage

Triage, derived from the French word trier (to sort or select), refers to the process of prioritizing and categorizing patients based on their urgency. Small animal triage revolves around a systematic approach that encompasses the essential elements of targeted clinical history collection, clinical assessment, and judicious use of supportive point-of-care diagnostics. These fundamental principles guide veterinary professionals in categorizing the level of care required for each patient, ensuring a prioritized response based on urgency. Subsequently, a problem-directed stabilization approach is employed, tailoring interventions to address immediate concerns and optimize time and resources management.

Targeted clinical history collection

During triage, the emphasis in clinical history collection lies in discerning the primary reason for the current visit and understanding the nature of the observed clinical signs. Strategically posed questions, including “What happened?” and “How long ago did it happen / these signs started?”, are aimed at extracting information directly related to the immediate concerns at hand. This focused approach allows for prompt decision-making and interventions to ensure patient stability.

It is paramount to recognize that, at this initial stage, the goal is to grasp the essential details that directly contribute to the current condition. A more comprehensive and detailed clinical history will be pursued at a subsequent stage, once the patient’s stability has been assured and emergency issues have been addressed. This targeted strategy ensures that crucial information is promptly gathered, facilitating a timely and effective response during the essential moments of small animal triage.

Clinical assessment

The cornerstone of small animal triage is a rapid and comprehensive clinical assessment. This involves a systematic evaluation of the patient’s respiratory, circulatory, and nervous systems.

Triage effectiveness begins before hands-on patient contact. Initial observation with visual and auditory assessment of the respiratory rate, effort, and pattern allows for swift evaluation and helps localize the anatomic origin of respiratory distress. Increased respiratory noises can signal the presence of an upper airway problem. Stertor sounds are associated with the vibration of tissues due to the turbulent airflow caused by narrowed air passages. Stertor can be indicative of conditions such as soft palate abnormalities, laryngeal collapse, or other causes of upper respiratory tract obstruction. Stridor is typically a high-pitched, harsh sound that occurs during inspiration, and it often indicates that there is resistance to the flow of air (obstruction or narrowing) in the upper airway, specifically in the larynx. Conditions such as laryngeal paralysis, laryngeal edema, and foreign body obstruction can lead to the development of stridor. Both stertor and stridor sounds serve as clear indicators that immediate attention is warranted.

Increased respiratory rate and effort, presence of abdominal breathing, and specific body postures (e.g., extended head and neck with abducted elbows—i.e., orthopneic posture) may be indicative of respiratory distress. Thoracic auscultation via a stethoscope might provide additional information, such as the presence of abnormal respiratory sounds (e.g., diffuse vs. localized fine crackles) or muffled respiratory noises (e.g., pneumothorax, thoracic effusion). However, the impact of pain, stress, and anxiety on the respiratory rate and effort should not be underestimated. Cyanosis, characterized by a grey to bluish tint to the mucous membranes, suggests a high level of circulating deoxygenated hemoglobin, although its absence does not rule out hypoxemia. Pulse oximetry could be a simple noninvasive method to assess the blood oxygen content in animals showing an abnormal breathing pattern.

Effective evaluation of perfusion parameters is an integral part of the primary assessment during small animal triage. Perfusion refers to the delivery of oxygen and nutrients to the tissues and the removal of waste products, and it is a critical component of a patient’s overall stability. Proper perfusion assessment can help identify and determine the severity of shock and guide the consecutive treatment decisions. Key perfusion parameters to evaluate include mentation, mucous membrane color, capillary refill time, heart rate, pulse quality, and extremities temperature. Specifically, pale mucous membranes, tachycardia (or bradycardia, especially in cats), abnormal capillary refill time, poor or absent pulse, hypothermia, and dull mentation are all indicators of systemic hypoperfusion (Table 1.1).

Following physical examination, emergency diagnostic tools that can aid cardiovascular triage can be used, including indirect blood pressure and electrocardiography. In the early stages of shock (i.e., well compensated shock), patients may only show mild signs of hypoperfusion with normal blood pressure, such that shock may not be appropriately recognized until it progresses into a more advanced stage. On recognition, it is imperative to promptly initiate emergency treatment interventions to rectify compromised tissue oxygenation and ensure the adequacy of overall perfusion.

During small animal triage, the assessment of neurological parameters precedes any physical contact. This initial evaluation is focused on assessing the level of consciousness, gauging the animal’s responsiveness to stimuli and awareness. Decreased mentation may be determined by various causes, including intracranial factors, such as neoplasia or traumatic hemorrhage, as well as extracranial or metabolic issues like severe hypoperfusion due to sepsis, hypoglycemia, or sodium derangements. Animals presenting with ongoing or recent seizures necessitate immediate admission to the treatment area for prompt stabilization based on their current status. Additionally, particular attention should be dedicated to assessing ambulation status, discerning whether the patient exhibits normal motor function or if there are indications of impaired mobility. Patients with a history of trauma could report spinal instability and, consequently, should be handled with extreme care until any spinal instability is fully ruled out.









	TABLE 1.1 - KEY CLINICAL PARAMETERS WARRANTING PRIORITIZATION DURING SMALL ANIMAL TRIAGE





	Parameter


	Potential abnormalities





	RESPIRATORY





	Respiratory rate


	Apnea, >40 rpm





	Breathing pattern


	Increased respiratory noises, increased respiratory effort, open-mouth breathing (cats)





	PERFUSION





	Mentation


	Decreased mentation





	Mucous membrane color


	White, pale-pink, hyperemic, cyanotic





	Capillary refill time


	<1 s, >2 s





	Heart rate


	Small-breed dogs <50 bpm, >160 bpm

Large-breed dogs <50 bpm, >100 bpm

Cats <160 bpm, >220 bpm





	Pulse quality


	Absent, weak, bounding, nonrhythmic





	Extremity temperature


	Cold, warm





	NEUROLOGICAL





	Mentation


	Obtundation, stupor, coma, sudden change in mentation, hyperexcitability





	Ambulation


	Nonambulatory status (absent or decreased motor function)





	OTHERS





	Body temperature


	>39.5°C





	Abdominal palpation


	Severe abdominal pain





	Urinary bladder


	Enlarged, firm, painful, absent









Once respiratory, cardiovascular, and neurologic assessments have been completed, and urgent conditions have been addressed, attention can shift to evaluating the abdominal cavity and the urinary tract. Suspicion for urinary tract dysfunction may arise from reported changes in urine production, stranguria, pigmenturia, or recent trauma. It is crucial to perform urinary bladder palpation in all patients to identify potential urethral obstruction, characterized by a large, firm, and painful bladder that cannot be expressed. In trauma cases, the presence of a palpable bladder does not rule out organ injury and leakage. Conversely, the absence of a palpable bladder could indicate rupture or may be observed in cases of severe dehydration (relative oliguria) or intrinsic renal failure with reduced or absent urinary output.

Following the initial triage assessment, a more comprehensive and focused evaluation of the patient’s physical status becomes imperative once clinical stability has been ensured and a thorough clinical history has been gathered.

Supporting point-of-care diagnostics

Alongside the physical examination performed during the primary survey, a minimum database including evaluation of packed cell volume (PCV), total protein (TP), blood smear, acid–base status, electrolytes, blood glucose and lactate, and laboratory markers of organ dysfunction (serum creatinine, urea, and bilirubin) can provide useful diagnostic information about the patient and may help guide emergency therapeutic interventions. A small amount of blood drawn during placement of the intravenous catheter could be used for this purpose. The PCV can be measured to assess for the presence of severe anemia or hemorrhage. Blood glucose measurement can be critical in indicating whether to supplement glucose or not in collapsed or critical patients; in addition, both hypo- and hyperglycemia in association with a deteriorating clinical status can be markers of severe metabolic impairment or occurrence of sepsis (e.g., surgical site infection, or intestinal suture dehiscence after major gastrointestinal surgery). Measuring electrolytes can be lifesaving in many critical conditions requiring medical stabilization prior to surgery (e.g., hyperkalemia in a patient with uroabdomen). In addition to point-of-care blood testing, a complete blood count, biochemistry screen, urinalysis, and coagulation testing should be performed depending on the clinical situation.

Point-of-care ultrasound (POCUS) can provide relevant information otherwise unattainable on physical examination alone, and it should be intended as complementary to triage and other point-of-care diagnostics. A key approach to the use of POCUS is to perform a focused assessment of the abdomen and the thorax guided by the initial findings of the triage (e.g., presence of pulsus paradoxus, shock, respiratory distress, muffled lung or heart sounds) and through clinically driven binary questions (e.g., in a dyspneic patient, is there pleural effusion? Yes/no). Keeping this in mind, POCUS is performed to search for free abdominal fluid, basic lung and heart pathologies (e.g., pleural effusion, diaphragmatic hernia, pneumothorax, interstitial lung disease, pericardial effusion), and selected abdominal diseases (e.g., pyometra, free abdominal gas) (Fig. 1.1). POCUS can also be used to perform ultrasound-guided procedures for diagnostic and therapeutic purposes (e.g., therapeutic thoracentesis in the presence of pleural effusion or pneumothorax, abdominocentesis) within minutes of patient triage.

Table 1.2 summarizes the supporting point-of-care diagnostics for the triage of small animal patients and lists potential causes for the most common abnormalities.

Categorization

Following clinical assessment, patients are categorized into distinct priority levels. Classification often includes the following levels:


	• Emergent—immediate care required.

	• Urgent—care must be started within the first hour from presentation.

	• Nonurgent—care can be delayed.



Categorizations serve as a structured approach to facilitate decision-making and to adequately allocate staff and equipment resources. There is currently no standardized triage system in veterinary medicine, and, to this day, patient conditions are often assessed intuitively. A recent veterinary study tested the use of triage list categories based on a human five-point scoring system that links clinical complaints to urgency and target waiting times. According to this veterinary triage list, animals were categorized into four urgency color-coded categories with target waiting times: red, immediate; orange, 15 minutes; yellow, 30–60 minutes; green, 120 minutes. This system was more effective at categorizing emergency cases with target waiting times compared with intuitive triage performed by nurses. However, it should be taken into account that employing overly complex triage systems with numerous color codes may counteract the intended purpose of rapid and intuitive patient categorization. Therefore, readers are encouraged to adopt systems with a limited range, ideally consisting of two or three levels.
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 Figure 1.1 Key point-of-care ultrasound abnormalities identifiable during triage. (a) Free fluid (*) cranial to the urinary bladder (UB). (b) Cavitated splenic mass in a dog. (c) Abdominal effusion (*) cranial to the liver. (d) Gallbladder mucocele. Images a and c courtesy of Alessia Diana. Images b and d courtesy of Matthias Dennler.





Level allocation should be determined by the initial clinical assessment (see Table 1.1) and nature of the presenting complaint (Fig. 1.2). Furthermore, it is worth noting that, although it is crucial to recognize that inaccurate categorization might undermine the effectiveness of the overall triage effort, it remains imperative to approach patient assessment with a heightened diligence, as delayed care could significantly compromise the overall status of patients.

Initial stabilization

All patients triaged as requiring immediate care should be promptly transported to the treatment area for stabilization of major organ systems. If the animal has patent airways but exhibits an abnormal respiratory rate and/or effort, supplemental oxygen therapy should be initiated, initially using flow-by or a mask while concurrently conducting the remainder of the clinical and diagnostic assessment. If airway patency is compromised (e.g., abnormal airways conformation, laryngeal dysfunction, obstructive foreign body) or if the patient is not breathing, prompt endotracheal intubation should be performed and positive-pressure ventilation initiated.

Any critically ill animal should have vascular access established for the administration of emergency and/or lifesaving treatments. When intravenous access proves difficult or delayed due to cardiovascular collapse, a cutdown approach or intraosseous catheterization may be considered. In patients displaying signs of poor tissue perfusion, efforts to identify the underlying cause of the shock state (hypovolemic, cardiogenic, distributive, obstructive, hypoxic, metabolic) should be undertaken through historical data (e.g., fluid losses, trauma), clinical assessment, and point-of-care diagnostics.










	
TABLE 1.2 - SUPPORTING POINT-OF-CARE DIAGNOSTICS FOR THE TRIAGE OF SMALL ANIMAL PATIENTS





	Parameter


	Significant variation


	Potential causes





	INSTRUMENTAL





	PCV/TP


	Diminished (both)


	Hemorrhage





	PCV diminished, TP normal within normal limits


	Hemolysis (e.g., IMHA, infectious)





	Increased (both)


	Hemoconcentration (e.g., dehydration)





	Blood glucose


	<60 mg/dL


	Sepsis, starvation, xylitol ingestion, paraneoplastic, 
liver dysfunction





	>180 mg/dL


	Diabetes mellitus, sepsis





	Potassium


	>6 mmol/L


	Urinary tract obstruction, uroabdomen, AKI with 
oliguria/anuria





	Sodium


	<130 mmol/L


	Chronic hypovolemia, excessive water ingestion, secondary to hypoglycemia





	>160 mmol/L


	Excessive free water loss (e.g., gastrointestinal vs. renal), water deprivation





	Ionized calcium


	<0.8 mmol/L


	Pancreatitis, AKI, hypoparathyroidism, citrate toxicosis





	Lactate


	>2.5 mmol/L


	Hypoperfusion, liver dysfunction





	Blood pressure


	Systolic <90 mmHg


	Systemic hypotension, hypoperfusion





	Systolic >140 mmHg, 
Mean >100 mmHg


	Pain, Cushing’s reflex (combined with bradycardia), systemic hypertension





	SpO2


	<95%


	Hypoventilation (e.g., airway obstruction), pulmonary disease (e.g., CHF, pneumonia)





	Effusion/serum potassium ratio


	Dogs: >1.4; Cats: >1.9


	Uroabdomen





	Effusion/serum creatinine ratio


	Dogs & Cats: >2





	Effusion: serum bilirubin ratio


	>2


	Bile peritonitis





	Blood glucose minus effusion glucose


	>20 mg/dL


	Septic peritonitis





	POCUS





	Abdominal cavity





	Free fluid


	Present


	Septic abdomen, uroabdomen, hemorrhage, hypoalbuminemia, right-sided CHF, physiologic (mild, in puppies)





	Discrete lesions


	Present


	Liver, splenic, gastrointestinal, and lymphatic neoplasia, abscess





	Gallbladder


	Kiwi-like structure


	Gallbladder mucocele





	Thoracic cavity





	Free fluid


	Present


	Pyothorax, hemothorax, chylothorax, neoplastic effusion, 
left-sided CHF (cats)





	B-lines


	Present (numerous)


	Left-sided CHF, pneumonia, atelectasis, neoplasia





	Glide signs


	Absent


	Pneumothorax





	Heart





	Left atrium:aorta ratio


	Dogs >1.6

Cats >1.8


	Increased left atrium size secondary to MMVD (dogs), cardiomyopathy

Potential risk for left-sided CHF





	Left ventricle volume (subjective)


	Diminished


	Hypovolemia, hypertrophic cardiomyopathy





	Pericardial effusion


	Present


	Neoplasia, coagulopathies, idiopathic







AKI, acute kidney injury; CHF, congestive heart failure; IMHA, immune-mediated hemolytic anemia; MMVD, myxomatous mitral valve disease; PCV, packed cell volume; POCUS, point-of-care ultrasound; TP, total protein.
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 Figure 1.2 Flowchart illustrating a suggested triage strategy for prioritizing emergency veterinary patients.





The primary treatment for circulatory shock, except for cardiogenic shock, involves the rapid administration of intravenous fluids to restore an effective circulating volume. The crystalloid “shock dose” (60 mL/kg in cats, 90 mL/kg in dogs) represents the total amount that could theoretically be administered to patients during stabilization. Shock doses are never administered in full immediately but are divided into aliquots (e.g., 5–15 mL/kg bolus). These aliquots are administered over 10–20 minutes and adjusted based on the patient’s clinical response. It is worth noting that the complete shock dose is rarely necessary to stabilize a patient. Once half of the shock dose has been administered, alternative strategies (e.g., colloids, catecholamines) should be considered. In specific situations, the use of 7.5% sodium chloride (hypertonic saline) may be considered for both small volume resuscitation and hyperosmolar treatment, particularly in cases involving increased intracranial pressure, such as head trauma. In persistently hypotensive animals despite appropriate fluid resuscitation, distributive shock should be suspected and vasopressor therapy instituted. Early vasopressor use in septic shock may be beneficial to reduce the risk of volume overload and inadequate achievement of resuscitation goals. A mean arterial blood pressure of 65 mmHg is considered the minimum goal.

Neurological problems requiring immediate stabilization include seizures, altered mentation, and acute paralysis. Seizure activities should be immediately terminated by the rapid administration of a benzodiazepine (e.g., midazolam, diazepam) as first-line rescue therapy to prevent further brain injury, cerebral edema, and progressive hyperthermia, irrespective of the underlying cause. Long-term anticonvulsant therapies such as phenobarbital or levetiracetam could then be initiated to prevent further seizure activities. In any patient exhibiting severely altered mental status, such as stupor or coma, an increase in the intracranial pressure should be suspected and appropriately treated with hyperosmolar therapy (mannitol or hypertonic saline); hypertonic saline should be the preferred choice in case of concurrent hypovolemia or hypotension (e.g., in animals with polytrauma). Elevating the head at a 15–30-degree angle helps enhance venous outflow from the brain. Caution must be exercised to avoid jugular vein compression and any maneuver leading to a potential increase in intracranial pressure. Patients with suspected traumatic spinal cord injury should be immobilized on a backboard, and any movement should be minimized to prevent further injury.


TABLE 1.3 - SELECTED KEY INTERVENTIONS FOR THE INITIAL STABILIZATION OF CRITICALLY ILL SMALL ANIMAL PATIENTS
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Table 1.3 summarizes the key interventions, indications, and dosages for the initial stabilization of critically ill small animal patients.

Spaces dedicated to triage and initial stabilization play a pivotal role in ensuring prompt and effective care of critically ill patients. These areas should be meticulously equipped with essential instruments and monitoring devices to facilitate seamless interventions.

Crucial equipment such as electrocardiography monitors ensures continuous cardiac monitoring, while the provision of oxygen and fluid pumps allows for immediate respiratory support and fluid administration. The inclusion of emergency drugs and an anesthesia machine further enhances the capability to address emergency situations swiftly.

These well-equipped spaces not only enable the rapid assessment of patients but also lay the foundation for timely and precise interventions, fostering an environment conducive to the delivery of optimal emergency care.

KEEP IN MIND



	• Triage is a crucial technique in small animal practice that involves rapid assessment and prioritization of patients based on the severity of their condition and the availability of resources.

	• The goal of triage is to ensure that the most critical patients receive immediate care while also addressing the needs of less urgent cases.

	• During clinical evaluation in triage, a systematic assessment of the respiratory, circulatory, and nervous systems is conducted. To further understand the cause of clinical deterioration, based on the clinical history reported, point-of-care ultrasound techniques and blood testing are routinely performed.

	• Patients are categorized into priority levels as immediate, delayed, or minor based on the severity of their condition. These levels guide the allocation of resources and the timing of interventions. Immediate cases require prompt attention, delayed cases can be managed after initial stabilization, and minor cases have less critical needs.

	• Triage areas should be well equipped with essential supplies, such as oxygen, monitoring equipment, fluids, and medications. Having these resources readily available expedites the care of critically ill patients.
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Chapter 2

Analgesia and anesthesia for critically ill patients


Thaleia Stathopoulou, Dario A. Floriano



The term emergency anesthesia applies to patients that need to be anesthetized either immediately (within minutes of decision to operate) or urgently (within hours of decision to operate).1 Following the initial triage and before anesthesia, the patient should be as hemodynamically stable as possible. Addressing any fluid and electrolyte imbalances, acute hemorrhage, or underlying causes of respiratory compromise, such as pneumothorax or pleural effusion, is crucial.

The above is essential because the stress response triggered by anesthesia and surgery includes physiological and pathophysiological mechanisms that, especially in compromised animals undergoing emergency surgery, can lead to systemic inflammatory response syndrome (SIRS), hypermetabolism and hypercatabolism, and immune system impairment.2 Additionally, most anesthetic agents are associated with vasodilation, hypoventilation, hypothermia, and other effects that can further compromise the critically ill animal.2

Providing emergency anesthesia differs significantly from utilizing anesthesia in elective cases in several ways:


	• 24/7 staff availability, often during odd hours.

	• Limited or minimal patient’s clinical history is common.

	• Time pressure can impact adherence to guidelines in clinical practice; therefore, accurate anesthesia recordkeeping is crucial.

	• Preoperative assessment should be brief and concise, focusing on identifying relevant risks and recognizing the appropriate responses.




Points for a successful anesthesia for emergency surgery are:


	• Ensure adequate and trained personnel.

	• Emphasize teamwork and communication.

	• Implement structured handover (if applicable) for continuity of care with clear standardized documentation.

	• Maintain equipment for emergency anesthesia, including portable induction carts, anesthetic machines and monitors, and crash carts.

	• Have readily available medications for immediate use and dosing charts.

	• Regularly conduct audits to improve outcomes.





Analgesia

Pain is a complex experience that has a sensory, a cognitive, and an emotional dimension. The vast majority of animals presenting for emergency surgery experience different intensities of acute pain depending on the condition.

Untreated pain can impair respiratory function, immune response, and wound healing. It also affects coagulation, decreases gastrointestinal motility, and increases sodium and water retention and infection rate. Additionally, pain can elevate metabolic and oxygen demands and sympathetic stimulation, further complicating patient outcomes.3 In the critically ill patient that will undergo emergency surgery, pain needs to be recognized, assessed, and treated as soon as it is safe to do so, normally following the initial triage. Beyond the physiological consequences, untreated pain prolongs unnecessary suffering and can be linked with further distress and prolonged recovery.3

Pain recognition and assessment

Pain recognition and assessment are based on behavioral features and can differ between dogs and cats. Several validated pain scales are available to aid recognition and assess the efficacy of pain management in small animals. In cats, the feline grimace scale (FGS), the UNESP–Botucatu feline pain scale (UFEPS-SF), and the Glasgow feline composite measure pain scale (CMPS-Feline) have been validated and are used for pre- and postoperative assessment of acute pain.4 In dogs, examples of validated tools to assess acute pain include the short form of the Glasgow composite measure pain scale (CMPS-SF) and the University of Melbourne pain scale (UMPS).4

Intraoperatively, conscious pain perception is absent, and the term nociception is used instead. Nociception refers to the unconscious conduction and processing of noxious stimuli by the central nervous system. It is associated with physiological responses that include tachycardia, hypertension, tachypnea or apnea, and decreased anesthetic depth or even body movement.5 Objective quantification of nociception during surgery is challenging, but over the past years, various monitoring systems have been developed to assess nociception and antinociception balance in patients under anesthesia. Some monitors measure the parasympathetic tone activity (analgesia nociception index, ANI), others the sympathetic nervous system activity like the pupillometry and the surgical plethysmographic indexes, and there are also monitors utilizing electroencephalography and electromyography.5 Despite the limited data available in veterinary species and the various limitations, this is a promising area for accomplishing objective nociception assessment under anesthesia and aid optimal analgesia.5

Pain management

The nociceptive pain pathway consists of five phases: transduction, conduction, transmission, modulation, and perception. To improve pain management, multimodal analgesia and preventive analgesia are employed. Multimodal analgesia refers to the use of different pharmacological and nonpharmacological modalities to target different receptors in the pain pathway,4 and to achieve better pain relief by taking into account the complexity of pain physiology. The aim is to reduce the dosage and the side effects following monotherapy, especially of opioid agents. It is important to distinguish appropriate multimodal analgesia from polypharmacy, where different agents are administered concurrently without rationale or assessment, risking drug interactions and side effects.4 Preventive analgesia refers to the administration of analgesics to minimize sensitization throughout the perioperative period (i.e., pre-, intra-, and postoperative). This approach is wider in scope than preemptive analgesia, which necessitates pain relief before the onset of nociceptive stimuli, often not feasible in critically ill patients experiencing ongoing pain. Current evidence supports the practice of preventive analgesia, rather than preemptive analgesia, in both human and veterinary medicine.6

Perioperative analgesia in emergency surgery can involve different classes of pharmacological agents (Table 2.1). Opioids continue to be the cornerstone of perioperative analgesia in veterinary medicine. However, considering their side effects, particularly in critically ill animals, the often problematic access to controlled substances, and the availability of alternative agents and adjuvant analgesics, opioid-sparing or opioid-free anesthesia can be achieved by minimizing or eliminating the use of opioids.4

Analgesic agents encompass alpha-2 agonists, nonsteroidal anti-inflammatory drugs, acetaminophen (paracetamol), NMDA antagonists, tramadol, anticonvulsant agents, antidepressant agents, local anesthetics, and cannabinoids. Depending on the pharmacological class, analgesics can be administered as a single dose or as a continuous infusion (Table 2.1).

Regional anesthesia plays a significant role as an adjuvant in perioperative analgesia. By integrating new technology, the accuracy of nerve location has improved, and the side effects decreased, compared to previously practiced blind techniques.7 In critically ill and possibly hemodynamically compromised animals undergoing emergency surgery, regional anesthesia can be beneficial in reducing the requirement for inhalation anesthesia, minimizing the side effects of systemic opioids, and promoting a faster recovery. In addition to epidural analgesia, which is a well-established technique in veterinary medicine, there is a plethora of locoregional techniques available that can provide analgesia for surgeries involving the abdomen and thorax.7,8 Following an initial learning curve, these techniques can be safe, time-efficient, and cost-effective, ultimately improving patient outcomes by minimizing side effects and expediting recovery.4

Postoperative analgesia is crucial for promoting recovery and wound healing. Pain relief is a dynamic process that varies among individuals and must be regularly assessed and modified as needed. Continuous infusion of analgesic agents and opioid transdermal patches as well as epidural catheters (Fig. 2.1), wound soaker catheters, and peripheral nerve catheters can be used postoperatively to achieve optimal analgesia over an extended period, with minimal side effects. Nonpharmacological modalities, including nursing care, supportive therapy, physiotherapy techniques (e.g., low-level laser therapy, cold therapy, massage, acupuncture), and appropriate nutritional support, can be utilized to promote positive outcomes and aid in recovery.4
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 Figure 2.1 Epidural catheter placement for postoperative analgesia in a cat.






TABLE 2.1 - MOST COMMON SYSTEMIC ANALGESICS AND SEDATIVES USED IN EMERGENCY SURGERY
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Sedation/anxiolysis

It is not uncommon for small animals requiring emergency surgery to need sedation. Sedation can facilitate diagnostic imaging or be necessary for behavioral reasons. Critically ill dogs and cats can suffer from distress, anxiety, aggression, and sleep deprivation, which can lead to increased sympathetic stimulation and oxygen consumption, potentially worsening their condition.3 Appropriate analgesia should always be administered first, as pain management can often alleviate these behaviors and aid in further diagnosis. Additionally, once adequate pain relief is achieved, the use of anxiolytics and sedatives can improve the health-related quality of life of critically ill dogs and cats, promoting rest and a near-normal sleep–wake cycle, particularly in a stressful hospital environment. A list of agents that can be used as sedatives is provided in Table 2.1.

General anesthesia

Critically ill patients may require general anesthesia for various emergency surgical procedures. Depending on the invasiveness or painfulness of the procedure and the presence of concomitant diseases (e.g., regurgitation), sedation may not always be safer than general anesthesia. Inducing unconsciousness through general anesthesia allows for orotracheal intubation, thereby protecting the airways from aspiration of foreign or gastrointestinal material. Moreover, general anesthesia enables adequate ventilation and provides comprehensive monitoring of the cardiovascular and respiratory systems.

In addition to achieving unconsciousness, general anesthesia should also provide analgesia, immobility, and muscle relaxation. Unfortunately, no single anesthetic agent encompasses all these properties in concentrations that are safe for critically ill patients, as they may lead to severe cardiovascular and respiratory depression. For this reason, multimodal, balanced anesthesia employs multiple drugs in an attempt to decrease the dose of each drug, lowering the likelihood of potential side effects, and taking advantage of synergistic and summative effects between different drugs. The choice of which anesthetic protocol to administer in an emergency should be based on the underlying cause of the disease. Common anesthetic protocol examples are illustrated in Table 2.2.

Critically ill patients are at increased risk of complications, as they are less tolerant to the cardiopulmonary depression induced by anesthesia. All emergency patients undergoing anesthesia should be intubated and connected to an anesthetic machine to deliver 100% oxygen, regardless of whether an inhalation anesthetic is delivered.

The administration of preanesthetic drugs can help to reduce the dosage of potentially more dangerous drugs used to produce general anesthesia, facilitate induction, and enhance perioperative analgesia.9

Premedication

Premedication is an important component of a well-balanced anesthetic protocol, typically involving a combination of an analgesic and a sedative agent. Premedication offers several benefits, including reducing the required dosage of induction and maintenance agents, facilitating smooth induction and recovery, and providing analgesia.10 The choice of premedication agents depends on factors such as pain intensity, duration of the surgical procedure, temperament of the animal, and the American Society of Anesthesiologists classification (ASA I–V). Critically ill patients usually fall into ASA grades III and above, and depending on their condition, premedication may consist solely of an opioid agent, with the omission of an additional sedative or anxiolytic agent. In severely compromised and obtunded patients that have received appropriate analgesia, premedication may be omitted altogether.


TABLE 2.2 - ANESTHETIC PROTOCOLS FOR COMMON EMERGENCIES
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 Figure 2.2 Preoxygenation with a mask.





It is important to provide supplemental oxygen via a mask, if tolerated, following premedication and before induction (Fig. 2.2). The aim is to increase the body’s oxygen store and delay the onset of arterial hemoglobin desaturation.

Induction

After preoxygenation with a mask, titration of drugs with the goal of maintaining spontaneous ventilation while attempting to establish a patent airway and avoiding cardiovascular collapse is of critical importance.11 In circumstances where the risk of regurgitation is high (e.g., esophageal/gastric foreign bodies, pregnancy, gastrointestinal disturbances), rapid sequence intubation may be necessary, and drugs should be administered more quickly. It is important to note that in emergency situations patients are often not fasted, and regardless of the specific disease process, the risk of regurgitation and aspiration of gastric content during induction is higher than in scheduled elective procedures.12

Injectable anesthetics are typically the preferred method of inducing general anesthesia due to their fast onset, which results in smooth induction and rapid metabolism and excretion.


	• Propofol is a short-acting intravenous anesthetic agent that allows very rapid and smooth anesthesia induction and recovery. An increase in heart rate may occur as a reflex response to the temporary drop in arterial blood pressure, which is due to vasodilation and reduced myocardial contractility. Respiratory depression and apnea are dose and rate dependent; therefore, propofol should be titrated slowly to effect. Preanesthetic medication significantly reduces the amount of propofol required for anesthesia induction, thus lowering the risk of blood pressure decline.13 In cats, multiple exposures (consecutive days) to propofol can result in oxidative injury to red blood cells.14

	• Alfaxalone is a synthetic neuroactive steroid solubilized in a cyclodextrin. It provides anesthesia and muscle relaxation, and, similarly to propofol, it can also cause cardiovascular and respiratory depression, although these effects may be less pronounced than with propofol, especially in cats.15 In unstable patients, the dose should be minimized through concurrent use of cardiovascular-sparing premedications such as benzodiazepines and opioids. Potential side effects include opisthotonos, paddling activity, and rough recovery when higher doses are used, especially if administered without premedication. Alfaxalone may also be administered via the intramuscular route.16

	• Etomidate is a carboxylated imidazole derivative with hypnotic effects and a short duration of action. Induction with etomidate is characterized by a very rapid induction and smooth recovery when associated with sedatives such as benzodiazepines, acepromazine, or alpha-2 agonists. In contrast, excitement, myoclonus, pain on injection, vomiting, and apnea can be observed if etomidate is administered alone without preanesthetic medication.17 Its minimal cardiovascular and respiratory depression makes etomidate an ideal intravenous induction agent for patients with advanced heart disease or cardiovascular instability/disease. However, since etomidate suppresses adrenal function and cortisol synthesis, it should not be administered to septic patients, Addisonian patients, or severely debilitated patients in which adrenocortical function is already suppressed.18 Supplementation with a short-acting glucocorticoid may be indicated in these patients. Etomidate is prepared in a propylene glycol base and has a high osmolality; therefore, dilution is recommended prior to administration to avoid pain on injection.

	• Ketamine, a dissociative anesthetic acting as a competitive antagonist for NMDA receptors, is used as a short-acting general anesthetic. When administered in low doses, it can serve as an adjunct analgesic during general anesthesia and for conscious patients. Ketamine has minimal effects on respiration, although apnea has been reported. It also stimulates the cardiovascular system by causing an increase in central catecholamine levels, mainly by inhibiting their reuptake. However, in critically ill patients, ketamine can cause direct inhibition of myocardial contractility, mitigating the advantageous indirect sympathetic effects. Potential side effects include myoclonus activity and rough recovery. To decrease the adverse effects of rigidity, it is advisable to always coadminister ketamine with diazepam or midazolam.



In patients with severe cardiovascular compromise, the coadministration of a potent opioid, such as fentanyl, and a benzodiazepine can help to achieve a level of unconsciousness adequate to tolerate endotracheal intubation, avoiding the detrimental effects of induction agents.

Typically, it is not recommended to induce anesthesia using volatile anesthetics, as the substantial dosage required could result in significant hypotension and hypoventilation.

Maintenance

Inhalational volatile anesthetics are typically used for maintenance of general anesthesia because they are administered and eliminated through the respiratory system. They do not accumulate in tissues and do not require hepatic metabolism, ensuring a rapid and predictable recovery, even after prolonged anesthetic events. The most commonly used inhalational anesthetics in veterinary medicine are isoflurane and sevoflurane. Both agents cause severe dose-dependent cardiovascular and respiratory depression and have no analgesic properties. Peripheral vasodilation is the primary mechanism of hypotension and, as a general principle, the lowest effective concentration of isoflurane or sevoflurane that guarantees an appropriate surgical depth of anesthesia should be delivered. Because of their potent respiratory depressant activity, mechanical ventilation may be necessary to prevent hypoxemia and hypercapnia. These conditions could trigger pulmonary vasoconstriction and exacerbate or trigger arrhythmias. Therefore, expired carbon dioxide should be monitored with a capnometer. High concentrations of inhalant anesthetics impair autoregulation of cerebral blood flow and should be avoided in patients with increased intracranial pressure. The use of preanesthetic medications and intravenous induction significantly reduces the amount of inhalants necessary to maintain an appropriate anesthetic plane and is strongly recommended to decrease the likelihood of adverse effects.

Propofol and alfaxalone can also be administered as intravenous boluses or as a constant rate infusion for maintenance of anesthesia. Due to the cumulative effects after prolonged anesthesia, especially in more critically ill animals, maintenance with injectable anesthetics is typically used for shorter procedures or procedures where inhalants cannot be used (e.g., when there is potential for room contamination, such as airway or pulmonary surgery), as they can lead to delayed recovery.

Cardiovascular support

Cardiovascular function should be monitored in every patient under general anesthesia, using ECG, pulse oximeters for oxygen saturation, invasive (gold standard) or noninvasive blood pressure, capnometry, and capnography. Despite aggressive fluid resuscitation, cardiac function may be poor and systemic vasodilation may occur as a result of both the disease process and the effect of administered anesthetic agents with vagotonic, vasodilatory, and negative inotropic properties. Parasympatholytic and sympathomimetic agents are typically used perioperatively to support blood pressure and counteract the cardiovascular effects of many sedatives and anesthetics, and often multiple medications have to be infused to maintain acceptable blood pressure levels (Fig. 2.3). Parasympatholytics or anticholinergics, such as atropine, block the binding of acetylcholine to cardiac muscarinic receptors and are mainly used to treat bradyarrhythmias and to increase heart rate. Sympathomimetics, mainly belonging to the class of catecholamines, act on specific adrenergic receptors, causing, within other effects, an increase in cardiac contractility and peripheral vasoconstriction (Table 2.3).19
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 Figure 2.3 Multiple infusion pumps should be available to administer analgesics, blood pressure support medications, fluids, antimicrobials, and other perioperative medications.





Recovery

Recovery from anesthesia carries many potential complications, and patients should never be left to recover unobserved. Dogs and cats should be extubated as soon as the swallowing reflex is detected. In brachycephalic patients or patients predisposed to airway obstruction and regurgitation, however, it is recommended to delay extubation until they are more awake or able to lift their head or until they do not tolerate the tube (Fig. 2.4).20 Hypothermia, hypotension, hypoglycemia, hypoxemia, and hypercapnia can all be the cause of prolonged recoveries, and intra- and postoperative interventions should be implemented to avoid such complications. Active and passive warming should be continued until the patient can spontaneously maintain normal body temperature. Respiratory and cardiovascular function should be monitored and oxygen administered to maintain adequate hemoglobin oxygen saturation. ECG cables should be left connected to identify arrhythmias that may develop during the recovery phase. If the patient has received considerable doses of opioids and benzodiazepines, administration of the proper antagonist agent should be considered. In some situations, emergence delirium can be caused by dysphoria and/or pain, and it is important to distinguish between them as early as possible and administer the most appropriate sedative or analgesic.
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 Figure 2.4 In some circumstances, extubation can be delayed until the patient is able to maintain patent airway. Patients with brachycephalic syndrome often tolerate the endotracheal tube for longer periods of time during the recovery phase.














	
TABLE 2.3 - DOSES AND EFFECTS OF COMMONLY USED BLOOD PRESSURE SUPPORT DRUGS





	Drug


	Dose


	Effects





	ANTICHOLINERGICS





	Atropine


	0.01–0.04 mg/kg IV or IM


	

	• Fast onset, short duration

	• Preferred during CPR

	• Transient bradycardia or 2nd-degree AV blocks can be seen







	Glycopyrrolate


	0.005–0.01 mg/kg IV or IM


	

	• Longer onset, longer duration

	• Transient bradycardia or 2nd-degree AV blocks can be seen with low doses or soon after administration







	SYMPATHOMIMETICS





	Dopamine


	Low: 1–4 μg/kg/min IV

Medium: 5–10 μg/kg/min

High: >10 μg/kg/min


	

	• Both α and β receptors, depending on the dose

	• Low dose: Renal vasodilation

	• Medium dose: Increased cardiac contractility (β effect)

	• High dose: Vasoconstriction (α1 effect)







	Dobutamine


	1–5 μg/kg/min IV


	

	• β receptors

	• Increase in cardiac contractility (β1 effect), but because of some vasodilatory effect (β2 effect), BP does not always increase

	• HR increases with higher doses







	Ephedrine


	0.05–0.2 mg/kg IV


	

	• Both α and β receptors

	• Increase in BP and CO through inhibition of reuptake of endogenous norepinephrine; tachyphylaxis and ineffective with repeated doses

	• Causes CNS stimulation







	Norepinephrine


	0.1–1.0 μg/kg/min IV


	

	• Both α and β receptors

	• Increase in BP mainly through vasoconstriction 
(α1 effect); some positive inotropic effect present

	• Often combined with dopamine or dobutamine to increase CO







	Epinephrine


	10 μg/kg or 100 μg/kg IV


	

	• Both α and β receptors

	• Typically administered as IV boluses during CPR to cause potent vasoconstriction and increase cardiac contractility







	Phenylephrine


	0.1–0.5 μg/kg/min IV


	

	• α receptors

	• Potent vasopressor; increases BP through intense vasoconstriction

	• HR can severely decrease due to baroreceptor reflex







	AV, atrioventricular; BP, blood pressure; CNS, central nervous system; CO, cardiac output; CPR, cardiopulmonary resuscitation; HR, heart rate.









KEEP IN MIND



	• Pain needs to be assessed and treated as a priority in the pre-, intra-, and postoperative periods.

	• Anesthesia for emergency procedures requires preparation and trained staff.

	• Sedation is not always safer than general anesthesia.

	• Emergency cases are more likely to experience perioperative complications.

	• Multimodal balanced anesthesia aims to use multiple drugs with lower doses, thereby decreasing potential side effects.
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SECTION 2 SURGICAL APPROACHES

Chapter 3

Abdominal approaches


Simona Vincenti, Matteo Rossanese



Midline celiotomy

Midline celiotomy is the preferable approach for the majority of abdominal surgeries in dogs and cats. Reported complications include seroma, incisional infection, ventral edema, excessive wound inflammation, wound discharge, wound dehiscence, and abdominal hernia.

Surgical technique (Video 3.1)


	1. The patient is positioned in dorsal recumbency.

	2. The ventral abdomen is clipped and prepped from cranial to the xiphoid process to caudal to the pubis.

	3. A skin incision is made along the ventral midline, from the xiphoid process to the pubis, using a number 10 scalpel blade. Based on the procedure, the incision can be made only in the cranial, middle, or caudal abdomen. In male dogs, the incision should be deflected along the penis (i.e., parapreputial incision—between prepuce and nipple) (Fig. 3.1).

	4. The subcutaneous tissue is dissected using a combination of sharp and blunt dissection to expose the linea alba.

	5. In male dogs, the branches of the caudal superficial epigastric artery to the prepuce are ligated and transected. The preputial muscle is transected with scissors or electrocautery.

	6. The penis is retracted to the side opposite to the surgeon, and further exposure of the linea alba is performed.

	7. The linea alba is elevated with a pair of forceps (preferably Adson or Adson–Brown forceps), and a reverse or stab incision is made at the level of the umbilicus using a scalpel blade (most commonly a number 10 or 15 scalpel blade) (Fig. 3.2).

	8. The peritoneal surface is checked cranially and caudally for the presence of adhesions using the fingers or closed blunt forceps to avoid damage to any abdominal organs.

	9. The incision is then extended along the linea alba, cranially up to the xiphoid process and/or caudally as needed based on the surgical procedure, using scissors or a scalpel blade.

	10. The falciform fat is resected along the incision edges and on the xiphoid process using electrocautery to increase exposure and improve visualization of the abdominal organs.

	11. Moist laparotomy sponges are placed around the incision edges, and an abdominal retractor (Balfour retractor or ring retractor) is inserted (Fig. 3.3).
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	Video 3.1. Midline celiotomy in a female dog. Hemostasis is achieved with electrocautery. Note the excision of the falciform fat to improve exposure.
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 Figure 3.1 Parapreputial skin incision performed in male dogs. Note how the incision is deflected along the penis. The dashed line indicates the shape of the incision.
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 Figure 3.2 The linea alba is elevated with a pair of Adson forceps to avoid damaging the abdominal organs and a reverse or stab incision is made with a number 10 scalpel blade.
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 Figure 3.3 Midline celiotomy is completed. Moist laparotomy sponges and an abdominal retractor have been placed.





Closure


	1. An appropriate suture size (2-0/1) should be selected based on the patient’s size and weight. Absorbable monofilament suture material (e.g., polydioxanone) should be used in a simple interrupted or continuous pattern.

	2. The abdomen is closed taking deep bites (>5 mm) of the fascia and the linea alba, avoiding full-thickness bites that might include muscle and/or peritoneum.

	3. An assistant can maintain tension on the suture material to help with the closure.

	4. The subcutaneous layer is closed in a simple continuous pattern using absorbable monofilament suture material. Incorporating the fascial layer in the bites can minimize dead space.

	5. Obese animals may require closure of an additional deep layer of subcutaneous tissue to reduce dead space and to appose the skin edges.

	6. The skin edges should be apposed with no tension. Absorbable monofilament in an intradermal pattern, nonabsorbable monofilament in a simple interrupted or cruciate mattress pattern, or skin staples can be used for skin closure.



Parapreputial caudal celiotomy

This approach can be used alone or as the caudal component of the standard midline celiotomy in male dogs, as described above. Parapreputial caudal celiotomy alone allows for a limited approach to the caudal abdomen and can be used to access the urinary bladder, the intra-abdominal urethra, the prostate gland, and, in general, to explore the structures in the caudal abdomen. The surgical procedure is the same as described for midline celiotomy, with the difference that the incision is focused only at the parapreputial portion of the ventral abdomen (Video 3.2).
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	Video 3.2. Midline celiotomy with a parapreputial approach in a 3-year-old Chihuahua (3.4 kg). Note the use of electrocautery for hemostasis and the placement of an abdominal retractor to improve abdominal exposure.






Paracostal/lateral abdominal approach

Although this approach is less commonly used, it can be helpful for some specific conditions. Indications include access to the mesenteric lymph nodes for lymphangiography; to the cisterna chyli, ipsilateral adrenal gland, kidney, or ovary; and to the stomach for gastrostomy tube placement or prophylactic gastropexy. It can also be combined with a transdiaphragmatic approach for ligation of the thoracic duct. The location of the incision should be determined based on the target organ. In case of a cranial incision near the last rib, care should be taken to leave enough muscle tissue cranially for suturing. If needed the ribs can be incorporated into the closure.

There are two main surgical techniques described to perform a lateral abdominal approach: the grid incision and the through-and-through incision. In both cases the incision is carried through three muscular layers: the external abdominal oblique muscle, the internal abdominal oblique muscle, and the transversus abdominis muscle.

Surgical technique: Grid incision

The grid approach is a minilaparotomy incision aimed at reducing as much as possible the muscle trauma caused by a standard through-and-through paracostal abdominal incision. Each muscle is bluntly separated following the direction of its fibers, which is different in each muscular layer of the abdominal wall.1–5


	1. The patient is positioned in lateral recumbency with the side to be approached uppermost.

	2. The lateral abdomen and caudal thorax are clipped and prepped from the spinous processes to beyond the ventral midline.

	3. A sandbag or a rolled towel can be placed beneath the cranial abdomen or caudal thorax to improve the exposure and elevate the abdominal organs.

	4. A skin incision is made from the ventral edge of the epaxial muscles toward the ventral midline, approximately 2 cm caudal to the last rib.

	5. The subcutaneous tissue is dissected from the fascia of the external abdominal oblique muscle.

	6. The external abdominal oblique muscle is split along its fibers with scissors or electrocautery. Gelpi retractors or a ring retractor are placed to retract the muscle.

	7. The internal abdominal oblique muscle is exposed, split along its fibers with scissors or electrocautery, and retracted.

	8. The transversus abdominis muscle is exposed, split along its fibers with scissors or electrocautery, and retracted, exposing the abdominal cavity (Fig. 3.4).

	9. Stay sutures can be placed in the muscles to help recognize the different layers for closure.

	10. Moist laparotomy sponges are placed around the incision edges, and a retractor is inserted.



Surgical technique: Through-and-through incision


	1. Following the skin and subcutaneous incision, the abdominal wall muscles are incised from dorsal to ventral.

	2. The external and internal abdominal oblique muscles are incised in the same direction, almost perpendicular and crosswise to the direction of the muscles.

	3. An incision is then made in the transversus abdominis muscle. Depending on the location of the approach, this last incision will be performed in the muscular or tendinous portion (transverse fascia) of the muscle.

	4. Stay sutures can be placed in the muscles to help recognize the different layers for closure.

	5. Moist laparotomy sponges are placed around the incision edges, and a retractor is inserted.



Closure


	1. Each muscle of the body wall previously incised should be apposed individually. Absorbable monofilament suture material (2-0/3-0 polydioxanone) should be used in a simple continuous pattern.

	2. The subcutaneous layer is closed using absorbable monofilament suture material in a simple continuous pattern.

	3. The skin is then apposed using monofilament suture material in an intradermal pattern (absorbable suture material) or in a simple interrupted or cruciate mattress pattern (absorbable or nonabsorbable suture material). Skin staples can be used for closure.
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 Figure 3.4 Grid approach on the right lateral abdominal wall in a dog for a routine gastropexy. After splitting the abdominal wall muscles along their fibers, two Gelpi retractors are placed to improve visualization. (a) Note the peritoneum as the last layer before entering the abdominal cavity. (b) The abdominal cavity is exposed and stay sutures are placed on the gastric wall. Images courtesy of Filippo Cinti.





KEEP IN MIND



	• Parapreputial caudal celiotomy is a limited approach that allows exploration of the structures in the caudal abdomen.

	• Paracostal approaches are not commonly used; however, they can be helpful for some specific conditions. The location of the incision should be determined based on the target organ.
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Chapter 4

Thoracic approaches


Matteo Rossanese, Simona Vincenti



Median sternotomy

Median sternotomy permits access to the entire thoracic cavity, provides better exposure of ventral mediastinal structures, and allows bilateral exploratory surgery. The postoperative complication rate ranges from 17% to 78%; however, recently, closure-related complication rates of 7.7% in cats and 14.1% in dogs have been reported.1,2 Complications have been associated with sternal instability and lack of adequate fixation leading to postoperative pain and prolonged recovery; therefore, anatomical reduction and rigid stabilization of the sternum is critical to promote sternal healing and to reduce the risk of complications.1–3 Leaving either the manubrium or the xiphoid process intact facilitates sternal closure and increases its stability. Stainless steel orthopedic wire is commonly used for sternal closure in dogs; however, heavy-gauge suture material and crimped monofilament leader line have been described as suitable closure methods.4–6 The authors use orthopedic wire or appropriately sized crimped monofilament leader line in dogs over 20 kg, whereas they use absorbable suture material (2-0 to 1 USP polydioxanone) in dogs under 20 kg and cats.

Surgical technique (Video 4.1)7–10


	1. The patient is positioned in dorsal recumbency with the thoracic limbs extended and secured cranially.

	2. The thorax is clipped and prepped from the ventral cervical area to the cranial ventral abdomen. Clipping should extend dorsally enough to allow placement of a thoracostomy tube during the surgical procedure.

	3. A skin incision is made on the ventral midline along the length of the sternum, from the manubrium to the xiphoid process, using a number 10 scalpel blade.

	4. The subcutaneous tissue is dissected to expose the superficial and deep pectoral muscles.

	5. Using a periosteal elevator or electrocautery, the superficial and deep pectoral muscles are separated in the midline to expose the sternebrae.

	6. The sternebrae are scored along the midline with a scalpel or electrocautery to guide the osteotomy (Fig. 4.1).

	7. Once the sternum is exposed, the osteotomy is performed transecting the sternebrae longitudinally with an oscillating saw. It is important to stay on the midline to avoid inadvertent fracture of the sternebrae and hemorrhages from the internal thoracic arteries (Fig. 4.2).

	8. Moderate lavage with saline during the osteotomy helps prevent thermal injuries to the sternebrae and keeps the incision line clear. The oscillating saw is moved along the midline using a back-and-forth motion (Fig. 4.3).

	9. The surgeon should inform the anesthetist before entering the thoracic cavity, as intermittent positive-pressure ventilation (IPPV) should be started.

	10. Once one or two sternebrae have been sectioned, a Gelpi retractor is placed on the osteotomy edges to retract the sternum.

	11. The connective tissue of the ventral thorax should be perforated to establish a pneumothorax, avoiding any damage to intrathoracic structures.

	12. An assistant can introduce a long pair of forceps and keep them against the dorsal aspect of the sternum to protect the intrathoracic structures from the oscillating saw.

	13. The osteotomy is continued in a cranial to caudal direction. It should be noted that, based on the surgical procedure to be performed, the xiphoid process or the manubrium should be left intact in order to increase the stability of the sternotomy after closure.

	• Cranial sternotomy: The sternotomy should extend from the manubrium to the 6th–7th sternebrae.

	• Caudal sternotomy: The sternotomy should extend from the xiphoid process to the 2nd–3rd sternebrae.

	• Full (complete) sternotomy: The sternotomy should extend from the manubrium to the xiphoid process.

	14. Moist laparotomy sponges are placed around the edges of the osteotomized sternum, and a Finochietto retractor is inserted (Fig. 4.4).
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	Video 4.1. Caudal median sternotomy (manubrium left intact) in a dog diagnosed with pyothorax. Note the use of a sternal saw. This involves an approach to the xiphoid process and sternotomy in a caudal to cranial direction.
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 Figure 4.1 The sternebrae have been scored with electrocautery to guide the sternotomy. Cranial is to the bottom of the image.
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 Figure 4.2 The sternebrae have been transected longitudinally in the midline using an oscillating saw. This increases the stability of the sternotomy closure.
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 Figure 4.3 Flushing with saline and continuous suction are used during sternotomy to prevent thermal injury and facilitate visualization.
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 Figure 4.4 Placement of a Finochietto retractor after sternotomy. This allows exposure of ventral mediastinal structures. In the image, the left cranial lung lobe is being examined.





Closure (Video 4.2)


	1. Before closure, a thoracostomy tube should be placed as described in Chapter 5.

	2. The sternotomy is closed using an alternating figure-of-eight pattern of stainless steel wire or 2-0 to 1 absorbable or nonabsorbable monofilament based on the size of the patient.

	3. Sutures or wires are preplaced at each sternebra incorporating the costal cartilage. The tip of the wire or needle should be passed carefully to avoid injury to the lungs or other soft tissues (e.g., internal thoracic vessels).

	4. An assistant should place traction on one or more sutures or wires to reappose the sternebrae while the remaining sutures are tied or the wires twisted.

	5. If orthopedic wire is used, the ends are cut short, leaving two or three twists, and bent over to minimize soft tissue injuries and help with soft tissue coverage (Fig. 4.5).

	6. The superficial and deep pectoral muscles are reapposed using 3-0 or 2-0 absorbable monofilament suture material in a simple continuous pattern.

	7. Residual air (and fluid) should be removed from the thoracic cavity using the thoracostomy tube.

	8. The subcutaneous layer and the skin are closed routinely.
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	Video 4.2. Sternotomy closure in a 
36 kg dog using stainless steel wire in an alternating figure-of-eight pattern.
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 Figure 4.5 Sternotomy closure using orthopedic wire. Note that the wires have been twisted and cut short, leaving two or three twists, and bent over toward the sternum to help with soft tissue coverage.





Intercostal thoracotomy

The decision to use intercostal thoracotomy depends on the exposure needed and underlying disease (Table 4.1). This approach allows access to only one hemithorax, and the exposure of intrathoracic structures is limited; therefore, determining the correct location for the thoracotomy incision is a critical step.6,8–10 Due to the deep and narrow shape on the thorax in cats and dogs, intercostal thoracotomy overall provides an adequate exposure for the majority of surgical procedures. Dogs and cats have 13 pairs of ribs (12 intercostal spaces), with the first 9 ribs articulating with the sternebrae via the costal cartilage. It is important to remember that due to the natural curvature of the ribs, the ribs cranial to an intercostal incision are more easily retracted than the caudal ribs; therefore, when choosing between two adjacent intercostal spaces, the more caudal one should be preferred.8–10 Complications associated with intercostal thoracotomy include seroma, ventral edema, excessive wound inflammation, ipsilateral limb lameness, wound discharge, and infection.3

Surgical technique (Video 4.3)7–10


	1. The patient is positioned in lateral recumbency with the side to be approached uppermost.

	2. The lateral thorax is clipped and prepped from the axilla to the last rib and from the thoracic spinous processes to the sternum.

	3. A sandbag or a rolled towel can be placed beneath the thorax caudal to the scapula to spread the ribs and elevate the intrathoracic structures. The thoracic limb can be secured in an extended position if needed.

	4. The incision site should be located by counting the intercostal spaces from the last rib.

	5. A skin incision is made using a number 10 scalpel blade, centered over the intercostal space of interest. For thoracotomy in the 4th or 5th intercostal spaces, the incision should be made about 2 cm caudal to the scapula, starting at the caudodorsal angle of the scapula and ending below the costochondral junction.

	6. The subcutaneous tissue is incised and the cutaneous trunci muscle is transected to expose the latissimus dorsi muscle.

	7. The latissimus dorsi muscle can be (Fig. 4.6):

	• elevated dorsally after incising its ventral fascial attachments (muscle-sparing technique)—an Army-Navy retractor can be used;

	• transected vertically along the incision if additional exposure is required.

	8. It is important to correctly identify the intercostal space of interest:

	• A finger can be inserted under the latissimus dorsi muscle to locate the first rib and count the ribs or intercostal spaces in a caudal direction (Fig. 4.7).

	• The last rib can be located, and the ribs or intercostal spaces can be counted in a cranial direction.

	• The caudal extent of the muscular portion of the scalenus muscle can be identified inserting on the 5th rib (Fig. 4.8).

	9. The bellies of the serratus ventralis muscle are divided at the proposed intercostal incision to gain access to the correct intercostal space.

	10. The external and internal intercostal muscles are individually elevated and transected in the middle of the intercostal space, preserving the pleura. It should be remembered that the intercostal vessels and nerves lie in the caudal aspect of the intercostal spaces.

	11. The surgeon should inform the anesthetist before entering the thoracic cavity, as IPPV should be started.

	12. The pleura is punctured with a pair of forceps to avoid damage to the underlying lungs. This allows air to enter the thoracic cavity, causing collapse and retraction of the lungs away from the thoracic wall. Mechanical ventilation can be temporarily suspended just before entering the pleura to allow the lung lobes to deflate and move away from the pleura, avoiding potential damage to the lungs.

	13. The pleural incision is extended from the medial angle of the ribs to below the costochondral junction. Attention should be paid dorsally and ventrally to avoid damage to the epaxial muscles and to the internal thoracic artery, respectively (Fig. 4.9).

	14. Moist laparotomy sponges are placed on the edges of the incision, and the ribs are gradually spread apart using a Finochietto retractor.
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	Video 4.3. Right 5th intercostal thoracotomy using a muscle-sparing technique. Note the dorsal retraction of the latissimus dorsi muscle. Cranial is to the right side.















	
TABLE 4.1 - RECOMMENDED INTERCOSTAL SPACES FOR THORACOTOMY BASED ON THE STRUCTURE OF INTEREST





	Structure


	Intercostal space





	Left


	Right





	Heart/pericardium


	4, 5


	4, 5





	PDA, PRAA


	4, (5)


	—





	Cranial lung lobe


	5, (4)


	5, (4)





	Middle lung lobe


	—


	5





	Accessory lung lobe


	—


	5, (6)





	Caudal lung lobe


	5, (6)


	5, (6)





	Cranial vena cava


	(4)


	4





	Caudal vena cava


	(6, 7)


	6–9





	Thoracic duct

Dogs

Cats


	—

8–11


	8–11

—





	Thoracic esophagus

Cranial

Caudal


	3, 4

7–9


	3–5

7–9







Modified from Tobias KM, Darrow BG, Radlinsky MG. Thoracic cavity. In: Johnston SA, Tobias KM (eds.). Veterinary Surgery: Small Animal, 2nd ed. St. Louis, MO: Elsevier; 2018. Numbers in parenthesis indicate alternative surgical sites. PDA, patent ductus arteriosus; PRAA, persistent right aortic arch.
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 Figure 4.6 Intercostal thoracotomy with isolation of the latissimus dorsi muscle. This muscle can be preserved and retracted dorsally or incised to improve exposure. Cranial is to the left of the image.
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 Figure 4.7 A finger is inserted under the latissimus dorsi muscle up to the first rib. The intercostal spaces are then counted from cranial to caudal until the intercostal space of interest is located. Cranial is to the left of the image.
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 Figure 4.8 Musculature of the lateral thoracic wall after incision of the latissimus dorsi muscle. Note the bellies of the serratus ventralis muscle and the scalenus muscle inserting on the 5th rib. Image courtesy of Filippo Cinti
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 Figure 4.9 (a) Incision of the pleura with Metzenbaum scissors. Note the use of a pair of DeBakey forceps under the pleura to protect the intrathoracic structures during the incision. (b) The pulmonary tissue is exposed after incising the pleura.





Closure (Video 4.4)


	1. Before closure, a thoracostomy tube should be placed as described in Chapter 5.

	2. The sandbag or rolled towel should be removed from beneath the patient’s thorax to facilitate rib apposition.

	3. Circumcostal sutures (2-0 to 1 absorbable or nonabsorbable monofilament) are preplaced around the ribs cranial and caudal to the incision every 1.5–3 cm based on the patient’s size.

	4. An assistant should place traction crossing two sutures to appose the ribs while the remaining sutures are tied (Fig. 4.10). Overlapping of the ribs should be avoided.

	5. In medium- and large-breed dogs, the external and internal intercostal muscles can be reapposed using 2-0 or 3-0 absorbable monofilament in a simple continuous pattern. However this is not necessary and usually not performed.

	6. The bellies of the serratus ventralis muscle are reapposed using 2-0 or 3-0 absorbable monofilament in a simple continuous pattern.

	7. The scalenus and pectoral muscles should be reapposed (if included in the initial incision) using 2-0 or 3-0 absorbable monofilament in a simple continuous pattern.

	8. Residual air (and fluid) should be removed from the thoracic cavity using the thoracostomy tube.

	9. The subcutaneous layer and the skin are closed routinely.
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Acetaminophen | NSAID Dogs: licensed product 8h + No anti-inflammatory properties
(paracetamol) | Weak inhibitor Pardale-V (only in UK) + Avoid in dehydrated, hypovolemic, or
of prostaglandin 15 mg/kg IV hypotensive animals
synthesis 30 mg/kg PO every 8 h + Licensed for 5 days
+ Contraindicated in cats
Medetomidine | Alpha-2 agonists Medetomidine: 30-180 min, + Can be used as sedatives, part of the
Dexmedetomi- | Dose-dependent 1-5 pg/kg IV or IM depending on premedication, or analgesics
dine decrease inrelease | CRI: 1-5 pg/kg/h the dose « Synergistic action with opioids
and turnover of Dexmedetomidine: * Anesthetic-sparing effect
noradrenaline, 0.5-2.5 pg/kg IV or IM + Avoid in cardiovascularly unstable
dopamine, and CRI: 0.5-2.5 pg/kg/h animals
serotonin in CNS + Vasoconstriction, bradycardia
Meloxicam NSAID Dogs: 0.2 mg/kg IV or SC | 24 h Do not use in animals with:
Inhibition of onday 1and 0.1 mg/kg + Gastrointestinal disorders such as
cyclooxygenase subsequently irritation and hemorrhage
enzyme (COX) Cats: 0.2-0.3 mg/kg + Impaired hepatic, cardiac, or renal
SC once function
+ Hemorrhagic disorders
SEDATIVES
Acepromazine | Phenothiazine 0.005-0.01 mg/kg IV 6-8h - Anxiolytic, sedative
tranquilizer 0.01-0.02 IM - Can be part of premedication
Blocks dopamine + Causes vasodilation
receptors and + Avoid in hypovolemic or hypotensive
alpha-1 receptors patients
« Avoid in patients with hepatic/renal
insufficiency
+ Useful in brachycephalic breeds
that could develop upper airway
obstruction due to stress
Medetomidine | Combination of 1 mg medetomidine/m? 45 min + Analgesic and sedative effect of alpha-2

+ vatinoxan
hydrochloride

alpha-2 agonist and
peripherally acting
alpha-2 antagonist

BSA, or according to
dosing table provided
Half dose when
coadministered with
opioids

agonist without the cardiovascular side
effects of peripheral alpha-2 receptors
(vasoconstriction, bradycardia)

+ Can be used only as a sedative, not as

premedication

Not licensed in cats

+ Risk of developing hypoglycemia

Dosages are based on the authors' practice at the Royal Veterinary College, UK, and on the published literature.
BSA, body surface area; CNS, central nervous system; CRI, constant rate infusion, IM, intramuscular; IV, intravascular; NSAID, nonsteroidal
anti-inflammatory drug; PO, by mouth; SC, subcutaneous.
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OXYGEN THERAPY

Flow-by
Oxygen mask

Hypoxemia, hypoventilation

2-5 L/min or 50-200 mL/kg/min

Oxygen cage

Hypoxemia, hypoventilation

21%-60%

Control temperature

FLUID THERAPY

Ringer's lactate
Plasma-Lyte

Hypovolemia

5-10 mL/kg bolus over 10-15
min, then reassess perfusion
parameters

Consider alternative strategies once
40 ml/kg is reached

Hypertonic saline 7.5%

Hypovolemia, increased
intracranial pressure

2-4 mL/kg over 10-15 min

Sodium derangements

ANALGESIA, SEDATION

Methadone

Analgesia

0.1-0.4 mg/kg IV, IM

0.1-0.4 mg/kg/min CRI

Butorphanol Sedation, weak analgesia 0.1-0.4 mg/kg, IV, IM Variable analgesia
INDUCTION AGENTS
Propofol Urgent intubation 2-4 mg/kg titrated to effect Adverse effects: Hypotension,

apnea

Ketamine +Midazolam

Cardiovascularly
compromised patients

5-10 mg/kg (ket)+0.5 mg/kg
(mid) IV, titrated to effect

Adverse effects: Hyperexcitability
during recovery

ANTI-SEIZURE MEDICATIONS

Midazolam Seizure control 0.1-0.5 mg/kg IV, IN, IM
0.1-0.5 mg/kg/h CRI
Diazepam Seizure control 0.1-0.5 mg/kg IV, R

CATECHOLAMINES

Norepinephrine

@, and o, activity (+++)
B, activity (+)

0.1-1 pg/kg/min

First-line vasopressor in sepsis

to 0.5-1 g/kg IV

Dobutamine B, and B, activity (+++) 5-15 pg/kg/min High doses and prolonged
@, and o, activity (+) infusions can cause seizures
in cats
OTHERS
Glucose 50% Hypoglycemia 0.25-0.5 mL/kg, equivalent Dilute 1:4

Calcium gluconate 10%

Hyperkalemia, hypocalcemic
crisis

0.5-15 mL/kg IV over 15 min

ECG monitoring during
administration (bradyarrhythmia)

Lidocaine 20%

Ventricular tachycardia

2mg/kg IV

Cardio- and neurotoxicity in cats

CRI, constant-rate infusion; ECG, electrocardiogram: IM, intramuscular: IN, intranasal: IV, intravenous; R, rectal.
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Opioid

Nonpainful procedures:

Butorphanol 0.1-0.4 mg/kg IV

or IM

Painful procedures: Fentanyl

3-5 g/kg, hydromorphone

0.2-0.5 mg/kg, methadone

0.2-0.5mg, IMor IV

Otherwise healthy:

+ Acepromazine: 10-30 ug/kg IV
or IM

- Dexmedetomidine: 1-5 pg/kg
IV or IM

Sick/debilitated:

+ Benzodiazepine: Midazolam
01-03 mg/kg IV or IM, or
diazepam 0.1-0.3 mg/kg IV

Propofol: 2-4 mg/kg IV to
effect:
+ Alfaxalone: 2-4 mg/kg IV
to effect
+ Ketamine: 2-5 mg/kg
IV (with diazepam or
midazolam: 0.2-0.3 mg/kg
IV to effect)
Etomidate: 2 mg/kg
IV (with diazepam or
midazolam: 0.2-0.3 mg/kg
v)
Recumbent/debilitated:
+ Fentanyl: 2-10 pg/kg
IV (with diazepam or
midazolam: 0.3 mg/kg IV)

Isoflurane or sevoflurane + O,
or
Propofol: 70-400 pg/kg/min CRI

or

Alfaxalone: 100-400 pg/kg/min

CRI

with/without:

+ Fentanyl: 01-0.5 g/kg/min
CRI

+ Lidocaine: 50 pg/kg/min CRI,
dogs only

+ Ketamine: 0.6 mg/kg/h CRI

+ Dexmedetomidine:
0.5-3 pg/kg/h CRI

For painful procedures,
continue pure mu agonist
opioid intermittently or
fentanyl (1-3 pg/kg/h IV CRI)
Consider reversal of
benzodiazepines and
alpha-2 agonists during
prolonged recoveries.
Consider loco-regional
analgesic techniques
whenever is possible.

REVERSALS
Atipamezole | Alpha-2 Equal volume of « May reverse effects rapidly; caution in aggressive patients
adrenergic dexmedetomidine, + Given IM because IV can cause profound vasodilation and hy-
agents administered IM or 0.1 mg/kg | potension
Can be given IV during CPR
Flumazenil ‘ Benzodiazepines | 0.01 mg/kg IV or IM + May need to repeat due to short half-life (1 h)
+ Do not administer in patients predisposed to seizures
Naloxone | Opioids 0.02-004 mg/kg IV or IM | + May need to repeat due to short half-life (1 h)

+ Titration is essential to preserve analgesia

Doses reflect those commonly used at the University of Pennsylvania, School of Veterinary Medicine.
CPR, cardiopulmonary resuscitation; CRI, constant rate infusion; IM, intramuscular; IV, intravenous.
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Drug atio Duratiol ommel
ANALGESICS
Methadone Opioid, synthetic, | 01-03mg/kg IV, IM, | 3-4h » lipophilic
pure mu agoni or SC Wide s ic potency to morphine
NMDA antagonist references * Minimal sedation
inliterature | + Emesis (rare)
+ Hemodynamic changes like other opioids
Morphine Opioid, pure mu 01-03mg/kg IV, IM, | 2-6h * Hydrophilic, suitable for epidural route
agonist or SC + Emesis (common)
+ Possible histamine release (especially after
rapid IV injection)
Pethidine Opioid, synthetic, | 3-5 mg/kg IM 60-90min | - Synthesized originally as an anticholinergic
pure mu agonis' agent, maintains HR antispasmodic effect
* Mild sedation
+ Low incidence of vomiting
- Metabolite norpethidine can cause seizures
Fentanyl Opioid, synthetic, | Bolus: 2-10 pug/kg IV | 20-30min | - High potency, rapid onset
pure mu agonist CRI: * In high doses: mild sedation in dogs,
+ Intraoperative: euphoria/dysphoria in cats
0.1-0.4 pg/kg/min * Respiratory depression
+ Postoperative: + Coinduction with benzodiazepines
0.05-0.1 pg/kg/min
Transdermal: 4 pg/kg/h
Remifentanil Opioid, synthetic, | CRL 3-6 min + High potency, rapid onset, short latency to
pure mu agonist * Intraoperative: peak effect
0.1-0.4 pg/kg/min * No bolus due to the very short effect
* Does not prolong recovery
+ Unique: metabolism by nonspecific
esterases, no hepatic involvement
+ Limited postoperative use due to ultrashort
action in case of infusion disruption
Buprenorphine | Opioid, high-affinity | 0.01-0.04 g/kg IV, IM, | 4-12 h + Bell-shaped dose-response curve
partial mu agonist | or oral transmucosal in | 36 h + More appropriate for postoperative

Weak kappa cats (transdermal) |  analgesia
antagonist Transdermal patch in + Minimal respiratory depression
cats
Butorphanol Opioid, kappa 01-04mg/kg IV, IM, | 15-2h + Good sedation, but limited analgesia
receptor agonist or SC * Premedication in nonpainful procedures/
Mu antagonist diagnostics
- Antitussive
Hydromorphone | Opioid, 0.05-0.1mg/kg IV, IM, | 4h + Ten times more potent than morphine
semisynthetic, pure | or SC + Popular due to reduced cost
mu agonist * Hyperthermia has been reported in cats
Ketamine Noncompetitive Bolus: 0.2-0.5 mg/ 20-40min | - Antihyperalgesic
NMDA antagonist kg IV » Interaction with opioid receptors.
CRI + Activation of noradrenergic and
- Intraoperative: serotonergic receptors
5-10 pg/kg/min - Sympathomimetic
- Postoperative: + Dysphoria in high infusion rates
25 pg/kg/min
Lidocaine Local anesthetic 30-90 min * Antiarrhythmic

Blocks voltage-
gated Na* channels

Dogs:
Bolus: 2 mg/kg IV
CRI: 20-80 pg/kg/min

* Anesthetic-sparing effect

Appropriate for neuropathic/visceral pain

+ Antinociceptive, immune modulating,
prokinetic, and anti-inflammatory properties
described

+ Monitor for signs of possible toxicity

+ Avoid in cats

Dosages are based on the authors' practice at the Royal Veterinary College, UK, and on the published literature.
CRI, constant rate infusion, IM, intramuscular; IV, intravascular; SC, subcutaneous.
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